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CHAPTER 1

INTRODUCTION

PLIB, SIBO and EPOC

PLIB is a library of C functions that are used to access the system services in the ROIBOfraachine
that is running th&POC operating system

PLIB may be used in isolation or it may be used in conjunction with other libraries, including:
CLIB the EPOC version of the standard C library
WLIB the window server library (for graphics output)

CLIB and WLIB are described further in the sectRelated Reference Manualsthe end of this
chapter.

The SIBO architecture

A SIBO machine is a battery-powered portable computer that is based on the SIBO architecture. This
architecture is designed to minimise the size, weight and power consumption of the computer. The
key components of the architecture are:

» A sophisticated power management system that selectively powers subsystems under
software control

» Solid State Disks§SDs) that provide fast low-powelicn-based mass storage with no
moving parts

» A synchronous serial interface for peripherals running at high speed (Mega bit rates)
» An 8086 class of processor (or any compatible processor such as an 80286)

» Hardware protection of the system from aberrant processes (address trapping of out-of-range
writes and a watch-dog timer on interrupts being disabled)

* Real-time clock

* ROM-resident system software

*  Graphics LCD display

» Atouch sensitive digitising pad that provides a pointing device (used in some models)
e ISDN combo sound system (used in some models)

The hardware architecture is primarily implemented in custom ICs called ASICs (at the time of
writing, there were 7 different SIBO ASICs). The SIBO architecture uses surface-mounted static
CMOS ICs throughout.

For further information see tf&§BO Hardware Referenceanual.
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The EPOC operat ing system
The EPOC O/S, designed for the SIBO architecture, has the following features:

» preemptive multi-tasking

* MSDOS-comptible file system

+ installable file systems, including remote filecass
» asynchronous services

e support for client-server architectures (used to implement system components such as the file
server and window server)

» acomprehensive I/O system with many built-in I/O devices

» dynamically loadable device drivers

» re-entrant function library

» multiple processes of the same program share a single copy of the code
» support for object oriented programming

» code-shared dynamic link libraries

On SIBO machines, the system software resides on an in-built ROM. A version of the EPOC
operating system also runs on alPC

The EPOC programming environment

Small programm ing model

When programming in C for a PC, the C programmer chooses, normally by means of a compiler
option, between various coding models (called eg small, compact, medium, large, huge). The choice
of the model to be used depends primarily on the size of the program code and program data.

When programming in C for EPOC, yowst program using the small model, in which the code and

the data segment are each limited to 64K bytes. The restriction to the small model allows EPOC to
move memory segments, including the process code and data segments, without any cooperation from
applications. Being able to move memory segments around in a multi-tasking system (for example, as
processes are created and destroyed) is vital for efficient RAM usage. There is a description of system
memory usage at the beginning of Memory Allocatiorchapter.

For reasons described below, program executables tend to be significantly smaller when built in
EPOC compared to other environments (such as a PC) and the 64K code segment limit is less likely
to be a problem than you might have first thought. It is also true that small model code is in any case
more compact because function and variable addresses are 16-bit words.

Notwithstanding the above, if an application does require more than 64K of code, there are the
following options:

» break up the application into a main process with multiple transient sub-processes

+ implement part of the functionality in a server process where the servicezesseal using
inter-process messaging

« implement part of the functionality as a device driveceased via 1/O system calls

» when using object-oriented programmi@P) or otherwise, break up the program into
multiple dynamic libraries containing external classes thata@esaed by OOP message
sending

1In this manual, the term PC is used to mean an IBM PC/XT/AT or compatible.
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The 64Kdatasegment limit is normally large enough for the stack and miscellaneous data structures.
Dynamic data structures are typically allocated from the "heap". This resides at the high address end
of the data segment and can grow as the need arises.

When a program does require more than 64K of data, it is often because of a single data structure that
can grow to a large size (such as, for example, a word processor document). Such potentially large
data structures may be implemented in external memory segments where a particular segment can
grow up to a limit of 512K bytes. However, thecass to data in an external segment is not as

convenient as it is for data in the process data segment.

Hardware protection

As mentioned earlier, the SIBO architecture provides some protection to the operating system from
aberrant processes.

Unless a program takes steps to disable the protection, a process may not write outside its own data
segment nor may it use the 8086 1/O instructienandout

The watch-dog timer will terminate a process if it disables interrupts for more than 24 system ticks
(three quarters of a second). Switching off interrupts for more than 100 micro-seconds is considered
poor design.

None of the above happens ordinarily when progning in C to the small model. Although, (and of
course this is the reason for providing the hardware protection), it can happen in a bugged program.

More about memory mov ing and the 8086 segment registers

When EPOC moves memory, it is the supervisor process (with processnssmanc.$09 that
actually does the work. (The supervisor and other system processes are described further in the
chapterProcesses and Inter-Process Messaging

The supervisor has two essential qualifications for the job of memory moving:

e itruns at a higher priority than any other process (which means that it is not interrupted in
its task)

» its own data segment does not move (nor does its code segment since it is in ROM)

After completing the memory move, the supervisor adjusts the 8086 segment registach
process context to take account of moved memory segments. When a process other than the
supervisor subsequently runs, it does so with suitably adjusted segment registers.

A segment register is adjusted (by the amount the memory segment moved) if it contains a value that
is greater than or equal to the start of a moved memory segment and less than the end of the memory
segment.

If the segment register points to the address of a memory segment that has either not moved or (if the
segment is in the ROM) can't move, it is not adjusted. For example, if a process is running ROM
code, its CS will not be adjusted. The DS, SS and ES registers of a process normally all point to the
beginning of the process data segment. This is likely to be moved at some time or another (for
example when another process terminates).

In order to be able to adjust the segment registers appropriately, the supervisor relies on the
assumption that programs obey the following rules:

» not to store the segment registers in memory and then to restore them from memory (since
the memory might be moved between the store and restore)

» not to store values other than bona fide memory segment values in a segment register (since
an arbitrary value might happen to fall within range of a moved segment and get adjusted)

When using the segment registers in 8086 assembly language, it is actually difficult (since a segment
register can only be loaded from memory) to avoid saving and restoring a register from memory. In
practice, you protect the save and restore by disabling interrupts (which stops a context switch from
happening) until after the restore.

When programming in C to the small model, thew rules are auteatically obeyed. However, the
compiler has to adhesgrictly to the small model - sometimes called ploee small model.

2The 8086 segment registers are CS (code segment), DS (data segment), SS (stack segment) and ES (extre
segment).
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The Clarion TopSpeed C compiler
When writing C for the EPOC operating system you must use the Clarion TopSpeed C compiler.

We chose the TopSpeed C compiler because it supports a pure small model, for which the code
generator totally abstains from manipulating the 8086 segment registers. Other C compilers
occasionally save and restore the segment registers to memory when generating small model code.

As it happens there are other benefits to using the Clarion TopSpeed C compiler:

* in the EPOC environment, we have found that the code generated by the TopSpeed C compiler is
typically 20% more compact than that produced by Turbo C or Microsoft C

e it supports register-based (rather than just stack-based) calling conventions which contribute to
its compact code generation and also reduce execution times

» we have used its capability to define custom calling conventionspfagina statements) to
interfacé efficiently with the software interrupts of the system services (in some cases removing
entirely the need for interfacing code)

Because the functions in the PLIB library for TopSpeed C use custom calling convehgame of C
prototypes is mandatory.

System services

Just like MSDOS and the BIOS on a PC, the system services are access80&&isagftware interrupts
where the parameters are passed in 8086 processor registers.

The software interrupt interface to the system services are describedER@@EO/S System Services
reference manual. You would refer to this manual if you were writing in 8086 assemlileessiag a
system service from OPL. You don't need HROC O/S System Servigegerence manual when
programming in C but knowing about them can be useful when debugging applications.

Given the quality of the TopSpeed C compiler, it is hard to justify writing anything in 8086 assembler
except device drivers. Even then, you only need to write an interfacing layer (between the 1/O system and
the device driver) in assembler - the rest can be written in C.

Because there is a very close correspondence between PLIB and the system services, the vast majority of
the functions in the PLIB library are "thin" code shells around one or more software interrupts to system
services. Many PLIB functions just call the appropriate interrupt and convert return values.

For example, if your program calisbcpy (the first function to be described in this manual) and you use
the debugger to disassemble from addpessy to see what was brought in from the PLIB library, you
would get:

CD A1 BufferCopy
8BC7 MOV AX,DI
03Cl1 ADD AX,CX
C3 RET

which adds up to 7 bytes. You don't need to know much about 8086 assembly language to know that 7
bytes is good value for any function. All the work is done by code that is in the ROM and which, in this
case, is called by thmiffercopy Or INT A1 instruction. In this case, the calling conventionpfafcpy has
been set to match that of th&fercopy interrupt but some code is required followmgrerCopy to

return the correct value.

For some functions there is no shell at all and, in this case, the C compiler converts a PLIB function call
into an in-line software interrupt.

PLIB header files
To get the constants, typedefs and prototypes for using PLIB, the simplest thing to do is to insert:

#include <plib.h>

at the beginning of your C source file.

3The code, written in 8086 assembler, that provides a C function interface to a ROM-based service is
sometimes called @ shell
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Theplib.h header file collects a default set of header files that are sufficient for the functions described in
this manual.

For most source fileglib.h will include more than you actually need. Once you are familiar with PLIB
and if you can be bothered, you may wish to browse around the header filessibdbek\include
directory to work out which files you need to include in a particular source file.

In all the structs in the PLIB headers, we have been careful to organise the members so that 16-bit (or
wider) variables are on even address boundaries - since the 8086 processor can fetch a 16-bit word in a
single cycle rather than two if the word is at an even address.

p_std.h

Because Psion has had ten years of working with C using tens of different C compilers to develop for tens
of different target computers, we have of necessity developed a fairly defensive approach to our C sources.
Rather than using the C variable types and declarations directly, we define our own to give us the
opportunity of re-defining their meaning, depending on the compiler. All these definitionsparstdrh

that is included first byplib.h.

The following extract from the Clarion versionfstd.his for declaring functions and data:

#define GLREF_D extern
#define GLDEF_D
#define LOCAL_D static
#define GLREF_C extern
#define LOCAL_C static
#define GLDEF_C

where the c and_p refer to code and data respectively and where:

LOCAL_C are used to declare local functions and local static variables

LOCAL_D

GLDEF_C are used to declare global functions and global variables

GLDEF_D

GLREF_C are used to declare function prototypes and external global variables
GLREF_D

The following extract fronp_std.hdeclares operand types:

#define VOID void

typedef int INT,HANDLE;_

typedef unsigned int UINT;_

typedef char BYTE;_

typedef unsigned char UBYTE;_
typedef short int WORD;_

typedef unsigned short int UWORD;_
typedef long int LONG;_

typedef unsigned long int ULONG;_
typedef double DOUBLE;_

typedef char TEXT;

where the meanings B¥TE UBYTE WORPUWORDINT, UINT, LONG ULONGANdDOUBLEAre as suggested by
their names (and where a leadineansinsigned ).

By convention, we favour the signed variant in cases where it does not matter whether the signed or the
unsigned variant is used.

TheTexT type is used to indicate character data as in, for example:
TEXT *str,
wherestr points to a character string.

TheHANDLEtypedef is used to refer to an instance of something - such as a process or a memory segment.
In many cases, RANDLEIS actually the offset into the operating system's data space.
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This manual uses the above declarations in function descriptions and examples so you do need to know
about them to be able to understand this manual.

However, this does not mean that you have to use our declarations. For example, using our declarations,
you can write:

#include <plib.h>

GLDEF_C INT main(VOID)

{
p_printf("Hello world");

p_getch();
return(0);

}
or, not using our declarations, you can write:

#include <plib.h>

int main(void)
{
p_printf("Hello world");

p_getch();
return(0);

}
It is entirely up to you.
Calling conventions
The content of this section is quite technical. Provided you:
e includeplib.h
» declare local functions before calling them
» use prototypes when calling your own global functions

you don't need to be particularly aware of the calling convention used and you don't have to understand
this section (although you may feel more comfortable if you do).

The only exception is for functions which take as a parameter the address of (and subsequently call) a
second function. In such a case you must declare an explicit calling convention for the second function. In
PLIB this occurs when usingenter , used to handle errors, or when using an object-oriented

programming message-sending function sugh &sd . In these two cases the descriptions of the

relevant functions include full guidance.

For a greater understanding of calling conventions angbthgna call  declaration, refer to the
TopSpeediocumentation.

With the TopSpeed C compiler you can change the calling convention using:

#pragma save to save the current calling convention

#pragma call to set a new current calling convention as defined by parameters that follow
call

#pragma restore to restore a previously saved calling convention

You can also declare functions to use a stack-based calling conventiorcnismg

The C header files containing the prototypes for the PLIB functions (and automatically included when you
includeplib.h) also contairtpragma statements that declare calling conventions on a function by function
basis.

For example, the prototype fprbepy is effectively:

#pragma save

#pragma call(reg_param =>(di,si,cx),reg_saved =>(bx,cx,dx,si,di,ds,st1,st2))
GLREF_C UBYTE *p_bcpy(VOID *VOID *,UINT);

#pragma restore

where the three parametergtocpy are passed in the registers DI Sl and CX as required by the
BufferCopy interrupt (described in tHeEPOC O/S System Servigegerence manual).
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When defining a sequence of prototypes, you only need to bracket the sequerpayiitisave and
#pragma restore - not each individual prototype.

Prototypes for PLIB functions that take a variable number of parameters must use a stack-based calling
convention and are declared ustmecLas in, for example:

GLREF_C INT CDECL p_iow(VOID *,INT,...);

In many cases (where there is a limit to the number of parameters), the same function is also offered in
fixed parameter versions as in, for example:

INT p_iow2(VOID *pcb, UINT func);
INT p_iow3(VOID *pchb, UINT func, VOID *al);
INT p_iow4(VOID *pchb, UINT func, VOID *al, VOID *a2);

where you can use the appropriate fixed parameter variant to take advantage of a more efficient register
calling convention.

When calling your own functions, you don't need to worry about setting a calling convention since the
default calling convention will apply. The default (register) calling convention is:

#pragma call(reg_saved =>(ax,bx,cx,dx,di,si,ds,st1,st2),reg_param
=>(ax,bx,cx,dx),c_conv=>0ff)

When the compiler comes across a function that is declared as taking a variable number of arguments,
such as:

LOCAL_C VOID PrintToLog(TEXT *str, ...)
it ignores the current calling convention and uses a stack-based calling convention.
Small programs

Because the body of nearly all PLIB functions is provided by code in the ROM, C programs built for
EPOC are typically significantly smaller than, say, the standard C library on a PC.

The difference is at its most extreme when there is such a small amount of program-specific code that the
size of the program is dominated by the code that is brought in from the library. For example, the
following program:

#include <plib.h>

GLDEF_C INT main(VOID)

{
p_printf("Hello world");

p_getch();
return(0);

}

when compiled and linked for EPOC produces a program that contains fewer than 500 bytes of code.
Depending on the compiler, upwards of 10K is typical on a PC.

The amount of memory required to run an EPOC program (sometimes called the "working set") typically
ranges from 10K to 100K bytes. For example, when using the Spreadsheet on the MC400 (a large
program by any standard), you can load about 70K of code and open and manipulate a 10K spreadsheet
with less than 100K of free system memory.

In practice, it is quite possible to take advantage of the multi-tasking and run several programs at the
same time and especially (given that the code is only loaded once) to run more than one process of the
same program.

The PLIB C startup modules

When producing an executable using the linker, a C startup module is automatically linked in before the
program-specific modules and the libraries.

A number of C startup modules is supplied with PLIB where each module sets set up a different stack size
(typically ranging from 2K to 8K). Except for the different stack size, the different PLIB startup modules
are identical - they all declare the same basic structure for the process data segment - as described in the
chapterMemory Allocation

The code in the PLIB startup modules is minimal - it just connects to the file server (astvgnact
interrupt) before jumping teain (most applications need the services of the file server and the overhead
to connecting to the file server is modest).
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Note that the PLIB startup modules do not set up the staadardargc parameters tmain because
PLIB is not particularly designed for command line user interfaces (although there is a mechanism for
passing parameters when starting a process - see the dPrapsses and Inter-Process Messaping

Not all the stack that is declared in the PLIB startup module may be used by the program and you should
subtract:

0x100 for any program

0x300 for programs that use the floating point emulator (as described Fidating
Point chapter)

Related reference manuals

The ROM contains more system code than is directtgssed by the functions described in this manual.
In addition, a standard C library (CLIB) is provided.

TopSpeed C library reference

CLIB is a version of the TopSpeed C library for the EPOC operating system. The functions in CLIB are
described in th&opSpeed C Library Referenoenual. Additional notes, including a list of the
TopSpeed C library functions that are not implemented, may be fousithasdk\doc\clib.dac

The EPOC version of the TopSpeed C library supports the ANSI functions and most of the portable
functions that are commonly supported by MSDOS C libraries such as Microsoft C and Borland's

Turbo C. The less portable functions such as those that access the BIOS and graphics functions are not
included.

The benefits of using CLIB are:
» portability (existing C programs may easily be converted)
» lesstolearn for programmers already familiar with standard C libraries

Although the EPOC system services (and hence PLIB) has comprehensive support for floating point
operations, it does not provide this support in a way that supports the floating point C as generated by the
TopSpeed C compiler. This is described more fully in the ch&jeating Pointin this manual.

As you might expect, using CLIB in place of PLIB makes less efficient use of the SIBO architecture. In
particular:

* many of the EPOC system services are not available from CLIB (eg asynchronous I/O, inter-
process messaging, the window server graphics functions)

» executables are larger and the process takes a larger data segment

The executables are larger because, although CLIB uses the ROM-based system services wherever
possible and fares better than the PC library, it is still a much "thicker" library than PLIB. The data
segments also tend to be larger because the various CLIB subsystems typically require large static buffers
and tables.

For example, the following CLIB program:

#include <stdio.h>
int main(void)

printf("Hello world");
getchar();
return(0);

}

when compiled and linked for EPOC produces a program that contains 6K bytes of code (as compared
with 0.5K for the equivalent PLIB program).

Unless you are using the in-built user interface object dynamic libracesséed using object-oriented
programming) described below, you can freely mix PLIB calls with CLIB. We expect most experienced C
programmers to use CLIB and regard PLIB and WLIB (the window server library, described below) as
they would regard non-portable components of any C library.
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It is worth converting completely to PLIB and WLIB when the desirability of making efficient use of
memory outweighs the benefits of portability and familiarity.

Window server reference

The window server is a system process that provides shared access to the screen and keyboard (and also a
pointing device, if present).

The PLIB library contains only primitive console functions to input typed lines (with simple backspace
editing) and to output lines of mono-spaced characterscdkedevice driver provides row and column
positioning and printing of mono-spaced characters.

Although the PLIB console functions and ttan: device driver ultimately call on the window server for

both user input and screen drawing, the window server is capable of far more than can be accessed via
these interfaces. In particular, the window server can be used to implement graphical user interfaces and
to display bitmap images such as maps and diagrams. The WLIB library contains a set of C functions that
can access all the services of the window server. These functions are describ&uimtve Server
Referencenanual.

The window server supports the following features:
« a hierarchical system of overlapping windows where all drawing is clipped to visible areas

» redraw events informing the client of areas of windows that need to be redrawn, with redrawing
clipped to the invalid areas

» multi-font (proportional and mono-spaced) pixel addressable text drawing in a variety of text
modes and styles

» fast bitmap operations
» drawing of lines, boxes and pattern-filled areas in a variety of modes

» optional double drawing to a background bitmap as well as the window such that the window
server automatically redraws windows a&sessary

Like PLIB, the WLIB library is a library of thin C shell functions that contain software interrupts to
ROM-based code.

I/0 devi ces reference

This /O Systenthapter in this manual describes the EPOC 1/O system in general and the PLIB C
functions that are used to access I/O devices.

A device driver may be built into the ROM or it may be loaded from an external source (suchSi3)an
To use a particular device you need to read a description of the device driver.

The files device driver and the asynchronous timer device driver are described in this manual - in the
chapterd=iles andTime, Timers and Dateespectively. All other device drivers are described in/the
Devices Referenamanual.

Thel/O Devices Referenamanual describes device drivers that have been written by Psion - many of
which are commonly supplied in the ROM. The device drivers described include the following:

» Parallel port (PAR:)

e Serial port (TTY:)

» Console device (CON:)
e Sound driver (SND:)

Descriptions of additional device drivers will be added tdAMeDevices Referenamanual from time to
time.

EPOC O/S System Services reference manual

TheEPOC O/S System Servigegerence manual describes the software interrupt interface to the ROM-
based system services.

Nearly all of the services are available from C using the functions in PLIB. The CLIB library also uses the
system services where possible (the source for CLIB may be folsithasdk\sr
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Because th&POC O/S System Servigegerence manual is intended to be used in conjunction with the
PLIB Referencenanual, the descriptions in tBOC O/S System Servigegerence manual are
comparatively brief.

You would refer to th&POC O/S System Servigegerence manual if you were writing in 8086

assembler or accessing a system service from OPL. In this case, you should refer to the corresponding
function in the PLIB manual for a fuller description of the service (there is a list of the corresponding
PLIB functions in an appendix of tiEPOC O/S System Servigegerence manual). Being able to refer to
the description of a software interrupt can be useful when debugging C programs.

The EPOC O/S System Servige$erence manual also contains information on:
» writing device drivers
» writing an installable file system
* hardware interfacing

Object dynamic libraries

The Object-Oriented Programminghapter of this manual describes a set of functions that provide run-
time support for object-oriented programming where object classes are constructed by:

e using a proprietary tool to define class property structures and to declare methods
» using regular TopSpeed C to implement the declared method functions for each class

Object-oriented programming techniques are well-suited to implementation of graphic user interfaces and
multi-threaded application control.

The object dynamic libraries (DYLs) contain classes that may be used and/or subclassed to construct
applications with a consistent graphical user interface. The classes supplied in the libraries include the
following:

» dynamic variable length arrays and large character buffers for building complex in-memory data
structures

» active objects that represent a variety of event sources for controlling multi-threaded programs

* an extensive window class tree supporting such graphics user interface components as menus,
dialog boxes and edit boxes

The classes that are used to build user interfaces may vary for different SIBO machines. At the time of
writing, a user interface object library had not been constructed for the HC range (since there is no
requirement for a consistent user interface on a machine of this type).

The object classes are organised into dynamic libraries (DYLs) in the ROM. For example, the MC400
has:

OLIB.DYL containing classes that are independent of the user interface
WIMP.DYL containing classes that implement the graphical user interface

The object-oriented message passing mechanism also serves as a means of calling far code (such as the
code in ROM-based DYLs). Large applications may be split into multiple DYLs to reduce their working
set and to overcome the 64K code segment limit.

The object classes are described in a manual per DYL. For exampld, IBi&eference Manual
describes variable arrays and active objects.
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CHAPTER 2

CHARACTERS, STRINGS AND BUFFERS

General string and buffer functions

PLIB contains the following general string and buffer functions:

p_bcpy to copy a buffer

p_slen returns the length of a string

p_scpy, p_scpym to copy a string or multiple strings

p_scat, p_scatm to concatenate a string or multiple strings

p_brep, p_srep to fill a buffer or string with a repeated sequence

p_bswap to swap the contents of two buffers

p_bfil to fill a buffer with a repeated character

p_jtob to left, right or centre align a buffer in a (normally wider) buffer with a fill
character

p_crc to generate the CRC number of a buffer

p_bcpy Copy memory to memory

UBYTE *p_bcpy(VOID *target, VOID *source, UINT len);

Copylen bytes of data fromource totarget and return the address following the last byte written (ie
target+len ).

The data is copied correctly whesurce andtarget overlap.
For example:

p_bcpy(str+1,str,p_slen(str)+1);
*str="A";

inserts 'A' at the beginning &f .

p_slen Return string length
UINT p_slen(TEXT *str);

Return the length of the zero terminated steig not including the terminating zero.

P_Scpy Copy a string
TEXT *p_scpy(TEXT *target, TEXT *source);

Copy the zero terminated strisgurce , producing a zero terminated stringaaget and return the
address of the terminating zero®get

The strings should not overlap.
For example:

p_scpy(buf,"hello");
writes "hello” tobuf .
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p_scpym Copy multiple strings
TEXT *p_scpym(TEXT *target, ...);

Copy and concatenate a list of zero terminated stringgygo creating a zero terminated string at
target

Returns the address of the zero that terminates the stringeat .

The first string is copied target and the following strings are concatenated to it. The list of strings
should be terminated bynaLL argument.

For example:
p_scpym(buf,"The cat"," jumped",NULL);

Writes The cat jumped" tobuf .

p_scat Concatenate two strings
TEXT *p_scat(TEXT *Istr, TEXT *rstr);

Concatenate the zero terminated striag to the zero terminated strimg  and return the address of
the zero that terminates the new stringtat .

For example:

p_scpy(buf,"hello");
p_scat(buf," fred");

writes hello fred" to buf .

p_scatm Concatenate many strings
TEXT *p_scatm(TEXT *Istr, ...);

Concatenate a list of zero terminated strings to the zero terminatedsstring

Returns the address of the zero that terminates the new strimg at

The list of strings should be terminated bywaL argument.

For example:

p_scpy(buf,"The");
p_scatm(buf," cat"," jumped",NULL);

writes The cat jumped" tobuf .

p_brep Replicate a buffer
UBYTE *p_brep(VOID *buf, INT buf_len, VOID *pattern, INT pat_len);

Replicatepattern as many times asnessary to exactly fill the buffeur of lengthbuf_len and return
the address of the byte following the last byte writtemdfiebuf_len ).

If buf_len<pat_len  then onlybuf_len bytes ofpattern  are copied teuf (the same principle applies if
buf_len is not a multiple opat_len ).

For example:
*p_brep(buf,7,"ab",2)=0;

writeS"abababa" toO buf .
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p_srep Replicate a string
TEXT *p_srep(TEXT *buf, INT buf_len, TEXT *pattern);

Replicate the contents of the zero terminated stdaagn  as many times asenessary to exactly fill the
bufferbuf of lengthbuf_len and return the address of the byte following the last byte written (ie
buf+buf_len ).

The zero terminator frompattern  is excluded in the copy. biif_len<p_slen(pattern) then only
buf_len bytes ofpattern are copied teuf (the same principle applieshiff_len is not a multiple of
p_slen(pattern) ).

For example:
*p_srep(buf,7,"ab")=0;

Writes"abababa" to buf .

p_bswap Swap two buffers
VOID p_bswap(VOID *bufl, VOID *buf2, INT len);
Swaplen bytes from the buffensuf1 andbouf2 .
For example:
p_scpy(bufl,"xxx");
p_scpy(buf2,"yyy");
p_bswap(bufl,buf2,3);

leavesxxx" inbuf2 and'yyy" inbufl .

p_Dbfil Fill a buffer with a value
UBYTE *p_bfil(VOID *buf, UINT buf_len, INT fill_byte);

Fill the bufferbuf of lengthbuf_len  with the fill bytefill_byte and return the address of the byte
following the last byte written (iuf+buf _len ).

For example:
TEXT buf[32];
p_bfil(&buf[0],sizeof(buf),0);

zero fillsouf .

p_jtob Align buffer
TEXT *p_jtob(TEXT *tbuf, INT tlen, TEXT *sbuf, INT slen, INT type, INT fill);

Align sbuf , slen intbuf ,tlen according to the alignment typge and fill any excess spacetifuf
with character codsl  wheretype is one of:

P_JLEFT to align left
P_JRIGHT to align right
P_JCENTRE to align centred

If slen is greater thamen , the firstten bytes fromsbuf is copied tabuf .
If ten is-1,p_jtob just copieslen bytes fromsbuf totbuf .

The function returns the address of the byte following the last byte writtan toThat istouf+tlen  if
tlen iS NOt-1 Ortbuf+slen  if tlen iS-1.
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For example:

TEXT buf[32];
*p_jtob(&buf[0],8,"FRED",4,P_JCENTRE,*)=0;

writes the zero terminated stringFRED**  to buf .

p_crc Generate the CRC number
VOID p_crc(UWORD *pcrc, UBYTE *buf, UINT len);

Incrementally generate the CRC polynomial checksism (X power 16 + X power 12 + X power 5 + 1,
as recommended by CCITT) of tlke bytes abuf .

If the checksum is being startedcrc  should be initialised to zero. Subsequent calls incrementally
modify *pcrc .

Character classification and conversion

The character classification and conversion functions in PLIB are based on four EPOC system tables
(which are normally built into the ROM):

» atable that classifies characters

» atable that defines how characters are folded
» atable for converting to upper case

» atable for converting to lower case

The interpretation of character codes depends upon the character fonts that are built into the system.
Character fonts on SIBO machines are normally compatible with the IBM code page 850 character set (a
superset of the ASCII character set) which is widely supported by PCs and printers. The character
classification and conversion tables may be changed to accommodate different character sets.

The two tables that convert to upper and lower case may also be changed to accommodate the
requirements of different languages (without having to rebuild applications). For example, the table for
converting to upper case may be different on a French machine from that on a German machine (because
accented characters may be handled differently).

All the functions described in this chapter are provided as real functions rather than C macros (as is
normal practice in standard C libraries) so that their effect can be dependent on the built-in system tables.

All the tables apply to character codes in the range 0 to 255 inclusive. The character classification table
contains 256 8-bit bit masks. The other three tables contain 256 byte mapping tables where each byte
contains the code of the corresponding converted character.

The character classificat ion table

The character classification table is used by the 11 classification fungticasum, p_isalpha,

p_iscntrl, p_isdigit, p_isgraph, p_islower, p_isprint, p_ispunct, p_isspace, p_isupper,

p_isxdigit . Remove the leading and the functions correspond in name and purpose to the macros
normally supplied with standard C libraries.

Each byte in the character classification table contains a mask of 8 bits as follows:

#define _U  Ox1 /* uppercase, p_isupper */
#define _L  0x2 /* lowercase, p_islower */
#define_D  Ox4 /* digit, p_isdigit */

#define _S  0x8 /* whitespace, p_isspace */
#define _P  0x10 /* punctuation, p_ispunct */
#define _C  0x20 /* control, p_iscntrl */
#define _X  0x40 /* hex digit, p_isxdigit */
#define _B  0x80 /* blank, used by p_isprint */

The_u and_L bits controlp_isupper andp_islower respectively - they should not both be set. If either is
set,p_isalpha, p_isalnum, p_isgraph andp_isprint returnTRUE
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The_p bit is set for characters '0' to '9' and contpolsigit . If it is set,p_isalnum, p_isgraph and
p_isprint  returnTRUE

The_s bit is set for character code® tooxb inclusive andx2o . It controlsp_isspace only.

The_p bit is set for punctuation characters and controfpunct . If it is set,p_isgraph  andp_isprint
returnTRUE

The_c bit is set for character code® tooxiF inclusive andx7f . It controlsp_isentr  only.
The_x bit is set for characters '0' to '9', 'A' to 'F', and 'a’ to 'f'. It condrlatigit  only.
The_g bit is set only for character codeo . If it is set,p_isprint  returnsTRUE

The fold table

Folding means the removal of differences between characters that the author of the fold table deems
unimportant for the purposes of inexact or "case insensitive" matching. As well as ignoring differences of
case, folding ignores any accent on a character. By convention, folding converts lower case characters into
upper case and removes aggent. The folding functions should not be used in plaget@fpper to

convert to upper case.

The folding table is used by the primitive folding functignsfold  (which folds a single character) and
byp_scpyf andp_sconf (which fold strings), described in this chapter. These primitive functions are in
turn used by the PLIB functions that perform case insensitive searchipgi¢eg ) and lexical
comparison (eg_scmpi ).

Folding strings before performing case sensitive operations has the same effect (but may be faster) as
performing the case insensitive operations (sugh @spi ).

Examples of situations where folding is used are file names, program language keywords, command
parameters and case insensitive searching.

Strictly speaking, folding should not be used for sorting human reddmiéeon a textual key (where the
folding function is applied to the sort key). To do the job properly requires an additional table to define an
independent collating sequence for each language and additional language specific logic to ignore certain
characters for the purposes of comparison and to expand some characters to two characters for the
purposes of comparison. See the IBM publicaBaftware without Frontiers (Second Editippages

1-18 to 1-19 for further details and examples. However, some applications do use the folding functions to
sort on a textual key because, removing accents does group accented characters abbhaaogly (he

order within the group is not correct) and it is much simpler than doing it properly.

The case convers ion tables

The tables that convert to upper and lower case are used only by the fupciiansp_toupper and
p_tolower

These functions are provided as a service for application programs and, in contrast to the folding
functions, are not otherwise used by the system.

Examples of their legitimate use are commands in a word processor that force selected text to upper and
lower case and case conversion functions in OPL and the Spreadsheet.

p_isupper Test for upper case character
INT p_isupper(INT c);

ReturnstruEeif ¢ modulo 256 is an uppercase alphabetic charadeenged or otherwise.

p_islower Test for lower case character
INT p_islower(INT c);

ReturnstruEeif ¢ modulo 256 is a lower case alphabetic charactegrded or otherwise.

1t is appropriate to use folding when the order is not seen by a human - as in a symbol table.
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p_isalpha Test for alphabetic character
INT p_isalpha(INT c);

ReturnstrUEIf ¢ modulo 256 is an alphabetic character of either case. Equivalkgnitipper(c) ||
p_islower(c))

p_isdigit Test for numeric digit
INT p_isdigit(INT c);

ReturnstrUEif ¢ modulo 256 is a decimal digit, that is, 0-9.

p_isalnum Test for alphanumeric character
INT p_isalnum(INT c);

ReturnstrUEif ¢ modulo 256 is an alphanumeric character. Equivalegt italpha(c) ||

p_isdigit(c))

p_isxdigit Test for hexadecimal digit
INT p_isxdigit(INT c);

ReturnsrrUEif ¢ modulo 256 is a hex digit. That is, 0-9, A-F or a-f.

p_isspace Test for whitespace character
INT p_isspace(INT c);

ReturnstrUEIf ¢ modulo 256 is a whitespace character, where a whitespace character is a space or space-
like control character (HT, NL, VT, FF or CR).

Used byp_skipwh andp_skipch .

p_iscntrl Test for control character
INT p_iscntrl(INT c);

ReturnstrUEIf ¢ modulo 256 is a control character. Control character codes are 0-31 and 127.

p_ispunct Test for punctuation character
INT p_ispunct(INT c);

ReturnsrrUEif ¢ modulo 256 is a punctuation character. A character is a punctuation character if it is a
printable graphic that is not alphanumeric or space.

p_isgraph Test for printable graphic character
INT p_isgraph(INT c);

ReturnsrrUEif ¢ modulo 256 is a printable graphic. That is, includinigainum or p_ispunct . To put it
another way, nai_iscntrl ~ Of p_isspace .

p_isprint Test for printable character

INT p_isprint(INT c);

ReturnstrUEIf ¢ modulo 256 is a printable character. This is the samesgsph except that it
includes space.
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p_skipwh Skip whitespace characters

TEXT *p_skipwh(TEXT *str);

Skip over any leading white space characters in the passed string, returning the address of the first non
white space character (jeisspace returnsFALSE) or zero terminator.

For example:
str=p_skipwh(" abcd");
setsstr to point to the character 'a’ in the string.

p_skipch Skip non-whitespace characters

TEXT *p_skipch(TEXT *str);

Scan the string until either a white space characterifipace returnstrug or a zero terminator is
detected.

For example:
str=p_skipch("abcd ef");
setsstr to point to the character after 'd' in the string.

p_tofold Fold a character

INT p_tofold(INT c);
Returns the folded character using the built-in fold table.

Returns the parameter unchangedid greater than 255. Fold tables are normally designed suchithat
unchanged if_isalpha(c)  iSFALSE

p_scpyf Copy string with fold

TEXT *p_scpyf(TEXT *target, TEXT *source);

Places a folded copy (usipgtofold ) of the zero terminated stringstrce into the buffer atarget |,
returning the address of the zero that terminates the strifrgeat (ie target+p_slen(source) )

Behaves and returns likescpy except that characters are folded on the way.
Example
TEXT buf{32];

p_scpyf(&buf[0],"hello");
copies "HELLO" tobuf .

p_sconf Fold string

VOID p_sconf(TEXT *str);
Fold the characters (usipgtofold ) in the zero terminated stringr .

p_toupper Convert character to upper case

INT p_toupper(INT c);
Returns the character converted to upper case as defined by the built-in upper case table.

You can't assume that the returned character is less than 128 or whether itde@sarmhe function is

intended only for use by applications to convert text to upper case (as in, for example, the Upper command
in the MC GI Text Processor). It should not be used for case insensitive matching or lexical comparison -
Seep_tofold

Returns the parameter unchangedid less than O or greater than 255. Upper case tables are normally
designed such thatis unchanged ¥_isalpha(c)  iSFALSE
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p_tolower Convert character to lower case
INT p_tolower(INT c);
Returns the character converted to lower case as defined by the built-in lower case table.

You can't assume that the returned character is less than 128 or whether itdentarThe function is
intended only for use by applications to convert text to lower case (as in, for example, the Lower command
in the MC GI Text Processor). It should not be used for case insensitive matching or lexical comparison -
Seep_tofold

Returns the parameter unchangedid less than O or greater than 255. Lower case tables are normally
designed such thatis unchanged if_isalpha (C) iSFALSE.

p_scap Capitalise string
VOID p_scap(TEXT *str);
This function is only available in EPOC version 2.14 or later.
Capitalises the zero terminated striag .
Appliesp_toupper to the first character, andtolower to all subsequent characters.
Example
TEXT buf[32];

p_scpy(&buf[0],"hello WORLD");
p_scap(&buf[0];

leaves "Hello world" irbuf .

String comparison

For comparing strings, PLIB contains:
p_bcmp, p_scmp for comparing two strings
p_bcmpi, p_scmpi for case independent comparison

String comparison is based on comparing corresponding bytes in the strings. The functions return zero if
the two strings are equal (that is, they have the same length and their corresponding bytes match). If the
strings are not equal, the functions return a signed non-zero value derived from the first two bytes to
disagree. The sign of the non-zero returns indicates which of the two strings is the greater and can be used
to sort strings.

With case independent comparison, the characters in both strings are "folded’ wgidg before
comparing them in the same way as for case dependent comparison.

In many applications, one match string is repeatedly compared in a case independent way against a
symbol table of strings. If you are prepared to lose the case (and accent) of the original input string, it is
more efficient to fold the characters in both the symbol table (when building it) and the match strings and
to use the much faster normal (ie case independent) string comparison functions.

p_bcmp Compare two buffers
INT p_bcmp(VOID *Ibuf, INT Ibuf_len, VOID *rbuf, INT rbuf_len);
Compare two buffers by comparing corresponding unsigned bytes, retwimingf |, that is:

If buf<rbuf  then return is less than O
If buf>rbuf  then return is greater than 0O
If buf==rbuf  then return equals 0
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The result of the comparison is based on the difference of the first two unsigned bytes to disagree. The
strings are equal if they have the same length and content. Where two strings have different lengths and
the shorter string matches the first part of the longer string, the shorter string is considered to be less than
the longer string.

For example:

p_bcmp(“abc”,3,"abcd",4) returns less than 0

p_bcmp("abed”,4,"abc™,3) returns greater than 0

p_bcmp("abc”,3,"abc",3) returns 0.

p_scmp Compare two strings

INT p_scmp(TEXT *Istr, TEXT *rstr);

Compare two zero terminated strings by comparing corresponding characters, restiising
that is:

If Istr<rstr then return is less than 0
If Istr>rstr then return is greater than 0
If Istr==rstr ~ then return equals O

The result of the comparison is based on the difference between the first two characters to disagree. The
strings are equal if they have the same length and content.

For example:

p_scmp(“abc”,"abcd") returns less than 0
p_scmp("abcd”,"abc") returns greater than 0
p_scmp("abc","abc") returns O

p_bcmpi Case independent buffer compare
INT p_bcmpi(TEXT *lbuf, INT lbuf_len, TEXT *rbuf, INT rbuf_len);

Performs a case independent comparison of the two buffers by effectively folding the characters in both
buffers before comparing them usingemp. Returns as fos_bemp, described above.

For example:

p_bcmpi("abc”,3,"abcd",4) returns less than 0

p_bempi(“abcd”,4,"abc",3) returns greater than 0

p_bcmpi("ABC",3,"abc",3) returns O

p_scmpi Case independent string compare

INT p_scmpi(TEXT *Istr, TEXT *rstr);

Performs a case independent comparison of the two zero terminatedistringadrstr by effectively
folding the characters in each string before comparing them pisitvgp. Returns as fos_scmp,
described above.

For example:
p_scmpi(“abc","abcd") returns less than 0
p_scmpi("abcd”,"abc") returns greater than 0

p_scmpi("ABC","abc") returns O
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String searching

The PLIB string searching functions are:

p_bloc, p_sloc, to search for a character
p_bloci, p_sloci,
p_slocr, p_slocri

p_bsub, p_ssub, to search for a sequence of characters
p_bsubi, p_ssubi

p_bmatch, p_smatch, to search for a sequence of characters that matches a wildcard specification
p_bmatchi, p_smatchi

p_bloc Locate byte in buffer

INT p_bloc(VOID *buf, INT buf_len, INT ch);

Locate the byteh in the buffer abuf of lengthbuf_len returning the index of the first matching byte or
-1 if ch is not in the buffer.

For example:

p_bloc("abcde",5,'f") returns -1

p_bloc("abcde",5,'a") returns O

p_bloc("abcde”,5,'c') returns 2

p_sloc Locate character in string

INT p_sloc(TEXT *str, INT ch);

Locate the first occurrence of the charaetem the zero terminated strirg , returning the index of the
first matching character or -1df is not instr .

For example:

p_sloc("abcde",'f') returns -1

p_sloc("abcde",'a) returns O

p_sloc("abcde”,'c") returns 2

p_bloci Case independent locate character in buffer

INT p_bloci(TEXT *buf, INT buf_len, INT ch);

Perform a case independent locatenoin the bufferuf by effectively foldingech and the characters in
buf before using_bloc to locate the folded character. Returns ag fac , described above.

For example:

p_bloci("abcde",5,'f") returns -1

p_bloci("abcde",5,'A") returns O

p_bloci("abcde",5,'c") returns 2

p_sloci Case independent locate character in string

INT p_sloci(TEXT *str, INT ch);

Perform a case independent locatenoin the zero terminated string by effectively foldingch and the
characters istr before using_sloc to locate the folded character. Returns ag feibc , described
above.

For example:

p_sloci("abcde",'f") returns -1
p_sloci("abcde",'a") returns O
p_sloci("abcde",'C') returns 2
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p_slocr Locate last matching character in a string
INT p_slocr(TEXT *str, INT ch);

Locate the last occurrence of the charagiein the zero terminated string , returning the index of the
matching character or -1d is not instr .

For example:

p_slocr("abcabc",'A") returns -1

p_slocr("abcabc",'a") returns 3

p_slocri Locate last matching folded character in a string

INT p_slocri(TEXT *str, INT ch);

Locate the last occurrencedf in the zero terminated string by effectively foldingeh and the
characters intr before using_slocr  to locate the folded character. Returns as fabcr , described
above.

For example:

p_slocri("abcde",'f") returns -1

p_slocri("abcabc",'A") returns 3

p_bsub Locate sub-buffer in buffer

INT p_bsub(VOID *buf, INT buf_len, VOID *sbuf, INT sbuf_len);

Locate sub-buffegbuf,sbuf_len in bufbuf_len  returning the index of the startsff in buf or -1 if
sbuf does not exist ibuf (which must be the casebiff_len<sbuf len ). Returns zero ébuf len is
zero.

For example:

p_bsub("abcde",5,"fg",2) returns -1

p_bsub("abcd",4,"ab",2) returns O

p_bsub("abcde",5,"cd",2) returns 2

p_ssub Locate substring in string

INT p_ssub(TEXT *str, TEXT *substr);

Search the zero terminated strigag for the first occurrence of the zero terminated stsimgrr and
return the index ofubstr instr or -1 ifsubstr does not exist igtr . Returns zero if the length af is
zero.

For example:

p_ssub("abcde","fg") returns -1

p_ssub("abcd","ab") returns O

p_ssub("abcde","cd") returns 2

p_bsubi Case independent locate sub-buffer in buffer

INT p_bsubi(TEXT *buf, INT buf_len, TEXT *sbuf, INT sbuf_len);

Perform a case independent locatevofsbuf len  in buf,buf len by effectively folding the characters
in both buffers before usingbsub to locate the sub buffer. Returns aspfafsub , described above.

For example:

p_bsubi("abcde",5,"fg",2) returns -1
p_bsubi("abcd",4,"ab",2) returns O
p_bsubi("abcde",5,"CD",2) returns 2
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p_ssubi Case independent locate substring in string
INT p_ssubi(TEXT *str, TEXT *substr);

Perform a case independent locate of the zero terminated sisérg in the zero terminated strirg
by effectively folding the characters in both strings before usisggb to locate the sub string. Returns as
for p_ssub , described above.

For example:

p_ssubi("abcde","fg") returns -1

p_ssubi("abcd","ab") returns O

p_ssubi("abcde","CD") returns 2

p_bmatch Pattern match a buffer

INT p_bmatch(TEXT *buf, INT blen, TEXT *mbuf, INT mlen);
Compare the match patternmmuf,mlen againsbuf,blen and returrrrRUEIf they match.

The match buffembuf may contain the wildcard characters *' and '?' where ™' matches zero or more
consecutive occurrences of any character and '?* matches a single occurrence of any character.

Note thatp_bmatch returnstrRueonly if the match pattern imbuf matches the whole efif . If you want
to test for the existence of a pattern within a string, you must have a ™' at the beginning andoend of
Seep_smatch for examples.

p_bmatchi Pattern match a buffer, case independent
INT p_bmatchi(TEXT *buf, INT blen, TEXT *mbuf, INT mlen);

Case independent versionpobmatch . Effectively folds the characters in both buffers before using
p_bmatch . Parameters and returns are apfématch , described above.

p_smatch Pattern match a string
INT p_smatch(TEXT *str, TEXT *mstr);

Compare the match pattern in the zero terminated strimgagainst the zero terminated string and
returnTRUEIf they match.

The match buffemstr may contain the wildcard characters *' and '?' where ™' matches zero or more
consecutive occurrences of any character and '?* matches a single occurrence of any character.

Note thatp_smatch returnstrRUeonly if the match pattern imstr matches the whole efr . If you want
to test for the existence of a pattern within a string, you must have a ™' at the beginning andsend of

For example:

LOCAL_D TEXT str[]="abcdefghijkimnopgrstuvwxyz";

p_smatch(str,"*ijk*") returnsTRUE
p_smatch(str,"*i?k*") returnsTRUE
p_smatch(str,"ijk*") returnsrFALSE
p_smatch(str,"**mn*") returnsTRUE
p_smatchi Pattern match a string, case independent

INT p_smatchi(TEXT *str, TEXT *mstr);

Case independent versionpogmatch . Effectively folds the characters in both buffers before using
p_smatch . Parameters and returns are agfematch , described above.
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CHAPTER 3

ARRAYS AND QUEUES

Arrays

p_bsrch Binary search an array of records
INT p_bsrch(INT nrec, INT (*compf)(), INT *pmid, UBYTE *pmatch);

Use a binary search algorithm to find the record, in an arragofrecords, that is adjacent to, if not
identical with, the record pointed to pyiatch . Writes the record number of the found recorepitod and
returns:

0 the found record is equal tematch
<0 *pmatch belongs before record numbenid
>0 *pmatch belongs after record numbernid

If two or more array elements exactly match the record at pmatch, the return value will be zgfedand
will contain the index of any one of the matching elements.

Each timep_bsrch needs to compare a record with the recofghatch it calls:
compf(n,pmatch);

wheren is the index of the record to be compared. This user-supplied comparison routine should return:

0 *pmatch IS equal to record number
<0 *pmatch IS before record number
>0 *pmatch S after record number

As with any binary search, the array must be orderedp_beich , it should be ordered with respect to
compf , the user-supplied comparison routine.

In most cases the set of records will be a fixed array, but any arrangement which allows the routine to
identify a record by index (e.g. hashing) will be suitable. Likewsseich may be any address suitable for
interpretation byompf, Sincepmatch is not used insidg bsrch , other than being passedctonpf . This
allows code using_bsrch to be re-entrant.

If the whole table is created before being searched it is, in general, quicker to build the table unordered
and then sort it (sgegsort ) than to build the table in sequence by insertion.
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Example
LOCAL_D INT array[]={5,8,13,19,25,30,41,48,51,62,70,76,80,90,98};

LOCAL_C intcompare(INT n,INT *pmatch)

{
INT f,m;

f=array[n];

m=*pmatch;

if (f==m)
return(0);

return(m>f?1:-1);

}

VOID find(INT match)
{

INT nrec; /* number of INTs in the array */
INT result;

INT mid,;

TEXT *pstr;

nrec=sizeof(array)/sizeof(INT);
result=p_bsrch(nrec,(INT (*)())intcompare,&mid,&match);
if (fresult)

p_printf("%d matches record number %d",match,mid);
else

{

pstr=result<0?"before":"after";
p_printf("%d belongs %s %d",match,pstr,array[mid]);
} }
p_gsort Sort an array of records
INT p_gsort(INT nrec, INT (*ordf)(), VOID (*excf)(), UBYTE *base)
Sort a set of records into ascending order, using the quicksort algorithm.
There arerec records to sort. Each time the routine needs to compare two of these records it calls:
(*ordf)(n,m,base);

wheren andmare the indexes of the two records to compare (starting at zeraysanid a parameter
that may be used or ignored by the ordering function.

The ordering functiomgrdf , should return:

0 record number n is equal to record number m
<0 record number n is less than record number m
>0 record number n is greater than record number m

Each time the routine needs to exchange two records it calls:
(*excf)(n,m,base);

wheren andmare the indexes (starting at zero) of the two records to exchange. The user-supplied
exchange routine should exchange the records indexedigm Again, the user-supplied exchange
function is free to use or ignobese, but its use should be consistent between the ordering and exchange
functions.

Normally, base will represent the address of a fixed length array, but any method of storing records may
be used, as long as the records can be accessed using the indices. Theaslue nbt used inside

p_gsort , but is passed down to both the ordering and exchange functions to enable the writing of re-
entrant code that usesgsort .

The routine uses its own stack, declared locally, to avoid the need to be called recursively. This stack is
150*sizeof(INT) in length and, as such, could cause the main stack to overflow if the routine is called
from too deep inside a program.

The functionp_gsort  returns zero if successful, else a negative error.
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An error return value &&_GEN_FAIL is returned if the internal stack overflows. This is, however, unlikely

as an experiment to sort 50000 elements used only 80 stack elements. If this error is returned, the routine
can be called again, as it is likely that the array has been rearranged enough to perotéesistusu

completion of a second attempt.

Example

LOCAL_D INT array[]={98,90,80,76,70,62,51,48,41,30,25,19,13,8,5};

LOCAL_C intcompare(INT first,INT second,INT *array)

{
INT f,s;

f=*(array+first);
s=*(array+second);
if (s==f)

return(0);
return(f>s?1:-1);

}

LOCAL_C VOID intexchange(INT first,INT second,INT *array)

{
INT r;

r=*(array+first);
*(array+first)=*(array+second);
*(array+second)=r;

}

LOCAL_C VOID sort(VOID)
{

INT n; /* number of INTs in the array */

n=sizeof(array)/sizeof(INT);
if (p_gsort(n,intcompare,intexchange,&array[0]))
p_panic("Too many partitions");

}

Doubly linked queues

This section describes functions for inserting and deleting entries from doubly linked queues. Each entry
in the queue containsraQuEstructure, defined ip_que.has:

typedef struct p_que
{

struct p_que *next; /* pointer to next item */
struct p_que *prev; /* pointer to previous item */
} P_QUE;

A special header entry consisting only of guedata structure provides a single address by which the
gueue may be accessed. The empty queue consists onlyrobtieheader with bothext andprev
pointing to itself. A queue with n entries contains r+duestructures - one for the header and one for
each entry. The queue is built such thatrédxe pointer of the last entry points to the header angrthe
pointer of the header points to the last entry such that the rouEstructures form a doubly linked
circular queue.

The following extract fronp_que.h

#define P_INITQ(q) (g)->next=(q)->prev=(q)
#define P_DECLAREQ(q) P_QUE q = {&q,&q}
#define P_ISEMPTYQ(q) ((a)==(q)->next)

defines 3 macros where:

P_INITQ may be used to initialise a header that represents an empty queue
P_DECLAREQ may be used to declare a header that represents an empty queue
P_ISEMPTYQ evaluates tarUEIf the queue header represents an empty queue
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Entries are inserted into a queue uginghque and removed using deque . Neither of these functions set
aside memory for entries or free memory - they merely make and break the links between entries.

The following example illustrates the usepofnque andp_deque to set up a queue of zero terminated
strings that are allocated and freed from the heap (see the dil@ptery Allocatiorfor a description of
f alloc andp_free ).

#include <p_std.h>
#include <p_que.h>

typedef struct

{

P_QUE piq;

TEXT name[1];

} QUEUE_ENTRY;

LOCAL_D P_DECLAREQ(headq);

GLDEF_C VOID AddNameToEnd(TEXT *name)

{
QUEUE_ENTRY *p;

p=f_alloc(p_slen(hame)+sizeof(QUEUE_ENTRY));
p_scpy(&p->name[0],name);
p_enque(&p->pigq,&headq);

}

GLDEF_C TEXT *FirstName(VOID)

{
TEXT *name;

name=&(((QUEUE_ENTRY *)headq.next)->name[0]);
if (P_ISEMPTYQ(&headq))

name=NULL,
return(name);

}

GLDEF_C VOID DeleteFirstName(VOID)

{
QUEUE_ENTRY *p;

p=(QUEUE_ENTRY *)headq.next;
p_deque(&p->piq);

p_free(p);

}

Names are allocated and added to the end of the queuendéiagneToEnd The code that processes the
items in the queue usesstName to get the first item in the queue (which retuxost if the queue is
empty). After processing the first name, callingeteFirstName  removes it from the queue and frees the
memory used by it.

p_enque Add entry to queue
VOID p_enque(P_QUE *pNew, P_QUE *pEntry);

Insert entrypNew beforepentry  (ie betweerpEntry->prev andpEntry ) into the doubly linked queue that
containSEntry .

If P_QUE hdq is the queue header:

p_enque(pNew,&hdq) addspNew to the end of the queue (since queues are circular the previous
entry to the header is the entry at the end of the queue)

p_enque(pNew,hdq.next) addspNew to the start of the queue
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p_deque Remove entry from queue
VOID p_deque(P_QUE *pEntry);

Remove queue entpgntry by linking the entries on either sidepghtry to each other, excluding
pEntry from the queue.

If P_QUE hdq is the queue header:
p_deque(hdg.next) removes the first entry from the queue

p_deque(hdg.prev) removes the last entry from the queue (since queues are circular the previous
entry to the header is the entry at the end of the queue)

If hdg is empty them_deque(&hdg) Wwill have no effect. Calling_deque(&hdg) of a non-empty queue is
not a good idea as there will then be no way to get into the queue.

|
Delta queues

A delta queue builds on doubly linked queues, described in the previous section, to store entries ordered on
aLoNGkey.

A delta queue consists ofaQueheader and doubly linked entries, each containingatrTAstructure,
defined inp_que.has:

typedef struct

{

P_QUE q;

LONG key; /* Delta key */
} P_DELTA,;

where (except for the first entry in the quexs) contains the offset relative to the previous entry (the
delta). The value of an entry's key is determined by accumulating the deltas ofétsepseds. For the
first entry, the key is just the delta.

The EPOC operating system uses a delta queue to implement timers. Each entry represents a timer where
the key is the relative time in system ticks to the expiry of that timer and the delta is then the number of
system ticks after its predecessor. This design minimises the system effort to maintain the timers - on each
tick the system only has to decrement the head of the queue. See the éwypitelnsonous Requests and
SemaphoreandTime, Timers and Datder more about the time delta queue and timers.

A delta list is set up much as a regular queue. A header is declared and initialised_using ©r
P_DECLAREQQiving an empty queue. Entries containing BeLTAStructure are added to the delta queue
usingp_enqued and are removed usipgdequed .

Neither function allocates or frees memory for entries - all they do is maintain the links and calculate the
deltas.

p_enqued Add entry to delta queue
P_DELTA *p_enqued(P_QUE *pHead, P_DELTA *pEntry, LONG key);

Inserts entryentry into the delta queue headedpbyad according to the keyey and returns the
address of the first entry in the queue.

The queue is scanned, accumulating the key from the deltas, until an entry is found with a key that is
greater thamey . The new entrgentry is inserted (with an appropriate delta) before that entry and the
delta of that entry is recalculated.
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p_dequed Remove entry from delta queue
P_DELTA *p_dequed(P_QUE *pHead, P_DELTA *pEntry);

RemovepEntry from the delta queue headedpbyad and return the address of the first entryorL if
p_dequed leaves the queue empty.

The delta of any following entry is updated to keep the accumulated key of each remaining entry constant.
If P_QUE hdq is the queue header:
p_dequed(&hdq,(P_DELTA *)hdg.next);

removes the first entry from the queue.
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CHAPTER 4

INTEGER CONVERSION AND RECTANGLE

FUNCTIONS

This chapter describes functions for converting integer numbers to a textual representation (eg to print a
number) and vice versa (eg to input a number).

The chapter ends with a section that describes a set of functions that operate on rectangle data structures.
These are useful, for example, when organizing a screen display.

. _______________________________________________________________________________________________________|
Converting integers to text

PLIB contains the following functions to convert various types of integers to a textual representation:

p_itob to convert annT to a signed decimal number

p_ltob to convert a. ONGto a signed decimal number

p_gtob to convert aJINT to an unsigned number in any radix

p_gltob to convert a&JLONGO an unsigned number in any radix

p_atob, p_atos for general purpose conversion and formatting of multiple arguments

The functions that handle "any radix" are typically used to handle a radix of 2 (binary), 8 (octal), 10
(decimal) or 16 (hexadecimal).

Note that it is up to the caller to ensure that there is sufficient space in the target buffers for the output of
the conversion.

p_itob Convert an INT to decimal buffer
UINT p_itob(TEXT *buf, INT value);
Write a signed decimal representatiovanie tobuf and return the number of characters written.
If value is negative, a leading '-' is written.
For example:

buf[p_itob(&buf[0],-24)]=10";

writes "-24" tobuf .
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p_ltob Convert a LONG to decimal buffer
INT p_ltob(TEXT *buf, LONG value);

Write a signed decimal representation oftb®8G value tobuf and return the number of characters
written.

If value is negative, a leading '-' is written.
For example:
buf[p_ltob(&buf[0],-240000L)]="0";

writes "-240000" tauf .

p_gtob Convert a UINT to buffer any radix
INT p_gtob(TEXT *buf, UINT value, INT radix);
Write an unsigned basalix representation aflue tobuf and return the number of characters written.
For example:
buf[p_gtob(buf,0xaa55,16)]=0';

writes "AA55" tobuf .

p_gltob Convert a ULONG to buffer any radix
INT p_gltob(TEXT *buf, ULONG value, INT radix);

Write an unsigned basalix representation of th&.ONGvalue tobuf and return the number of
characters written.

For example:
buf[p_gltob(buf,0xaa5577,16)]="\0';

writes "AA5577" tobuf .

p_atob Convert multiple arguments to buffer

INT p_atob(TEXT *buf, TEXT *fstr, VOID *parg);

Write formatted text touf as controlled by the format zero terminated string and the argument list
parg and return the number of characters written.

The format stringstr  contains literal text, embedded with commands for converting the arguments at
parg . The embedded commands are prefixed with the '%' character (teessive '%' characters count as
one literal '%?"). The literal text is simply copiedbt® and the % commands converteessive

arguments (which may be integers, longs or stringsjrgt

An embedded command takes one of the following forms:

%<type> for output (with no padding) of the converted data &gpe> that is one of b,
¢, d, f,m, o, s, u, wor x (as described below). Where appropriate, the type may
be widened to a long by preceding the type letter with an | or an L or by
providing the type letter in upper case.

Y%<width><type> for right-aligned space-filled output in widgwidth> where<width> is either a
positive decimal number or+ato take the width as@nT from the argument
list. If more tharkwidth> characters is generated by the conversion, the output
is truncated.

%0<width><type> for right-aligned zero-filled output in widtkwidth> .

Y%<a><f><width><type> for left, right or centre aligned output in widthidth> with fill character<f>
where<a> is either-, + or =. If <f> is a*, the code of the fill character is taken
as auINT from the argument list. (If you want to fill withs, you have to
supply it through the argument list).
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A common requirement is for space-filled output. It is therefore worth enumerating special cases, using
the last of the above four forms of embedded commidate that, in all cases, there is a space (the fill
character) immediately precedirgidth> .

%- <width><type> for left-aligned space-filled output in widtwidth>
%+ <width><type> for right-aligned space-filled output in widgwidth>
%= <width><type> for centre-aligned space-filled output in widtkidth>

The<type> specifies the type of argument conversion to be performed, as follows:
b  convert thesiNT to a binary text representation
c convert thasNT to a single character corresponding to its code
d convert thenT to a signed decimal text representation
f  just output fill characters (does not use up an argument)

m convert theJiNT to a two byte binarpumericrepresentation, with the most significant byte first
(only available in EPOC version 2.17 or later

0 convert thayINT to an octal text representation
s copy therexT * zero terminated string to the output, excluding the terminating zero.
u convert thesiNT to an unsigned decimal text representation

w convert theuINT to a two byte binarpumericrepresentation, with the least significant byte first
(only available in EPOC version 2.17 or later

X convert thesINT to a hexadecimal text representation

The type may be widened to a long by preceding the type letter with an | or an L or by providing the type
letter in upper case (ignoreckifpe> is s or f). Output for types m and w will then occupy four bytes.

This function is normally used indirectly by the more immediately ugeftds , described below.
However,p_atob is useful for constructing printt  -like text output functionsp(printf  itself is
described in the chaptdO Systern

For example, ifile is static variable that contains the channel of an opened text file, the following
function behaves likg_printf

GLDEF_C CDECL VOID PrintToFile(TEXT *fmt,UINT arg,...)

{
UINT len;

UBYTE buf[256];

len=p_atob(&buf[0],fmt,&arg);
_write(file,&buf[0],len);
}

If the INT variablea contains 65:

PrintToFile("[%b %c %d %0 %u %x]",a,a,a,a,a,a) writes [L000001 A 65 101 65 41]
PrintToFile("[%04x]",a) Writ83[0041]

PrintToFile("[%*X]",3,a) writes[ 41]

PrintToFile("[%+$4d.00 %s]",a,"over") Writes[$$65.00 over]

PrintToFile("[%0*s]",10,"fred") WI‘iIGS[OOOOOOfred]

PrintToFile("[%=*4x]","*',a) writes[*41+]

PrintToFile("[%-**d]","",10,a) writes[ss.......]

PrintToFile("[%-A4{]",a) writes[aaAA] and makes no use of the value of
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p_atos Convert multiple arguments to string
VOID p_atos(TEXT *str, TEXT *fstr, ...);

Convert multiple arguments to a zero terminated strirg atinder control of the format stringr
The content ofstr is described under atob , above.

For example, if the variabkeis auINT that contains 65:

p_atos(str,"%b %c %d %0 %u %x",a,a,a,a,a,a) Writes"1000001 A 65 101 65 41" tostr
p_atos(str,"%04x",a) writes"0041" tostr
p_atos(str,"%*x",2,a) writes 41" tostr

. __________________________________________________________________|
Converting text to integers

PLIB contains the following functions to convert text to various types of numbers:

p_stoi to convert a signed decimal number string Yec®D

p_stol to convert a signed decimal number string toRG

p_stog to convert an unsigned number in any radix twaRD

p_stogl to convert an unsigned number in any radix th @NG

p_stoa to convert multiple fields in a string to a series of arguments
p_stoi Convert a signed decimal string to a WORD

INT p_stoi(TEXT **pstr, WORD *pval);

Attempt to convert the signed decimal stringpat to a 16 bit number and, if a valid number is
recognised, write the numbergal , updaterpstr  to point to the terminating character and return zero.
Otherwise, neithetpstr nor*pval is written to and the function returns one of the following negative
error numbers (defined m_gen.h:

E_GEN_OVER the number is too large (greater than 32767 or less than -32768)
E_GEN_FAIL the text could not be recognised as a number

Conversion continues until a non-decimal digit is found in the string, or the number overflows. For a
number to be recognised, the string must contain at least one decimal digit.

The string may be preceded by a '-' or a '+' (whitespace is significantlatetminate the conversion but
leading zeros are ignored). To convert unsigned data up to 65535stuge

For example, after:

INT ret;

WORD val,

TEXT *ptr="-123abc";
ret=p_stoi(&ptr,&val);

val contains -123ptr points to the 'a’ andt is zero.

p_stol Convert a signed decimal string to a LONG

INT p_stol(TEXT **pstr, LONG *pval);

Converts the signed decimal stringatr to write a 32 bit number twval . Behaves and returns as for
p_stoi above except that it can handleide numbers in the range -2147483648 to 2147483647
inclusive. To convert unsigned data up to 4294967295 usg!

For example, after:

INT ret;

LONG val;

TEXT *ptr="-123456abc";
ret=p_stol(&ptr,&val);

val contains -12345@yr points to the 'a’ andt is zero.
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p_stog Convert an unsigned number in any radix to a UWORD
INT p_stog(TEXT **pstr, UWORD *pval, INT radix);

Attempt to convert the unsigned number base (typically 2, 8, 10 or 16) apstr to a 16 bit number
and, if a valid number is recognised, write the numbevdo, updatespstr  to point to the terminating
character and return zero. Otherwise, neith@r nor=pval is written to and the function returns one of
the following negative error numbers (definecgirgen.i:

E_GEN_OVER the number is too large (greater than 65535)
E_GEN_FAIL the text could not be recognised as a number

Conversion continues until a character that is invalid for the radix is found in the string or the number
overflows. For a number to be recognised, the string must contain at least one digit in the radix.
Whitespace is significant and will terminate the conversion but leading zeros are ignored.

For example, given:

UWORD val
TEXT *ptr="f123";
p_stog(&ptr,&val,10) returnse_GEN_FAIL
p_stog(&ptr,&val, 16) returns 0 and writes 0xf123 @i
p_stogl Convert an unsigned number in any radix to a ULONG

INT p_stogl(TEXT **pstr, ULONG *pval, INT radix);

Converts the unsigned decimal number base atspstr to write a 32 bit number t&al . Behaves and
returns as fop_stog above except that it can handle numbers W2821967295.

For example, after:

INT ret;

ULONG val;

TEXT *ptr="f123abz";
ret=p_stogl(&ptr,&val,16);

val contains Oxf123alptr points to the 'z' an@t is zero.

p_stoa Convert a string to arguments
INT p_stoa(TEXT **pstr, TEXT *fstr, ...)

Convert multiple fields within the zero terminated stripgr to a series of arguments as controlled
by the format zero terminated strifg

Returns zero if successful and the text poirdgr is updated to point to the terminating character of
the last field converted. If an error occurregdyr  points to the start of the field that caused the error and
one of the following negative error numbers is returned:

E_GEN_OVER the result is too large
E_GEN_FAIL fails to recognise a number
E_GEN_ARG the supplied buffer does not contain enough items

The format stringstr  contains literal text, embedded with commands for converting the fietpsrin
to the passed arguments. Any excess leading whitespace (as definedray ) before a field irrpstr
is automatically skipped.

The embedded commandsiénn  are prefixed with thee character (two successive characters
count as one literade' ). Any non whitespace literal text causes characters impite to be scanned
until a match is made or until the end of the string is encountered (any whitespace chargeterars
discarded). If a match is not found+gatr , the function returns.
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The general form of an embedded command is:

%[*][<width>][<long>]<type>

<width>:=a positive decimal number
<long>:I|L
<type>:=(B|b|C]c|D|d|N[n|Olo|Q[q|S|s|U|ulX|x)

where the square brackets indicate optional fieldsjandeparates choices.

The mandatorytype> parameter (optionally qualified Byong> ) indicates the data type to be converted.

If the asterisk is present, conversion is performed but the result is not be stored. There should be no
corresponding value pointer in the argument list for a suppressed conversion.

The parametetwidth> is a positive decimal number that specifies the maximum input field width when
<type> iS s or g (in either upper or lower case)<tjpe> is other than s or q, it is ignored. Note that the
corresponding storage buffer must be large enough to<valtl> characters plus 1 more for the
terminating zero (eg %19s requires a buffer of 20 bytes).

The<type> specifies the type of argument conversion to be performed, as follows:

b
c

d

u

X

convert an unsigned binary number to teRD

convert a character to its code, written toutw®RD

convert a signed decimal number (optionallgoeded by a '-' or a '+') to th@RD
write the number of characters consumed so far towsRD

convert an unsigned octal number to tieRD

convert quote delimited text, copying the data in between the quotes (the delimiting quotes are
discarded) to produce a zero terminated string ateke* buffer. Although often used to

convert text delimited by quote (") characters, the first non whitespace character encountered is
taken to be the delimiter.

convert contiguous non whitespace text to a zero terminated stringraxthe buffer. The
string is determined from the first non whitespace character to the first whitespace character (or a
zero terminator).

convert an unsigned decimal nhumber toutv®rD

convert an unsigned hexadecimal number tastherbd

When performing a numeric conversion, for a number to be recognised the string must contain at least
one digit in the radix.

If <long> is present, it should be L or | to specify that the corresponding argument address points to either
aLONGor auLoNg(ignored if<type> is s, f or g). A long parameter can also be indicated by specifying the
conversion type in upper case.

For example, after:

INT ret;

WORD d1,d2;

TEXT *ptr="111,-33";
ret=p_stoa(&ptr,"%b,%d",&d1,&d2);

d1 is7 andd2 is-33, ptr points to the terminating zenet is zero. After:

INT ret;

WORD d1,d2;

TEXT buf[16]

ptr="xxx @a ~def ghi" #44a";

ret=p_stoa(ptr,"@ %c %15q # %d",&d1,buf,&d?2);

dl containsa' , “defghi*  is written tobuf andd2 is44, ptr points toa® andret is zero.
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Rectangle functions

This section describes a set of functions that operate rECTStructs. Ap_RecTstruct describes a
rectangle in terms of its:

« top left coordinates (internal)
»  bottom right coordinates (external)

where the units of the coordinates depend upon the application. Typically, the coordinates count pixels
(for graphics displays) or monospaced character columns and rows (for character-oriented displays).

For example, a character display would normally be mapped to an (x,y) coordinate system as follows:
» corresponds to the character in the top left corner
e X increases to the right and counts the character columns
» yincreases downwards and counts character rows

Using the above coordinates, the rectanglesdh the following character display:

e+
++AAA+++
++AAA+++
+H+++Z++

is described by the coordinates of the topAdinternal) and the bottom riglt(external) - that is, (2,1)
and (5,3). Subtracting corresponding coordinates gives the correct dimensions of the rectangle - (3,2).

Thep_REcTstruct is defined in terms of two POINT structs. The definitions, ip_graf.h are:

typedef struct
{
WORD x; /* Horizontal coordinate */
WORD vy; /* Vertical coordinate */
} P_POINT;.

typedef struct

{

P_POINT tl; /* Top left point (internal) */
P_POINT br; /* Bottom right point (external) */
} P_RECT;.

An empty rectangle is a rectangle that has one or both of its sides zero or negative.

The rectangle functions are as follows:

p_offrec moves a rectangle by an offset

p_insrec shrinks or expands a rectangle about its centre

p_unirec calculates the union of two rectangles (the smallest rectangle that encloses both
of them)

p_intrec calculates the intersection of two rectangles

p_pinrec determines whether a point is inside a rectangle

p_emprec determines whether a rectangle is empty

p_absrec converts any negative sides of a rectangle to their positive equivalents

p_offrec Offset a rectangle

VOID p_offrec(P_RECT *rect, INT xoffset, INT yoffset);

Displacerect by (xoffset yoffset) , Without changing its size.
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p_insrec Inset a rectangle
VOID p_insrec(P_RECT *rect, INT xinset, INT yinset);

Adjust the width and height eédct byxinset andyinset respectively, in such a way as to produce a
rectangle concentric with the original.

A negative inset makes the rectangle bigger.
For example:
p_insrec(&rect,2,-1);

decrease the width efct by 4 and increases the height by 2.

p_unirec Union of two rectangles
VOID p_unirec(P_RECT *rectl, P_RECT *rect2, P_RECT *result);

Write the union of the two rectanglestl andrect2 (the smallest rectangle that encloses both of them)
toresult - as illustrated by the following diagram:

Result

Rect 1

Rect 2

The parameteesult may point to the same address as eitdver orrect2 .
For example:
LOCAL_D P_RECT rect1={{10,20},{30,40}};

LOCAL_D P_RECT rect2={{50,50},{100,120}};
LOCAL_D P_RECT result;

p_unirec(&rectl,&rect2,&result);

Writes{{10,20},{100,120}} to result

p_intrec Intersection of two rectangles
INT p_intrec(P_RECT *rectl, P_RECT *rect2, P_RECT *result);

Write the intersection of the two rectangles1 andrect2 (the largest rectangle that is contained in
both of them) taesult

Rect 1

Rect 2
Intersection

If the rectangles do not intersect or if either rectangle is empty, the result is an empty rectangle.
The parameteesult may point to the same address as eitdver orrect2 .

ReturnsrrUEIf the rectangles intersecaLsE if the rectangles do not intersect (or if either rectangle is
empty).
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For example, after:
LOCAL_D P_RECT rect1={{0,0},{7,20}};

LOCAL_D P_RECT rect2={{4,4},{100,120}};
LOCAL_D P_RECT result;

ret=p_unirec(&rectl,&rect2,&result);

ret ISTRUEaNdresult containg{4,4}{7,20}}

p_pinrec Test if a point is inside a rectangle

INT p_pinrec(P_POINT *point, P_RECT *rect);

ReturnTrRUEIf the pointpoint is within the rectanglect or FALSEif point is outsideect (or if rect is
empty).

p_emprec Test if a rectangle is empty
INT p_emprec(P_RECT *rect);

ReturnTrRUEIf the rectangleect is empty (that is, if it has zero or negative width or height).

p_absrec Convert to an absolute rectangle
VOID p_absrec(P_RECT *rect, P_RECT *result);

Write the absolute of the rectangdet (where any negative sides are converted to their positive
equivalents) teesult

The parametergct andresut may point to the same address.
For example:

LOCAL_D P_RECT rect={{7,20},{4,4}};
LOCAL_D P_RECT result;

p_absrec(&rect,&result);

writes {{4,4},{7,20}} tO result
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CHAPTER 5

FLOATING POINT

Floating point C

The 8087 emulator

The code that is generated from floating point C requires that the 8087 floating point coprocessor
emulator be present and loaded. The 8087 emulator is implemented as an external logical device driver
(LDD), loaded fromsys$8087.1ddThe PLIB (or CLIB) startup module (that is, the code which ealis)
automatically loadsys$8087.Iddf the application program contains any floating point code.

The startup module searches $gs$8087.1ddin the following directories (in order of precedence):

e as specified by the zero terminated string in the environment variable with'evasn€if such
an environment variable exists)

* in the same directory that contained the program being executed

The startup module will fail with panic 80 the searchsfessos7.ldd  fails. See the chapter d&rror
Handlingfor an explanation of the panic mechanism.

TheEemsenvironment variable may be set uspngetenv - as described in the chaptdemory
Allocation For example, the following installation program causes the startup module to look for
sys$8087.1ddn thea:\sys\directory:

#include <plib>

GLDEF_C main(VOID)

{
p_setenv("EM$","A:\SYS\\");

}

Note that environment variables names are case-sensitive - setting upr{gayyill not have the desired
effect.

Only one copy oBys$8087.Idds loaded however many floating point processes are started. The LDD is
deleted (freeing the memory) when the last floating point process exits gracefully. If the last process
panics or is stopped by another process, the LDD will remain loaded - but it will be deleted by a
subsequent normal exit of a floating point process. The LDD has the devic&Emarse you can find

out if the device is loaded using:

LOCAL_C INT 1s8087Loaded(VOID)

{
TEXT bb[E_MAX_NAME+2];

return(p_devfnd(0,"EM$",E_LDD,&bb[0])>0);
}

which returnsrrRUEif the LDD is loaded. If required, a clean-up program can delete the loaded LDD with:
p_devdel("EM$",E_LDD);

which will only siccessfully delete the LDD if there are no floating point processes using it. The functions
p_devind andp_devdel are described along with LDDs in th® Systenthapter.
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If sys$8087.Idds not present in the ROM, it must be loaded into RAM at a cost of approximately 8K
bytes (but this does not detract from the code segment limit of the application).

If the LDD is present in the ROM, it still has to be loaded but at a reduced cost of RAM. You can find out
if sys$8087.ldds present in the ROM using:

LOCAL_C INT 1s8087InROM(VOID)

{
P_INFO info;

return(p_finfo("ROM::SYS$8087.LDD",&info)>=0);
}

which returnsrrUEif sys$8087.ldds present in the ROM.
Avoiding the 8087 emulator

It is possible to perform floating point operations without using floating point C and without loading the
emulator. For example, a program that contains the following function (to evaluate sin(x)/x):

LOCAL_C INT Sinc(DOUBLE *pret,DOUBLE *parg)
{
if (*parg==0.0)
{
*pret=1.0;
return(0);
}
if ((ret=p_sin(pret,parg))<0)
return(ret);
*pret=*pret/*parg;
return(0);

}

will load the emulator because the expressipag==0.0 , *pret=1.0 and*pret=*pret/*parg all
generate calls to the emulator.

However, if the function is implemented without using floating point C as in:

LOCAL_C INT Sinc(DOUBLE *pret,DOUBLE *parg)

{
WORD x;

DOUBLE zero;

Xx=0;
p_itof(&zero,&x);
if (Ip_fcmp(&zero,parg))
{
x=1;
p_itof(pret,&x);
return(0);
}
if ((ret=p_sin(pret,parg))<0)
return(ret);
_fdiv(pret,parg);
return(0);

}
thensys$8087.1dds not loaded. Furthermore, the code that is generated is smaller and runs faster.
The benefits of avoiding the emulator are:
» you do not need to worry about the presencys$8087.1dd
» the program is smaller and runs faster
The benefits of using the emulator are:
» you can use floating point C and use 32-bit float variables (as well as 64-bit doubles)

» the emulator works with 80-bit numbers internally and therefore gives more precise results
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Macros
The following macros, defined im_math.h

#define ABS(x) ((x)<0 ? -(x) : (X))
#define MAX(a,b) ((a)>(b) ? (a) : (b))
#define MIN(a,b) ((a)<(b) ? (a) : (b))

can be used with integer or floating point expressions (although the code that is generated might be quite
lengthy). Using any of these macros with a floating point expression will cause the 8087 emulator to be
loaded.

The remaining functions in this chapter, with the exceptignrafid andp_randl , are implemented
independently of the emulator. Using them will not cause the emulator to be loaded. If the emulator is
loaded, they may still be used.

Converting doubles to and from text

p_dtob Double to string
INT p_dtob(TEXT *pbuf, DOUBLE *pval, P_DTOB *pformat);

Convert the double floating point numbgval to text atpbuf using thepformat format specification.
This text isnot zero terminated.

Thep_pTosstructure is defined ip_math.has:

typedef structure

{
UBYTE type; /* conversion type */

UBYTE width; /* width of representation in characters */
UBYTE ndec; /* number of decimal places */

TEXT point; /* decimal point character */

TEXT triad; /* triad separator character */

UBYTE trilen; /* threshold for triad character use */

} P_DTOB:..

where:

type specifies the numeric format as being fixed, scientific or general. (Integer
format is obtained as a special case of fixed point format where the number of
decimal placesdec is zero.)

width specifies the maximum number of characters allowed to represent the number
(it must be in the range 1 to 255 inclusive). You must researe bytes at
pbuf . If the formatted string would be wider thaiath thene_GEN_FAIL is
returned. (If you want the output aligned and filled, post-pragesswith

p_jtob ).

ndec specifies the number of digits following the decimal point wien is
P_DTOB_FIXEDOr P_DTOB_EXPONENWherendec must be in the range zero to
P_FLT_PREC(15) inclusive.

point specifies the character used for the decimal point. It would normally be either
".'(dot) or ','(comma).

triad specifies the triad separator character used to delimit groups of 3 digits in the
integer part of a fixed point number. It would normally be one of '.'(dot) or
','(comma) or ' '(space).

trilen is either zero to disable triad insertion, or a threshold number of digits above
which triad insertion takes place. In practigen is set to 1 for normal
conventions and 4 to conform to the French convention.
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In all cases, negative numbers are represented by the insertion of a leading '-' sign (positive numbers do
not have a leading '+' sign). To obtain a bracketed representation of negative numbers you must post-
process the output string.

There can never be more tharFLT_PRE15) significant digits. Where there are less tha#fL.T_PREC
significant digits, the number is rounded to the number of significant digits displayed.

The detailed formatting details as a functionypé is as follows:

P_DTOB_FIXED the number is represented wittec decimal places, whergec may be zero to
represent an integer (in which case no decimal point character is displayed). If
the ASCII form exeedswvidth (usually due to the number being large and
having too many digits before the decimal poiat)zEN_FAIL is returned. A
zero is displayed in the form "0.000" where therenaee zeros following the
decimal point or as just "0" ifdec is zero.

P_DTOB_EXPONENT the number is represented in scientific notation with one non-zero digit before
the decimal point anghec digits beyond the decimal point followed by 'E’, a
sign ('+' or '-") and the exponent as two digits (with leading zero if necessary).
If ndec is zero, the number is rounded to one digit of precision and no decimal
point is displayed. A zero is displayed in the form "0.000E+00" where there are
ndec zeros following the decimal point or as "OE+00fRdéc is zero. Triad
separation is not available and triad separation parameters are ignored.

P_DTOB_GENERAL converts either as fixed format (with no triad separator) or scientific format,
making best use ofidth . Here, "making best use" is defined as showing the
greater number of significant digits and preferring fixed format when the
number of significant digits shown is the same. The number of decimal places
displayed depends andth (ndec is ignored). A zero is displayed as just "0".
Triad separation is not available and triad separation parameters are ignored.

P_DTOB_GEN_LIM as forp_DTOB_GENERALexcept that output is limited to notosed 12
significant digits.

Returns the number of characters writtepbig if successful, or one of the following negative error
numbers:

E_GEN_UNDER the number is too small to represent (less than approximately 1E-99). If you
would prefer not to fail in this case, you can always write your own zero or re-
call p_dtob with a zero double.

E_GEN_OVER the number is too large to represent (greater than approximately 1E99).
E_GEN_FAIL the representation egedsvidth characters.
E_GEN_ARG either the double is illegal, ofpe is not one oP_DTOB_FIXEQ

P_DTOB_EXPONENOI P_DTOB_GENERAL

p_stod String to double
INT p_stod(TEXT **pstr, DOUBLE *pval, INT point);

Scan the zero terminated stripgtr  for a floating point number whepeint is the code of the decimal
point character (normally either . or ',') and write the value as a double ftpadi to

For a number to be recognised, the string must contain at least one decimal digit.

If p_stod is successful, it updatgsstr to point to the terminating character and returns zero. If it fails,
*pstr IS not changed and it returns one of the following negative error numbers:

E_GEN_UNDER the number is too small (less than approximately 1E-99). The value zero is
written to*pval .

E_GEN_OVER the number is too large (greater than approximately 1E99).

E_GEN_FAIL fails to recognise a number.
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The supplied string apstr  should take the form:

[+]-]<int>.<fract>[E|e][+|-]<exp>

where:

the leading '+' sign may be omitted for positive numbers

<int> ands<fract> are optional but at least one should be present
leading zeros irint> are legal but have no effect

trailing zeros irkfract>  are legal but have no effect

there is no reasonable limit to the number of significant digits, but digits that are beyond the
precision of the floating point representation will not be reflected in the mantissa of the number
which is produced

the exponent field (which starts with 'E' or 'e") is optional
the leading '+' sign in the exponent field may be omitted for positive exponents

the resulting number should be in the range approximately 1E-99 to approximately 1E+99

Example

LOCAL_D TEXT buff]="-134.43735abc";
FAST INT ret;

DOUBLE val;

TEXT *ptr;

ptr=&buf[0];

After

ret=p_stod(&ptr,&val,".");

val will be -134.43735ptr will be pointing to 'a’ anekt will be zero.

p_getctd Get number representation preferences

VOID p_getctd(E_CONFIG *pcfg);

Write a copy of the system CONFIGStruct topcfg .

TheE_conNFiGgstruct is defined ip_config.has:

typedef struct

{
UWORD countryCode;

WORD gmtOffset;

UBYTE dateType;

UBYTE timeType;

UBYTE currencySymbolPosition;
UBYTE currencySpaceRequired,;
UBYTE currencyDecimalPlaces;
UBYTE currencyNegativelnBrackets;
UBYTE currencyTriadsAllowed;
UBYTE thousandsSeparator;
UBYTE decimalSeparator;
UBYTE dateSeparator;

UBYTE timeSeparator;

UBYTE currencySymbol[9];
UBYTE startOfWeek;

UBYTE summerTime;

UBYTE clockType;

UBYTE dayAbbreviation;
UBYTE monthAbbreviation;
UBYTE workDays;

UBYTE units;

UBYTE spare[9];

} E_CONFIG:;.
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In the context of this chapter we are interested in:

currencySymbol a zero terminated string containing the currency symbol
currencySymbolPosition which should contain eith& CURRENCY BEFORE E_CURRENCY_AFTER
currencySpaceRequired which should contain eith& NOSPACE_BETWEEN E_SPACE_BETWEEN
currencyDecimalPlaces the number of decimal places for displaying currency figures

currency- TRUEIf a negative currency should be displayed in brackets rather than
NegativelnBrackets with a minus sign

currencyTriadsAllowed zero to disable triad separator insertion, or a threshold number of digits

above which triad separator insertion takes place. In practice a value of 1 is
used for normal conventions and 4 for the French convention. Note that,
despite the name of this element, triad separators are not restricted to
currency fields; they may be inserted in any numeric field.

thousandsSeparator the character code of the triad (thousands) separator
decimalSeparator the character code of the decimal separator (normally either ', or '.")
units either E_IMPERIAL or E_METRIC to indicate a preference for imperial

or metric units (for example, to show page dimensions in inches or
centimetres)

. _______ __________________________________________________________________|
Long integer functions

p_randl Long random number

ULONG p_randl(ULONG *pseed);
Return the next pseudo random number and up¢iates .

Used to generate a sequence of pseudo random numbers from an initial yakte ofAny given seed
will always produce the same sequence of random numbers.

The numbers generated may be any value between 0 and 429496##2@b () or, if considered as a
signed result, between -21474836d3¢000000 ) and +2147483647 eXrifffff ).

For example, to print reproducibly 100 random longs:

ULONG seed,;
UINT i;

seed=0l,
for (i=0;i<100;i++)
p_printf("%Id",p_randl(&seed));
To generate a different set of numbers each time, seed the number with the system time, as in:

seed=p_date();

|
Scientific functions

For all floating point functions that transform a single input parameter it is permissible to use the same
address for botharg andpret .

All trigonometric functions assume angles are measured in radians.

p_sin Sine
INT p_sin(DOUBLE *pret, DOUBLE *parg);

Write the sine ofparg to*pret .

Returns zero if successful BrGEN_ARGf *parg  was an invalid double.
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p_cos Cosine
INT p_cos(DOUBLE *pret, DOUBLE *parg);
Write the cosine oOfparg tO*pret .

Returns zero if successful BrGEN_ARGf *parg  was an invalid double.

p_tan Tangent
INT p_tan(DOUBLE *pret, DOUBLE *parg);
Write the tangent of garg to*pret .

Returns zero if successful BrGEN_ARGf *parg  Was an invalid double or if it was greater than
149078413.

p_asin Arcsine
INT p_asin(DOUBLE *pret, DOUBLE *parg);
Write the angle whose sinessarg to*pret .

Returns zero if successful BrGEN_ARGf *parg was an invalid double @Bs(*parg)>1

p_acos Arccos
INT p_acos(DOUBLE *pret, DOUBLE *parg);
Write the angle whose cosinesjigarg to *pret .

Returns zero if successful BrGEN_ARGf *parg was an invalid double @Bs(*parg)>1

p_atan Arctangent
INT p_atan(DOUBLE *pret, DOUBLE *parg);
Write the angle whose tangentgparg to *pret .

Returns zero if successful BrGEN_ARGf *parg  was an invalid double.

p_In Natural logarithm
INT p_In(DOUBLE *pret, DOUBLE *parg);
Write the natural (base e) logarithnedrg to *pret .

Returns zero if successful BrGEN_ARGf *parg  was less than or equal to zero opifrg was an invalid
double.

p_exp Exponential
INT p_exp(DOUBLE *pret, DOUBLE *parg);

Write the value of the arithmetic constant e (2.718pPBaised to the power efarg to*pret .

Returns zero if successful or one of the following negative error numbers:

E_GEN_ARG *parg IS not a valid double.

E_GEN_UNDER underflow has occurred (the magnitude of the result is less than 1E-307), zero
is written to<pret .

E_GEN_OVER overflow has occurred (the magnitude of the result is greater than 1E307).
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p_log Logarithm
INT p_log(DOUBLE *pret, DOUBLE *parg);
Write the base 10 logarithm gfarg to*pret .

Returns zero if successful BrGEN_ARGf *parg was less than or equal to zero otpilrg was an invalid
double.

p_sqrt Square root
INT p_sqrt(DOUBLE *pret, DOUBLE *parg );
Write the square root ofarg to*pret .

Returns zero if successful BrGEN_ARGf *parg was negative or an invalid double.

P_pow Raise to the power
INT p_pow(DOUBLE *pret, DOUBLE *pargl, DOUBLE *parg?2);
Write *pargl raised to the power @farg2 to*pret .

Returns zero if successful or one of the following negative error numbers:

E_GEN_ARG the arguments are invalid ¢fargl <O, *parg2 must be integral), or at least
one argument is not a valid double.
E_GEN_UNDER underflow has occurred (the magnitude of the result is less than 1E-307), zero
is written to*pret .
E_GEN_OVER overflow has occurred (the magnitude of the result is greater than 1E307).
p_rand Double random number (long seed)

DOUBLE p_rand(ULONG *pseed);

Return abousLerandom number in the range zero (inclusive) to one (exclusive). As in the case of
p_randl , the value pointed to Ipgeed is used to seed the random number generation and is updated for
the next call op_rand .

This function requires the 8087 floating point emulator.

p_frand Double random number
VOID p_frand(DOUBLE *pret, DOUBLE *pseed);

Write a random number in the range zero (inclusive) to one (exclusiyegtta As in the case of
p_randl , the value pointed to Ipgeed is used to seed the random number generation and is updated for
the next call op_frand .

Floating point arithmetic without the 8087 emulator

This section describes the PLIB functions that would normally be used to perform floating point
arithmetic without having to load the 8087 floating point emulsys$8087.1dd

For all floating point functions with one parameter it is permissible to use the same addresspfoy both
andpret .

p_fld Assignment
INT p_fld(DOUBLE *pret, DOUBLE *parg);

Write the value ofparg to*pret (the 'ld' stands for load).

Returns zero if successful BrGEN_ARGf *parg  was an invalid double.
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p_fadd Add
INT p_fadd(DOUBLE *pret, DOUBLE *parg);
Write the sum ofparg and+pret tO*pret .

Returns zero if successful or one of the following negative error numbers:

E_GEN_ARG *pret Of *parg  was not a valid double.
E_GEN_OVER overflow has occurred (the magnitude of the result is greater than 1E307).
p_fsub Subtract

INT p_fsub(DOUBLE *pret, DOUBLE *parg);
Write *pret  minus#parg 10 *pret .

Returns zero if successful or one of the following negative error numbers:

E_GEN_ARG *pret Of *parg Was not a valid double.
E_GEN_OVER overflow has occurred (the magnitude of the result is greater than 1E307).
p_fmul Multiply

INT p_fmul(DOUBLE *pret, DOUBLE *parg);
Write the product ofparg andspret to*pret .

Returns zero if successful or one of the following negative error numbers:

E_GEN_ARG *pret Of *parg  Was not a valid double.

E_GEN_UNDER underflow has occurred (the magnitude of the result is less than 1E-307), zero
is written to<pret .

E_GEN_OVER overflow has occurred (the magnitude of the result is greater than 1E307).

p_fdiv Divide

INT p_fdiv(DOUBLE *pret, DOUBLE *parg);
Write =pret  divided byparg to*pret .

Returns zero if successful or one of the following negative error numbers:

E_GEN_ARG *pret Of *parg  Was not a valid double.

E_GEN_UNDER underflow has occurred (the magnitude of the result is less than 1E-307), zero
is written to<pret .

E_GEN_OVER overflow has occurred (the magnitude of the result is greater than 1E307).

p_fcmp Compare

INT p_fcmp(DOUBLE *pargl, DOUBLE *parg2);
Comparepargl to*parg2 , returning:

1 if *pargl > *parg2

0 if *parg1 == *parg2

-1 if *pargl < *parg2

The function only returns zero+farg1 and+parg2 are strictly equal. In some cases it may be more
appropriate to test for equality by evaluating the difference wstag and then comparing the
difference with a suitably small number (such as, for example, 1E-10).
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The return value is undefined if eitheargl or *parg2 is not a valid double.

Note that it is bad practice to compare floating point numbers for equality, since rounding errors may
make the result meaningless.

p_fneg Negate
INT p_fneg(DOUBLE *parg);
Negateparg .

Returns zero if successful, BrGEN_ARGf *parg was an invalid double.

p_mod Modulus
INT p_mod(DOUBLE *pret, DOUBLE *pargl, DOUBLE *parg?2);
Write the remainder opargl divided by*parg2 to*pret .

Returns zero if successful, BrGEN_ARGf either*pargl or*parg2 was an invalid double.

p_int Integer part
INT p_int(DOUBLE *pret, DOUBLE *parg);
Write the integer part oparg to*pret . Negative numbers are rounded towards zero.

Returns zero if successful BrGEN_ARGf *parg  was an invalid double.

p_inti Convert double to integer
INT p_inti(WORD *pret, DOUBLE *parg);

Write the integer part oparg to*pret if *parg is in the range -32768 to +32767 inclusive. Negative
numbers are rounded towards zero.

Returns zero if successful or one of the following negative error numbers:

E_GEN_ARG *parg IS not a valid double
E_GEN_OVER *parg IS outside the range -32768 to +32767
p_intl Convert double to long

INT p_intl(LONG *pret, DOUBLE *parg);

Write the integer part oparg to*pret , if it is in the range -214748364&§0000000 ) to +2147483647
(i ) inclusive. Negative numbers are rounded towards zero.

Returns zero if successful, or one of the following negative error numbers:

E_GEN_ARG *parg IS not a valid double
E_GEN_OVER *parg IS outside the range -2147483648 to +2147483647
p_itof Convert integer to double

VOID p_itof(DOUBLE *pret, WORD *parg);

Convert*parg to a double and write it t@ret .

p_longtof Convert long to double
VOID p_longtof(DOUBLE *pret, LONG *parg);

Convertrparg to a double and write it t@ret .
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CHAPTER 6

ERROR HANDLING

Process termination

A process can terminate itself or it can be terminated by another process. By whatever means a process
terminates, one or more other processes may be interested in being notified that a process has terminated.

Terminating this pro cess.
A process terminates itself by calling:

p_exit for normal graceful termination
p_panic for abnormal termination, normally as a result of defective code
C programs that fall off the end ekin effectively callp_exit with the return froninain . That is:

GLDEF_C INT main(VOID)

{
p_printf("Hello world");

p_sleep(50l); /* wait 5 seconds */
return(0);

}
is equivalent to:

GLDEF_C VOID main(VOID)

p_printf("Hello world");
p_sleep(50l); /* wait 5 seconds */
p_exit(0);

}

It is poor practice to fall off the end ofv@ID main since this is equivalent to callipgexit with a
random number (whatever happens to be imiwegister at the time). If there is a system component
(such as the shell) reporting process terminations to the user, it will give a misleading report.

Terminating another pro cess
A process can terminate another process by calling:

p_pterminate or to terminate another process (typically in response to a user request)
p_pkill
p_ppanic to panic another process (normally following unreasonable behaviour from the

process being terminated)

To terminate a process, it is recommendedghadrminate  is used in preference popkill  as the

former allows the process being terminated to run any cleanup code before exiting gracefully.
Applications wishing to run cleanup code gabnterminate  to elect to be sent an inter-process message
in response to the pterminate  request.
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Finding out when other pro cesses terminate
A process can request to be notified of the termination of another process by calling:

p_logona to be signalled when the specified process terminates

p_logon to receive an inter-process message when the specified process terminates
(convenient for server processes to keep track of their clients)

p_watchall to receive an inter-process message when any process terminatesl|gnor
used by the Shell to monitor the termination of all processes)

See the chaptéksynchronous Requests and Semaphiorethe meaning of the term "signalled”. See the
chapterProcesses and Inter-Process Messadorgnore about inter-process messaging and servers.

The process terminat ion word

Regardless of which one pfiogona , p_logon or p_watchall  is used, the system delivers a single 16-bit
process termination word giving information on how the process terminated. The most significant byte of
the process termination word is one of the following (definespwc.h)

E_NORMAL_EXIT the process terminated itself by callingxit or it was terminated by another
process calling_pterminate ~ or p_pkill . The least significant byte of the
process termination word contains tiReason parameter t@_exit |,
p_pterminate  Of p_pkill . By convention, amReason Of zero indicates a
normal error-free graceful termination.

E_PANIC_EXIT the process terminated itself by callinganic or it was terminated by another
process calling_ppanic . The least significant byte contains timanic ("panic
number") parameter §o panic Or p_ppanic .

E_TASK_PANIC_EXIT the process terminated because it owned a task that terminated with
E_PANIC_EXIT (tasks are lightweight processes and are described in the chapter
Processes and Inter-Process Messaping

Panics

When the system detects a condition that it believes could only arise from a bug in a the application
program, the system terminates the process with a "panic number" in the range 0 to 255 inclusive (where
the system is said to "panic the process"). A panic is a fatal exception that causes the process to terminate
immediately. There is no way for applications to avoid being terminated when a panic has been started

(cf p_leave , described later in this chapter).

Panicking a process is more economical in the use of system code and application code than returning an
error, since the latter relies on application code to properly process the error return. As well as protecting

the system from defective applications, the panic system enforces a greater discipline on application code
by terminating a process as soon as the condition is detected.

This does not mean that the system always prefers to use panics rather than error returns. Error returns
are still used where appropriate; the system certainly never panics a process on a condition that could arise
from user action. For example, thelloc function to allocate a memory cell retumng L if there is

insufficient free system memory to satisfy the request, butcalsic if it detects that the heap has been
corrupted. In the majority of cases, such as in the above example, it is quite clear where a panic or an

error return is appropriate, but occasionally it is not so clear. From the point of view of an application
programmer, however, it is clear that panic conditions should be avoided. In consequence the function
descriptions in this manual include any conditions that result in the caller being panicked.

If the panic condition is detected within the code of a system function, the functiop galls as in the
example above. If the cottidn is detected in a system process (for example, the supervisor or the file
server) the application process is terminated by the system processcaliimg .

Application programmers can include their own calls tanic to catch conditions indicating a bug in

their program which might otherwise go unnoticed (until the software is used by a customer!). A common
example would be to put a callgopanic on thedefault case of awitch statement, to catch an invalid
parameter.
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System panic numbers

The following lists the panic numbersthat are used by the operating system:

00
01
02
03
04
05
06
07
08
09
10
11
12

13
14
15
16
17
18
19

20
21
22
23
24
25

26
27

28
29
30
31
32
33

Used by test code when a test fails

Invalid function number (semaphore manager)
Invalid semaphore handle

Semaphore not allocated

Initial semaphore count is negative

Signal count is negative

Invalid function number for process manager
Invalid process ID

Task tried to create a task

Invalid function number for time manager
Invalid function number for segment manager
Segment size was negative

Type was not one & SEGMENT_LOVE_SEGMENT_HIGHE_SEGMENT_DEVICBY
E_SEGMENT_LOCKED

Invalid segment handle

Segment copy is out of range

Invalid function number for heap manager

Heap not initialised

A heap cell is being reduced by more than its size
Attempt to set heap granularity greater thanax_GROwBY

A heap cell address is outside the boundaries of the heap (the heap has probably been
corrupted - try calling_alichk  to catch the corruption sooner)

Invalid function number for inter-process message manager

Inter-process messaging has already been initialisedn{i@t has been called twice)
Inter-process messaging has not been initialisgd fieit has not been called)
Cannot initialise with zero messages in the queue

Invalid function number for I/O manager

Invalid I/O channel (possibly because you did not test that the previpes succeeded or
you have closed the channel or you overwrote the variable containing the channel)

Device requested panic

Invalid wait handler handle (possibly nothing to do with wait handlers and just indicative of
a low address overwrite of the 4 bytes at address 2, as a result of an uninitialised pointer)

Key and pointing device already hooked

Key and pointing device requesting process is not a task
Invalid function number for device manager

Invalid device handle

Invalid function number for file manager

Process already connected to file server
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34 Reserved for future use

35 Invalid function number for library manager

36 Invalid library handle

37 Invalid function number for library

38 Invalid LIB file channel

39 Invalid DYL index number

40 Invalid message to file server

41 Process has not connected to file server

42 Invalid function number for conversion manager
43 Invalid function number for general manager
44 Attempt to unhook from notify when not already hooked
45 Invalid revector address

46 Invalid function number for conversion manager

47 Leave called before a call to enter (possibly because you were unaware that the function you
were calling could calp_leave )

48 No method available to handle messdg@R)

49 Invalid reclass attempte@QP)

50 Unknown category in LibHandI©QP)

51 Unknown class in LibCreat®©QP)

52 Supersend called from outside a metHo®R)
53 Attempt to get a handle before being link€DP)
54 Missing external categories in LibLin@QP)

55 Object does not point to a valid cla€P)

56 Invalid link layer completion code

57 Invalid function number for window server

58 Invalid function number for hardware manager
59 Unexpected interrupt

60 Attempted to write outside of process data segment (possibly because of an uninitialised
pointer or a corrupted data structure)

61 Interrupts have been disabled for too long
62 Reserved for future use

63 Divide by zero interrupt

64 Overflow interrupt

65 Invalid function number for Dbf manager
66 Invalid DBF I/O channel

67 Invalid parameter for DBF function

68 Address zero overwrite (possibly because of an uninitialised pointer)
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69 The operating system detected less than 0x100 bytes of remaining stack (this amount is
reserved for hardware interrupts to run). You probably have declared large data structures as
automatics. Consider making them static variables or allocate them from the heap.

70 Environment name size > EnvMaxNameSize
71 Single step interrupt (INT 1)
72 Break point interrupt (INT 3)

73 A request was made while an asynchronous request of the same type and on the same
channel was already pending

74 Invalid function number for serial I/O manager

75 Call to an ASIC1 function on an ASIC9 machine

76 Attempt to find a DYL not in a visible bank

77 Floating point emulator exception

78 Semaphore count exceeds Ox7fff

80 Library fatal error, preceded by a notification of the specific error
255 The functiorp_alichk  detected a corrupted heap

Some of the panics, especially those described by "Invalid function number for ...", are unlikely to indicate
a specific bug; it is almost impossible to create code that would produce such a panic by a coding error.
This type of panic could, however, easily arise from trashing a return address on the stack, with the
instruction pointer wandering into arbitrary code. In the above list, those panics that are likely to indicate
a specific coding problem are described more fully.

If you get a panic 79, or a panic in the range 81 to 254, it may be due to some other system component.
See thaVindow Servemanual for panics in the range 81-110 and, when using object oriented
programming, see th@LIB manual for panics in the range 130-158.

p_exit Terminate this process
VOID p_exit(INT nReason);

Terminate this process with reasgteason in the range -127 to 128 without returning to the caller.
Applications that exit normally should terminate witkeason equal to zero.

Applications that fail during their initialisation may wish to pass on the error number (in the range -127
to -1 inclusive) that caused the initialisation to fail.

Programs that are run as subprocesses can use a pogitisgn to pass back an exit status to their parent
process.

p_panic Terminate after an unrecoverable error
VOID p_panic(INT nPanic);
Terminate this process with panic numbesnic in the range 0 to 255 without returning to the caller.

To avoid system panic humbers, application specific panic numbers should start from 254 downwards.

p_pkill Unilaterally terminate a process
INT p_pkil(HANDLE pld, INT nReason);

Terminate processd for reasomReason (in the range -127 to 128 inclusive) without giving the process
being terminated an opportunity to run any cleanup code before exiting.

It is recommended that pterminate  (described below) is used in preference il as it gives the
process being terminated a chance to run any cleanup code.
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Returns zero if successful or one of the following negative error numbers:

E_FILE_NXIST the process does not exist
E_GEN_FAIL pld is the null process, the supervisor or the file server
p_pterminate Terminate a process

INT p_pterminate(HANDLE pld, INT nReason);
Terminate procegsd for reasomReason in the range -127 to 128 inclusive.

If processid has calleg_onterminate  (described next) the call popterminate  will simply send the
specified message number to progess Otherwise the effect is the same as witbkill . It is
recommended that pterminate  is used in preference popkil

Returns zero if successful or one of the following negative error numbers:

E_FILE_NXIST the process does not exist
E_GEN_FAIL pld is the null process, the supervisor or the file server
p_onterminate Elect to receive termination message

VOID p_onterminate(INT nMessage);

Elect to receive (non-zero) message numbessage, rather than being summarily terminated, when
another process requests termination by caflip@rminate

On receipt of the termation message a process should execute its cleanup code and must then terminate
itself, normally by calling_exit

The process calling onterminate  must guarantee to respond promptly when the termination message is
sent to it. It should not perform any lengthy, uninterrupted, processing. A process which calls
p_onterminate  and then (presumably in error) enters an infinite loop will not be terminated by a call to
p_terminate . It is recommended that a process should nopcaidterminate  unless there is an explicit
reason for it to do so.

The election may be cancelled by callingnterminate(0)

Messaging must have been initialised withinit prior to the call t@_onterminate , otherwisep_panic
will be called.

p_ppanic Panic a process by id

INT p_ppanic(HANDLE pld, INT nPanic);

Terminate procegsd with panic numberPanic in the range 0 to 255 (used for example by server
processes that receive a garbage message from a client process to panic the client).

Returns zero if successful or one of the following negative error numbers:

E_FILE_NXIST the process does not exist
E_GEN_FAIL pld is the null process, the supervisor or the file server
p_logona Request notification of process termination

INT p_logona(HANDLE pld, WORD *pStatus);

Make an asynchronous request to be notified of the termination of ppacdsshaving this process I/O
semaphore signalled wher terminates. See the chapfsynchronous Requests and Semaphiores
description of asynchronous requests and the 1/O semaphore.

Returns zero if successful BrrILE_NXIST if pid does not exist.

After a successful request and befarte has terminatedpstatus  contains_FILE_PENDING. Whenpld
has terminatedpstatus contains the (non-negative) process termination word (as described under the
headingThe Process Termination Woat the beginning of this chapter).

The caller can cancel the asynchronous request by callisygffa
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A server process that responds to inter-process messages from client processes will probably find it more
convenient to usg logon , described below.

For example, the following function:

GLDEF_C INT RunSubProcessWait(TEXT *name, BYTE *pReason)

{
HANDLE pid;
WORD stat;

if ((pid=p_execc(name,NULL,0))<0)
return(pid);

p_logona(pid,&stat);

p_presume(pid);

p_waitstat(&stat);

*pReason=(BYTE)stat;

return(stat>>8);

}

loads the executablame, resumes the process, waits for it to terminate, writes e to *pReason
and returng_NORMAL_EXIT It returns a negative error number if it fails to leagle ande_paNic_ExiT if
the sub-process panics.

p_logoffa Cancel notification of process termination
INT p_logoffa(HANDLE pld);

Cancel a previously requested notification of the termination of prpeegas passed to thelogona
being cancelled).

Returns zero if successful BrrILE_NXIST if no request is pending.

If the cancel gets through befgne terminatesspstatus will containe_FILE_CANCEL. In either case, the
process I/O semaphore is signalled aneyoffa would normally be followed by a call to
p_waitstat(pStatus)

p_logon Request message on process termination
INT p_logon(HANDLE pld, INT mType);

Request to be notified of the termination of progassby receiving an inter-process message of type
mType Whenpid terminates. See the chapRrocesses and Inter-Process Messadmga description of
inter-process messaging.

Returns zero if successful BrrILE_NXIST if pid does not exist.

When procespid terminates the Supervisor process sends the caller a messagenaf/pgrnd whose
first word in the message buffer is the of the terminating process and whose second word is the
process termination word giving information on how that process terminated (as described under the
headingThe Process Termination Woad the beginning of this chapter).

The caller can cancel the request by caltinggoff  Or p_logoffx

The process must have messages initialised by callinigit - the function callg_panic if messages
have not been initialised.

Thep_logon , p_logoff andp_logofix ~ services were designed for server processes that respond to inter-
process messages from client processes to clean up client specific resources should a client process
terminate without disconnecting from the server. Processes that are not server process and that do not
normally respond to inter-process messages will probably find it more convenienptegise ,

described above.
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p_logoff Cancel message on process termination
INT p_logoff(HANDLE pld, INT mType);
Cancel a previous logon request to be sent an inter-process message when pracéssminates.

The value opid should be as passedpt@ogon , andmType is ignored. This form is suitable for
applications that do not make no more thanpimsgon request to any particular process.

Applications that make two or mopelogon requests with the same valuepnf (but, presumably,
different values oiType) should cancel them by meangabgofix , described below.

Returns zero if successful BrrILE_NXIST if pid does not exist.

The function call_panic if messages have not been initialised.

p_logoffx Cancel message of specific type on process termination
INT p_logoffx(HANDLE pld, INT mType);
This function is only available in EPOC version 3.18 or later.

Cancel a previous logon request to be sent an inter-process message ofitype whenpid terminates
(pid andmType should be the values that were passed tp_thgon request that is being cancelled).

This function must be used in preference togoff  in cases where two or mggeélogon requests are
made with the same valuemd .

Returns zero if successful BrrILE_NXIST if pid does not exist.

The function call_panic if messages have not been initialised.

p_watchall Watching all exits
INT p_watchall(UINT mType);

Request to be notified of the termination of any procesed®iving an inter-process message of type
mType when a process terminates. See the ch&fstaresses and Inter-Process Messadorga
description of inter-process messaging.

Only one process at a time can request this service and it is usually reserved for use by a system process
(normally the Shell process) to monitor the termination of all processes.

The function returns zero if successfulEOGEN_FAIL if a watch is already active.
The format of theeceived message is as fofogon , described above.
Callingp_watchall  with anmType of zero cancels the request.

The process must have messages initialised by callimigit - the function callg_panic if messages
have not been initialised.

]
Error returns

System functions that can fail must somehow indicateess or failure and, where appropriate, elaborate
on the failure.

Where there is no elaboration of the error:

» Functions that return an address typically retucvia (zero) address to indicate failure (this is
often used when a function can fail to allocate memory).

» Otherwise functions return zero or positive to indicateass and -1 to indicate failure (the
constanE_GEN_FAIL is defined as -1 although you can just test for the sign of the returned value).
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Where the error is elaborated, the system function returns a system error number in the range -1 to -128,
allocated as follows:

-1to-31 Reserved for general errors of the farmeN_xxx; (defined in p_gen.h
-32t0 -63 Reserved for I/O device errors of the farmLE_xxx (defined inp_file.h)
-64 to -95 Reserved for future use

-96 to -128 Reserved for OPL run-time errors

The system errors include both generic error numbers_@eN_NoMEMORand specific error numbers
(ege_FILE_PARITY indicating a parity error in a byteaeived via a s&l port). Application programmers
may wish to use the generic error numbers in their own code - see the conpemsmohandp_file.h

The system stores a language dependent description for each of the system error numbers that may be
retrieved by calling_errs .

p_errs Convert error number to string

VOID p_errs(TEXT *str, INT errno);

Convert a system error number to a language dependent zero terminated text siringtiere should
be at leask_MAX_ERROR_TEXT_SIz&64) bytes at address .

If the error is an unknown error the string "Unknown error [xx]" (or a suitable translation if not an
English ROM) is returned, where xx is the valuerafo .

Notifier services

The notifier services are used to inform the user of a condition - particularly an error condition - and to
present the user with up to three options on how to proceed. There are two variants of the notify service:

p_notifyerr which presents the user with a system error message (converted to text from the
error number using_errs ) and a contextual message

p_notify which presents the user with two messages

These services can be used by any application and are particularly useful for processes that do not
otherwise have a user interface (for example, the file server). Investigative palisitp may be
temporarily inserted into code when debugging programs.

At the level of the services described in this manual and except for the simple console functions such as
p_printf , the operating system does not define any user interface components and the notifier services
rely on a higher level system proceéhe "notifier") taking responsibility for implementing a user

interface. The notifier "hooks" the user interface (normally at system start up) by gatkaghook

The notifier should pre-allocate any memory it requires so that the call will not fail.

The notifier service is used by the file server process to give the user the opportunity to rectify a problem
that would otherwise result in a file service request failing (eg to repla88Rrpack that has

inadvertently been removed). This scheme works well when the requesting process is an interactive
application but poorly if the requesting process is designed to run unattended (eg a communications
program) or is itself a server process (eg the window server trying to read a font file). Such processes can
usep_setnotify(FALSE) to stop servers such as the file server from using the notify service to give the
user the opportunity to rectify an error condition.

p_notify Present the user with a message and get response
INT p_notify(TEXT *pT1, TEXT *pT2, TEXT *pO1, TEXT *p02, TEXT *p0O3);

Present the two zero terminated messagesndpT2 to the user, whengoi, po2 andpo3 are eithewuLL

or zero terminated strings, offering up to three options for the user to select. The function waits for the
user to select an option and returns zero ipthieoption was chosen, 1 if the2 option was chosen and

2 if thepos option was chosen.

Iwhen a specialised process hooks the notifier, it is, by convention, safigdrry
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The messaggr1 is presented befopg2. SopT1 would typically contain a contextual message (eg "Failed
to save notes.tpd") withir2 containing a more detailed message (eg "Disk full).

If pT2 isNULL the second message line is blank.
To offer the user 2 options rather than 3, passasNuLL

To offer the user no option (that is, just to wait until the user has acknowledged the message) pass both
po2 andpo3 asNuLL Alternatively, pass all 3 agJLLas in:

p_notify(msgl,msg2,NULL,NULL,NULL);
which is equivalent (on an English machine) to:
p_notify(msgl,msg2,"CONTINUE",NULL,NULL);

Each message stripgl andpT2 can be up t&_MAX_NOTIFY_TEXT_SIZE(64) in length including the zero
terminator. Each option stringp1, po2 andpo3 can be up t&_MAX_OPTION_TEXT_SIZE(16) in length
including the zero terminator.

This function sends an inter-process message to the process that has "hooked" the notify interface and
thereby has taken on the responsibility of presenting the error notification user interface. If no process has
hooked the notifier, or if the notifier process has terminatedsity returnse_GEN_FAIL.

The notifier process may, in some environments, take special action if any of the strings passed to

p_notify  contain a leading zero. Programmers should therefore ensure that such a string is not passed as
a parameter tp_notify . Either pass an expliaituLL (as in the above examples) or intercept the string, as

in the following example, where it is assumed that enlz may contain a leading zero:

LOCAL_C INT NotifyError(TEXT *msgl, TEXT *msg2)

{
if (msg2 && *msg2)
msg2=NULL,
return(p_notify(msgl,msg2,NULL,NULL,NULL));

p_notifyerr Notify user of error and get response
INT p_notifyerr(INT nError, TEXT *pT2, TEXT *pO1, TEXT *pO2, TEXT *p0O3);

Equivalent to calling_errs(nError) followed by callingo_notify ~ with the resulting error string as the
second parameter and wigh2 as the first parameter (ie the first two parameters are the other way around
compared t@_notify ) with the three option parameters being passed pméary

The messaggr2 is presented before the error text correspondimgrtor  andpT2 would typically
contain a contextual message.

Only system error numbers (which include all errors returned by the functions described in this manual)
should be notified using this service.

p_setnotify Set notify state
VOID p_setnotify(UINT nState);
Set the notify state of this process.

If nstate is FALSE, the system will not automatically present the notifier as a result of an error in a service
requested by this process (the error will be returned directly).

If nstate is TRUE(the default state after process creation) the notifier may be called.

p_getnotify Get notify state
INT p_getnotify(VOID);

Return the notify state for this process.
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p_notifyhook Hook the notifier interface
INT p_notifyhook(INT mType);

.Hook the notifier interface such that this process will get an inter-process message from the notifying
process of typenType as a result of the notifying process callfngotify  Or p_notifyerr

Returns zero if successful Brcen_FAIL if the notify interface has already been hooked.

ThemType message contains an array of 5 string pointers into the notifying process data space
corresponding to the parametergtactify in the ordepT1, pT2, pO1, po2 andpo3. A process that hooks
the notify interface should initialise messaging usinginit with a value of at least 10 for the message
size.

The text strings pointed to by the 5 parameters can be fetched from the notifying processtsiing
(say using the maximum sizBSMAX_NOTIFY_TEXT_SIzEande_MAX_OPTION_TEXT_SIzg. The parameter
top_mfree gives the result of the notification.

A process that has hooked the notify interface should not call eitfw@fy  or p_notifyerr ~ as it would
then try and send itself a message, resulting in deadlock.

If the process that has hooked the notify interface terminates, the system automatically frees the notify
interface so that another process can hook the interface.

p_notifyunhook Unhook the notifier interface
VOID p_notifyunhook(VOID);
Release the notify interface.

Callsp_panic if the caller does not have the notifier interface hooked.

]
Enter and leave

The functiong_enter andp_leave work together. You use enter to call or "enter" a function. If
p_leave(err) is called before the entered function returns, the stack is unwound and the galkto
returnserr . By convention, a negative valueeaf indicates an error and a zero (or positive) value
signifies an error-free exit.

The call top_leave (Or to a variant such ageave ) may occur in the entered function or in a sub-
function and so on.

Thep_leave performs what is sometimes called a "non-local goto" where the address of the goto is
defined by the last call {© enter .

The enter and leave mechanism is commonly used in medium to large interactive applications to
implement structured error recovery. When an error occurs, the application has to do the following to
recover:

« free any dangling resources (eg free memory cells, close open channels, close screen windows)
e inform the user of the error
e continue

Handling all this with ad hoc conditionals in the code can double the size of a program and makes the
code hard to follow. An alternative is to set error state variables, driving centralised clean-up code that is
invoked by a negative return from a calbtenter on an error condition.

The call top_enter is placed at an appropriate place to continue after the error. The return value indicates
the nature of the error (eg no system memory) and a state variable could give a contextual message (eg
"while attempting to open file xxx"). Other error state variables would give the handles of resources that
should be freed.
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p_enter Enter a function

INT p_enter(VOID *pfunc,...);

INT p_enter1(VOID *pfunc);

INT p_enter2(VOID *pfunc, VOID *al);

INT p_enter3(VOID *pfunc, VOID *al, VOID *a2);

INT p_enter4(VOID *pfunc, VOID *al, VOID *a2, VOID *a3);

INT p_enter5(VOID *pfunc, VOID *al, VOID *a2, VOID *a3, VOID *a4);

INT p_enter6(VOID *pfunc, VOID *al, VOID *a2, VOID *a3, VOID *a4, VOID *a6);

Call function*pfunc where the remaining (up to 5) arguments_tater are passed as arguments to
*pfunc .

You can either usg enter , which presents thebecLcalling convention, or one of tipeenter?
variants, which use a more efficient register calling convention.

Once a function has been called usingnter , that function (or any function that is called befgifenc
returns) may calb_leave(rety  to unwind the stack and return prematurely from the calldger with
the return value akt . If p_leave is not calledp_enter returns the value returned fpyunc .

Functions called witlp_enter should return amnT or auINT (since this is assumed pyeave ). A zero
or positive return value is normally taken to indicate that the function complemessiully.

Calls top_enter may be nested, in which caséeave returns from the last actiyeenter on the stack.

Whenp_enter calls*pfunc , it passes parameters to it both on the stack and in registers. Neither calling
conventior is compatible with the default calling convention (which passes parameters in registers) as
specified inp_std.def

Because of the above, the target pfenter must declare the function as using one of the following
calling conventions:

CDECL where the generated code will take the parameters off the stack

ENTER_CALL where the generated code will take the parameters from the registers (which is
more efficient)

If you also call the entered function directly (without anter ) you must ensure that the prototype for the
function declares the calling convention consistently.

For example, to declare the target fgr enter USINgCDECL

LOCAL_C INT CDECL RunTestProgram(TEXT *name)
{

....return(0);

}
or, more efficiently, uUSINnGNTER_CALL
#pragma save, ENTER_CALL

LOCAL_C INT RunTestProgram(TEXT *name)
{

.....r.(-;turn(O);
}
#pragma restore
where, in either case, you would enter the function using, say:
ret=p_enter((VOID *)RunTestProgram,"fred");
or, more efficiently:
ret=p_enter2(RunTestProgram,"fred");

where ret contains zerorfinTestProgram returned or the parameter passegl teave , if p_leave was
called.

2Note that the calling convention applied to the function callegl éyer has nothing to do with the
calling convention of_enter (Or p_enterl etc) as discussed above.
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Since it is impossible to construct a general prototype to cover all pasesjs prototyped as @oiD * .

As in the above example, you have to cast the first parametemter to a(voib* to avoid

compilation warnings. The header files are organised in such a way that the cast is automatically done
when you use one of the fixed parametenter? variants.

Note that the requirement for the target gf enter to have one of the two special calling conventions
described above means that no PLIB or WLIB function may be the direct targeteafea .

p_leave Unwind stack and return from last p_enter
VOID p_leave(INT err);

Unwind the processor stack and return from the most receailiéyle_enter , returning the valuerr .
The function does not return to the caller.

Although in practicerr is often a negative error number it need not bepaleghve can legitimately be
used to unwind the stack on any kind of condition.

The function callg_panic if there is no call tg_enter on the stack.

f leave Unwind stack and return from last p_enter if error
INT f_leave(INT err);
Similar top_leave except that it simply returrsr if err>=0 . That is, it is equivalent to:

GLDEF_C INT f_leave(INT err)

{

if (err<0)
p_leave(err);

return(err);

}

Although modest in its function, usimgeave rather tham_leave produces smaller executables and
makes code more readable. For example, compare:

pid=f_leave(p_execc(name,NULL,0));
with:

pid=p_execc(name,NULL,0);
if (pid<0)
p_leave(pid);

You cannot use leave 0on functions that return an address and fail by retuming However, the
more commonly used functions of this type have correspondingriants. For example, alloc and
p_realloc  have the correspondingilioc  andf_realloc ~ which internally call
p_leave(E_GEN_NOMEMORY)rather than returruLL

Example

LOCAL_C INT RunSubProcessWait(TEXT *name)
{
HANDLE pid;
WORD stat;

pid=f_leave(p_execc(name,NULL,0));

p_logona(pid,&stat)

p_presume(pid);

p_waitstat(&stat);

if ((stat>>8)!=E_NORMAL_EXIT)
p_panic(stat);

return((INT)((BYTE)(stat&O0xff)));

}
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LOCAL_C INT CDECL RunTestProgram(TEXT *name)
{
ret=RunSubProcessWait(name);
if (ret)
p_printf("Program %s failed with reason %d",name,ret);
return(0);

}

LOCAL_C VOID RunTestPrograms(TEXT *list)
{
TEXT *p;
INT ret;
TEXT name[32];

p=p_scpy(&name[32],"testx")-1;
while (*p=*list++)

ret=p_enter((VOID *)RunTestProgram,&name[0]);

if (ret<0)
{
p_atos(&msg[0],"Failed to run %s",&name[0]);
ret=p_notifyerr(ret,&msg[0],"CONTINUE","ABANDON",NULL);
if (ret==2)

p_exit(0);

}

}

}

GLDEF_C INT main(VOID)
{

RunTestPrograms("abcd"); /* runs testa.img, testb.img, ... */
return(0);
}

Note the use afbecLin the declaration atunTestProgram

There are more examples of the usg efiter andp_leave in theFiles chapter.
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CHAPTER 7

MEMORY ALLOCATION

Overview of system memory usage

The EPOC operating system runs on the 8086 processor (and also the 80286, 80386 or 80486) where up
to 1Mb of memory may be addressed. On SIBO machines and depending on the model, all or part of this
address range may be used where the available memory is allocated (from addressizé&ro foas

follows:

» 1K bytes of interrupt vectors (required by the 8086 architecture)
» the screen bit-map (small display models)
» the operating system data space

» allocated memory segments (including application code segments, process data segments and
device driver segments)

» unallocated memory

» the internal RAM drive (LOC::M:)

» environment variables (up to 4K bytes)

» any portion of the 1Mb that is not used

» the screen bit-map (large display models)
» the system ROM (typically 256K bytes)

The contents of the internal RAM drive and the environment variables survive a system reset (unless the
ESC key is held down) and most system crashes_ge&ees in the chapteGGeneral System Servicks
more on system resets.

If we consider only that (greater) part of memory that is dynamically allocated, it is organised into four
main sections:

Memory segments

Unallocated memory

RAM drive (M:)

Environment variables

The system maintains all the unallocated memory in a single chunk - between the allocated memory
segments and the memory used by LOC::M:. This means that memory segments have to be moved as a
result of other segments being created, deleted or having their size changed.

Although application code segments and process data segments can and do move at any time while an
application process is running, the operating system automatically adjusts the 8086 segment registers
(CS, DS, SS and ES) to follow any movement without explicit support from the application - as discussed
in the first chapter of this manual.
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As well as giving some background on memory usage, this chapter describes functions that allocate and
access:

* memory cells from the heap in the process data segment (which is a dynamic segment)
* memory segments (either device or dynamic)
* environment variables

Memory segments
The allocated memory segments contain both device and dynamic memory segments.

Device segments are created when an external device is installed and are deleted when the device is
removed. Once created, a device segment does not normally change its size. The first two device segments
are special and are created at system startup for the process data segments of the first two processes to be
created - the null process (SYS$NULL) and the supervisor (SYS$MANG). Neither of these two process
data segments changes size.

Dynamic segments are much more volatile. Code and data segments are created and deleted as processes
are created and terminated. Process data segments change their size to accommodate heap allocations.

Device segments are allocated with a lower address than the dynamic segments so that they are not
disturbed by any activity with respect to the more volatile dynamic segments. A device driver normally
has to stop working while its segment is moving - which could lead to loss of data (sayudieimg

data via the serial port).

Allocated memory segments are described by:
* asegment name
* asegment handle
e asegment size
* asegment address

Segment names

Segment names are zero terminated strings of up to eight characters followed by an optional period and
up to three further characters (the same rules as for file names). Examples of valid names are as follows:

NOTES
NUMBERS.DAT
DATASEG.01

As with file names, the segment name extension normally indicates the usage of the segment. The system
has the following conventions:

.LDD and .PDD indicate device segments that contain a Logical Device Driver and a Physical
Device Driver respectively. Device drivers are normally written in 8086
assembler. See tlePOC O/S System Servigegerence manual for more about
device drivers.

$SC indicates the primary shared code segment that is associated with one or more
processes. Running sayprog.imgwill cause the code to be loaded into a
segment callechyprog.$sdqprovided thamyprog.$sdsn't already loaded).

.DYL indicates a dynamic library code segment (DYL) that is associated with one or
more processes. See the chafibject-Oriented Programminfpr more about
DYLs.

$nn indicate process data segments where nn consists of two decimal digits

(01, 02,...) according to the process number.

The name of a process data segment is normally the same as the process name although they are in fact
independently held (the process name can be changedusiergme ). The process data segment is
described further below.
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Segment handle, add ress and size

The segment handle is actually the relative address of the segment table index entry in the operating
system data space. This 16-byte entry contains the address of the segment, the segment usage count and
the segment name.

The usage count normally indicates the number of processes that are using the segment - for example,
when there are 2 processes of the same application, the usage count of the application code segment is 2
whereas the usage count of each process data segment is 1. When the usage count drops to zero, the
memory segment may be (and normally is) deleted.

The order of the segments follows the order of the segment table index entries and the segment size is
calculated by subtracting the start addresses of adjacent segments.

The segment index table has a fixed total capacity with fixed sub-capacities for device and dynamic
segments (typical limits are 96 total segments as 32 device segments and 64 dynamic segments). A
segment allocation will fail if one of these limits is reached (which is unlikely unless there is a bugged
application that fails to free segments).

Although the allocated segments themselves are contiguous, the segment index table may have "holes" in
it as a result of segment deletion. When a new segment is allocated, it will tend to fill any holes in the

index table first and, in this case, the created segment will be inserted before other segments causing them
to be moved.

The address and size of memory segments is expressed in 16-byte paragraphs (as used in setting the value
of the 8086 segment registers CS, DS, ES and SS). It follows that segments start on 16-byte boundaries
and are a multiple of 16 bytes long. From the point of view of the segment allocator, the maximum

segment size is 512K which makes it possible to specify a segment size (in 16-byte paragraphs) within a
signed 16-bit word.

Process data segments

When a process is created (normally by loading an image psixsgc Or p_execcasync ), & process data
segment is also created. When that process is running application code, the 8086 DS, SS and ES registers
point to the start of the data segment which can not be greatesxtlan? bytes long (this is called the

small modebn PCs).

The data segment contains (from low to high address):

« thereserved static variables4p bytes)

e the floating point emulator data space2fo bytes from offsetx100)
« the processor stack

e initialised static variables

e uninitialised static variables

» the process heap

The size of the processor stack depends upon the C startup module that is being used but is typically in the
range 2K to 8K. Note that the stack size declared by the startup module includes the 64 bytes of reserved
static variables and the floating point emulator data space.

The word at address zero is initialisedtpeapand is otherwise unused. If it is abeAD, it is probably
because of a write using an uninitialised pointer that happened to have a zero in it.

In the absence of any further initialisation (such astheapabove), the reservethsics variables are
initialised to zero.

The bytes in the stack area are initialisedxib . The number ofxft bytes from address4o in the

process data segment measures the number of spare bytes on the stack provided the program is not using
the floating point emulator. If the program is using the floating point emulator, the lowest point the stack
should legitimately reach %300 .

1The segment size is limited to 32 bytes less than the maximum 64K so that a stack underflow will always
cause an address trap.
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Despite their name, the uninitialised static variables are all initialised to zero.

The process heap contains dynamic data structures that are created and destroyed within the lifetime of
the process. The heap is placed at the end of the process data segment so that it can be expanded by
expanding the process data segment. Since the data segment is limitied tdytes, the maximum

heap size is somewhat smaller than 64K, depending on the size of the stack and the space taken by the
static variables. The process heap and the allocator are described in detail next

The heap allocator

The allocator is used to allocate, resize and free variable length memory cells (which typically range from
10s of bytes to a few kilobytes in length) from the process heap. Allocated cells are referenced directly by
their address; they do not move to compact free space left by freed cells.

The allocator functions are:

p_alloc, f_alloc allocates a cell, returning its address.

p_free frees a cell, which is returned to the heap.

p_realloc, f_realloc changes the size of the cell, returning its new address.

p_adjust opens or closes a gap in the middle of the cell (useful for deletion and insertion
of cell content), changing the size of the cell as appropriate.

p_alen returns the size of the cell.

p_hgran sets the heap granularity.

p_allwalk walks all cells in the heap calling a supplied function (used for heap diagnosis).

p_allchk usesp_allwalk  to check the integrity of the heap.

p_allspc gets the start address and free space in the heap.

The functions_alloc  andf_realloc  are identical t@_alloc andp_realloc  respectively except that
they callp_leave(E_GEN_NOMEMORY)if the memory could not be found rather than returningla
address. See the functiprieave for more details.

The allocator functions are used internally by many other PLIB functions.

Heap structure

After a number of allocate and free calls the heap typically consists of ranges of adjacent allocated cells
separated by single free cells (which are linked). Each cell (whether free or allocated) is prefixed by a
hidden 16-bit word that gives the size of the cell in bytes. This leading length word is hidden since the
address returned lpyalloc , p_realloc  andp_adjust skips this header and the length returned by

p_alen does not include it.

Writing beyond a cell's limits will corrupt a cell length word (and possibly also a free space cell pointer)
which destroys the heap's integrity. Such errors are difficult to debug because there is no immediate effect
- the corruption is a "time bomb". It will eventually be detected (resulting in a galidac ) by a

subsequent allocator call (suchpasee ). Thep_alichk function is provided as a debugging tool to force

a call top_panic sooner rather than later when it is suspected that the heap's integrity has been damaged.

Growing and shrinking the heap

In EPOC, a process heap is not fixed in size - the system can grow and shrink the heap (and the process
data segment that contains it). The heap is grown to satisfy allocation requests that would otherwise fail,
up to theoxfieo  process data segment limit. The heap may be shrunk to release memory to the system
when it is required. When the heap is grown, it is normally grown by 2K bytes more than is strictly
needed to satisfy the request - sggran for more details. When an application is executed to create a
process, the initial size of the heap is taken from a value that is stored in the executable (by default, 2K
bytes). This same value also specifies the minimum size of the heap.

Allocation is based on "walking" the free space list to find a free cell that is big enough to satisfy the
request (using the "first fit" algorithm). If no free cell is big enough, the system will attempt to grow the
data segment to add more free space at the end of the heap.
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If there is no memory in the system to accommodate growth or if the data segment has reached its
maximumoxffeo byte value, the allocate request fails. There are few circumstances when an allocate
request can be assumed to succeed alt&ltop_alloc , p_realloc  andp_adjust should have recovery
code to handle a failure to allocate.

From the point of view of the user of an application, the two causes of an allocation failure produce quite
different situation If there is no memory left in the system, this can normally be remedied by the user
taking some action to release memory (such as exiting a task). If the 64K limit has been reached, this is
presumably as a result of a heap-based data structure reaching its design limit (rather than a bug as in, for
example, "alloc heaven", described below).

Applications that contain indefinitely growing heap-based data structures (as in, say, a spreadsheet)
should not allow the data structure to grow until the allocation fails whenxitéee data segment limit is
reached because, at this limit, there may not be sufficient memory in the free space list to perform other
tasks (such as saving the data to file!). The growth of such data structures should be monitored by the
application and limited to leave sufficient heap capacity for tasks that the user would reasonably expect to
be able to perform.

The segment allocator can reclaim excess space from a heap if the last cell in the heap is a free cell,
reducing the size of the last free cell to a small value. However, the heap is never shrunk below its initial
size (as specified by the value in the executable).

Alloc h eaven

There are cases in which programs allocate a sequence of cells which must either exist as a whole or not
at all. If during the allocate sequence one of the later allocations fail, the previously allocated cells must be
freed. If this is not done, the heap will contain unreferenced cells that consume memory to no purpose. At
Psion we say that these cells have gone to "alloc heaven".

When designing how to physically organise data structures into alloc cells you should be mindful of the
recovery code that must be written to free partially built multi-cell structures. The fewer the cells in a
structure, the easier the recovery code.

Internal fragmentation

The free space in a heap is normally fragmented where the largest cell that may be allocated is
substantially smaller than the total free space. Excessive fragmentation, where the free space is
distributed over a large number of cells (and where by implication many of the free cells are small)
should be avoided because it results in an inefficient use of memory and reduces the speed with which
cells are allocated and freed. Practical design hints for limiting internal fragmentation are:

» Avoid using the heap for small highly transient data structures that can be placed on the stack (as
an automatic). High frequency cycling through allocate and free pairs "churns" the heap and
leads to a long free space list.

» When you have a large number of variable length data structures (particularly when they are
frequently resized), "granularise" them (i.e. round the allocate up to a multiple of some
reasonable value) so that you decrease the chance of leaving small unusable free space cells.

» Use heap analysis tools to give you a feel for what is going on. You may find that by changing
the way you do something you get a better heap and you may even discover some alloc heaven.
Don't go too far - there are diminishing returns to heap usage tuning.

p_alloc (or f_alloc) Allocate a memory cell

VOID *p_alloc(UINT size);
VOID *f_alloc(UINT size);

Allocate a memory cell of at leaste bytes long from the heap and return the address of the allocated
cell ornuLL if there is insufficient memory.

You should always test the result fasLL and take recovery action. The size actually allocated may be a
few bytes more than that requested (saen ). The maximum size is 64K minus the combined size of
the machine stack and the space taken by static variables.

2Unfortunately, the system does not distinguish between the two causes of allocation failure.
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If the heap is corrupt, callingalloc may or may not detect it - but if it does it will calbanic . Use
p_alichk  to check the integrity of the heap thoroughly.

The functionf_alloc  is identical except that it calisleave(E_GEN_NOMEMORY)rather than returnuLL

Example

GLDEF_C TEXT *AllocString(TEXT *str)
/*
Allocate and copy in a zero terminated string.
*
/
{
TEXT *p;

if (p=p_alloc(p_slen(str)+1))
p_scpy(p,str); /* Copy in the string */
return(p);

}

This example assumes that any more specific error recovery is handled by the caller.

p_free Free an allocated cell
VOID p_free(VOID *pcell);

Free the allocated memory cell at addgess , returning the cell to the free memory list. Does nothing if
pcell is zero - this is sometimes useful in error clean-up situations.

If pcell is non-zero, it should contain the address of a cell as returned by, for exampte, . Passing a
value that is not the address of an allocated cell (eg by freeing a cell twice) will corrupt the heap. There is
a chance that_free will detect a bad address and gabanic .

p_realloc (or f_realloc) Change cell size

VOID *p_realloc(VOID *pcell, UINT size);
VOID *f_realloc(VOID *pcell, UINT size);

Change the size of the allocated peHli to besize bytes and return the address of the new celuar
if there was insufficient space for the size change.

If NULL is returned, the original cell is unaffected. The limits on size are asafior . Calling
p_realloc(pcell size) when pcell is zero is equivalent to callingiloc(size) - this can be useful in
start up situations.

The cell retains its original content which is truncated if the cell size is reduced. The cell start address
does not change when the cell size is reduced or stays the same. If the cell size is ipcregised,

will use any trailing free space of sufficient size but, more likely, it will allocate a new cell, copy the data
across and free the old cell where, in this case, the returned address is differgngifrort pcell is

neither zero nor the address of an allocated cell, the heap will either be corruptedior will be

called.

The functionf_realloc  is identical except that it caljsieave(E_GEN_NOMEMORY)rather than return
NULL

p_adjust Insert or delete data in cell
VOID *p_adjust(VOID *pcell, UINT offset, INT amount);

Open or close a gap at offegtet  within the allocated ceflicell , usingp_realloc  to make the
appropriate change to the cell size. Aspfgealloc, p_adjust returns the address of the new cell or
NULL if there was insufficient memory. dfount is positive, a gap aimount bytes is opened. dmount is
negativeamount bytes are deleted. If amount is zero, the function has no effect and geturns

Unlike p_realloc , pcell may not be passed BSLL If pcell is not the address of an existing allocated
cell, the heap will either be corruptedpopanic will be called.

If amount is negative;amount bytes is deleted by shifting the trailing contents left, closing the gap.
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old cell  XXXXXXXXXXZZ2Z2z2zzzZZZyyyYyYyYyyyyyyyy
< offset >< amount >

new cell  XXXXXXXXXXYYYYYYYYYYYYY
< old size - amount >

The cell size is decreased by the same amount. There is no data deletion if the offset is greater than or
equal to the original cell size. The minimum cell size actually allocated is gpaiffes . If the new size
would be negativey_panic is called.

If amount is positive, the cell size is increased and a gap is then inserted starting from the specified offset
by shifting the trailing contents right.

old cell  XXXXXXXXXXYYYYYYYYYYYYY
< offset >< amount >

new cell  XXXXXXXXXXZ222zzzzzzzyyyyyyyyyyyyy
< old size + amount >

If offset  is greater than or equal to the original cell size, no shifting takes place.

A typical use is to insert or delete a record (which may be of fixed or variable length) in a contiguous
sequence of records contained in an alloc cell.

p_alen Get cell length
UINT p_alen(VOID *pcell);
Return the length in bytes of the allocated galil

The returned cell length will be equal to or slightly larger than that requestechusistg or p_realloc
because (1) sizes are rounded up to an even size, (2) there is a minimum cell size and (3) the allocation
can't leave a trailing free space cell below the minimum size.

If the passed address is not the address of a cell, there is a chapcadhatvill detect it and call
p_panic .

p_hgran Set heap granularity
VOID p_hgran(UINT nparas);
Set the heap granularity tparas (measured in paragraphs where a paragraph is 16 bytes).

The maximum value fafparas IS E_MAX_GROWHWL6K bytes)- p_hgran callsp_panic if this is violated.
Processes are created with heap granulargrowsy_bpeEFAUL(RK bytes)E_mAx_GrRowend
E_GROWBY_DEFAulare defined irepoc.h

The heap granularity controls the increment by which the heap grows to satisfy an allocation request that
cannot be met from the existing free space list. The granularity is added to the amount that is just
sufficient to satisfy the request. Growing the heap can be computationally expensive because many other
segments may have to be shifted by the growth of the process data segment. Applications that can rapidly
create large data structures (such as when loading a large file in the text processor) can improve their
performance by setting a larger heap granularity. Setting the heap granularity has no affect on the way the
system shrinks the heap to release memory.

p_allwalk Visit all cells
VOID p_allwalk(VOID (*fptr)(VOID *fpar,INT isalloc,UINT len), VOID *fpar);

Walk through every cell in the heap (whether allocated or free) in sequence from low to high address and,
if fotr IS notNuLL, callfptr  for each cell. The heap is checked for consistencyandic is called if an
inconsistency (for example an overlap between a free cell and an allocated cell) is detected.

In the call toptr , the parametasalloc  is TRUEIf the cell is an allocated cell amdLsEif it is a free
cell. The paramete¢n is the total length of the cell in byteen( includes the size of cell header
information and is 2 greater than that returnegd Bn ).
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Cell addresses can be calculated from the cell lengths and the heap start address. The heap start address
may be found by calling_allspc

This function is provided for heap diagnosis and is called, for exampleallayk
In the following examplenumallocCells  returns the number of cells allocated:

LOCAL_C VOID CountlfAlloc(UINT *pn,INT isalloc,UINT len)
{

if (isalloc)
pn+=1;

}

GLDEF_C UINT NumAllocCells()

{
UINT n;

n=0;
p_allwalk((VOID (*)(VOID *,INT,UINT))CountlfAlloc,&n);
return(n);

}

The call top_allwalk  calls backcountifalloc  (which simply increments the allocated cell count if the
cell is an allocated cell) for each cell in the heap.

p_allchk Check heap integrity
VOID p_allchk(INT num);

Walk through all the allocated cells checking for consistency with the free space ligt.paradoxff)
if there is something wrong.

Used as a debugging aid to detect errors from freeing a cell twice or overwriting the boundaries of an
allocated cell. Otherwise, such errors can remain undetected for some time.

If it does discover something wrong, and before callingnic , it writes 3 words of diagnostic
information to reserved statics, as follows:

DatAppl (0x28) a reason code, described below
DatApp2 (0x2a) the address at which the corruption was discovered
DatApp3 (0x2c) the passed parameteim, to enable identification of the offending call

The reason code is one of:

5 a free cell pointer was probably overwritten
6 a cell length is too small or odd (possibly because it was overwritten)
7 an allocated cell length is too large (possibly because it was overwritten)

This information is only useful in conjunction with a debugging tool that allows the process data segment
to be examined after a call gopanic .

p_allspc Get heap address and potential free space
UINT p_allspc(VOID **pheap);
Return the potential free space in the heap in bytes and writes the start address of thetweap to

The potential free space is calculated as the sum of the free cells in a process data segment that has been
expanded to its full size okffeo bytes. In practice, the amount that can be allocated will certainly be less
than this and depends upon how fragmented the heap is and on the amount of free memory in the system.
This function should not be used to predict a successful allocation but it can be used to predict an
unsuccessful one.

The heap start addresseap can be used to turn the cell lengths produced oyak into addresses.
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|
System memory usage

p_getram Get addressable system RAM size
UINT p_getram(VOID);
Return the size of the addressable system RAM in paragraph (16 byte) units.

Since the memory in machines containing more than 512 kilobytes of RAM is bank-switched, this
function will never return a value larger than 32768 (corresponding to 512 kilobytes of RAM).

p_totalK Get total system RAM size

UINT p_totalK(VOID);
This function is only available in EPOC version 3.50 or later.
Return the total amount of memory in the machine in kilobytes.

This function reports the total amount of RAM present in the machine, irrespective of bank-switching.
Thus, on a machine containing 1 megabyte of RAM, a calltdeaik ~ will return the value 1024,
whereas a call tp getram on the same machine will return 32768 (corresponding to 512 kilobytes).

p_sgfree Get size of available segmented memory

UINT p_sgfree(VOID);

Returns the amount of available (i.e. currently unused) addressable segmented memory in paragraph (16
byte) units.

Since the memory in machines containing more than 512 kilobytes of RAM is bank-switched, this
function will never return a value larger than 32768 (corresponding to 512 kilobytes of RAM).

The value returned should be treated with some caution as the amount of available memory in a multi-
tasking environment is a dynamic function of the memory requests of all the currently running processes.

p_sgramdisk Get memory used by internal RAM disk

UINT p_sgramdisk(VOID);

.Returns the number of 16-byte paragraphs in the addressable RAM that are currently used by the internal
RAM disk (LOC::M:).

On machines containing more than 512 kilobytes of RAM, the RAM disk will be created in an upper
bank. In this case, unless the RAM disk overflows into the addressable (R&Mmdisk  will generally
return zero.

On machines containing not more than 512 kilobytes of RAM, the return value will be larger than that
obtained fronmp_dinfo , which measures storage capacity rather than the total number of bytes used.

. ______________________________________________________________________________________________________|
Memory segments

Applications that need more memory to store data, can allocate one or more external memory segments.
Each segment can be up to 512K bytes long, subject to the availability of free system memory.

The most common use of the functions described in this section is to implement a potentially large data
structure without being constrained by the 64K (or less) limit of the heap. To create and access a data
structure in an external data segment, you would use:

p_sgcreate to create an external data segment of a specified initial size

p_sgcopyto to write to the external segment

p_sgcopyfr to read from the external segment

p_sgadjust to adjust the size of the data segment (say to increase its size to accommodate

additional content)
p_sgdelete to delete the data segment after it is no longer required

7-9



PLIB REFERENCE

Memory segments can be used to implement a data structure that is accessed by more than one process.
For example, a "pipe" in which one process creates a data segment and writes to it and where a second
process reads from it. In this case, the second process would use:

p_sgfind to locate the pipe by its memory segment name
p_sgopen to open the segment

p_sgcopyfr to read from the segment

p_sgclose after finishing with the segment

You would need to use an associated semaphore to synchrorese to the segment (as described in the
chapterAsynchronous Requests and Semaphores

If a memory segment is locked by a process cafisgock , the segment will survive the demise of the
creating process

p_sgcreate Create memory segment
HANDLE p_sgcreate(TEXT *pName, INT nParas, INT uMode);

Creates a memory segment with the zero terminated preame and sizenparas (in 16-byte paragraphs)
and, if successful, return the positive handle to the created segment. Otherwise, it returns one of the
following negative error numbers:

E_GEN_NOMEMORY Not enough memory to satisfy the request
E_GEN_NOSEGMENTS No memory segment handles are available

E_FILE_EXIST A memory segment of the requested name already exists
E_FILE_NAME The requested name is invalid

The memory segment created is not initialized in any way and will contain random data. The returned
handle allows ecess to the contents of the segment usisgtopyto andp_sgcopyfr

After being created, the memory segment is automatically opened and given a usage count of 1. It should
be closed when no longer required by callingyclose

When a process terminates, any open memory segment is automatically closed, decrementing the segment
usage count. If the access count become zero or negative, the segment is deleted.

The initial sizenParas (in 16-byte paragraphs) must be positive (so the maximum segment size is 512K
bytes).

The parametermode should be one of the following:
E_SEGMENT_HIGH to create a dynamic memory segment.

E_SEGMENT_LOW is provided for future expansion and currently has the same effect as
E_SEGMENT_HIGH

E_SEGMENT_DEVICE to create a device segment. This will result in all devices being held while
memory is moved and then resumed. All dynamic segments will be moved up
in memory to make room. This service is called, for example, by the File Server
when loading external device drivers and should not be used by applications.

E_SEGMENT_LOCKED is the same as SEGMENT_HIGHexcept that no process owns the created
segment. Likee_SEGMENT_DEVICthis mode is used internally by the operating
system and should not be used by applications.

The function call_panic if the requested size was negative amibde was not one af_SEGMENT_LQW
E_SEGMENT_HIGHE_SEGMENT_DEVICBI E_SEGMENT_LOCKED
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p_sgdelete Delete memory segment
INT p_sgdelete(TEXT *pName);

Delete the memory segment identified by the zero terminated gnasme Returns zero if successful or
one of the following negative error numbers:

E_GEN_INUSE the segment usage count is greater than zero (eg because it is opened by another
process)

E_FILE_NXIST the memory segment does not exist

E_FILE_NAME the memory segment name is invalid

p_sgopen Open memory segment

HANDLE p_sgopen(TEXT *pName);

Open the memory segment identified by the zero terminated pdameand, if successful, return the
handle to the opened memory segment. Otherwise, it returns one of the following error numbers:

E_FILE_NXIST the memory segment does not exist
E_GEN_OPEN the memory segment is already open to this process
E_FILE_NAME the memory segment name is invalid

The returned handle allowsaess to the contents of the segment usisgtpto andp_sgcpfr
Opening a segment increments the segment usage count.

When a process terminates, any open memory segment is automatically closed, decrementing the segment
usage count. If the access count becomes zero or negative, the segment is deleted.

There is no limit on the number of memory segments that may be opened by a process.

p_sgcopyto Copy to memory segment
INT p_sgcopyto(HANDLE nHandle, LONG pos, VOID *source, UINT len);

Copylen bytes fromsource in the current process data segment to ofteein the open memory
segmenhHandle (as returned frorp_sgcreate  OF p_sgopen ).

The system ensures that the copy is not interrupted by another process. Address trapping is automatically
switched off for the duration of the copy.

The return value has no significance.

The function callg_panic if postlen is greater than the size of the memory segmentnetaifile is not
a valid memory segment handle.

A program can check that the segment is still in existence before agaljdepyto by calling
p_sgopen .

If you want to write to a process data segment, it is more convenientgotsé , which takes a
process ID rather than a segment handle.

p_sgcopyfr Copy from a memory segment
INT p_sgcopyfr(HANDLE nHandle, LONG pos, VOID *target, UINT len);

Copylen bytes from offsepos in the open memory segmeimandle (as returned from_sgcreate  Or
p_sgopen ) totarget in the current process data segment.

The system ensures that the copy is not interrupted by another process.
The return value has no significance.

The function callg_panic if postlen is greater than the size of the memory segmentnemifile is not
a valid memory segment handle.
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A program can check that the segment is still in existence before agcalidepyfr by calling
p_sgopen .

If you want to copy from a process data segment, it is more convenientptedesse , which takes a
process ID rather than a segment handle.

p_sgsize Get size of memory segment

UINT p_sgsize(HANDLE nHandle);

Returns the size (in 16-byte paragraphs) of the open memory segmaemn (as returned from
p_sgcreate  OF p_sgopen )

The function call_panic if nHandle is not a valid memory segment handle.

p_sgadjust Adjust the size of a memory segment

INT p_sgadjust(HANDLE nHandle, INT nParas);

Adjust the size of the open memory segmenhdle (as returned frorp_sgcreate  Or p_sgopen ) tO
nParas 16-byte paragraphs. Return zero iésessful or the negativee GEN_NOMEMOmthere is not
enough memory to satisfy the request.

The new segment sia@aras must be positive (it follows that the maximum segment size is 512K bytes).
SettingnParas to zero discards all the memory allocated to the memory segment but does not delete the
segment.

The function call_panic if nParas is negative or ifiHandle is not a valid memory segment handle.

p_sgfind Find segments by name

HANDLE p_sgfind(HANDLE fHandle, TEXT *pMatch, TEXT *pName);

Write the next segment name that matches the zero terminated matchnsiréngas a zero terminated
string topName wherefHandle is NULL for the first call and is subsequently the positive return value from
the previous call. When there are no further segments matahang , it returnse_FILE_NXIST .

Used repeatedly to find all the segments that match the wild card string pointgdatecby The buffer
atpName should be big enough to recemevax_NAME+bytes. The wild card stringmatch should remain
the same between successive calls.

No memory is used by this service and it can be abandoned at any time without taking any further action.
The function call_panic if fHandle is not a valid memory segment handle.
Example

GLDEF_C VOID ListCodeSegments(VOID)

{
HANDLE fH;

TEXT buf]
E_MAX_NAME+2];

fH=NULL;

while ((fH=p_sgfind(fH,"*.$SC",&buf[0]))>0)
p_puts(&buf[0]);

}

p_sgclose Close memory segment

INT p_sgclose(HANDLE nHandle);

Close the open memory segmenéndle (as returned from_sgcreate  Or p_sgopen ) decrementing the
usage count.

Returns zero if successful or the negaiveeEN_NOTOPEMN the memory segment is not open to this
process.

Should the access count become zero or negative, the segment is deleted.
The function call_panic if nHandle is not a valid memory segment handle.
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p_sglock Increment segment usage count
VOID p_sglock(HANDLE nHandle);

Lock the open memory segmeinandle (as returned from_sgcreate  Of p_sgopen ) by incrementing the
segment usage count.

If p_sglock is called after creating a segment, the segment will not be deleted when the process
terminates.

The function callg_panic if nHandle is not a valid memory segment handle.

p_sgunlock Decrement segment usage count
VOID p_sgunlock(HANDLE nHandle);

Unlock the open memory segmeiiandle (as returned frormp_sgcreate  OF p_sgopen ) by decrementing
the segment usage count.

There is no harm in unlocking a segment that is already unlocked, although if this done inadvertently the
segment could be deleted by another process.

The function callg_panic if nHandle is not a valid memory segment handle.

__—
Environment variables

The system allocates up to 4K bytes for environment variables at the high address end of the system RAM.
Environment variables are a scarce resource and should be used sparingly.

An environment variable consists of:
a name of up te_max_ENv_sIzE(16) bytes containing any byte except or '
a value of up te_ENvMAX-1(256) bytes with no restriction on the content

Each environment variable is stored as two successive leading byte count strings (see the example in the
description ob_findenviron , below).

If you are dealing with environment variables where both the names and the values are character strings
you can use:

p_getenv to get the value of an environment variable

p_setenv to replace the value of an existing environment variable or to create one if
necessary

p_delenv to delete an environment variable

p_fndenv to get a list of environment variables and their values

A more general but less convenient set of environment variable functions (which can be used, for
example, when the values are binary) are:

p_getenviron to get the value of an environment variable

p_setenviron to replace the value of an existing environment variable or to create one if
necessary

p_delenviron to delete an environment variable

p_findenviron to get a list of environment variables and their values
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p_getenv Get environment variable value

INT p_getenv(TEXT *pMatch, TEXT *pValue);

Copy the value of the environment variable that matches the zero terminatepMaaimneo pvalue and
add a zero terminator to the end of the copied value. The maaree may include the wild card
characters '?' and *" in which case the value of the first matching name is copied.

Returns zero if successful or the negaivelLE_NXIST if no matching environment variable exists.

The maximum length of an environment variable value BvMAX-1bytes so up te_ENVMAXDYtes can
be written tpvalue (including the zero terminator).

p_getenviron Get environment variable value

INT p_getenviron(TEXT *pMatch, INT mLength, VOID *pValue);

Copy the value of the environment variable that matches the mamnee of lengthmLength to pvalue
and return the number of bytes copied.

Return the negative FILE_NXIST if no matching environment variable exists.

The nameMatch may include the wild card characters *?* and "*" in which case the value of the first
matching name is copied.

The maximum length of an environment variable value EvMAX-1bytes.

p_setenv Set environment variable value

INT p_setenv(TEXT *pName, TEXT *pValue);

Copy the content of the zero terminated stgungue (excluding the terminating zero) into the value of
the environment variable with the zero terminated ngwmaee replacing any previous value. If the
environment variable does not exist it is created with the specified name and value.

The nameName may not include wild cards and must not exaeedax_ENV_sSIzEin length. The length
of pvalue should not exceerl ENVMAX-1(255) - any non-zero value in the high byte of the length of
pValue is ignored.

Returns zero if successful or one of the following negative error numbers:

E_GEN_NOMEMORY the system was unable to allocate room to store the environment variable and
its value either because there is not enough free system memory or because of
the 4K limit on the environment variable space

E_GEN_FAIL if pName contains a wild card character
The function call_panic if the length obName exceed&_MAX_ENV_SIZE

Note that you can't delete an environment variable by giving it a null value - usepeitirery or
p_delenviron

p_setenviron Set environment variable value

INT p_setenviron(TEXT *pName, INT nLength, VOID *pValue, INT vLength);

CopyvLength bytes frompvalue into the value of the environment variable with namene of length
nLength , replacing any previous value. If the environment variable does not exist it is created with the
specified name and value.

The nameNamemay not include wild cardsLength must not exceeH MAX_ENV_SIZEandvLength
should not exceerl ENVMAX-1(255) - any non-zero value in the high byteiehgth is ignored.

Returns zero if successful or one of the following negative error numbers:

E_GEN_NOMEMORY the system was unable to allocate room to store the environment variable and
its value either because there is not enough free system memory or because of
the 4K limit on the environment variable space

E_GEN_FAIL if pName contains a wild card character

The function call$_panic if nLength exceeds_MAX_ENV_SIZE
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p_delenv Delete environment variable
INT p_delenv(TEXT *pMatch);

Delete the environment variable that matches the zero terminatechmatare The namematch may
include the wild card characters '?' and ™' in which case the first matching environment variable is
deleted.

Returns zero if successful or the negativelLE_NxIsT if no matching environment variable exists.

p_delenviron Delete environment variable
INT p_delenviron(TEXT *pMatch, INT mLength);

Delete the environment variable that matches nameh of lengthmLength . The namematch may
include the wild card characters '?' and ™' in which case the first matching environment variable is
deleted.

Returns zero if successful or the negativelLE_NxIsT if no matching environment variable exists.

p_fndenv Find environment variables
INT p_fndenv(TEXT *pMatch, TEXT *pName, TEXT *pValue, HANDLE *pHandle);

Called repeatedly to find the name and value of all environment variables that match the zero terminated
wild card namematch .

On the first calkpHandle should contain zero and subsequent calls pass the value that is written by the
previous call. The function returns zero if a matching environment variable was found or the negative
E_FILE_EOF when there are no more matching names. The wild card matchmteitag should remain

the same on successive calls.

Each successful call writes the name as a zero terminated stpigne(which should have room for
E_MAX_ENV_sIzE+1bytes) and its value followed by a zero terminatgivtoue (which should have room
for P_ENVMAYDYLES).

A wild card name of will match all the environment variables.

p_findenviron Find environment variables
INT p_findenviron(TEXT *pMatch, INT mLength, UBYTE *pBuf, HANDLE *pHandle);

Called repeatedly to find the name and value of all environment variables that match the wild card name
pMatch Of lengthmLength .

On the first calkpHandle should contain zero and subsequent calls pass the value that is written by the
previous call. The function returns zero if a matching environment variable was found or the negative
E_FILE_EOF when there are no more matching names. The wild card match string should remain the same
on successive calls.

Each successful call writes the name and valgeuo as two successive leading byte count strings giving
the environment variable name followed by its value. The maximum length of an environment variable
name iss_MAX_ENV_sizeand the maximum length of a valueeiEnvmax-1bytes s@Buf should have

room forE_MAX_ENV_SIZE+P_ENVMAX+bDytes.

A wild card name of will match all the environment variables.
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In the following examplegrintallEny  prints the name and (potentially binary) value of all the
environment variables:

LOCAL_C VOID PrintData(TEXT *p,UINT len)

{
UBYTE *pe;

p_print("%d [",len);
for (pe=p+len;p<pe;p++)
p_isprint(*p) ? p_print("%c",*p) : p_print("<%02x>",*p);
p_printf("]");
}

GLDEF_C VOID PrintAlIEnv(VOID)
{
UBYTE *p;
HANDLE h;
UBYTE b[E_MAX_ENV_SIZE+P_ENVMAX+1];

for (h=0;p_findenviron("*",1,&b[0],&h)>=0;)
{
p=&bl[0];
PrintData(p+1,*p); /* print name */
p+=*p+1;
PrintData(p+1,*p); /* print value */
}
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CHAPTER 8

ASYNCHRONOUS REQUESTS AND SEMAPHORES

This chapter describes asynchronous requests, semaphores, the I/O semaphore and wait handlers.

Semaphores

Semaphores are provided to synchronise cooperating processes (where, in this context, a process includes
a hardware interrupt). There are three common uses:

» Synchronising access to a shared resource
» Synchronising supplier-consumer relationships
» Synchronising the completion of asynchronous requests

The first two are described briefly in this section. The third use is far more important and is discussed
more extensively in the following section.

The semaphores in EPOC are counting semaphores, having a signed value that is incremented by calling
p_signal and decremented by callipgwait . A semaphore with a negative value implies that a process
must wait for the completion of some other event, such as the freeing of a shared resource.

The mechanism by which a process waits on a semaphore is part of the overall management of process
scheduling.

Process sche duling
In EPOC, if a process is not the currently running process, it is either suspended or in a queue.

A process remains suspended until it is resumed by another process (typically its creator) by that process
calling p_presume .

If a process is not suspended, it is in one of the following three types of queues:

The ready queue The ready queue contains processes ordered by process priority. On a
reschedule, the process at the high priority end of the ready queue runs. If there
is more than one ready process at the highest priority, they take it in turns to
run every 4 system ticks.

The time delta queue There is a single (possibly empty) time delta queue, effectively containing both
processes and timer device entries. The processes are waiting for a relative or
an absolute time as a result of callingleep , p_sleept Or p_sleepa . The
timer device entries are associated with processes that have requested an
asynchronous timer. The head of the queue has its delta time decremented
every system tick and is removed when it reaches zero or negative. Ifitis a
process, it is inserted into the ready queue. If it is a timer device entry, the
associated process I/0 semaphore is signalled.

The semaphore queues  There is a (possibly empty) queue of processes for each created semaphore in
the system. If, on calling wait , the decremented semaphore is negative, the
calling process is placed at the end of the appropriate semaphore queue. When
that semaphore is subsequently incremented by a gaBigeal , the process
at the head of the semaphore queue is either made current (if it has the highest
priority) or it is inserted into the ready queue (after any processes of equal

priority).
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See also the description Bfeemptive scheduling the chapteProcesses and Inter-process Messaging
Shared access

A mutual exclusion semaphore may be used to seriacsssito a shared resource (for example, a shared
memory segment).

The creator of the shared resource ysssncrt to create an associated mutual exclusion semaphore with
an initial value of one. Any process wishing tz@ss the resource first cgllsvait on the resource
semaphore and then callsignal  after completing its access. Because the semaphore was created with
an initial value of one, the first process to gallait will return immediately but any other processes that
call p_wait will wait in the semaphore queue. Waiting processes are released on a first-in first-out basis
when the process currently accessing the resourcep cadisal

The nature of the shared resource should be such that any access completes in a relatively short time so
that processes do not wait for extended periods on the mutual exclusion semaphore. Another consideration
is that whereas the resource may survive the demise of its creating process, semaphores are automatically
deleted when the creating process terminates. In many cases, you may find that EPOC is better suited to
supporting the use of server processes for serialisicgsa to a shared resource (as in, for example, the

file server and the window server) rather than using a mutual exclusion semaphore. The design of EPOC's
inter process messaging was largely driven by the requirements of server processes and their clients.

Supplier-consumer

In this usage, the semaphore is associated with a pool of data (say a circular list in a shared data segment)
and is created with an initial value equal to the number of elements in the pool. The consumer calls

p_wait when it is ready to extract an item from the pool and the suppliepcaflsal  after it inserted

an item into the pool. If there are one or more elements in the pool, the consumeris eall toeturns
immediately. Otherwise, the call iowait returns when the supplier inserts an element and calls

p_signal

. ___________________________________________________________________________________________________|
Asynchronous requests

Many system services are implemented in two steps:
* make the service request
» wait for the requested operation to complete

In most cases, as well as providing functions for each step, the system provides a function containing both
the above steps. Such functions aked synchronoudecause they automatically synchronise the

requesting process by waiting until the operation has completed. The internal function that makes the
request without waiting for completion is calledasynchronousgunction.

Examples of asynchronous request functions are:

p_ioa, p_ioc for requests on an open 1/O channel
p_mreceive to receive an inter process message
p_execcasync for loading images

p_logona for being informed of a process termination

There are also synchronous versions of all teva functions except logona (but see the example
below).

Applications use asynchronous requests in situations like the following:
* make request A
* make request B
» wait for either of the requested operations to complete

Processes wait for the completion of asynchronous requests by waiting dfCtlseimaphoravhere each
request is associated witlsttus word
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The 1/0O semaphore

When a process is created, the system automatically credt€semaphoren its behalf (a more
accurately descriptive name would have beeraiyachronous request semapho#sfter making one or
more asynchronous requests, a processcadlgit to wait on the 1/O semaphore for one of the requests
to complete. A typical application process spends most of its time waiting on its I/O semaphore. For
example, an interactive application process that is waiting for user input from the window server is
waiting on the 1/0 semaphore.

The process or the hardware interrupt handler that implements the requested operation typically uses
p_iosignalbypid to indicate that the operation has completed. If one or more wait handlers have been
installed (wait handlers are described below), they may process the signal and re-sigmnalossiag

In some cases, it is convenient for the requestor tp_iusgnal  to signal itself and to subsequently
process that signal in a central calpt@wait

Status words

Although the parameters to asynchronous request functions vary, they all take the address of a signed
16-bit status word which subsequently contains the status of the requested operation.

All asynchronous requests exhibit the following behaviour:

« While the request is pending, the status word contains the negative PENDING (defined
in p_file.h

¢ When the operation has completed, a value otherghare_PENDING is written to the status
word. This value should be zero or positive to indicateess or a negative error number to
indicate failure.

« The requesting process's I/0 semaphore is signalled (after the status word has been written).

Making a request while a previous request on the same status word is still pending will normally result in
a call top_panic .

When there are multiple requests, each request is associated with a different status word. After returning
from p_iowait , the caller typicallyolls each status word until one is found that contains other than
E_FILE_PENDING. That completion is then processed (which might include renewing the asynchronous
request) ang_iowait is called again to process the next completion.

Everyp_iosignal  should be matched by a callpgowait  (or a function that callg iowait ). The status
word associated with theiowait must have completed (ie must contain a value other than
E_FILE_PENDING) at the time thag_iosignal  is called. A common programming error is to introduce a
p_iosignal  without correctly associating it with a status word, such that the poll aftgridtveit

cannot find a completed status word.

At Psion this is known as a "stray signal" and programmers should detect this as early as possible by (say)
callingp_panic when the poll is unable to find a completed status word.

For Series 3, Series 3a and Waltkutdevelopers, using the Spy application supplied withSBK may
help identify an accumulation of such unused signals.

In the following example, the opened asynchronous timefchannel is used to construct a

synchronous function which attempts to write the passed string to the opened serial channel
SerialChannel . If it takes more that 5 seconds to complete the write, the function calls
p_leave(SERIAL_TIMEOUT) . For simplicity it is assumed that there are no other outstanding events which
could complete. Thus it is certain that on return from the callid@ait , one of the two asynchronous
requests has completed.
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LOCAL_C VOID stringToSerial(TEXT *str)

{
UWORD len;

WORD TimerStatus;
WORD SerialStatus;
ULONG timeout;

len=p_slen(str);
p_ioc(SerialChannel,P_FWRITE,&SerialStatus,str,&len);
timeout=50; /* 5 second timeout */
p_ioc(TimerChannel,P_FRELATIVE,&TimerStatus,&timeout);
p_iowait();
if (SerialStatus==E_FILE_PENDING)
{ /* must have timed out */
p_iow(SerialChannel,P_FCANCEL);
p_waitstat(&SerialStatus);
p_leave(SERIAL_TIMEOUT); /* never returns */

}
p_iow(TimerChannel,P_FCANCEL);
p_waitstat(&TimerStatus);

}
The functiong_ioc andp_iow are described in the next chapié@ System

Cancelling an asynchr onous request

In the above example, the asynchronous request which does not complete is cancelled by making a
P_FCANCELrequest using_iow (the synchronous version pfioc orp_ioa ). Most asynchronous request
functions have an associated cancel functionptiRreANCEL to cancel I/O requests on a device channel,
is one example. Other examples are:

p_mcancel to cancel a call tp_mreceive to receive an inter process message
p_logoffa to cancel a call tp_logona for being informed of a process termination
The following general principles apply to all functions that cancel an asynchronous request:

* the cancel precipitates the completion of the operation (it does not stop the operation from
completing)

» the cancel may or not be effective (that is, the operation may complete naturally before the cancel
is processed)

» after a cancel, you must still process the completion of the asynchronous request (typically by
immediately calling_waitstat ~ to "use up" the signal)

Waiting for a particular completion

When waiting for the completion ofggarticular asynchronous request, the wait on the 1/0 semaphore
must be sure that it is not fooled into a premature return by the completion of any other pending
asynchronous request. This is done by callingitstat ~ which behaves in a similar waygaowait
except that it only returns when the associated status word is other _Hnan PENDING.

In generalp_waitstat  is a safer option thamiowait to "use up" the signal resulting from the cancelled
operation. If the cancel is not immediately effective and another completion gaoses to return, the
program could continue and make another request before the cancelled operation completes (which would
result inp_panic being called). Thelmve exampldlustrates the technique although, in this case, it is

not strictly necessary since there can be no confusion as to which event has completed.
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Constructing synchronous functions

General purpose functions that provide a synchronous interface mysiaiggat  rather than
p_iowait ~Since they can not assume that there are no other pending asynchronous requests.

The use op_waitstat  is illustrated by the following example of a synchronous function:

GLDEF_C INT ResumeWait(HANDLE pid)

{
WORD stat;

INT ret;
if (!(ret=p_logona(pid,&stat)))

p_presume(pid);
p_waitstat(&stat);
ret=stat;

}

return(ret);

}

This is intended to be used in place gfresume and behaves like presume except that it returns only
when the resumed process has terminated. It effectively implements a synchronous versigimef.

Wait handlers

Wait handlers are functions that handle the completion of asynchronous requests from _withitn

(or p_waitstat ). Active wait handler functions are called just beforiewait would have otherwise
returned.

Many 1/O devices install device wait handlewhen the device is opened (see Hygtem Services

reference manual for information on writing device drivers and I/O device wait handlers). An application
can install any number afpplication wait handlersisingp_svecadd (p_svecrem removes an application

wait handler). Before_iowait  Will call an installed wait handler, it has to be activated ugiegsccall
(p_sveccall can also be used to deactivate a wait handler). An installed wait handler is automatically
deactivated when called (which stops it being called recursively since a wait handler often itself calls
p_iowait , directly or indirectly).

In the following example (which does not check for erra&)pHeapChecker installs the wait handler

CheckHeap Which then callg_alichk every 2 seconds or so without any cooperation from the rest of the
program.

typedef struct
{
UBYTE *Channel;
WORD Status;
ULONG Timeout;
} HEAP_TIMER;

LOCAL_C INT CheckHeap(HEAP_TIMER *pTimer)
{
if (pTimer->Status==E_FILE_PENDING)
return(P_SIGNAL_UNUSED);
p_allchk(0);
p_ioc(pTimer->Channel,P_FREAD,&pTimer->Status,&pTimer->Timeout);
return(P_SIGNAL_ENABLE)
}

GLDEF_C VOID SetupHeapChecker(VOID)
HEAP_TIMER *pHeapTimer;

pHeapTimer=p_alloc(sizeof(HEAP_TIMER));
p_open(&pHeapTimer->Channel,"TIM:",-1);
pHeapTimer->Status=0;

pHeapTimer->Timeout=20; /* 2 second tick */
p_sveccall(p_svecadd(CheckHeap,pHeapTimer), TRUE);
}

Wait handlers are only called when the process galigait  (or a function such gswaitstat ~ that
callsp_iowait ). While an application performs a computationally intensive task that takes an extended
time, it should consider callingioyield  (which effectively call$_iosignal  followed byp_iowait ) to

allow any installed wait handlers to be called. Application programs must never assume that no wait
handlers have been installed.
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Installed device wait handlers and application wait handlers are represented as a doubly linked queue of
data structures allocated out of the process heap. The queue is built from a 4-byte queue header in a
reserved static at address 2 in the process data segment. If this reserved static is corrupted (say because of
a write using an uninitialised pointer that happens to have a low valwepgit  will almost certainly

detect an invalid wait handler and qalpanic(27)  although the cause of the panic may have nothing to

do with wait handlers.

Polling rather than waiting

In a multi-tasking operating system it is extremely anti-social to wait for an operation to complete by
polling the status word in a tight loop rather than gatwait (because the polling will "hog" the
processor to no benefit). However, when there is useful work to be done between each poall, it can be
appropriate to poll - for example, to check periodically for user input while performing an extended
calculation.

If this approach is used, you should be aware that in some cases asynchronous requests are completed by
a wait handler and it isatessary to cafl ioyield beforeeach poll to give any wait handlers a chance
to run.

This case occurs when making requests on a device driver that services hardware interrupts. For example,
the serial port driver services the hardware interrupt generated Bctiptrof a seal frame. A

hardware interrupt handler cannot write directly to the data segment of the requesting process because
that data segment may be moving when the interrupt occurs. Instead, the interrupt handler must write first
to a fixed memory location (either in the operating system variables if it is an in-built driver or in a device
segment if it is an external driver) and then signal the 1/0O semaphore of the requesting process. When the
requesting process next callsowait (directly or indirectly through sayioyield ), the device driver's

wait handler is called to copy the data safely to the process data segment.

Device drivers that are implemented by a server process (for example, the window server) do not require a
wait handler to complete operations.

When a poll detects a completed status word it is still obligatory to "use up" the signal bypcallinig
(otherwise you will get a "stray signal” later).

Attached I/O devices

Wait handlers are often used in attached 1/O drivers that layer over an existing driver (which may be
another attached driver or a hardware device driver) to extend or modify its services. The attached driver
typically installs a wait handler to handle the completion of requests on the underlying driver. Although
attached drivers can be written in C, the interface between the I/O system and the functions that are called
requires some assembly language programming. Sé&tisystenchapter for more information on

attached drivers.

. _______ _____________________________________________________|
Primitive semaphore functions

p_semcrt Create a semaphore
HANDLE p_semcrt(INT nCount);

Create a semaphore with an initial positive caumtint . Returns the handle of the semaphore if
successful, oE_GEN_NOSENM no semaphores are available.

The created semaphore is owned by the calling process and, in version 3 and later of EPOC, may be
deleted using_semdel before exiting. However, the semaphore will always be automatically deleted on
termination of the process.

Callsp_panic if nCount is negative.

p_semdel Delete a semaphore
VOID p_semdel(HANDLE sHandle);
Delete semaphorgiandle . Any processes waiting on the semaphore are automatically signalled.

Callsp_panic if sHandle is not the handle of a previously created semaphore.
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Prior to version 3 of EPOC the recommended action is not to delete a semaphore, but to let the operating
system perform any necessary clean-up actions on termination of the application. Thicepsabke

solution forall versions of EPOC. Except in extreme cases, where large numbers of semaphores are
created, there is no need for an application ever t@_Gathdel .

p_wait Wait on a semaphore
VOID p_wait(HANDLE sHandle);

Decrement semaphosgandie by one and return immediately if it is zero or positiveHkndle is
negative after being decremented, it waits for semapitarele to be signalled by another process or by
an interrupt handler (or faHandle to be deleted).

More than one process can be waiting on a particular semaphore at a time. When there are multiple
processes waiting on a semaphore, they are released on a first-in first-out basis. If a semaphore is deleted,
all processes waiting on that semaphore are released.

Callsp_panic if sHandle is not the handle of a previously created semaphore.

p_signal Signal a semaphore
VOID p_signal(HANDLE sHandle);

Signal semaphorgiandie , incrementing it by one. BHandle was less than zero, the first process waiting
on it is released and a reschedule takes place (pefageal  returns).

Callsp_panic if sHandle is not the handle of a previously created semaphore.

p_signaln Signal a semaphore n times
VOID p_signaln(HANDLE sHandle, INT nTimes);
Equivalent to calling_signal(sHandle) nTimes times.

Callsp_panic if sHandle is not the handle of a previously created semaphorenomifs is not greater
than or equal to 1.

p_signalnr Signal a semaphore with no re-schedule
VOID p_signalnr(HANDLE sHandle);
Behaves as fas_signal  except that the re-schedule does not take place.

In the absence of any other cause, a re-schedule will not occur until the next system tick. A re-schedule
can always be forced by callipgsleept(oL)

Callsp_panic if sHandle is not the handle of a previously created semaphore.

The I/O semaphore

Although the 1/O semaphore is indeed associated with 1/0 operations, it is not used exclusively for I/O
operations. In retrospect, a more accurate name would have been the "asynchronous request semaphore".

p_iosignal Signal the IO semaphore
VOID p_iosignal(VOID);
Increment the process 1/0 semaphore.

Used in wait handlers to signal the completion of an asynchronous request after writing the completion
status to the associated status word.

It can also be used outside wait handlers to generate "internal events" where the iealjri
necessarily precedes thadldo p_iowait
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p_iosignalbypid Signal the 10 semaphore of another process
VOID p_iosignalbypid(HANDLE pid);
Signal the I/O semaphore of process

Used to signal the completion of a request from pragesgnormally a different process but it still works
if it is the same process). Before callingpsignalbypid , the process should already have sepithés
status word using Saypcpyto

p_iowait Wait on the 10 semaphore
VOID p_iowait(VOID);

Wait for the 1/0 semaphore to be signalled (of course, it returns immediately if the 1/0O semaphore has
already been signalled).

When the 1/0O semaphore is signalled, any active wait handlers are called. Only when all the active wait
handlers indicate that the signal has nothing to do with them (ie they all pefuenAL_UNUSEDwill the
p_iowait call return. When it does return, the signal must be associated with an external (ie outside any
wait handler) status word.

The application should then poll the request status words to determine which operation has completed.

p_ioyield Allow any wait handlers to run
VOID p_ioyield(VOID);

Give an opportunity for any active wait handler to run. Equivalent to callinggnal  followed by a
p_iowait

Any application that polls a status word for the completion of an 1/O operation (presumably in between
performing chunks of a computationally intensive task) shoulchdajield  before polling to give any
wait handlers (which are commonly required to complete an asynchronous request) a chance to run.

p_waitstat Wait for a particular request to complete
VOID p_waitstat(WORD *pstat);
Wait for the particular asynchronous request associatedmwith to complete.

It is similar top_iowait except that rather than just wait for the 1/O semaphore to be signalled, it also
waits until*pstat  iS NOtE_FILE_PENDING. It correctly adjusts the 1/0 semaphore if any other 1/O requests
completes in the meantime, as illustrated in the following code:

GLDEF_C VOID p_waitstat(WORD *pstat)
/*
Wait for *pstat!'=E_FILE_PENDING
*
/
{
INT i;

i=(-1);
do
{
p_iowait();
i++;
} while (*pstat==E_FILE_PENDING);
while (i--)
p_iosignal();
}
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The principle may be extended to wait for the completion of more than one asynchronous event. This is
illustrated in the following code, which waits until both of two status words are not equal to
E_FILE_PENDING:

GLDEF_C VOID waitstat2(WORD *pstat1l,WORD *pstat2)
/*
Wait until both *pstatl and *pstat2 are not E_FILE_PENDING
*
/
{
INT i;

i=(-1);
do
{

p_iowait();
i++;
} while ((*pstatl==E_FILE_PENDING) && (*pstat2==E_FILE_PENDING));
if (*pstat2==E_FILE_PENDING)
pstatl=pstat2;
p_waitstat(pstatl);
while (i--)
p_iosignal();
}

Wait handlers

p_svecadd Add a wait handler function
HANDLE p_svecadd(INT (*vec)(VOID *), VOID *pch);

Add functionvec to the I/O semaphore wait handler list and return the non-zero handle of the wait
handler if successful or zero if there is insufficient memory.

The returned handle is subsequently used to activate (by qaltrgcall ) and remove the wait handler
(by callingp_svecrem ).

Initially the wait handler is inactive. The installed wait handler is normally activated to process the
completion of one or more asynchronous requests.

When the wait handler is active, the wait handler function is called from withimit when the 1/O
semaphore is signalled. In the interests of efficiency, a wait handler should only be active while there is an
associated pending request.

The wait handler function should poll the one or more status words associated with the one or more
requests it is monitoring and return one of the following values:

P_SIGNAL_DISABLE the status word was other tharriLE_PENDING and the completion has been
processed. There are no more requests to process and the wait handler can now
be deactivated.

P_SIGNAL_ENABLE a status word was other tharFiLE_PENDING and the completion has been
processed. However, there are still pending requests (either because the wait
handler is associated with more than one request or because another request
was queued) and the wait handler should remain active.

P_SIGNAL_UNUSED all status words contained FILE_PENDING and no processing took place. The
wait handler remains active.

In the first two cases, where the signal is consumesiyait loops back and waits on the I/O semaphore
again.

If the wait handler does not detect the completion of an internal request and PefuGNgL_UNUSED
p_iowait Will call any other active wait handlers and will only return to the caller when there are no
active wait handlers or when all the active wait handlers retlBIGNAL_UNUSED

If in the processing of the completion of one request the wait handler cancels another request, the wait
handler would normally use up the signal from the cancelled requests by gallitgat
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An active wait handler is deactivated before being called and is only reactivated when it returns with the
valueP_SIGNAL_ENABLEOr P_SIGNAL_UNUSEDThis normally works such that any callgt@wait ~ within

a wait handler will not cause the same wait handler to be called recursively. Other active wait handlers
may still be called within g_iowait ~within the wait handler.

The wait handler functiomec is called withpcb as its single parameter. Where re-entrant code is
required,pcb would normally be an address leading to the status word (or words) associated with the
requests the wait handler is interested in. In non re-entrant code, where static data is used, it may not be
necessary to ugeb .

p_sveccall Activate/deactivate a wait handler
VOID p_sveccall(HANDLE hand, INT isactive);

If isactive IS TRUE activate wait handlefand (wherehand was returned by svecadd ). If isactive IS
FALSE deactivate wait handleand .

In the interests of efficiency, wait handlers should be deactivated when they have no pending requests to
process. As well as being externally deactivated by callingccall , a wait handler can deactivate itself
by returningP_SIGNAL_DISABLE.

p_svecrem Remove a wait handler
VOID p_svecrem(HANDLE hand);

Remove wait handlefand (wherehand was returned by _svecadd ) from the 1/0O semaphore wait handler
list.

8-10



CHAPTER 9

/O SYSTEM

This chapter describes the EPOC /O system in general and the C functions used to access I/O devices. To
use a particular device you need (also) to read a description of the device driver.

The files device driver and the asynchronous timer device driver are described in this manual - in the
chapterd=iles andTime, Timers and Dategspectively. Other device drivers are described /e
Devicesmanual.

The last section of this chapter describes a set of console services for constructing rudimentary user
interfaces with the minimum of effort. Worthier user interfaces may be implemented using the services
described in th&/indow Servereference manual.

I/O Device Drivers

The principal purpose of device drivers is to provide convenient software interfaces that hide the internal
details of the underlying hardware. For example, the software interface to the RS232 driver is independent
of the interface to the underlying hardware. The fact that the RS232 hardware is different between SIBO
machines and PCs is not apparent to the user of the RS232 driver.

Many device drivers do not themselves interface to hardware but layer over one or more other device
drivers that ultimatelyecess the hardware. For example, the majority of the code in the RS232 driver is
independent of the hardware interface and the driver is implemented in 2 layers - an upper hardware-
independent layer and a lower hardware-dependent layer.

Some device drivers do not access hardware at all - even indirectly. In such cases, the device driver
mechanism is used to extend the services available to applications. For example, the C standard floating
point library is implemented as a device driver.

LDDs and PDDs

In EPOC there are two types of device driver:
» physical device drivers (PDDs) which are hardware dependent
» logical device drivers (LDDs) which are hardware independent

Applications normally interface toDs only. An LDD may use one or more PDDs in its

implementation. For example, the RS232 driver is an LDD (the upper layer) using an appropriate PDD
(the lower layer) depending on the underlying hardware. PDDs are also used by the file server system
process to access different types of SSDs.

Some device drivers are built into the operating system where their code is in the ROM. For example, the
RS232 LDD and its PDD are noally built into the operating system whereas a bar code reader device
driver is normally external and has to be loaded.
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External device drivers

External device drivers are loaded from a device driver file into a device memory segment. The device
driver file has the file name extension .LDD or .PDD depending on whether it is an LDD or PDD
respectively. The device memory segment is allocated by the segment allocator as described in the chapter
Memory Allocation

The ability to load and remove external device drivers without a system reset is a key feature of the EPOC
I/O system and contrasts with most other operating systems, which require a system reset to install a
device driver. On a SIBO machine you can physically attach a peripheral device (for example, a bar code
wand) and load a device driver without having to exit any application processes. The I/O system also
notifies devices when the machine switches off and on so that the driver can take appropriate device
specific action before losing power and to recover when the power is resumed.

The interface between the operating system and an LDD does not conform to a C calling convention. An
LDD may be written in C but some 8086 assembly language is required to provide the LDD interface. See
the System Serviceeference manual for more about device drivers.

Opening a channel to a device

The 1/O device driver functions are accessed by opening a channel to the device by calingnd
passing it a name consisting of a 3 character device name and a terminating colon. Examples of device
names are:

FIL: for opening a file

PAR: for opening a parallel port

TTY: for opening an RS232 port

TIM: for opening an asynchronous timer

Note that device names of external LDDs bear fagios to the file name from which they were loaded.

Depending on the nature of the device, the "' may be followed by further text. Where the device driver
supports more than one unit, the device name may be followed by a unit letter. For example,is
used to open a channel to serial port A @aek:B" is used to open a channel to parallel port B.

In the file system devicaL: , the qualifying text is normally a file name or full path name. Because the
file system has more open calls made to it than any other device, gheven function effectively inserts
a'fFIL  before a device name if it fails to recognise a valid device name - making the teading
optional. For example, calling open with the namec\NOTES\WNEW.TXT" has the same effect as the
name'FIL:C:\NOTES\WNEW.TXT" . Keeping theriL:  prefix removes any possibility of mistaking the file
specification for a device name - for example to open a file on the default directory with filetmame

Thep_open function works such that a loaded device driver supersedes any existing device of the same
device name.

Operations on an open I/O channel

Once a channel has been opened on a device, the pripnittvefunction is used (directly or indirectly)
to make an asynchronous I/O function request on the channel. Asynchronous requests are described in the
chapterAsynchronous Requests and Semaphores

All I/O function requests are asynchronous in principle and the process I/O semaphore is always signalled
as a result of an 1/0 function request. In practice, many I/O functions are implemented synchronously,
which means that the I/O operation will have completed befase returns. A typical /O device will

provide zero, one, two or three truly asynchronous functions (where the request will probably not have
completed beforg_ioa returns) with the remaining functions provided synchronously. For example, the

I/O function that closes an I/O channel is always implemented synchronously, whereas the 1/O function
that reads input from a device is commonly implemented asynchronously.

In practice p_ioa is often called indirectly by:

p_ioc which makes an asynchronous 1/O request in a way that simplifies the handling
of error returns - this should generally be used in preference#o

p_iow which makes the 1/0O request and then waits for the request to complete (by
calling p_waitstat )
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The particular 1/O function requested by a calptda , p_ioc orp_iow is specified by a function number
parameter of the form_rxxx , defined inp_file.h Some I/O functions are specific to a particular device
(for exampler_rseTEOR Which sets the end of file position on an open file channel). Some I/O functions
apply to more than one device, including:

P_FREAD to read data from a channel

P_FWRITE to write data to a channel

P_FCLOSE to close a channel

P_FCANCEL to cancel outstanding asynchronous requests on a channel
P_FSENSE to sense channel characteristics

P_FSET to set channel characteristics

P_FFLUSH to flush out data held in buffers

This manual uses the notatiproa(P_Fxxx) , p_ioc(P_Fxxx) and especially_iow(P_Fxxx) to refer to
the corresponding function call with Fxxx passed as the 1/O function number. (In the descriptions of
p_ioa , p_ioc andp_iow later in this chapter the I/O function number has the parameterfaamg

The most commonly used I/O functions are supported by their own synchronous convenience functions as
follows:

p_close which callsp_iow(P_FCLOSE)
p_read which callsp_iow(P_FREAD)
p_write which callsp_iow(P_FWRITE)
p_seek which callsp_iow(P_FSEEK)

The functiong_close , p_read andp_write are used across many devigesigse is applicable to all
devices) and are described in this chapter. The fungti@ek applies to an open file channel only and is
described in th&iles chapter.

The file server

The file server is a high priority system process (with process name SYS$FSRV) that paiifélens
related operations. These include those that@resaed using the I/O channel serviceskthe device)

and those that do not require a channel to be opened (eg deleting a file, making a directory). The file
server is also responsible for loading executables (see the cRegtesses and Inter-Process Messages
and for loading external device drivers (described in this chapter).

The file server serialiseseess to shared file storage devices (eg SSD drives on a SIBO machine) which
may be local or remote. On SIBO machines, the file server uses PDDs extensively to access the many
different types of SSD (different configations of FLASH, RAM, ROM). The file server also uses an
installablePDD to connect to remote devices via a remote file server. The file server is a process rather
than an LDD because, in a multi-tasking system, more than one process ceesbiag a particular file
storage device at a time (at a lower level only the file server owSSBrdrive where it performs all
operations on th8SD on behalf of requesting processes).

Application processes that use the file server are called "clients". To become a client of the file server, a
process must connect to it. Because most applications need the file server, the normal castethest pr
main connects to the file server.

The client processes send the file server an inter-process message to request a file server service. If the
service accesses local devices, it is implemented synchronously since the file server runs at a higher
priority than any application process. If the servioeeases remote devices, it may be implemented
asynchronously.

The application programmer does not program at the message passing level but uses the interfaces
provided by theriL: device and a number of ROM resident functions (most of which are described in the
Files chapter). Whether provided by a function or viarhe device, all acess to the file server

ultimately involves the sending of an appropriate inter-process message.
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Attached drivers

An attached driver is an LDD using the services of an another LDD to provide a different set of services to
its user. Some of the devices described in/devicesmanual are attached drivers.

For example, therD: device is an attached driver, layered over a suitable print output device to provide
primitive printer driver services (involving translates, preambles and postambles as drivenrfirom a

file). In this case a suitable print output device is any device that supports the parwralrE operation

as provided by thear:, TTy: andFiL: devices.

The user of therD: device does the following:
* open the print output device usipn@pen (€gPAR: Or TTY:)
» perform any initialisation on the channel (eg to set the Baud rateon @hannel)
* open therRD: device using_open, attaching it to the opened print output device

Once therrD: device has been opened, it replacestif@/RITE P_FCANCELandP_FCLOSEfunctions of the
underlying device.

In general, an attached driver may completely replace the original driver's functions or it may augment
them (possibly also replacing or disabling some functions). It may also allow some functions through to
the underlying driver or beyond.

Like any other LDD, an attached driver may be written in C but some assembly language code is required
to provide the LDD vector interface. See 8ystem Servicesference manual for more about writing
attached device drivers.

Attached drivers that provide one or more of their services asynchronously make internal asynchronous
requests on the device they are attached to. Where this is the case, the attached driver processes the
completion of its internal requests in code that is entered via its wait handler vector. The attached device
installs its device wait handler when the channel is opened and the wait handler vector is subsequently
called from within they_iowait of the process which opened the device whenever the process 1/0
semaphore is signalled. Except for the way in which they are called, device wait handlers are the same as
application wait handlers as described in the chaggnchronous Requests and Semaphores

Channel-based 1I/O functions

p_open (or f_open) Open a channel to a device

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);
INT f_open(VOID **ppfcb, TEXT *name, UINT mode);

Open a channel to the device with the zero terminated deviceraamer attach drivename to an
existing channel.

The parametefame consists of a 3 character device name terminated by a ":' and optionally followed by
further data, depending on the device.

The interpretation of theode parameter depends upon the device and some devices igiaer&/hen a
device ignoresode, the caller should passrade of -1.

The files device (device namaL:* ) and the asynchronous timer device (device name ) are
described in the chaptefides andTime, Timers and Datéas this manual. These devices are also
described in th&O Devicesmanual along with many other devices.

If the devicename is not an attached device and it is openedessfully, the address of the channel
control block is written teppfcb . If the open failstppfcb  is not written to - settingppfcb  to zero before
calling p_open can simplify clean-up code singeclose(0) has no effect angl close can subsequently
be called regardless of whether the open call wesessful.

If devicename is an attached device, the driver control block is attachggfte - the value irppfcb is
not changed.
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Returns zero if successful or a negative error number if it failed. As well as device specific errors (as
described in the description of each device) the following error numbers may be returned:

E_FILE_ALLOC failed to allocate memory for the control block
E_FILE_DEVICE the device does not exist
E_GEN_ARG the value of thenode parameter was invalid (possibly as a result of falling

through to thesiL: device, as described next)

The functionf_open is identical tg_open except that it calls_leave (passing the error number) rather
than return a negative error number.

If p_open fails to locate a device that matchasie, thenname is passed to thaL: device driver (in
which case the process must be connected to the file server). To put it another way, theileading
device name is optional when opening files and, for example, callépgn with aname of
"LOC::A\DEF.EXT" IS equivalent to @aame Of "FIL:LOC::A:\DEF.EXT" (theriL: device is described in
more detail in th&iles chapter).

This behaviour has an undesirable side effect: an attempt to open a device that does not exist does not give
the expected_FILE_DEVICE error sincaame is passed on to threL: device with a result that depends

uponmode (With some values ofiode the open might even be successful). Passingiaof -1 is

guaranteed to cause the: device driver open to fail - albeit with a misleading error number

(E_GEN_AR%B

p_ioa Start an 1/0O operation

INT p_ioa(VOID *pcb, INT func, WORD *pstat, ...);

INT p_ioa3(VOID *pchb, INT func, WORD *pstat);

INT p_ioa4(VOID *pchb, INT func, WORD *pstat, VOID *al);

INT p_ioa5(VOID *pchb, INT func, WORD *pstat, VOID *al, VOID *a2);

Start the I/O operatiofanc  with zero, one or two parameters on the opened chaenaind return
without waiting for the operation to complete.

You can either usg ioa , Which presents thepecLcalling convention, or one of theioa? variants,
which uses a more efficient register calling convention.

Note that it is almost always preferable to pisec in preference t@_ioa .

The legitimate values ainc depends upon the device. The number of function parameters (zero to two)
and the interpretation of the function parameters (if any) depends on the function and the device. If a
function parameter exists, it is normally an address that may be used as input, output or both input and
output.

The function returns zero if the 1/0O request was started successfully or a negative error number. Returns
E_FILE_INV if func is not valid for this device. Other device specific errors may be returned.

When the successfully started operation completes, the process I/0 semaphore is signabed and
contains the completion status. While the operation is pending (ie before the I/O semaphore has been
signalled)spstat containsE_FILE_PENDING. Asynchronous requests in general are described in the
chapterAsynchronous Requests and Semaphores

After the operation has completegstat contains zero if the operation completedcassfully or a

negative error number if the operation completed with an error. The possible error numbers depend upon
the device but any asynchronous operation thatcisessfully cancelled completes witlttat  containing
E_FILE_CANCEL

Drivers normally only support one pending request per I/O operation per channel. For example, on the
TTy: (serial port) device you must wait for an asynchronous write request to complete before you can make
another write request on the same channel (the driver wilp gahic if this is attempted). However, it is
legitimate to have one read request and one write request simultaneously pending.
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The storage pointed to lpgtat must be retained for the duration of the operation. A common error,
which has disastrous results, is to allocate the status word on the stack and then to return from the
function before the operation has completed - as in the following example:

GLDEF_C INT DisastrousWrite(VOID *pcb, TEXT *buf)

{
WORD stat;

UWORD len;

len=p_slen(buf);
return(p_ioa(pcb,P_FWRITE,&stat,buf,&len));

The following generic 1/O functions (whese anda2 are further parameters ficioa ) are commonly
(but not always) implemented asynchronously by device drivers:

P_FREAD request a read operation wheteis the address of the buffer to take the data
anda2 is the address of\aordength to read (or the maximum length to read if
the device is record oriented). When the read completes, contains zero
if the read was successful or a negative error number if the read faileg and
contains the number of bytes writtemto

P_FWRITE request a write operation whereis the address of the data to write ands
the address of wordength to write. When the write completgstat
contains zero if the write wasaessful or a negative error number if the write
failed.

p_ioc Start an 1/0O operation with guaranteed completion

VOID p_ioc(VOID *pcb, INT func, WORD *pstat, ...);

VOID p_ioc3(VOID *pch, INT func, WORD *pstat);

VOID p_ioc4(VOID *pch, INT func, WORD *pstat, VOID *al);

VOID p_ioc5(VOID *pch, INT func, WORD *pstat, VOID *al, VOID *a2);

Behaves as fai_ioa except that if the /O requeshc fails to start, the failure is reported as if it had
started successfully but completed with that error.

You can either usg ioc , which presents thebecLcalling convention, or one of theioc? variants,
which uses a more efficient register calling convention.

The implementation gf_ioc is effectively as follows:

GLDEF_C VOID p_ioc(VOID *pcb,INT func,WORD *pstat,VOID *al,VOID *a2)

{
INT ret;

if (ret=p_ioa(pcb,func,pstat,al,a2))
{

*pstat=ret;
p_iosignal();
}

}

In most cases_ioc is preferred te_ioa because there is only one plagatét ) to check for an error
rather than two (the return fropnica and+*pstat ). It is rarely necessary to differentiate between a failure
to start the 1/0 operation and a failure in its completion.

In the following examplewriteTimeout ~ writes thelen bytes abuf to channepcb and returns as for
p_write . However, if the write does not complete withéas seconds, the write operation is cancelled
andE_FILE_CANCEL is returned.

For simplicity, it assumes that completion of the write or expiry of the timer are the only two events that
are expected to cause a return from the callitavait . This will be true if there is no other
asynchronous activity.
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LOCAL_C INT WriteTimeout(VOID *pchb, UBYTE *buf, UWORD len, UINT secs)
{
WORD tstat;
WORD wstat;
ULONG tval;

p_ioc(pcbh,P_FWRITE,&wstat,buf,&len);
tval=10L*secs;
p_ioc(tch,P_FRELATIVE, &tstat,&tval);
p_iowait();
if (tstat!=E_FILE_PENDING)
{ /* the timer expired */
p_iow(pch,P_FCANCEL); /* cancel write */
p_waitstat(&wstat);
}
else if (wstat!=E_FILE_PENDING)
{ /* the write completed */
p_iow(tcb,P_FCANCEL); /* cancel timer */
p_waitstat(&tstat);
}
else
p_panic(254); /* unexpected, unrecognised signal */
return(wstat);

}

The call top_iowait  returns when either request completes. If the timer has completed, the write request
is cancelled. Otherwise, the timer request is cancelled. If both requests have completed by the time
p_iowait returns (quite possible if a higher priority process "hogged" the CPU), the cancel of the write
request will have no effect andtat will contain the completion code of the write.

In the example, the static varialte is the channel of a previously opened asynchronous timer, as in:
p_open(&tcb,"TIM:",-1);

The following version ofvriteTimeout  iS more general, and caters for the presence of other asynchronous
activity.

LOCAL_C INT WriteTimeout(VOID *pchb, UBYTE *buf, UWORD len, UINT secs)
{
WORD tstat;
WORD wstat;
WORD count;
ULONG tval;

p_ioc(pcbh,P_FWRITE,&wstat,buf,&len);
tval=10L*secs;
p_ioc(tch,P_FRELATIVE, &tstat,&tval);
count=0;
FOREVER
{
p_iowait();
if (tstat!=E_FILE_PENDING)
{ /* the timer expired */
p_iow(pch,P_FCANCEL); /* cancel write */
p_waitstat(&wstat);
break;
}
else if (wstat!'=E_FILE_PENDING)
{ I* the write completed */
p_iow(tch,P_FCANCEL); /* cancel timer */
p_waitstat(&tstat);
break;
}
else
count+=1; /* count unrecognised signals */
}
while (count--)
p_iosignal(); /* replace unrecognised signals */
return(wstat);

}
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In such a situation, with other asynchronous activity, it may be better to handle the expiry of the timer in
the mainp_iowait loop. The wait for the write to complete could then be handled by:

p_waitstat(&wstat);
p_iow(tcb,P_FCANCEL); /* cancel timer */
p_waitstat(&tstat);

p_iow Start an 1/0O operation and wait for completion

INT p_iow(VOID *pchb, INT func, ...);

INT p_iow2(VOID *pcb, INT func);

INT p_iow3(VOID *pcb, INT func, VOID *al);

INT p_iow4(VOID *pcb, INT func, VOID *al, VOID *a2);

Behaves as fai_ioa except that it waits for operatiamc to complete and returns the completion status,
providing a synchronous (as opposed to an asynchronous) interface.

You can either usg iow , which presents thebecLcalling convention, or one of theiow? variants,
which uses a more efficient register calling convention.

The code fop_iow is effectively:

GLDEF_C INT p_iow(VOID *pcb,INT func,VOID *al,VOID *a2)

{
WORD stat;

INT ret;

if (!(ret=p_ioa(pch,func,&stat,al,a)))
{

_waitstat(&stat);
ret=stat;

}

return(ret);

}

Callingp_iow is simpler and requires one less parameter (since the status word is returngdydhan
p_ioc and should be used in preference_tea orp_ioc unless there is a need for an asynchronous
request.

The following generic 1/O functions are essentially synchronous and are normally requestediaising

P_FCANCEL to cancel outstanding requests on a channel

P_FSENSE to sense channel characteristics

P_FSET to set channel characteristics

P_FFLUSH to flush out data held in buffers

p_close Close an I/O channel

INT p_close(VOID *pch);
Close 1/0 channelcb and return zero if successful ptb is NULL, just return zero.
The code fop_close is effectively:

GLDEF_C INT p_close(VOID *pchb)

{
if (!pch)

return(0);
return(p_iow(pcb,P_FCLOSE));

}

Althoughp_close can return an error, it will alwaysaeed in closing the channel (asvd should not
be used subsequently).

If the device buffers written data, the close operation may need to perform one or more write operations on
closing, in which case_FcLosEcan return similar errors 0 FWRITE However, the failure to flush the

data will not (assuming a competently written device driver) cause the close operation to be aborted
although the failure to flush will be reported.

Carefully written applications avoid this problem by usngrLusHto flush the data (and taking
appropriate action if this fails) before closing the channel without risk of failure.
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p_read (or f_read); Read from an I/O channel

INT p_read(VOID *pcb, VOID *buf, UINT len);
INT f_read(VOID *pcb, VOID *buf, UINT len);

Request @_FREADOf up tolen bytes of data inteuf from channepcb, wait for the request to complete
and, if successful, return the number of bytes writtesuftaor a negative error number if the read failed.

The code fop_read is effectively:

GLDEF_C INT p_read(VOID *pch, UBYTE *buf, UINT len)

{
INT ret;

UWORD I;

I=len;
ret=p_iow(pch,P_FREAD,buf,&l);
if (Iret)

ret=l;
return(ret);

}

The functionf_read is identical top_read except that, if there is an error, it callseave(err)  rather
than return the negative error number.

p_write (or f_write); Write to an I/O channel

INT p_write(VOID *pcb, VOID *buf, UINT len);
INT f_write(VOID *pcb, VOID *buf, UINT len);

Request @ _FwRITEOf len bytes of data fromuf to channepceb, wait for the request to complete and, if
successful, return zero or a negative error number if the write failed.

The code fop_write is effectively:

GLDEF_C INT p_write(VOID *pcb, UBYTE *buf, UINT len)

{
UWORD |;

I=len;
return(p_iow(pcb,P_FWRITE,buf,&l));

The functioni_write  is identical tap_write except that, if there is an error, it callseave(err)  rather
than return the negative error number.

p_iow(P_FCANCEL) Cancel requests on an I/O channel
INT p_iow(VOID *pch, P_FCANCEL);

Cancel any outstanding asynchronous requests on chaarehd return zero. Harmless if there are no
pending requests.

Device drivers that support truly asynchronous services provide a cancel service. The detailed effect of
the cancel depends upon the device driver. However, the following general principles apply:

« the cancel precipitates the completion of the request (it does not stop the request from
completing)

« the cancel may or not be effective (that is, the request may complete naturally before the cancel is
processed)

» after a cancel, you must still process the completion of the asynchronous request (typically by
immediately calling_waitstat ~ to "use up” the signal)

The above principles acilly apply to cancelling any asynchronous request (not just an asynchronous /O
request).

Although legitimate, using_ioa(P_FCANCEL) Or p_ioc(P_FCANCEL) (rather tharp_iow(P_FCANCEL) ) is
somewhat perverse since you then have two signals to use up - one for the request being cancelled and one
for the cancel itself.
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Device driver functions

p_loadldd Load a logical device driver
INT p_loadldd(TEXT *pName);

Load the logical device driver (LDD) from the zero terminated file ngmaee If pName contains no
extension an extension of .LDD is assumed (an LDD file would normally have the extension .LDD). If
pNameis not a full path name the current path is assumed.

Returns zero if successful or one of the following negative error numbers:

E_FILE_EXIST an LDD of the same file name has already been loaded
E_FILE_NXIST the LDD file does not exist

E_FILE_DEVICE the supplied file name is that of a PDD

E_GEN_IMAGE the LDD file does not have the correct format or has been corrupted
E_GEN_NOMEMORY Not enough memory to satisfy the request

E_GEN_NOSEGMENTS No memory segment handles are available
After the LDD has been loaded, a channel may be opened to it by galijreg .

Applications that rely on an external LDD should piSeadidd and not care if it fails with
E_FILE_EXIST .

p_loadpdd Load a physical device driver
INT p_loadpdd(TEXT *pName);

Load the physical device driver (PDD) from the zero terminated file paane If pName contains no
extension an extension of .PDD is assumed (an PDD file wouldaligrhave the extensioRDD). If
pNameis not a full path name the current path is assumed.

Returns zero if successful or any of the same negative error numberg_asdetd above except that,
in this case, the err@ FILE_DEVICE is returned if the specified file name is that of an LDD.

p_devdel Delete a device driver
INT p_devdel(TEXT *pName, INT devType);

Delete the logicaldevType isE_LDD) or physical devType isE_PDD device driver with the zero
terminated device nanpdlame (as used ip_open but without a trailing *:").

Only device drivers that have been loaded into RAM (and not those devices that are built into the ROM)
can be deleted by this service.

Returns zero if successful or one of the following negative error numbers:

E_FILE_DEVICE The device driver is not currently loaded.
E_GEN_NSUP The device driver is a ROM device driver and cannot be deleted.
E_GEN_INUSE The device driver is currently open and cannot be deleted.

A device dependent Returned by the device driver code.
error number

If you have loaded an external device driver and finished with it, it is good practice to attempt to delete it
by callingp_devdel and to ignore the return value. The call is harmless if the device is loaded by another
process or if the device is built into the ROM.

WARNING: If pName points to a null string, the first located unloadable device driver of the type specified
by devType will be deleted.
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p_devqu Query the number of units supported by a device
INT p_devqu(TEXT *pName);

Returns the number of units supported by logical device driver with the zero terminated device name
pName (as used ip_open but without a trailing ":*). The function is not applicablé@Ds.

Returns a positive number if successful or one of the following negative error numbers:

E_GEN_FAIL Unlimited units (as returned by tke: device driver as it can support a large
number of files).

E_FILE_DEVICE Device driver not found.

For example:

p_devqu("TTY");
returns 2 if there are two serial expansion boards fitted.

p_devind Find all devices

HANDLE p_devfnd(HANDLE fHandle, TEXT *pMatch, INT devType, TEXT *pName);

Write the next device name (as used ispen but without a trailing ":") of typeevType (eithere_ppbto

find PDD devices oe_Lbpto find LDD devices) that matches the zero terminated match stwingh as

a zero terminated string golame wherefHandle is zero for the first call and is subsequently the positive
return value from the previous call. When there are no further devices aktype: that matchpmatch ,
p_devind returnse_FILE_DEVICE .

Used repeatedly to find all tiRDD or LDD devices thahatch the wild card string pointed to gyatch .
The buffer apname should be big enough to recemevax_NAME+bytes. The wild card stringvatch
should remain the same betweencassive calls.

No memory is used by this service and it can be abandoned at any time without taking any further action.
Callsp_panic if fHandle is invalid.
Example

LOCAL_C VOID PrintDevices(VOID)

{
HANDLE fh;

TEXT bb[E_MAX_NAME+2];

fh=0;
FOREVER

{
fh=p_devfnd(fth,"*",E_LDD,&bb[0]);
if (fh<0)
break;
p_puts(&bb[0]);
}
}

Simple console 1/0

The simple console functions are provided for "quick and dirty" applications - for example test programs
and software tools. They are not suitable for constructing quality user interfaces.

The console functions use the services ofdbr: device driver to implement the following screen output
and keyboard input functions:

p_putch to write a character to the screen
p_puts to write a line of text to the screen and move to the beginning of the next line
p_printf to convert numbers to printable form and write them as a line of text to the

screen and then move to the beginning of the next line
p_print to convert numbers to printable form and write them to the screen
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p_getch to get (without echo) a single character from the keyboard
p_gets to input (with simple backspace editing) a line of text from the keyboard
p_getl to display a prompt and then input (with simple backspace editing) text from

the keyboard
Redirect ing console writes

These functions automatically opeon: when they are first used. The open channel is stored in the
global static:

GLREF_D VOID *winHandle;

which is initialised tovULL You can open a suitable alternative device (eg a fitear) before the first
usage of a console function to redirect the output functigngch , p_print  andp_printt . For
example, to redirect to the fikelis in the current path, use:

p_open(&winHandle,"a.lis",P_FREPLACE|P_FUPDATE);
Note that if you do redirect the console to such a device, you should motetse , p_gets Or p_get
Changing the size of the console window

If you want to change the size of the console window, you can do this by declaring the gteloal
structure DefScreenRect and initialising it to the required size before the first usage of a console
function. Ther_RECTstruct is defined ip_graf.has:

typedef struct
{

WORD x; /* Horizontal coordinate */
WORD vy; /* Vertical coordinate */
} P_POINT;.

typedef struct

{

P_POINT tl; /* Top left point */
P_POINT br; /* Bottom right point */
} P_RECT;.

where the top left coordinates should be (0,0) and the bottom right coordinates should reflect the required
dimensions in character columns and rows as in, for example:

GLDEF_D P_RECT _DefScreenRect={{0,0},{10,20}};
for 10 columns by 20 rows, or:
GLDEF_D P_RECT _DefScreenRect;
_DefScreenRect.tl.x=0;
_DefScreenRect.tl.y=0;

_DefScreenRect.br.x=columns;
_DefScreenRect.br.y=rows;

Changing the console window mode

By default the console starts up in the native mode of the machine. At the time of writing, all SIBO
machines default to single pixel (non-compatibility) mode, with no access to grey. If you want to change
the mode, you can do this by declaring the global varialdscreenmode and initialising it to the

required value before the first usage of a console function. The possible modes are:

0 use the native mode of the machine - this is the default value

1 compatibility mode, allowing Series 3 software to run on the Series 3a
2 non-compatibility mode, with grey enabled

3 compatibility mode, but with grey enabled

Thus, compatibility mode may be set on the Series 3a as follows:
GLDEF_D INT _DefScreenMode;

_DefScreenMode=1;

Values that are not relevant to a particular type of machine are simply ignored.
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p_putch Write a character to the console
VOID p_putch(UINT c);

Write charactet to the console, opening the console if necessary.

p_puts Write a string to the console
VOID p_puts(TEXT *str);

Write the zero terminated strirg to the console and start a new line. The console is opened if
necessary.

p_printf Convert arguments and write line to console
VOID p_printf(TEXT *fstr, ...);

Converts multiple arguments to an internal buffer under control of the formatfstringarites the
complete string to the console screen and then moves the print position to the beginning of the next line.
The console is opened if necessary.

The internal buffer i®_maxsysio(258) bytes long and the length of the output (which depends on the
arguments) must be limited tomAaxsysio-2 (256) bytes per call gf printf

The format ofistr  is exactly the same as fpratob , which is described in the chaptateger
Conversion and Rectangle functions

p_print Convert arguments and write to console
VOID p_print(TEXT *fstr, ...);

Behaves as fos_printt  above except that the print jtg@n is not automatically moved to the beginning
of the next line after the write.

You can embegt and\n characters imstr to move to the beginning of the line and to move down a line
respectively.

p_getch Get a character from the console
INT p_getch(VOID);

Wait for a key to be pressed and return its character code. The console is opeoeskkny.

p_gets Get a string from the console
INT p_gets(TEXT *str);

Input (with simple backspace editing) a line of up tmaxsysio-1 characters from the keyboard, creating
a zero terminated string &t . The input is terminated by the user pressing the Enter key.

Returns the length of the stringsat .

There should be at leastmaxsysiobytes aktr . The console is opened if necessary.

p_getl Get a string with prompt from the console
INT p_getl(TEXT *pmt, TEXT *str, INT len);

Write the zero terminated stripent to the console and input (with simple backspace editing) ip to
characters from the keyboard, creating a zero terminated strfg. athe input is terminated by the user
pressing the Enter key.

Returns the length of the stringsat .

There should be at leasiti+1 bytes astr . The console is opened if necessary.
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CHAPTER 10

TIME, TIMERS AND DATES

|
System time

The system time is set and sensed @ascaiG counting the number of seconds since 00:00:00, January 1,
1970 (compatible with UNIX system time).

The system time overflows approximately 136 years after 1970 (which is sometime in the year 2106).

p_date Return the system time
ULONG p_date(VOID)

Return the system time as the number of seconds since 00:00:00, January 1, 1970.

p_sdate Set the system time
VOID p_sdate(ULONG newTime);
Set the system time tewTime (the number of seconds since 00:00:00, January 1, 1970).

Note that setting the system time forward by an interval will cause any absolute timers due in that interval
to expire.

|
Absolute and relative timers

In the EPOC operating system a process can be waiting on a timer in two ways:
» The process is in the time delta queue as a result of calbrgp , p_sleept Or p_sleepa

» The process is waiting for its I/0O semaphore to be signalled by a timer device entry in the time
delta queue after making an asynchronous timer request by galliei@_FRELATIVE) or
p_ioc(P_FABSOLUTE) oOn an open timer channel.

Each entry in the time delta queue contains the signed long delta time in system ticks relative to its
predecessor while the head of the queue contains the delta time relative the current system time (for more
on delta queues see the chaf@baracters, Strings, Buffers and Queudhe head of the time delta

gueue is decremented every system tick and the corresponding timer expires (and is removed from the
gueue) when its delta time is zero or negative. If the entry is a process, the process will either run (if it has
the highest priority) or it will wait in the ready queue. If the entry is a timer device entry, the associated
process I/0O semaphore is signalled. See the chagyachronous Requests and Semaphiores

information on the 1/0 semaphore, asynchronous requests and the ready queue.

As well as being marked as processes or timer device entries, entries in the time delta queue are also
marked as beingbsoluteor relative.
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Absolute ti mers
An absolute timer is characterised by the following:

* the timer expiry is set in terms of an absolute time (the number of seconds since 00:00:00,
January 1, 1970)

» SIBO machines (as opposed to a PC running EPOC) that have switched off will automatically
switch on when an absolute timer is due to expire

» setting the system time forward by an interval will cause any absolute timers due in that interval
to expire

Absolute timers are used to implement, for example, alarms for the Diary and Alarms applications on the
MC GI machines. You can set absolute timers to expire after a relative time interval (expressed in
seconds) by adding the required interval to the time returngdidy .

Although absolute timers are converted to relative signed long delta time in the time delta queue, absolute
timer entries can re-launch themselves to cover ranges in excess of ticks.

Relative timers

A relative timer is characterised by the following:

* the timer expiry is set as a time interval relative to the current system time (either as a number of
1/10ths of a second or as a number of system ticks)

» the timer stops running while SIBO machines are switched off and it follows that relative timers
do not wake up the operating system up

» changing the system time has no effect on relative timers

If a relative timer is set to expire after 5 seconds when the system time is advanced by 1 hour the timer
still expires after 5 seconds (provided the machine is not switched off).

If a relative timer is due to expire in 5 seconds when the machine switches off for 1 hour, the relative
timer actually expires after 1 hour plus 5 seconds.

SIBO machines are normally configured to switch off automatically after a period of inactivity (typically

5 minutes). A process that repeatedly waits on a relative timer with an interval shorter than the switch off
inactivity period (for example to implement a clock or a flashing cursor) would by default stop the
machine from ever switching off. Keeping a battery powered machine on indefinitely is normally
undesirable and, in this situation, the application shouldaalinarka (described in the chapter

Processes and Inter-Process Messapiogstop such activity from keeping the machine on.

Relative timers are ultimately converted to system ticks in a signed long - giving them a range of
Ox7ffffff ticks, or approximately 2.1 years, on a SIBO machine (which ticks 32 times a second).

p_sleep Suspend process for n tenths of a second
INT p_sleep(ULONG n);
Return zero aftei 1/10ths of a second has elapsed.

Returnse_GeN_overmmediately if the conversion from 1/10ths to ticks overflows (ie the number of ticks
is greater thanxrfififff ).

This function uses a relative timer. If the machine switches off before the function returns, it will take
indefinitely longer tham tenths of a second to return.

p_sleept Suspend process for n system ticks
INT p_sleept(LONG nTicks);
Returns zero afterTicks system ticks if successful Br GEN_ARGf nTicks IS negative.

On the SIBO hardware the system ticks 32 times a second. On IBM PCs and compatibles the system ticks
18.2 times a second. The constanmticks_PER_SECONDN epoc.hcontains the number of ticks per
second, to the nearest integer.
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A request to sleep for zero ticks is valid and will just force a re-schedule, with the process calling this
service losing the remainder of its time slice if there are other processes at the same priority.

This function uses a relative timer. If the machine switches off while the process is suspended, it will take
indefinitely longer thamTicks System ticks to return. In the absence of any switching off, the actual time
the process is suspended is greater than or equatit® and less thanATicks+1 .

p_sleepa Suspend process until absolute time
INT p_sleepa(ULONG time);

Return when the system timetitse (the number of seconds since 00:00:00, January 1, 1970). Returns
zero if successful a&_GEN_ARGf time is earlier than the current system time.

This uses an absolute timer which will wake the machine ugcéssary when the timer expires. Another
process setting the system time past the expiry time (gsiage ) will causep_sleepa to return.

Asynchronous timers

The functiong_sleepa , p_sleep andp_sleept aresynchronougunctions in the sense that they return

only when the requested operation (in this case the expiry of a timer) has completeabyWitivonous

timers, the function call to start the timer returns immediately. This allows other processing to take place
before waiting for any one of a number of events (including the expiry of the timer) by gaibngt

See the chaptéksynchronous Requests and Semaphiorean explanation of asynchronous requests in
general.

In EPOC, asynchronous timers are implemented as an 1/O device with the device name "TIM:". To use an
asynchronous timer, you open a channel to "TIM:" and use:

p_ioc(P_FRELATIVE) to start a relative timer
p_ioc(P_FABSOLUTE) to start an absolute timer
p_iow(P_FCANCEL) to cancel a timer

p_close to close a timer channel

The constants_FRELATIVE, P_FABSOLUTEANdP_FCANCELare defined irp_file.h See the chapt¢tO
Systenfor a description of the I/O system in general.

If you want to run multiple timers in parallel, you open a channel for each timer needed.

Although you can open a timer channel andpugev(P_FRELATIVE) OF p_iow(P_FABSOLUTE) (rather
thanp_ioc ) to the same effect assleep Or p_sleepa respectively, the latter should be preferred for their
simplicity and efficiency.

p_open(“TIM:") Open a timer channel
INT p_open(VOID **pptcb,TIM:,-1);

Open a timer channel and write the address of the timer control blaghkcto Returns zero if
successful or the negative error numbeseN_NOMEMORy for example, it failed to allocate memory for
the control block.

p_ioc(P_FRELATIVE) Start a relative timer

VOID p_ioc(VOID *ptcb, P_FRELATIVE, WORD *pstat, ULONG *pn);
Start a relative timer to expire aftgn tenths of a second.
Callsp_panic if a timer is already pending on chanpeb .

While the timer is pendingpstat  contains_FILE_PENDING. When the timer expires stessfully,
*pstat IS Set to zero and the 1/0O semaphore is signalled.

The timer is not started amgktat  is set taee_ GEN_oVERf the conversion from tenths of a second to ticks
overflows (ie the number of ticks is greater tloarift )
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p_ioc(P_FABSOLUTE) Start an absolute timer

VOID p_ioc(VOID *ptch, P_FABSOLUTE, WORD *pstat, ULONG *ptime);

Start an absolute timer to expire when the system timpenis (the number of seconds since 00:00:00,
January 1, 1970).

Callsp_panic if a timer is already pending on chanpeb .

While the timer is pendingpstat containse_FILE_PENDING. When the timer sicessfully expires,
*pstat IS set to zero and the I/O semaphore is signalled.

The timer is not started angstat IS set tce_GEN_ARGf *ptime  is earlier than the current system time.

p_iow(P_FCANCEL) Cancel a timer

INT p_iow(VOID *ptch, P_FCANCEL);
Cancel a timer on channgtb and return zero.

The operation is harmless if no timer is pending. This is important because there is always a chance that a
timer will expire before the cancel gets to it. If the cancel does get to the timer before it expires, the I/O
semaphore is still signalled buttat  is set tce_FILE_CANCEL rather than zero. However, when

cancelling a timer, you don't normally care how the timer actually completed. It is common to call

p_waitstat ~ immediately after the cancel to "use up" the signal.

To reset a timer, you first cancel the timer ugingw(P_FCANCEL) followed by a call t@_waitstat ~and
then callp_ioc(P_FRELATIVE) to start the timer again.

p_close Close a timer channel
INT p_close(VOID *ptcb);
Close the timer channel ptcb and return zero.

You should close a timer channel when you no longer need it.

Converting between binary representations of time

The system time format sacrifices range to obtain high compression and is the most convenient and
efficient representation for adding and subtracting small time intervals such as seconds, minutes, hours
and days.

There are 86,400 seconds in a daWEECDAYS defined as 86400L ip_date..

There are three different binary representations for time in PLIB:
* The number of seconds since 00:00:00, January 1, 1970 (system time format)
» Days since January 1, 1900 and seconds in day
» (Year since 1900,Month,Day) and (Hour,Minute,Second)

Note that the first representation works from a base year of 1970 while the second two representations
work from a base year of 1900.

PLIB contains conversion routines that convert both ways between adjacent representatiortmirethe a
list. By combining conversion functions, you can convert between the first and third representation.

The second format measures the days since January 1 1900 (day=0 for Jan 1) and the seconds since
00:00:00 and is stored inPaDAYSECstruct, defined irp_date.has follows:

typedef struct
{
ULONG day; /* day number since Jan 1 1900 */
ULONG sec; /* seconds in day, 0 to 86399 */
} P_DAYSEC;.
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The day number is useful for date calculations not involving time. Examples are to count the number of
days between two dates, or to calculate a new date from a base date and a number of days (positive or
negative).

The third format is closest to a human understandable representation of the date and time and is defined
by thep_pATEStruct inp_date.h

typedef struct

{
UBYTE year; /* Year since 1900 (0 is 1900) */

UBYTE month; /* Month number in year, O to 11 */
UBYTE day; /* Day number in month, O to 30 */
UBYTE hour; /* Hour in day, 0 to 23 */

UBYTE minute; /* Minute in hour, 0 to 59 */
UBYTE second; /* Second in minute, 0 to 59 */
UWORD yrday; /* Day in year */

} P_DATE;.

The last membegyday is a function of year, month and day. It is provided wheynTEis generated
from p_DAYSEChuUt is ignored when converting frampATE

p_sttods Convert system time to P_DAYSEC time
VOID p_sttods(ULONG *pstim, P_DAYSEC *pds)

Convertspstim from system time format (the number of seconds since 00:00:00, January 1, 1970) to the
number of days since 1900 and the number of seconds in the day, both being wsiéen to

p_dstost Convert P_DAYSEC time to system time
INT p_dstost(P_DAYSEC *pds, ULONG *pstim);

Convertpds from the number of days since 1900 and the number of seconds in the day to system time
format (the number of seconds since 00:00:00, January 1, 1970). The result is wijtien to

Returns zero if successful, or one of the following negative error numbers:

E_GEN_OVER date inpds is too late for system time

E_GEN_UNDER date inpds is too early for system time (ie before 1970)

E_GEN_ARG seconds is greater than seconds in day

p_dstodt Convert P_DAYSEC time to P_DATE time

INT p_dstodt(P_DAYSEC *pds, P_DATE *pdt);

Convertr_DAYsEdtimenpds (days since 1900, seconds in dayptoATEtimepdt (year, month, day,
hour, minute, second and day in year) and return zero if successful or one of the following negative error
numbers:

E_GEN_OVER the year is greater than 255 (year 2155)
E_GEN_ARG seconds is greater than seconds in day

As well as the date and time, this function calculpdesyrday (the day number of the year, where day
zero is January 1). Although you could calculate this yourself from the year, month and day it is not a
simple calculation since it involves adding the number of dayseicegding months and thus depends on
leap years.

This function actually performs two independent calculations:
» converting the number of days since 1900 to year, month, day and day in year (date calculation)

» converting the number of seconds since 00:00:00 to hours, minutes and seconds (time of day
calculation)

Both calculations may be abandoned if either calculation fails. If you are only interested in one of the
calculations, set the other membepabaysecto zero (which is a legal input for both calculations).
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p_dttods Convert P_DATE time to P_DAYSEC time

INT p_dttods(P_DATE *pdt, P_DAYSEC *pds);

Validate ther_bDATEformatpdt and convert it to the_DAYSECformatpds and return zero if successful or
the negativee_GEN_ARGf the content ofdt is invalid (ie no such date or time exists). The value of
pdt->yrday IS ignored.

The validation can fail for one or more of the following reasons:
* pdt->month is outside the range 0 to 11

* pdt->day is outside the range for the particular month taking into account leap years for
February

e pdt->hour is outside the range 0 to 23
* pdt->minute IS outside the range 0 to 59
* pdt->second is outside the range O to 59
This function actually performs two independent calculations:
» converting the year, month and day to the number of days since January 1 1900 (date calculation)

» converting the hours, minutes and seconds to the number of seconds since 00:00:00 (time of day
calculation)

Both calculations may be abandoned if either calculation fails. If you are only interested in one of the
calculations, set the membersrobATEcorresponding to the other calculation to zero (zero is a legal
input for all members in both calculations).

p_dayinm Find the number of days in the specified month
INT p_dayinm(INT year, INT month);

Return the number of days in monthnth of yearyear whereyear is the number of years since 1900
(zero is 1900) anghonth is O to 11 inclusive. (Returns the negaveEN_ARGf month is greater than 11.)

The year is required because it affects the number of days in February. This may be used to test for a leap
year, for example:

if (p_dayinm(year,1)==29)

p_wkday Convert day since 1900 to day in week
INT p_wkday(ULONG nDay);

Returns the week day number given the number of dayssince January 1 1900. The value returned is
in the range 0 to 6, with 0 being Monday and 6 being Sunday.

The day number since 1900 would normally come from a struetu&ssecstruct.

p_weekno Calculate week number in year
INT p_weekno(ULONG nDay);

Return the week number, in the range 1 to 53 inclusive, of the week containitmpg#éthe number of
days since January 1 1900). Returns zerocifessful oiE_GEN_ARGf nDay exceeds the ye&r155.

The value returned is dependent on the value of the system streatanesiGstructure field
startOfweek  (Seep_getctd in this chapter).
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Time and date components in text form

The functions in this section get a range of date and time components in text form. They constitute a
more primitive set of functions than those, described in the following section, that generate strings
containing full date and/or time representations.

These functions are based on language-dependent information that is built into the ROM. If you use these
functions, your code should automatically work on, for example, English, French and German machines.

The functions are:

p_nmday to get the day names (eg Monday, Tuesday)

p_nmmon to get the month names (eg January, February)

p_nmdaya to get the day name abbreviations (eg Mon, Tue)

p_nmmona to get the month name abbreviations (eg Jan, Feb)

p_getsuffixes to get the 31 day in month number suffixes (eg st, nd)

p_getampmtext to get the am and pm suffixes

p_getctd to get a copy of the setable country-dependent data and time preferences (such

as whether to use a 12 or 24 hour clock)
The following example displays the system time in the form:
Monday, 11th April 1988 11:03
and uses many of the functions described in this chapter.

#include <plib.h>

GLDEF_C VOID PrintDateTime()
{
ULONG st;
P_DAYSEC ds;
P_DATE dt;
E_CONFIG cfg;
TEXT DayName[32];
TEXT MonthName[32];
TEXT Suffix[31][3];

st=p_date();

p_sttods(&st,&ds);

p_dstodt(&ds,&dt);

p_nmday(&DayName[0],p_wkday(ds.day));

p_nmmon(&MonthName[0],dt.month);

p_getsuffixes(&Suffix[0][0]);

p_getctd(&cfg);

p_printf("%s, %u%s %s %u %02u%c%02u",
&DayName[0],dt.day+1,&Suffix[dt.day][0],
&MonthName[0],dt.year+1900,
dt.hour,cfg.timeSeparator,dt.minute);

}

This example is somewhat artificial since the same action can be performed more simply by the use of
p_nowtostr , described in the following section.

Object-oriented programmers may prefer to useirtfee class in OLIB (described in th@LIB Reference
manual of theSIBO SDK Object Oriented Extensjdn produce textual representations of the date and
time.
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p_nmday Get the day name
VOID p_nmday(TEXT *buf, INT daynum);

Write the language dependent name ofddgyum as a zero terminated stringoi@ wheredaynum should
be in the range 0 to 6 inclusive and day 0 is Monday.

If you are working in a fixed language, you will know how long the longest day name is. If you are writing
a program that has to work with different language ROMs, you can use the fact that the tool that builds
the day name list for the ROM limits a particular day nanee ta»x_DAY_NAME32), including the zero
terminator.

p_nmdaya Get the day name abbreviation
VOID p_nmdaya(TEXT *buf, INT daynum);
This function is only available in EPOC version 3.18 or later.

Write the language dependent abbreviation for the name ahglayh as a zero terminated stringbio
wheredaynum should be in the range 0 to 6 inclusive and day 0 is Monday

All day name abbreviations for a particular language are of the same length and could be one, two or three
characters. In no language will day name abbreviatioceeexthree characters.

p_nmmon Get the month name
VOID p_nmmon(TEXT *buf, INT monthnum);

Write the language dependent name of manithhnum as a zero terminated stringoi@ where
monthnum should be in the range 0 to 11 inclusive and month 0 is January.

If you are working in a fixed language, you will know how long the longest month name is. If you are
writing a program that has to work with different langua@R, you can use the fact that the tool that
builds the month name list for the ROM limits a particular month nareemax_MONTH_NAMB2),
including the zero terminator.

p_nmmona Get the month name abbreviation
VOID p_nmmona(TEXT *buf, INT monthnum);
This function is only available in EPOC version 3.18 or later.

Write the language dependent abbreviation of the name of mendtmum as a zero terminated string to
buf wheremonthnum should be in the range 0 to 11 inclusive and month 0 is January.

All month name abbreviations for a particular language are of the same length and could be one, two or
three characters. In no language will month name abbreviatiorstkhree characters.

p_getsuffixes Get the day-in-month suffixes
VOID p_getsuffixes(TEXT *buf);
Write the language dependent array of the 31 day-in-month number suffixes to

The suffixes are written as an array of 31 3-byte fixed length elements where each element contains 0, 1
or 2 characters followed by a zero terminator (suffixes contain at most 2 characters in any language).
There must be at least 31*3 bytes of memomuat

Each element in the array contains the suffix for the corresponding day of the month. For example, in
English, the first element contains "st" and the second element contains "nd".

p_getampmtext Get the am and pm suffixes
VOID p_getampmtext(TEXT *buf, INT n);

Write the language dependent am or pm time suffix as a zero terminated sttinglta is 0, write the
am suffix. Ifn is 1, write the pm suffix.

The am and pm suffixes are limited to 2 characters in any language.
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p_getctd

VOID p_getctd(E_CONFIG *pcfg);

Get time representation preferences

.Write a copy of the system structuresoNFIGstruct topcfg Where thee_conrigstruct is defined, in

p_config.h as:

typedef struct
{
UWORD countryCode;
WORD gmtOffset;
UBYTE dateType;
UBYTE timeType;

UBYTE currencySymbolPosition;
UBYTE currencySpaceRequired,;
UBYTE currencyDecimalPlaces;
UBYTE currencyNegativelnBrackets;
UBYTE currencyTriadsAllowed;
UBYTE thousandsSeparator;
UBYTE decimalSeparator;
UBYTE dateSeparator;

UBYTE timeSeparator;

UBYTE currencySymbol[9];
UBYTE startOfWeek;

UBYTE summerTime;

UBYTE clockType;

UBYTE dayAbbreviation;
UBYTE monthAbbreviation;
UBYTE workDays;

UBYTE units;

UBYTE spare[9];

} E_CONFIG;

In the context of this chapter we are interested in the following items:

gmtOffset

dateType

timeType
dateSeparator
timeSeparator

startOfWeek

summerTime

clockType

dayAbbreviation

monthAbbreviation

workDays

the offset in minutes of the local system time from Greenwich Mean Time.

one ofe_DATE_usafor MM/DD/YY, E_DATE_EUROPHEOr DD/MM/YY or
E_DATE_JAPANfor YY/MM/DD.

eithere_TiME_12 for a 12 hour clock o_TIME_24 for a 24 hour clock.
the character code of the date separator. For example, the character '/".
the character code of the time separator. For example, the character ":'.

the day number (in the range 0 to 6 inclusive where day 0 is Monday) of the
first day in the week - as used pweekno . This is normally either Sunday
(day 6) or Monday (day 0). For example, it is normally Sunday for USA
machines and Monday for UK machines.

a bit pattern indicating summer time-zones as follevsst_Howmif the

system time should be adjusted for summer tenesT_EUROPEAN a

European time-zone should be adjusted for summer EnpsT_NORTHERN a
non-European time-zone in the Northern hemisphere should be adjusted for
summer timeg_bsST_SOUTHERN a time-zone in the Southern hemisphere
should be adjusted for summer time.

eithere_ANALOGUE_cLocto indicate a preference for an analogue clock
display ore_pIGITAL_cLOCK to indicate a preference for a digital clock display

how many leading characters to take from the day name (as returned by
p_nmday) to abbreviate the day name

how many leading characters to take from the month name (as returned by
p_nmmon) to abbreviate the month name

a bit mask of 7 bits indicating (by being set) which days are to be considered
work days where the least significant bit corresponds to Monday

The data may be set usipgetctd - as described in the chap@eneral System Services
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. __________________________ ___________________________________________|
Generating time and/or date strings

The functions in this section construct text strings that represent the date and time in a range of formats.

The functions are based on language-dependent information that is built into the ROM, in particular, the
systeme_CONFIGSstruct (see the descriptionmbetctd  in theLanguage and countrgection of the

General System Servicelsapter). If you use these functions, your code should automatically work on, for
example, English, French and German machines.

Note that the implementation of these functions uses static data. In consequence they may not be used in
the code of a dynamic library (DYL).

Date and time format str ings

The form of the output of the date and time conversion functions described below is controlled by a
format string, in a similar way to the format strings used_pyintf , p_atob andp_atos .

The format string consists of literal text intermixed with embedded commands. The literal text is simply
copied to the output and the embedded commands are replaced by the corresponding time or date element.

An embedded command is of the fownor %*c, wherec is one of the characters listed below, and
indicates that the output should be in an abbreviated form. The abbreviated form can be specified for all
commands, but in some cases there is no difference between the full and abbreviated forms.

The available commands are as follows:
%% replaced by a single '%' character. Abbreviation has no effect.

%: replaced by the time separator character as specified byidbeparator
field of the systent_conNFiGstruct. Abbreviation has no effect.

%/ replaced by the date separator character as specified dyebparator  field
of the systent_coNFiGstruct. Abbreviation has no effect.

%A depending on the supplied time of day, this is replaced by the appropriate am or
pm text (as obtained by usepofietampmtext ). Abbreviation supplies just the
first character of this text. Note that abbreviation may not be appropriate in
some languages.

%D replaced by the day-in-month number, in the range 01 to 31, as two digits with
a leading zero as necessary. Abbreviation suppresses any leading zero.

%E replaced by the day name, as supplied_lhynday. Abbreviation causes the
name to be truncated to the number of characters specified in the
dayAbbreviation element of the system CONFIGStruct.

%H replaced by two digits in the range 00 to 23 (24-hour format) corresponding to
the hours component of the supplied time of day. Abbreviation suppresses any
leading zero.

%l replaced by two digits in the range 01 to 12 (12-hour format) corresponding to
the hours component of the supplied time of day. Abbreviation suppresses any
leading zero.

%M replaced by two digits in the range 01 to 12 corresponding to the month number
for the supplied date. Abbreviation suppresses any leading zero.

%N replaced by the month name for the supplied date. Abbreviation causes the
name to be truncated to the number of characters specified in the
monthAbbreviation element of the system CONFIGStruct.

%S replaced by two digits in the range 00 to 59 corresponding to the seconds
component of the supplied time of day. Abbreviation suppresses any leading
zero.

%T replaced by two digits in the range 00 to 59 corresponding to the minutes
component of the supplied time of day. Abbreviation suppresses any leading
zero.

%W replaced by two digits in the range 01 to 53 corresponding to the week number
for the supplied date, as providedgoyeekno . Abbreviation suppresses any
leading zero.
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%X replaced by the suffix text corresponding to g (lay number for the
supplied date. Abbreviation has no effect.

%Y replaced by four digits, in the range 1900 to 2155, corresponding to the year
number for the supplied date. Abbreviation discards the first two digits (note
that, for example, both 1900 and 2000 will appear as 00).

%Z replaced by three digits, in the range 001 to 366, corresponding to the day-of-
year number for the supplied date. Abbreviation discards any leading zeros.

%1 replaced by the first component of a three-component (day, month and year)
date, where the order of the components is determined by the value of the
dateType component of the systemaCoNFIGstruct. Abbreviation has no effect,
but the form of the generated text is conditioned by the toggle commands
described below. In the absence of any toggless equivalent to:

%Dif dateType iSE_DATE_EUROPE
%Mif dateType ISE_DATE_USA
%Yif dateType iSE_DATE_JAPAN

%2 replaced by the second component of a three-component (day, month and year)
date, where the order of the components is determined by the value of the
dateType component of the systeexcoNFiGstruct. Abbreviation has no effect,
but the form of the generated text is conditioned by the toggle commands
described below. In the absence of any toggless equivalent to:

%Mif dateType iSE_DATE_EUROPE
%Dif dateType ISE_DATE_USA
%Mif dateType iSE_DATE_JAPAN

%3 replaced by the third component of a three-component (day, month and year)
date, where the order of the components is determined by the value of the
dateType component of the systemxCcoNFIGstruct. Abbreviation has no effect,
but the form of the generated text is conditioned by the toggle commands
described below. In the absence of any toggless equivalent to:

%Yif dateType iSE_DATE_EUROPE
%Yif dateType iSE_DATE_USA
%Dif dateType iSE_DATE_JAPAN

%4 replaced by the first component of a two-component (day and month) date,
where the order of the components is determined by the valuedatdhge
component of the system conFiGstruct. Abbreviation has no effect, but the
form of the generated text is conditioned by the toggle commands described
below. In the absence of any togglesjs equivalent to:

%Dif dateType iSE_DATE_EUROPE
%Mif dateType IS E_DATE_USAOr E_DATE_JAPAN

%5 replaced by the second component of a two-component (day and month) date,
where the order of the components is determined by the valuedatdhge
component of the system conFiGstruct. Abbreviation has no effect, but the
form of the generated text is conditioned by the toggle commands described
below. In the absence of any togglesis equivalent to:

%Mif dateType iSE_DATE_EUROPE
%Dif dateType iSE_DATE_USAOr E_DATE_JAPAN

%6 replaced by the hour in the format determined by the value efdTgpe
component of the system conFiGstruct. Abbreviation discards any leading
zero. The action dhsis equivalent to:

%Hif timeType ISE_TIME_24
%l if timeType ISE_TIME_12

%7 replaced by the am/pm text (as §e4 if thetimeType component of the system
E_CONFIGStruct has the value TIME_12, otherwise produces no output. If
output is produced, abbreviation reduces the output to just the first character of
the text, as forea

Note that format strings of the form1%/9%2%/%3" and %4%/%5" respectively generate three- and two-
component dates that automatically conform to the system configusaféoype setting, and that a
format string of the formees%.:%T%:%S%7'generates a time that automatically conforms to the system
configurationtimeType setting.
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The command®, %2 %3 %4andwsare conditioned by the following toggles:

%F produces no output, but toggles the behaviour of subsequent day items between

numeric (the default) and name generation. For exampl&eifpe is
E_DATE_EUROPERNd the supplied date is 09/03/1993, the format string
"%1 %F%1 %F%1"will generate the (English) stringo Tuesday 09"
Abbreviation has no meaning, and is ignored. The items conditioned by this
toggle depend ogateType as follows:

%1andos4for E_DATE EUROPE

%2andwsfor E_DATE_USA

%3andwsfor E_DATE_JAPAN

%0 produces no output, but toggles the behaviour of subsequent month items
between numeric (the default) and name generation. For exampleType
is E_DATE_EUROPRN the supplied date is 09/03/1993, the format string
"%2 %0%2 %0%2'Will generate the (English) strings march 03"
Abbreviation has no meaning, and is ignored. The items conditioned by this
toggle depend ogateType as follows:
%2andwsfor E_DATE EUROPE
%landwafor E_DATE_USA
%2andwa4for E_DATE_JAPAN

%G produces no output, but toggles the behaviour of subsequent day items between

their full (the default) and their abbreviated forms. For examplieteifype is
E_DATE_EUROPRN the supplied date is 09/03/1993, the format string
"%F%1 %G%1 %G%1will generate the (English) stringuesday Tue Tuesday"
Abbreviation has no meaning, and is ignored. The items conditioned by this
toggle depend ogateType as follows:

%1 andos4for E_DATE EUROPE

%2andwsfor E_DATE_USA

%3andwsfor E_DATE_JAPAN

%P produces no output, but toggles the behaviour of subsequent month items
between their full (the default) and their abbreviated forms. For example, if
dateType IS E_DATE_EUROPRNd the supplied date is 09/03/1993, the format
string "%0%2 %P%2 %P%2will generate the (English) string
“March Mar March* . Abbreviation has no meaning, and is ignored. The items
conditioned by this toggle depend @neType as follows:

%2andwsfor E_DATE EUROPE
%landwafor E_DATE_USA
%2andw4for E_DATE_JAPAN

%U produces no output, but toggles the behaviour of subsequent year items between

their full (the default) and their abbreviated forms. For exampleteifype is
E_DATE_EUROPERNd the supplied date is 09/03/1993, the format string
"%3 %U%3 %U%3"Will generate the string993 93 1993" . Abbreviation has no
meaning, and is ignored. The items conditioned by this toggle depend on
dateType as follows:

%3for E_DATE EUROPE

%3for E_DATE_USA

w1for E_DATE_JAPAN

%L produces no output, but toggles between the absence (the default) and the
presence of a day number suffix following a day-in-month number (but not a
day name) generated tay, %2o0r %3 For example, iflateType is
E_DATE_EUROPRNd the supplied date is 09/03/1993, the format string
"%G%1 %L%1 %L%1'will generate the (English) stringoth 9 | but
"%F%GY%1 %L%1 %L%Iwill generate the (English) stringue Tue Tue"

Abbreviation has no meaning, and is ignored.
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Function return values

The Window Server animates time displays either by flashing the last time separator character in the text
or, if the text contains a seconds display, by updating the time every second.

All the functions described below return a value that indicates the form of animation required. The
possible return values are:

-2 The display does not show seconds and contains no time separators. The
display is not animated.

-1 The display shows seconds. Animation updates the display every second.

any other value The return value is the offset in the string to the last time separator character.

Animation flashes this character.

p_dt2str Convert a P_DATE time to a string
INT p_dt2str(TEXT *buf, TEXT *fstr, P_DATE *pdt);

Write a zero terminated string containing formatted date and time text,toontrolled by the zero
terminated format string pointed tofy and the content of thee pATEStruct pointed to byt .

The format stringstr  contains literal text, embedded with commands, as descitiozd.a

p_ds2str Convert a P_DAYSEC time to a string

INT p_ds2str(TEXT *buf, TEXT *fstr,P_DAYSEC *pds);

Write a zero terminated string containing formatted date and time text,toontrolled by the zero
terminated format string pointed tofy  and the content of the bAYsECstruct pointed to byds .

The format stringstr  contains literal text, embedded with commands, as descitiozd.a

p_st2str Convert a system time to a string
INT p_st2str(TEXT *buf, TEXT *fstr, ULONG *pst);

Write a zero terminated string containing formatted date and time text,toontrolled by the zero
terminated format string pointed tofy and the system time (seconds since 00:00:00, January 1,
1970) pointed to byst .

The format stringstr  contains literal text, embedded with commands, as descitiozd.a

p_now2str Convert the current time to a string
INT p_now2str(TEXT *buf, TEXT *fmt);

Write a zero terminated string containing formatted date and time text,toontrolled by the zero
terminated format string pointed toty  and the currently set time.

The format stringstr  contains literal text, embedded with commands, as descitiozd.a
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CHAPTER 11

FILES

Files in EPOC

The file server

The file server is a high priority system process (with process name SYS$FSRV) perfaitrfiiag
related operations on behalf of "client" processes.

An application process must connect to the file server before using its services. However, this is normally
taken care of by the C startup module (the code that preeedgsand supplied as standard for use with

the PLIB library. (Most applications need the services of the file server and the overhead of connecting to
the file server is modest.)

A client process sends the file server an inter-process message to request a file server service. However,
the application programmer does not program at the message passing level but uses the interface provided
by theriL: device (ie using_open ) together with the interface provided by a number of ROM resident
functions (eg_delete to delete a file) as described in this chapter.

Any process that attempts to send a message to the file server without having connected is panicked with
panic number 41.

File systems

The file server supports multiple file systems (also called nodes). In principle, the file server supports any
number of file systems (open may be used to get a list of the file systems as described later in this
chapter). At the time of writing, three file systems have been implemented:

LOC:: The local filing system with devices M: (the RAM drive) &8D drives A:,
B:, ...(where the quantity depends upon the hardware).

REM:: The remote filing system, available while the file server is connected to a
remote file server. The structure of the filing system depends upon what the
remote system is. If the remote system is a PC or another SIBO machine, the
structure is the same as favc:: .

ROM:: The ROM filing system, used teeess ROM-based files. This filing system is
not normally visible to the user. Tirewm:: file system does not support devices
or directories.

Within theLoc:: file system (and whemem:: is connected to a PC or another SIBO machine), the
devices and directories structure is compatible withMB®OS fling system.

File systems are implementedRBDs (Phygal Device Drivers) which are normally resident in the
ROM (PDDs are described in the chaptér System If you use (as described O System

GLDEF_C VOID PrintPDDs(VOID)
{
HANDLE h;
TEXT b[E_MAX_NAME+2];

for (h=0;(h=p_devfnd(h,"*",E_PDD,&b[0]))>=0;)
p_printf(" %s",&b[0]);
}
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to get a list of PDDs, the list would include:

FSY.LOC theLoc:: PDD
FSY.ROM therom:: PDD
FSY.REM therem:: PDD
SSD drives

SIBO machines have 2 to 4 (depending on the machine) Solid StateSSisk drives, taking SSDs of
various type and capacity (from 32K bytes to 8Mb and bey@%Ips are soalled because they are
based on silicon memory with no moving parts. The different typ&S0¥ (in order of decreasing unit
cost) include:

» static RAM with integral Lithium battery
* Flash EPROM
» one-time-programmable ROM
* masked ROM
An SSD drive can physitly and logically mount any type 8fSD.

The physical interface between an SSD and the drive has only 6 connectors (4 for power, aath®. for d
The 2 data connections are an instancehifla speed seriathannel. This is a fundamental part of the
SIBO hardware architecture, implemented in custom chips. It can be used to communicate with other
peripherals.

The high speed serial channel is driven synchronously by a clock which normally runs at 3.84 MHz,

giving a data transfer speed comparable to the more expensive hard disks on PCs but, without any latency
for the drive head to position to the required track. Writing to a B&his slower because of ttime

taken to program the EPROM and, in this case, the speed of writing is twice as fast as writing to a typical
floppy disk on a PC.

SSDs are driven by thec:: file system using a number of subsidi®@yDs (Phygal Device Drivers)
handling the different SSD types and the intesmadevice. The list oPDDs produced bgalling
PrintPDDs  (described above) would include:

LOC.TYO the RAM SSD PDD
LOC.TY1 the Flash SSD PDD
LOC.TYM the internal RAM §1:) PDD

Files are stored in a completely different way on RAM SSDs from Flash SSDs.

SSD drive doors have a switch that keeps the file server informed of possible SSD removals and
insertions. After an SSD drive door has been opened the file server checks each drive to seéaiifStacon
new SSD. When the file server detects a new SSD itraitcally mounts the ne®SD.

If a previous occupant of the SSD drive had one or more files open on it, the file server keeps a record of
the SSD. When access is subsequattlmpted on a file channel on tI&8D, the file server uses

p_notify  (described in the chaptBrror Handling) to request the user to replace the SSD and to retry or

to abandon the channel. If the user replaces the SSD and selects retry such thaatibe opepletes
successfully, the application process is not made aware of any problem. If the user chooses to abandon the
channel, the operation completes with the egrerLe_ABoRT. When this occurs, the channel is

disconnected from the file and put into an abort state where the only possible operation is to close the
channel (any operation other tharlose fails with the erroE_FILE_ABORT).

An application thateceives arE_FILE_ABORT error can either make do without the file (which probably
means having to exit) or to appeal yet again to the user to put the SSD back in the drive and, if the user
does put the SSD back, to locate and re-open the file and recovéait€héakes more code but is kinder

to the user.
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Unattended applications

The file server will also normally call notify  to give the user a chance to retry any file operation that

fails on a mounted medium. This kind of failure is raré&s&Ds but is more common on magnetic media -
especially floppy disks. In some cases, the user may be able to correct the error (eg to close the door on a
floppy disk drive) and successfully retry. If the user abandons, the file operation completes with an error
other thare_rILE_ABORT (egE_FILE_READ if a floppy disk read fails).

This scheme whereby the file server ysestify to give the user a chance to correct the problem and

retry works well when the client process is an interactive application but poorly if the requesting process is
designed to run unattended (eg a communications program) or is itself a server process (eg the window
server trying to read a font file). Such processes cap_s&eotify(FALSE)  , described in the chapter

Error Handling, to stop the file server from using the notify service. In this case all errors are returned
directly.

RAM SSDs

RAM SSDs usetatic RAM backed up by an integral Lithium battery. While the R88D is inserted in
an SSD drive, it draws current from the SIBO machine. When the SSD is removed, it relies on its internal
battery to maintain its data.

The allocation of the space for directories and files on a & is block structured - identical to that
which is used on PC hard disks and floppy disks. Just like floppy disks on a PC, there is a limit to the
number of files that may appear in the root directory (where this limit includes directory files). This root
directory limit does not limit the number of files that can be stored on a 88N since any number of

files may be stored in subdirectories.

The format function (described below in this chapter) automatically allocates the capacity of the root
directory as a function of the capacity of 88D. The dependence of the numbeiilesfthat may appear
in the root directory oi$SD g$ze is as follows:

Files RAM SSD size

16 less than 128K

32 128K or greater but less than
256K

48 256K or greater but less than
512K

64 512K or greater but less than 1M
128 1M or greater but less than 2M
256 2M or greater but less than 4M
384 aMm

512 6M

512 8M

The RAM SSD PDD on theoc:: file system on SIBO machines does not buffer written data. This
protects the integrity of the SSD contents from being corrupted by afipfigrocess or system crashes
occurring while files are open, or by the removal of the SSD while files are open on it.

Flash SSDs

Flash SSDs use Flash EPROM chips in wiaitthe data bits are initially set. A particular bit may be
cleared by programming but it can not be set again unless all the bits on the chip are set (by erasing the
chip). Unlike older generation ERR1s, Flash EPROMSs are erased eleathc(rather than by exposure

to UV light). The speed with which Flash can be programmed is also substantially faster than the old UV
erasable EPROMS.

A Flash SSDs may be erased in its SSD drive byétting (formatting is described later in this chapter).

Since Flash memory does not require a battery to maintain it, the data on 8$ashvery secure -
more so than on RAM SSDs or magnetic media. Flash memory is also cheaper than RAM.

The Flash filing system is designed such that the logical interface to files on &BRgwhether

reading or writing) is entirely equivalent to that on other devices (&1, hard disk etc). However,

when overwriting or when deleting a file, space is consumed and is not recovered \8iDtienext
formatted. Note also that renaming a file, setting the date and time or setting the file attributes all use up
additional space and can therefore fail through lack of remaining capacity (the function returns
E_FILE_FULL ). However, deleting a file does not consume any further space.
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You can randomly access a Flash file and overwrite sections of it in exactly the same way as for any
other file. However, in contrast to read/write block storage devices, overwriting incurs a storage
overhead. For example, the following code:

pos=0L,;

do

{
p_seek(chan,F_FABS,pos);
} while (!p_write(chan,"Pointless",8));

continuously overwrites the first 8 bytes of the file on chanel. On a RAM file, this would work
indefinitely and just exercise the hardware. On a Flash file, the code would work but each iteration would
use up space on the Flash SSD andttete would eventually fail and returmd FILE_FULL .

In practice, you should not worry about limited overwriting of file data - for example, to patch a program
file or to update a header. However, you cannot reasonably repeatedly and indefinitely overwrite a Flash
file and, for example, Flash SSDs are utadie for B-tree index files.

See the chapt@atabase Filedor a description of a Flash-friendly set of functions allowing random

access to, and the deleting and updating of, variable length records. These functions take advantage of the
fact that a byte can be physically overwritten (with no storage penalty) provided that the overwrite is such
that each bit in the byte either stays the same or is cleared.

Flash SSDs are particulaidytractive for storing program files, read-only data (say for data-referral
applications), for securely storing logged data in the field and for archiving data.

The storage of files on a Flash SSD is very different from that used on RAM SSDs. The scheme is not at
all block structured but is based on linked variable length records. All this is hidden from the caller and
the logical interface to a file on a Flash SSD is the same as for a file on a RAM SSD (or any other
medium).

The data in each write to a file on a FI&SBD is witten straight to th&SD (ie it is not buffered)
However, in the interests of efficient storage, the record just written is kept open (wfith alength)

for as long as possible - until the file channel is closed or flushed rigiAguSHor until a write to
another file on the same SSD occurs. The datdiamedstamp is also not written until the file channel is
flushed or closed.

If the SSD is removed or the machine resets while there is an open file channel with an outstanding write,
the record is closed when the file is next accessed (the file is then also stamped with the current date and
time).

On a Flash SSD, there is himit on the number of files or directories in the root directory. You will also
find that it is possible to fit slightly more data on a freshly formatted B&hthan on a RAM SSD of
the same nominal capacity. This is due to the fact that files are allocated space in multiples of whole
blocks on a RAM SSD whereas Flash files are stored in exactly sized variable length records.

File specifications
A full file specification has the form:

<node><device><dir><name><ext>

where the components are:

<node> the file system node (egcC:: )
<device> the device name (&g )

<dir> the directory name (egOTES\OLD\)
<name> the file name (egLANS.

<ext> the extension name (etrD)

1This may not be the case for text files, which are handled by a layer owar: thdevice. The buffering
of such files is thus outside the file server's control.
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An example of a full file specification is:
LOC::B:\NOTES\OLD\PLANS.TPD

Although the file server assumes that a file specification may be decomposedristi®-a <device> ,

<dir> , <name> and<ext> , it avoids any assumption of the detailed syntax okdlb@ce> , <dir> , <name>
and<ext> components. This is left to theode> file system code that implements the file specification
manipulation functiong_fparse andp_chdir

Leaving such detailed considerations to the file system is designed to allow the file stores of remote
foreign file systems to be mapped transparently to the file server model (which is compatible with the
MSDOS fling system). For example, in th&VIS opeating system, the above example of a file
specification might translate to:

REM::USER:[NOTES.OLD]PLANS.TPD
and on an Apple Macintosh, it might be:
REM::HD40:NOTES:OLD:PLANS.TPD

and on Unix, it might be:
REM::USER::NOTES/OLD/PLANS.TPD

To prepare for such foreign systems, applications should follow the example of the file server and avoid
making assumptions about the syntax of file specifications and use functions sughr&s and
p_chdir to manipulate file specifications.

File specifications satisfy the following rules:

« afile specification will not require more thanFNAMESIZE(128) bytes, including a zero
terminator

e the<node> component is always FSYSNAMESIzEDytes long (excluding any zero terminator)

wherer_FNAMESIZEandP_FsysNAMESIZEAre defined inp_file.h Except for<node> and ther_FNAMESIZE
total, you should not make any assumptions about the maximum size of the components of a file
specification.

Default path

The file server stores a default node, device and directory, also called the default path, for each of its
clients. In addition, the file server stores a lower level default path, the system-wide default path. This is
the default path assigned to new clients when they connect to the file server.

A process that is a client of the file server uses:
p_setpth to set its default path
p_getpth to get a copy of its default path

A process (normally a system process such as the shell) can change the system-wide default path - the
path subsequently assigned to connecting clients - by callie@efaultpath

Channel-based services

A client of the file server can ugeopen on theriL: device with different values @fode to do the
following:

P_FSTREAM, to open a file and manipulate it as a flat binary file
P_FSTREAM_TEXT

P_FTEXT to open a file and manipulate it as a record-oriented text file
P_FDIR to get a list of the files and subdirectories in a directory
P_FDEVICE to get a list of the available devices

P_FNODE to get a list of the available file systems

P_FFORMAT to format aLoc:: device
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Once a channel has been opened, one or more 1/O functions (depensisug)anay be requested
synchronously using iow (or a convenience function suchpagad ) or asynchronously usingioc or
p_ioa .

There is no practical limit to the number of file channels that may be opened in the system or by a
particular process.

Non-channel-based services

These are file operations not involving the device driver. They are requested by the following
function calls:

p_fparse, to parse a file specification
p_fparseasync

p_chdir, to change the directory component of a file specification
p_chdirasync

p_ninfo, to get file system node information
p_ninfoasync

p_dinfo, to get information on the medium in a device
p_dinfoasync

p_finfo, to get information on a file or a directory
p_finfoasync

p_rename, to rename a file or a directory
p_renameasync

p_delete, to delete a file or a directory
p_deleteasync

p_mkdir, to make a new directory
p_mkdirasync

p_sfstat, to set the attributes of a file (and to set the volume label of a medium)
p_sfstatasync

p_fdate, set the modification date and time of a file
p_fdateasync

The name of asynchronous equivalents are generated by appeasydingp the name of the
corresponding synchronous function. The asynchronous function takes the same parameters as the
synchronous function but with the addition of a status word parameter at the end of the parameter list.

Asynchronous file op erations

The file server is essentially asynchronous in its operation and most functions are provided in both
asynchronous and synchronous forms.

Because the file server has a higher priority than any of its clients, any operation that does not wait for a
slow external device will have completed by the time an asynchronous request has returned. This includes
any operation on theom:: file system or where theoc:: file system accesses SSDs or the internal RAM

drive (M:). However, when accessing them:: file system where the connection is via an RS232 cable,

any asynchronous request is almost certain to return before the operation is complete.

Although, in practice, most file operations complete in a fraction of a second, a particular file request may
take an extended time. For example, a read of 8K bytes fremu:a file, connected over a 1200 baud

modem link, would take well over a minute. However, a request will never take an indefinite time to
complete (as, for example, a write to the parallel port can do when the printer is off line).

For these reasons, the file server does not actively support a cancel service. (Incidentally, it is also worth
considering the state in which a file would be left if a partially completed write operation were cancelled.)

A request on an open file chanmehybe cancelled using iow(P_FCANCEL) but the cancel will not cause
the operation to complete any sooner (and it will not completeenfinE_ CANCEL).

In general, it is preferable timulatea cancel by waiting for current service to complete and forcing the
status word t&_FILE_CANCEL, as illustrated below.
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The cancelling of an asynchronous request such as:
p_ioc(pch,P_FREAD,&stat,buf,len);
may be simulated by:

if (stat==E_FILE_PENDING)
{

p_waitstat(&stat); /* wait for completion */
stat=E_FILE_CANCEL; /* report a cancel */

}

This will normally complete almost immediately. You should, however, be aware that in rare cases when
using the remote filing system (say, when the remote computeb@ted and the commuigittons link
is set up to have a long timeout period) it may take an extended time to complete.

Manipulating file specifications

p_fparse (or f_fparse) Parse a file specification

INT p_fparse(TEXT *name, TEXT *related, TEXT *full, P_FPARSE *pcrk);
INT f_fparse(TEXT *name, TEXT *related, TEXT *full, P_FPARSE *pcrk);
INT p_fparseasync(TEXT *name, TEXT *related, TEXT *full, P_FPARSE *pcrk, WORD *stat);

Builds a full file specification of the form:
<node><device><dir><name><ext>

as a zero terminated stringfim , where the components are:

<node> the file system node (egc:: )
<device> the device name (ag))

<dir> the directory name (egOTES\OLD\)
<name> the file name (egLANS.

<ext> the extension name (egrD)

The parametersame andful  may point to the same address, bted andfull  should not have the
same address.

There should be at leastFnaMESIZE(128) bytes of memory reservediat . Note that_FNAMESIZE

bytes araalwayswritten tofull  even when the generated file specification is shorter. If you have a name
produced by a previous call fofparse and you are calling fparse again to fill in the struct aferk ,

you still needp_FNAMESIZEDbYtes atull

Subject to the restrictions described below, under the heaiing p_fparse across filing systertise
components making up the full file specification are taken from the following (in order of precedence):

e the zero terminated file specificatioame

e the zero terminated related file specificatieated  (the related file specification may be
omitted by passinguLL).

« the default path (the node, device and directory as setdyth )

Thus components are only taken framted if they are missing fromame. If there are still missing
components, they are taken from the default path. Note thatdie> and<ext> fields inname and
related May contain wildcard characters.

The output file specification il is converted to upper case characters. Prior to EPOC version 2.31,
conversion to upper case was performed by folding (as by psiigd ). From EPOC version 2.31
onwards the conversion is by converting to upper case (as bypugitger ). This has no significant
effect on UK applications, but improves the handling of file names containing, for exaoueleteal
characters.
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Further information on the contentfof  is written to the_FPARSEStructpcerk . If this information is
not requiredpcrk may be passed asLL If pcrk is notNuLL, it should be the address oP &FPARSE
struct, defined ip_file.has follows:

typedef struct
{
UBYTE system; /* file system name length */
UBYTE device; /* device name length */
UBYTE path; /* path name length */
UBYTE name; /* name length */
UBYTE ext; /* extension length */
UBYTE flags; /* information on the presence of wildcards */
} P_FPARSE;.

The membersystem , device , path , name andext are set to the lengths of their corresponding fields in
full , including delimiters. The flags field contains information on the occurrence of wild card characters
in the extended specification according to the following masks:

P_PWILD_ANY if set, the file specification contains one or more wild card characters and at
least one of the following bits are set

P_PWILD_NAME if set, the name field contains one or more wild card characters

P_PWILD_EXT if set, the extension contains one or more wild card characters

The function returns zero if successful or one of the following negative error numbers:

E_FILE_NAME eithername orrelated  contains an invalid name

E_FILE_DEVICE eithername or related  contains an invalid device name

E_FILE_DIR eithername Or related  contains an invalid directory name

E_GEN_FSYS eithername or related  contains an invalid file system name or the file system

does not exist

The functionf_fparse is identical tq_fparse except that it callg_leave (passing the error number)
rather than return a negative error number.

As an example, if the current default pathLzc:A\ |, then
p_fparse("FRED","\FILES\DOCSWIOE.DOC" ,buf,&crk);

writes the zero terminated stringC::A:\FILES\DOCS\FRED.DOC tobuf and{s,2,12,4,4,0} tocrk .

The function is often used to change the extension of a file as, for example, in:
p_fparse(".BCK","\FILES\DOCS\WJOE.DOC",buf,&crk);

Using p_fp arse across f iling systems

Since the syntax of a file specification may differ between filing system§&i{segpecificationsearlier in
this chapter) the functionsfparse andp_chdir are implemented in the code of each file system. The
functionp_fparse  builds a full file specification from up to three sources, which may therefore specify
two or more different filing system nodes.

This section describes the rules that determine which implementation performs the fumetistn in
any particular case, and which of the three sources contribute towards the full file specification. The three
sources will be referred to asme, related and the default path, as in the descriptiop_ghrse

The node which performs thefparse is determined fromame, related and the default path, according
to the following rules:

* If neithername norrelated contain an expliciknode> component, the node specified by the
default path is assumed (the default path always has an exgitzit component).

» If eithername orrelated  (but not both) contain an expligitode> component, this is taken to be
the node which performs tlpefparse

* If both name andrelated  contain expliciknode> components, thenode> specified imame is
taken to be the node which performs phiarse

11-8



11 FILES

If an explicit<node> inrelated  differs from that determined from the above rul@ated is assumed
not to be valid for the specified node and is ignoregl tyrse

If the <node> in the default path differs from that determined from the above rules, the default path is
assumed not to be valid for the specified node and is ignorgedpbise

Thus, assuming that the default path.gsc::a:v |, then
p_fparse("PLIB.MAK","REM::HD40:SOURCE:",buf,NULL);

is handled by the remote filing system and writes the SRiEng:HD40:SOURCE:PLIB.MAK tObuf , but
p_fparse("LOC::PLIB.MAK","REM::HD40:SOURCE:PLIB.MAKE",buf,NULL);

is handled by the local filing system and writes the sttig:A\PLIB.MAK ~ tObuf (related IS ignored).

All sources that are not ignored fyparse are checked as being valid for the specified node, even if
they do not contribute to final full file specification. Thus

p_fparse("LOC::C:\\PLIB.MAK","PLIB.MAKE",buf,NULL);

will fail with error E_FILE_NAME because theext> in related is not valid for the.oc:: filing system,
even though all the components of a full file specification are preseahénThis type of situation is
typically likely to occur when copying files between tiev:: andLoc: filing systems.

p_chdir Change the directory in a file specification

INT p_chdir(TEXT *src, TEXT *outp, INT mode, TEXT *subdir);
INT p_chdirasync(TEXT *src, TEXT *outp, INT mode, TEXT *subdir, WORD *stat);

Parsesrc with anuLL related name and change its directory to produce a new file specifigagion
according tanode, which should be one of:

P_CD_ROOT to move to the root directory
P_CD_PARENT to move to the parent directory
P_CD_SUBDIR to move to the zero terminated subdirectaiyir

The parametetubdir is ignored ifmode iS NotP_CcD_SUBDIR

If src contains a file name then this name is retained and appended to the new directory specification
outp .

There should be at leastFNnaAMESIZE(128) bytes of memory reservedoatp . Note that_FNAMESIZE
bytes arealwayswritten tooutp even when the generated file specification is shorter.

The parametersc andoutp may point to the same address.

Note thatp_chdir is just a means of setting gp from mode, src andsubdir  with no consideration to

the existence of the directoriessia andsubdir . The operation is performed by the appropriate file
system (as specified by tkeode> component of the full file specification) allowing a file specification to

be manipulated without knowledge of the detailed structure (eg the delimiters used) of file specifications
on that<node> .

When mode i®$_cb_SUBDIR subdir is just inserted into the full file specification at the appropriate
position. Except for checking that the resultant full file specification length doesasaidexFNAMESIZE
bytes, the validity obutp is not checked.

The function returns zero if successful or a negative error number if it fails. As well as the errors that can
be returned by the internal parses@f, p_chdir can return:

E_FILE_NXIST mode WasP_cD_PARENT®Ndsrc was already at the root directory

E_FILE_DIR subdir  contains an invalid directory name

E_FILE_NAME insertingsubdir would make the file specification lengthcerdr_FNAMESIZE
bytes
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For example, if the current default pathuec:A:\* |, then

p_chdir("\fred\\*.c",buf,P_CD_SUBDIR,"bill") WritesLOC::A:\FRED\bill\*.C to buf
p_chdir("\\fred\\aa.c",buf,P_CD_SUBDIR,"jim") WritesLOC::A:\FRED\jim\AA.C to buf
p_chdir("\\fred\\aa.c",buf,P_CD_SUBDIR,"bill\\im") WritesLOC::A:\\FRED\bill\jim\AA.C to buf

(although, depending on wheyigjim came from, this breaks the spiritpothdir by including a
delimiter insubdir )

p_chdir("\fred\\jim\\*",buf,P_CD_PARENT,NULL) WritesLOC::A:\FRED\*  tO buf
p_chdir("\fred\\jim\\*",buf,P_CD_ROOT,NULL) WritesLOC::A:\* 1o buf
p_chdir("rem::hd40:fred:aa.c",buf,P_CD_SUBDIR,"jim") WriteSREM::HD40:FRED:jim:AA.C  tO buf

The default node, device and directory

p_setdefaultpath Set the system-wide default path
INT p_setdefaultpath(TEXT *name);

Set the file server system-wide default pathatee. This is the default path that is assigned to a process
when it connects to the file server.

The parameterame is a zero terminated string of the form:

<node><device><dir>

where

<node> is the file system node (e@c:: )
<device> is the device name (&)

<dir> is the directory name (@gOTES\OLD\ )

The parametefame is parsed with auLL related file name and any file name and extension component is
discarded.

The function returns zero if successful or the same error numberspapdee  if name failed to parse.

A successful call implies that file systemode> exists at the time of the call (note that some file systems
such aRem: are not permanently installed) and tha@dvice> and<dir> are valid for the file system. It
does not mean thatievice> contains a medium, or thatir> exists.

For example, after:
p_setdefaultpath("LOC::B:\\");
all new file server clients will initially have the default path.ot::B:\

p_setpth Set the default path of this process

INT p_setpth(TEXT *name);
INT p_setpthasync(TEXT *name, WORD *stat);

Set the default node, device and directory for this procegsntowvherename is a zero terminated string
of the form:

<node><device><dir>

where

<node> is the file system node (e@c:: )
<device> is the device name (eg)

<dir> is the directory name (@gOTES\OLD\ )

The parametefame is parsed with auLL related file name and any file name and extension component is
discarded. The specified directory must exist.
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The function returns zero if successful or a negative error fregase  if name failed to parse or:

E_FILE_DEVICE if the device does not exist
E_FILE_NOTREADY if the device does not contain a medium
E_FILE_DIR if the directory does not exist

When a process connects to the file server, it is assigned the file server system-wide default path, set by
the last call t@_setdefaultpath

For example, if the current default path.ég:m:\ |, then:
p_setpth("B:");

sets the default path toc::B:\

p_getpth Get the default path of this process
VOID p_getpth(TEXT *name);

Write the default node, device and directory for this process as a zero terminated stimgotothe
form:

<node><device><dir>

where

<node> is the file system node (egc:: )
<device> is the device name (eg)

<dir> is the directory name (@§OTES\OLD\)

There should be_rNAMESIZEbytes of memory reserved raime.

There is no asynchronous versiorpafetpth  because the process default node, device and directory is
stored by the file server without recourse to the appropriate file system (although the interpretation of
<device> and<dir> may depend ORnode>).

p_getpthbyid Get the default path by process id

INT p_getpthbyid(HANDLE pid, TEXT *name);

Write the default node, device and directory of progessas a zero terminated stringnkone. The
content ofhame is as forp_getpth , described above.

Returns zero if successful BrrILE_NXIST if pid is not a client of the file server.

Operations on nodes and devices

p_open(P_FNODE) Get a list of nodes
INT p_open(VOID **ppfcb, TEXT *name, UINT mode);
INT p_iow(VOID *pfcb, INT func, TEXT *buf, P_NINFO *pinfo);
INT p_close(VOID *pfcb);
To get a list of file system node names, you:
e call p_open with amode of P_FNODEtO Open a node list channel

e repeatedly calp_iow with afunc of P_FREADtO read each node name (until it returns
E_FILE_EOF)

e callp_close to close the node list channel
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Thename parameter tp_open may be'FiL:*  or NULL Themode parameter must b FNODE

Each successful call tpiow(P_FREAD) writes the next file system node name as a zero terminated string
tobuf (buf should have a capacity BfFSYSNAMESIZE+1(6) bytes). The call tp iow(P_FREAD) returns
E_FILE_EOF after all the node names have been read.

If the parametepinfo is NOtNULL it is taken as the address af aiINFO struct which is filled with the
same node information as would be obtained by caflingfo , described below.

For example:

LOCAL_C VOID ListNodes(VOID)

{
VOID *ncb;

TEXT buf[P_FSYSNAMESIZE+1];

p_open(&nch,"FIL:",P_FNODE);

while (!p_iow(ncb,P_FREAD,&buf[0],NULL))
p_puts(&buf[0]);

p_close(ncb);

}
lists the current node names.

p_ninfo Get node information

INT p_ninfo(TEXT *node, P_NINFO *pninfo);
INT p_ninfoasync(TEXT *node, P_NINFO *pninfo, WORD *stat);

Write information on the zero terminated file systeme to theP_NINFO structure apninfo and return
zero if successful or the negat®esEN_FSYSf node is invalid or does not exist.

TheP_NINFO struct is defined ip_file.has:

typedef struct {
UWORD version;
UWORD type;
UWORD formattable;
UBYTE spare[26];
} P_NINFO;.

wherepninfo->type  contains:

P_FSYSTYPE_FLAT if file systemnode does not support hierarchical directories
P_FSYSTYPE_HIER if file systemnode does support hierarchical directories
andpninfo->formattable is TRUEIf file systemnode supports the formatting of its devices aadse
otherwise.

The version fielthninfo->version is designed to allow future versionspofinfo  (which would write
further information tgninfo->spare]] ) to be identified by the caller. At the time of writing,
pninfo->version is set t.

p_locchg Check if LOC:: has changed

INT p_locchg(INT mask);
This function is only available in EPOC version 2.16 or later.

Check ifLoc:: has changed (for example, if the SSD door has been opened) since thk tast c
p_locchg . The return value has the bits that were setaisk either set or cleared, depending on whether
or not LOC:: has changed.

The use of a mask allows multiple independent calls from within one application, with each caller
consistently using one specific bitrodisk. Bit 15 is ignored, so as never to return a negative value (even
though the call can never fail). Bits 8 to 14 inclusive are reserved for system use. An application may
therefore make up to eight independent calls, using bits 0 to 7.

Typical calling code would make an initial callgdocchg , to ensure that only subsequent changes are
detected. It would then poll for changes by calbnigcchg , say, every two seconds.
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p_open(P_FDEVICE) Get a list of devices

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);
INT p_iow(VOID *pfcb, VOID *buf, NULL);
INT p_close(VOID *pfcb);

To get a list of device names for a particular file system you:
« call p_open with amode of P_FDEVICE t0o Open a device list channel

e repeatedly calp_iow with afunc of P_FREADtO read each device name (until it returns
E_FILE_EOF)

o callp_close to close the device list channel

Thename parameter t@_open should be a zero terminated node name (with or without a leadiny
The parametenode must ber_FDEVICE. If the node name is illegal or does not existspen fails and
returnse_GeN_rsys If the node does not support devices (as is the cagefor), p_open fails and
returnse_GEN_NSUP

Each successful call toiow(P_FREAD) writes the next device name as a zero terminated strisig to
(buf should have a capacity BfFNAMESIZE(128) bytes). The call {0 iow(P_FREAD) returnse_FILE_EOF
after all the device names have been read. The parameter follawingthe call ta_iow(P_FREAD)
should bevuLL

For example:

LOCAL_C VOID ListDevices(VOID)

{
VOID *ncb,*dcb;

INT ret;
TEXT node[P_FSYSNAMESIZE+1];
TEXT device[P_FNAMESIZE];

p_open(&nch,"FIL:",P_FNODE);
while (!p_iow(ncb,P_FREAD,&node[0],NULL))

p_puts(&nodel[0]);
if ((ret=p_open(&dcb,&node[0],P_FDEVICE))<0)
{

p_puts("\tDevices not supported");
continue;

while (!p_iow(dcb,P_FREAD,&device[0],NULL))
p_printf("\t%s",&device[0]);
p_close(dcb);

p_close(ncb);

}
lists the current node names with their devices.

p_dinfo Get device information

INT p_dinfo(TEXT *dname, P_DINFO *pdinfo);
INT p_dinfoasync(TEXT *dname, P_DINFO *pdinfo, WORD *stat);

Write information on the device with zero terminated nanase and on the medium (eg SSD or
diskette) that is mounted on devigeme to ther_DINFO struct afpdinfo . Returns zero if successful or
one of the following negative error numbers:

E_FILE_DEVICE if an invalid or non-existent device is specified
E_FILE_NOTREADY if the device does not contain a medium
E_FILE_CORRUPT theLoc:: sub file system on a SIBO machine has recognised a RAM or Flash

SSD without a alid boot record (probably because 88D is not fomatted)

E_FILE_UNKNOWN none of the file systems recognise this medium and formatting is unlikely to
make it readable
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TheP_bINFO struct is defined ip_file.has:

typedef struct {
UWORD version;
UWORD mediatype;
UWORD removable;
ULONG size;
ULONG free;
UBYTE name[P_VOLUMENAME];
WORD batterystate;
UBYTE spare[16];
} P_DINFO;.

Except forpdinfo->removable  , which iSTRUEIf the device has removable media, all information
describes the medium mounted on deviegne.

The least significant byte péiinfo->mediatype takes one of the following values:

P_FMEDIA_UNKNOWN unknown media type

P_FMEDIA_FLOPPY drive takes 3.5 inch or 5.25 inch diskettes
P_FMEDIA_HARDDISK drive contains a hard disk

P_FMEDIA_RAM drive contains a RAM disk (read/write)
P_FMEDIA_FLASH drive contains a Flash disk

P_FMEDIA_ROM drive contains a ROM disk (read only)

P_FMEDIA_WRITEPROTECTED drive contains a write protected medium
The most significant byte @hinfo->mediatype takes a combination of the following bit flags:

P_FMEDIA_COMPRESSIBLE it is worth compressing out logically deleted records from a file on this
medium to reduce both the file size and the storage consumed by the file
(not set for Flash SSDs)

P_FMEDIA_DYNAMIC the media capacifyinfo->size ~ can change over time
P_FMEDIA_INTERNAL media is internal (implicitly not removable)

P_FMEDIA_DUAL_DENSITY device drive is dual density (if this is set theppen(P_FFORMAT) can take
the optionalP_FLOWDENSITYfor a low density format)

P_FMEDIA_FORMATTABLE media is formattable

The membergdinfo->size ~ andpdinfo->free  give the total capacity of the medium in bytes and how
much of that capacity is free (also in bytes) respectively.AfIEDIA_DYNAMIAS set in

pdinfo->mediatype (as it is for the internal RAM deviee), pdinfo->size ~ andpdinfo->free may
change over time.

The volume name, with a maximum of 12 characters (for exanmb&NAME.DSK"), IS written as a zero
terminated string t@pdinfo->name[0]

The system is designed to be able to take advantage of hardware which can detect a low battery voltage in
a RAM SSD. When this is not possible (either because the medium is not a RAM SSD or because the
hardware does not support iiijinfo->batterystate containsE_GEN_NSUPIf the SSD does coain a

battery and the hardware to detect a low voltagjefp->batterystate containsFALSE if the battery is

low or TRUE(more precisely, a non-zero value other tBaBEN_NSUpif the battery voltage iscaeptable.

The content of this field is undefined for valuegdififo->version less thars.

The version fielthdinfo->version is designed to allow future versionspofiinfo  (which would write
further information tgdinfo->spare][] to be identified by the caller.

In the following example,istbevices  produces a device list with some device information, including the
devices orreM:: (if the file server is connected to a remote file server) as weth@s.
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LOCAL_C TEXT *GetTypeText(UINT type)
switch (type)

case P_FMEDIA_FLOPPY:
return "Floppy";

case P_FMEDIA_HARDDISK:
return "Hard";

case P_FMEDIA_FLASH:
return "Flash";

case P_FMEDIA_RAM:
return "RAM";

case P_FMEDIA_ROM:
return "ROM";

case P_FMEDIA_WRITEPROTECTED:
return "Protected"”;

}

return "Unknown";

}

LOCAL_C VOID ListDevices(VOID)
{
VOID *ncb,*dcb;
INT ret;
TEXT device[P_FNAMESIZE];
TEXT bb[E_MAX_ERROR_TEXT_SIZE];
P_DINFO dinfo;

p_printf(" Device Name Type Size  Free");

p_printf(" ")
p_open(&nch,"FIL:",P_FNODE);

while (!p_iow(ncb,P_FREAD,&device[0],NULL))

if (p_open(&dch,&device[0],P_FDEVICE))
continue;
while (Ip_iow(dcb,P_FREAD,&device[P_FSYSNAMESIZE],NULL))

if ((ret=p_dinfo(&device[0],&dinfo))<0)

p_errs(&bb[0],ret);
p_printf("%- 12s %- 12s<%s>",&device[0],"**Failed**",&bb[0]);
continue;
}

p_printf("%- 12s %- 12s%- 11s %7IdK %7IdK",
&device[0],&dinfo.name[0],GetTypeText(dinfo.mediatype&O0xff),
(dinfo.size+512)>>10,(dinfo.free+512)>>10);

p_close(dcb);
}

p_close(ncb);

}

p_open(P_FFORMAT) Format a device

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);

INT p_read(VOID *pfchb, VOID *buf, UINT len);

INT p_close(VOID *pfcb);

To format a medium in a device you:
e call p_open with amode of P_FFORMATO Open a device format channel
e callp_read to get the total format count (optional)
« repeatedly calh_read until it returnse_FILE_EOF

e callp_close to close the device format channel
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Thename parameter t@_open should be a zero terminated file specification with a root directanye(is
parsed with aluLL related name) of the form:

LOC::<device>\<name><ext>

to format the medium irdevice> , giving it the volume namename><ext> . The volume name may
subsequently be changed uspegfstat , described later in this chapter.

Themode parameter tp_open must ber_FFORMATIf the device supports dual density formatting (as may
be established by callingdinfo ), P_FLOWDENSITYNay beoRed intomode to format at the lower density.

The call top_open returns zero if successful. As well as the error numbers that can be returned by
p_fparse , p_open(P_FFORMAT) can also return one of the following negative error numbers:

E_GEN_NSUP the file system, device or medium does not support formatting
E_FILE_PROTECT the medium is write protected or is read-only (eg a ROM SSD)

At the time of writing, formatting is only supported on tlue:: system on a SIBO machine. You can tell
in advance if a file system supports formatting by calfingnfo (described above). If the file system
does support formatting, you can tell if a device contains a formattable medium by gailing (also
described above).

The first call top_read writes auwoRbotal count tawuf and returns zero. This count represents the
number of subsequeptread calls required to complete the format. Tére parameter tp_read is
ignored in all cases.

A call count can be combined with the total format count to present a percentage done indication. When
the format is complete, read returnse_FILE_EOF; you should then call close . Abandoning the
format, by callingy_close prematurely, will leave the medium in a corrupted state.

For example, the following function:

LOCAL_C VOID FormatDevice(TEXT *name)
{
INT err,i;
UWORD count;
VOID *chan;
TEXT bb[E_MAX_ERROR_TEXT_SIZE];

chan=NULL;

if ((err=p_open(&chan,name,P_FFORMAT))<0)
goto exit;

if ((err=p_read(chan,&count,0))<0)
goto exit;

p_printf("Formatting %s count=%d",name,count);

i=1;

while ((err=p_read(chan,&val,0))>=0)
p_print("\r%05u",i++);

if (err==E_FILE_EOF)
err=0;

exit:

p_close(chan);

if (err<0)

p_errs(&bbl[0],err);
p_printf("\r\nFormat failed: %s",&bb[0]);
}

else
p_printf("\r\nFormat complete");

could be called with:
FormatDevice("LOC::A:\BACKUP");

to format theSSD in drivea:, giving it the volume name BACKUP.

11-16



11 FILES

p_locdevice Read media information of a local device
INT p_locdevice(INT aDevice, UWORD *pMedia);
This function is only available in EPOC version 3.18 or later.

Write, to*pmedia , the media type of thiecal device (that is, a device on thec:: file system) specified
by aDevice . The value ofpevice must be one of:

« 'M' (Ox4d)

o 'I'(0x49)

 'A'(0x41) to 'H' (0x48) inclusive.
where 'l' (Internal) is an alias for 'M'.

Apart from two additional flags, the value written<tmedia is the same as the value written to the
mediatype Of @aP_DINFO struct byp_dinfo . The call is more efficient than a callgaiinfo , provided that
the media type is the only information that is required.

The two extra flags that may be written to *pMediaevEDIA_BATTERY_VALIDand
E_FMEDIA_BATTERY_Goomlefined inepoc.h If E_FMEDIA_BATTERY_VALIDIS not set then the device does
not support battery measurement. If it is set themebpia_BATTERY_Goowill be clear if the battery
voltage is too low, otherwise it will be set.

Returns zero or a negative error number. Errors that may be returned are:

E_FILE_NOTREADY no device is available
E_FILE_DEVICE the device specified pevice is not in the valid range of devices
E_GEN_NSUP no PDD exists which can handle the device

E_GEN_UNKNOWN

Note that the media does not have to be mountable for this service to work.

p_locreadpdd Direct read of local SSD
INT p_locreadpdd(INT aDevice, LONG *aPos, VOID *aPtr, UINT aLen);
This function is only available in EPOC version 3.18 or later.

Read, to the buffer pointed to bstr , aLen bytes starting at an offset-abos bytes into the SSD from
thelocal SSD (that is, an SSD on thec:: file system) specified bypevice . The data is read by means
of direct access to the physical device driver (PDD) and the reading is therefore very efficient.

The value ofpevice must be one of:

« 'M'(Ox4d)

« 'I'(0x49)

 'A'(0x41) to 'H' (0x48) inclusive.
where 'l' (Internal) is an alias for 'M'.

The medium must have been mounted prior to using this service. (To ensure the medium is mounted, just
make any normal deviceeess.)

The service returns zero or one of the following negative error numbers:
E_GEN_OS the medium is not mounted

E_FILE_CORRUPT the specified offset is greater than the size of the SSD
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. _____________________________________________________|
Operations on directories and files

p_open(P_FDIR) Get a directory list

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);
INT p_iow(VOID *pfch, INT func, TEXT *buf, P_INFO *pinfo);
INT p_close(VOID *pfcb);

To get a list of files in a directory you:
» call p_open with amode of P_FDIR to open a directory list channel

* repeatedly calp_iow with afunc of P_FREADtO read each directory entry (until it returns
E_FILE_EOF)

» callp_close to close the directory list channel

Thename parameter tp_open is a zero terminated file specification. Internally to the call épen , this

is parsed with a wild card related name (such.as ) that will find all files in the directory. It is
therefore not necessary to include a file name or file name extensianeinnless you wish to restrict the
directory search to files with that name and/or extension. If present, the file name and the file name
extension imame would normally contain wildcards. Passingaae of ™ produces the names of all the
files in the current directory. The parametetie must ber_FDIR.

Each successful call tpiow(P_FREAD) writes the next matching file name (excluding the node, device
and directory component) as a zero terminated stringf t¢uf should have a capacity BfFNAMESIZE
(128) bytes). The call 19 iow(P_FREAD) returnse_FILE_EOF after all the file names have been read.

If the parametepinfo is notNULL it is taken as the address af aNFoO struct where_INFO is defined in
p_file.has:

typedef struct {
UWORD version;
UWORD status; /* status bits */
ULONG size; /* size of the file in bytes */
ULONG modst; /* system time of last modification */
UBYTE spare[4];
} P_INFO;.

The file statupinfo->status has the following bit fields:

P_FAWRITE set if file is not read-only

P_FAMOD set if the file has been modified
P_FAHIDDEN set if file is hidden

P_FASYSTEM set if file is a system file

P_FADIR set if the file is a directory file
P_FAVOLUME set if the file is a volume name directory
P_FATEXT set if file is a text file

Note that a directory read may return with a volume name written to buf amdoLumeset in
pinfo->status . This will only occur if the directory is a root directory of a PC-based device that has a
volume name.

A directory read only returns with FATEXT set inpinfo->status when the file system can recognise a
text file. TheLoc:: file system cannot recognise text files but a remote file server, running on an
operating system (égMS) which can recognise text filesjllxset ther_FATEXTbit as appropriate.

The fieldpinfo->size  gives the logical file length (the end-of-file position).

The fieldpinfo->modst ~ gives the time the file was last modified, expressed in system time format (the
number of seconds since 00:00:00 January 1 1970). See the dhiapgelimers and Datder details on
how to convert to and from the system time.

Thepr_INFO file information may also be obtained when usinignfo , described below.
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Example
#include <plib.h>

LOCAL_D VOID *dcb=NULL,;

LOCAL_C VOID panic(TEXT *msg, INT errno)

{
TEXT bb[E_MAX_ERROR_TEXT_SIZE];

p_close(dcb); dcb=NULL;
p_errs(&bb[0],errno);
p_printf("%s: %s",msg,&bb[0]);
p_leave(errno);

}

LOCAL_C VOID PrintDirLine(TEXT *name, P_INFO *pinfo)
{
P_DAYSEC ds;
P_DATE dt;
TEXT *p,b[40];

p=&bl[0];
if (pinfo->status&P_FAVOLUME)
p=p_scpy(p,"Vol,");
if (pinfo->status&P_FADIR)
p=p_scpy(p.,"Dir,");
if (pinfo->status&P_FAMOD)
p=p_scpy(p,"Mod,");
if (!(pinfo->status&P_FAWRITE))
p=p_scpy(p,"Read,");
if (pinfo->status&P_FASYSTEM)
p=p_scpy(p,"Sys,");
if (pinfo->status&P_FAHIDDEN)
' p=p_scpy(p,"Hid,");
if (“(p-1)==")
*__pzo;
p_sttods(&pinfo->modst,&ds);
p_dstodt(&ds,&dt);
p_printf("%- 12s %8lu %02u-%02u-%02u %02u:%02u %s",
name,pinfo->size,dt.day+1,dt.month+1,dt.year,dt.hour,dt.minute,&b[0]);

}

LOCAL_C VOID CDECL PrintDirList(TEXT *dir)
{
INT err,NoFiles;
P_INFO info;
TEXT name[P_FNAMESIZE];

if ((err=p_open(&dcb,dir,P_FDIR))!=0)
panic("Failed to open directory file",err);
NoFiles=TRUE;
while (!(err=p_iow(dcb,P_FREAD,&name[0],&info)))
{
NoFiles=FALSE;
PrintDirLine(&name[0],&info);
}
p_close(dcb); dcb=NULL;
if (err'=E_FILE_EOF)
panic("Failed to read directory",ret);
if (NoFiles)
p_printf("No files found");
}

GLDEF_C INT main(VOID)

{
TEXT name[P_FNAMESIZE];

while (p_getl(">",&name[0],P_FNAMESIZE))
p_enter((VOID *)PrintDirList,&name[0]);
return(0);

}
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p_finfo Return file information

INT p_finfo(TEXT *name, P_INFO *pinfo);
INT p_finfoasync(TEXT *name, P_INFO *pinfo, WORD *stat);

Parsename with aNuLL related name and write information about the specified file (which may be a
directory file) to thep_INFO struct apinfo . The same file information is written gmfo as is obtained
when using_iow(P_FREAD) on a directory list channel that was opened witlpen(P_FDIR) , as
described above.

The version fielcpinfo->version is designed to allow future versionspafinfo  (which would write
further information tginfo->spare] ) to be identified by the caller. At the time of writing,
pinfo->version is set t.

Returns zero if successful or a negative error number. As well asighee error numbers if the parse
fails, p_finfo  can return:

E_FILE_DEVICE if the device does not exist
E_FILE_NOTREADY if the device does not contain a medium
E_FILE_DIR if the directory does not exist
E_FILE_NXIST if the file does not exist

The atomic nature of thefinfo  (unlikep_open ) makes it a good choice for checking whether a file
exists (it return&_FILE_NXIST if the file does not exist). To test for the existence of a directory, you can
also use_testpth , described below.

p_testpth Test for the existence of a directory

INT p_testpth(TEXT *dname);
INT p_testpthasync(TEXT *dname, WORD *stat);

Return zero if the directory component of the zero terminated file specification exists.

The file specificationiname is parsed with auLL related name and any file name component is
discarded.

If the parse failsp_testpth  returns the error return fromfparse . It can also fail with:

E_FILE_DEVICE if the device does not exist
E_FILE_NOTREADY if the device does not contain a medium
E_FILE_DIR if the directory does not exist

For example, if the current pathusc::A:\ |, then:
p_testpth("\dir1\\dir2\\fred.c");

returns zero if the directorypC::A\DIR1\DIR2\  exists.

p_rename Rename a file or directory

INT p_rename(TEXT *oldname, TEXT *newname);
INT p_renameasync(TEXT *oldname, TEXT *newname, WORD *stat);

Parse each ekwname andoldname with aNULL related name and, if scessful, renamédname to
newname. Both buffers should be at leastFNAMESIZEDYtes in length.

The file specified bgldname must exist andewname must not already exist.
Neither file name may include wild cards.

Both files should be on the same node and device.dOn, files may be renamed across directories (but
this may not be supported by some remote systems). Prior to version 3.5 of EPOC, renaming across
directories can fail when the target directory is the roabof:Mm: .

Directory files (which do not need to be empty) may be renamed, but not across different directories.
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The function returns zero if successful or a negative error number if it fails. As well faar&  error
number if eithebldname OF newname fails to parsep_rename can return the following error numbers:

E_FILE_DEVICE oldname andnewname are on different devices or the device does not exist
E_FILE_NOTREADY the device does not contain a medium

E_FILE_DIR the directory does not exist

E_FILE_EXIST newname already exists

E_FILE_NXIST oldname does not exist

E_FILE_LOCKED oldname exists but a process has the file open

E_FILE_PROTECT the medium is write protected or is read-only (eg a ROM SSD)

E_FILE_FULL not enough room on the medium for the rename (possible on Flash SSDs)

For example, if the current pathusc:A\ , then:
p_rename("\dir1\\dir2\\fred.c","\\dir1\\dir2\\jim.c");
renamesRED.C in LOC:A\DIR1\DIR2\  toJim.c while:
p_rename("\dir1\\dir2\\fred.c","fred.c");
effectively movesRED.C in LOC:A\DIR1\DIR2\  to the root directory.
It is sometimes useful to pars@vname with oldname as a related name before callggename as in:

GLDEF_C INT RenameFile(TEXT *oldname, TEXT *newname)

{
TEXT buf[P_FNAMESIZE],

if (ret=p_fparse(newname,oldname,&buf[0], NULL))
return(ret);
return(p_rename(oldname,&buf[0]));

}
Then, for example, calling:

RenameFile("\\dir1\\dir2\\fred.c","jim.c");
renamesRED.C iN LOC:A\DIR1\DIR2\  toJim.c while:
RenameFile("\\dir1\\dir2\\fred.c","\\jim.c");

renamesRED.C in LOC:A\DIR1\DIR2\  toJim.c and movesim.c to the root directory.

p_delete Delete a file or directory

INT p_delete(TEXT *name);
INT p_deleteasync(TEXT *name, WORD *stat);

Parsename with anuLL related name and, if scessful, delete the specified file (which may be a directory
file).

A directory can not be deleted unless it is empty.

The function returns zero if successful or a negative error number if it fails. As well faar&  error
number ifname fails to parsep_delete can return the following negative error numbers:

E_FILE_DEVICE the device does not exist

E_FILE_NOTREADY the device does not contain a medium

E_FILE_DIR the directory does not exist

E_FILE_NXIST the file does not exist

E_FILE_LOCKED a process hasme open

E_FILE_ACCESS nameis a read-only file

E_FILE_PROTECT the medium is write protected or is read-only (eg a ROM SSD)
E_FILE_EXIST name is a directory that contains files
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For example, if the current pathusc::A:\ |, then:
p_delete("\dir1\\dir2\\fred.c");

deleteg.0C::A:\DIR1\DIR2\FRED.C

p_mkdir Make a new directory

INT p_mkdir(TEXT *name);
INT p_mkdirasync(TEXT *name, WORD *stat);

Parsename with aNuLL related name and create the specified directory. The name of the directory to be
created is specified by the file name componenteé if name contains a file name component.
Otherwise it is specified by the directory component of the parsed file specification.

Intermediate directories are also createcedfassary.

Although unusual, there is no reason why a directory should not have an extension, and any extension in
name is significant.

The function returns zero if successful or a negative error number if it fails. As wellagptire error
numbers returned ifame fails to parsep_mkdir can return the following negative error numbers:

E_FILE_DEVICE the device does not exist

E_FILE_NOTREADY the device does not contain a medium

E_FILE_EXIST the directory already exists

E_FILE_PROTECT the medium is write protected or is read-only (eg a ROM SSD)
E_FILE_FULL there is no more room on the medium

E_FILE_DIRFULL there is no more room in the root directory

For example, if the current pathusc:A:\ , then either:
p_mkdir("\dir1\\dir2\\");

or
p_mkdir("\dir1\\dir2");

makes the directomyoc::A\DIR1\DIR2\  and also makasoc:A\DIR1\ if it does not already exist.

p_sfstat Set file attributes or label medium

INT p_sfstat(TEXT *name, UINT status, UINT mask);
INT p_sfstatasync(TEXT *name, UINT status, UINT mask, WORD *stat);

Set or clear the attributes of the file specified by the zero terminated filenaamébut see alsSetting
the volume nambelow). Bothstatus andmask contain a bit field made up of the following bit masks:

P_FAWRITE set if file may be written to
P_FAMOD set if the file has been modified
P_FAHIDDEN set if file is hidden

P_FASYSTEM set if file is a system file

The function only modifies those bits that are setdsk where attribute is set or cleared depending on
the value of the corresponding bitsiatus
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The function returns zero if successful or a negative error number if it fails. As well faar&  error
number ifname fails to parsep_sfstat ~ can return the following negative error numbers:

E_FILE_DEVICE the device does not exist

E_FILE_NOTREADY the device does not contain a medium

E_FILE_DIR the directory does not exist

E_FILE_NXIST the file does not exist

E_FILE_LOCKED a process hasme open

E_FILE_PROTECT the medium is write protected or is read-only (eg a ROM SSD)
For example:

p_sfstat("joe.doc",0,P_FAWRITE);
makes the filgoe.doc read-only.

Setting the volume label

If mask has thee_FAavoLUMBDIt Set,status IS ignoredp_sfstat  andp_sfstat ~ sets or deletes the volume
name.

At the time of writing, only theoc:: file system supports setting the volume label (the function returns
E_GEN_NSUHT it is not supported).

Thename parameter should be a zero terminated file specification with a root direciaeyiq parsed
with anuLL related name) of the form:

LOC::<device>\<name><ext>

to label the medium iRdevice> , giving it the volume nameéname><ext> . If name does not contain a
<name><ext> component, the volume label is deleted.

The function returns zero if successful or a negative error number if it fails. As well faar& error
number ifname fails to parsep_sfstat  can return the following negative error numbers:

E_FILE_DEVICE the device does not exist
E_FILE_NOTREADY the device does not contain a medium
E_FILE_PROTECT the medium is write protected or is read-only (eg a ROM SSD)

For example, if the current pathusc:A:\ , then:
p_sfstat("d:\mydisk",0,P_FAVOLUME);

gives the medium in devia®c::D: the labemybisk
p_sfstat("d:\diskname.dsk",0,P_FAVOLUME);

gives the medium in devia®c::D: the labebiskNAME.DSKand:
p_sfstat("d:\",0,P_FAVOLUME);

deletes any volume name from device::D: .

p_fdate Set file creation date

INT p_fdate(TEXT *name, ULONG date);
INT p_fdateasync(TEXT *name, ULONG date, WORD *stat);

Set the file creation date tete wheredate is in the form of the system time - that is, the number of
seconds since January 1st 1970.

The date may not be set earlier than January 1st 198@dk is called with any earlier system time,
the date is forced (without error) to January 1st 1980.

The system time used for the creation date is always converted to an even number of seconds (i.e. the least
significant bit ofdate is discarded).
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The function returns zero if successful or a negative error number if it fails. As well fasr& error
number ifname fails to parsep_fdate can return the following negative error numbers:

E_FILE_DEVICE the device does not exist

E_FILE_NOTREADY the device does not contain a medium

E_FILE_DIR the directory does not exist

E_FILE_NXIST the file does not exist

E_FILE_LOCKED a process hasme open

E_FILE_ACCESS nameis a read-only file

E_FILE_PROTECT the medium is write protected or is read-only (eg a ROM SSD)

The following example copies the date of fred.doc to fred.txt.

P_INFO info;

p_finfo("fred.doc",&info);
p_fdate("fred.txt",info.modst);

Binary file access

To open a file to be manipulated as a flat binary file, youpcaden with the 3rd parametefiode ORed
with p_FSTREAMFor example:

p_open(&fch,"fred.dat",P_FSTREAM|P_FSHARE) opens a file for reading only.
p_open(&fch,"fred.dat",P_FSTREAM|P_FUPDATE|P_FREPLACE|P_FRANDOM) creates a writable binary file.
Themode flags (egp_FREPLACE are described underopen, below.

There is no practical limit to the number of channels that may be opened in the system or by a particular
process.

Once you have opened a binary file channel, the possible I/O operations are:

p_read to read from the file channel
p_ioc(P_FREAD)
p_ioa(P_FREAD)

p_write to write to the file channel
p_ioc(P_FWRITE)
p_ioa(P_FWRITE)

p_close to close the file channel

p_seek to set and sense the channel file position

p_iow(P_FSETEOF) to set the logical end of file

p_iow(P_FFLUSH) to flush the file buffers

p_iow(P_FCANCEL) to cancel all pending asynchronous requests (not actively supported)

Bytes can be read or written to the file in any length up to a maximenrhxssizebytes per read or
write.

Shared access

Any number of processes can open the same file for reading only (but only if all the readers specify
P_FSHAREwWhen they open the file). However, the file server does not allow multiple processes to open a
channel to the same file for writing.

Once a file has been opened for reading, it may not be opened again for writing (but it may be opened
again for reading). Once a file has been opened for writing, it may not be opened again for reading or for
writing.
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If you have an multi-process application design which needs to update shared data, consider one of the
following:

e put the shared data in a named segment (see the chgutery Allocatiof

« access the shared file data via a server process (see the Emaptases and Inter-Process
Messaging

Example of binary file access

The following example, which compares the contents of two files, uses many of the functions described in
this chapter.

#include <plib.h>

typedef struct
{
INT ret;
VOID *chan;
LONG len;
TEXT name[P_FNAMESIZE];
UBYTE buf[P_FBLKSIZE];
} FILE_DATA;

LOCAL_D FILE_DATA f1={0,NULL};
LOCAL_D FILE_DATA f2={0,NULL};

LOCAL_C VOID CleanUp(TEXT *msg, FILE_DATA *pf)

{
TEXT bb[E_MAX_ERROR_TEXT_SIZE];

p_close(pf->chan);
pf->chan=NULL;
if (pf->ret<0)
{
p_errs(&bb[0],pf->ret);
p_printf("Failed to %s %s (%s)",msg,&pf->name[0],&bb[0]);
pf->ret=0;
}
}

LOCAL_C VOID Exit(TEXT *msg)
{
if (f1.ret>=0 && f2.ret>=0)

p_printf(msg);

CleanUp(msg,&f1);
CleanUp(msg,&f2);
p_leave(0);
}

LOCAL_C VOID OpenFile(FILE_DATA *pf, TEXT *name, TEXT *related)

{
LONG pos;

if (pf->ret=p_fparse(name,related,&pf->name[0],NULL))
Exit("parse");

if (pf->ret=p_open(&pf->chan,&pf->name[0],P_FSTREAM|P_FSHARE|P_FRANDOM))
Exit("open");

pf->len=0L; p_seek(pf->chan,P_FEND,&pf->len);

pos=0L; p_seek(pf->chan,P_FABS,&pos);

}

LOCAL_C VOID ReadFile(FILE_DATA *pf)
{
pf->ret=p_read(pf->chan,&pf->buf[0],sizeof(pf->buf));
if (pf->ret!l=E_FILE_EOF && pf->ret<0)
Exit("read");
}
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LOCAL_C VOID CDECL CompareFiles(TEXT *filel, TEXT *file2)

{
OpenFile(&f1,filel,NULL);
OpenFile(&f2,file2,&f1.name[0]);
p_printf("Compare %s (%ld)",&f1.name[0],f1.len);
p_printf(" with %s (%ld)",&f2.name[0],f2.len);
if (f1.len!=f2.len)

Exit("Files are of different length");
FOREVER

{

ReadFile(&f1);

ReadFile(&f2);

if (f1.ret==E_FILE_EOF && f2.ret==E_FILE_EOF)

{
fl.ret=f2.ret=0;

Exit("Files are identical");

}
if (p_bcmp(&f1.buf[0],f1.ret,&f2.buf[0],f2.ret))
Exit("Files are different");

}
}

GLDEF_C INT main(VOID)

{
TEXT *p;
TEXT bb[P_FNAMESIZE];

while (p_getl("Enter <filel> <file2> ? ",&bb[0],P_FNAMESIZE))
{

p=p_skipch(&bb[0]);
it (“p)
*p++=0;
p_enter((VOID *)CompareFiles,&bb[0],p_skipwh(p));
}

return(0);

}

The program solicits two file names to compare (where the second name is parsed with the first name as a
related name icompareFiles ) and reports whether they are the same or different. As well as illustrating
binary file access, the example gives a realistic illustration of the yseneé andp_leave . Note also

that the functiorcleanup takes advantage of the fact thatlose(NULL) is harmless.

p_open(P_FSTREAM) Open a binary file
INT p_open(VOID **ppfcb, TEXT *name, UINT mode);

Open a channel to the file specified by the zero terminated file specifieatiemnd, if successful, return
zero and write the channel#gfcb (ppfcb IS not written to if the open fails). To open a file to be
manipulated as a flat binary filepde should beoRed withp_FSTREAM

The file specificatiomame is parsed with auLL related file name (sgefparse ). If this fails, the open
fails and returns the return value freniparse

The mode in which the file is opened is selecteddayg in one (and only one) of the following bit fields
into mode:

P_FOPEN Open an existing file. If the file does not exist, the eErGiLE_NXIST is
returned. This option would normally only be used to open a file for read
access.

P_FCREATE Create a file which must not already exist. If the file does exist, the error

E_FILE_EXIST is returned. To enable write access to the file you must specify
P_FUPDATE(described below).

P_FREPLACE If the file exists, open it and truncate it to zero length. If the file does not exist,
then create a file. To enable write access to the file you must spaaifyDATE
(described below).

P_FAPPEND This is the same as fer FOPENexcept that the initial current position is set to
the end of file such that the next write will append to the file. It is ecéssary
to specifyp_FRANDONdescribed below) but to enable write access to the file you
must specifyp_FuPDATE(described below).
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P_FUNIQUE Create a unique file using the passed path as the related path name in which to
create the file. The unique file name is written back to name (there should be
room forpP_FNAMESIZEbytes). It is not necessary to speciffuPDATE
(described below).

The access which is subsequently permitted is formezkibg together a combination of the following
flags inmode:

P_FUPDATE specifies that write access as well as read access is required for the file. If an
attempt is made to write to a file when this flag has not been set, the error
E_FILE_RDONLY S returned.

P_FRANDOM specifies that random access (as opposed to sequeciakais required for
the file. If a call is made tp seek with a file that has not been opened with
this option, the erroe_rILE_INV is returned. You should not specify
P_FRANDOMINless you do intend to useseek because the file system may be
able to optimise the deviceaess if it knows that only sequentiatass is
required.

P_FSHARE specifies that this open should not block the file from being opened again for
read access. If this flag is not set, a subsequent request to open a file (by the
same or another process) will fail withFILE_LOCKED.

Note that shared write access is not supportecaFgHARECan not be combined with FUPDATE

Returns zero if successful or a negative error number if it fails. As well asfihee error numbers
which may be returned ifame fails to parsep_open(P_FSTREAM) can return the following negative error
numbers:

E_GEN_NOMEMORY failed to allocate memory for the control block

E_GEN_ARG mod€ontains an illegal combination of flags

E_FILE_DEVICE the device does not exist

E_FILE_NOTREADY the device does not contain a medium

E_FILE_EXIST attempt to create a file which already exists

E_FILE_NXIST attempt to open a file which does not exist

E_FILE_ACCESS access to the file in the requested mode is not available

E_FILE_DIRFULL there is no more room in the root directory

E_FILE_PROTECT attempted to create/replace when the medium is write protected or is read-only
(eg a ROM SSD)

E_FILE_FULL there is no room on the device to create/replace this file

E_FILE_LOCKED the file is already open (possibly by another process)

E_FILE_DEVICE the device imame does not exist

E_FILE_DIR the directory imame does not exist

p_close Close a binary file channel

INT p_close(VOID *pfcb);
Close the binary file channgkb and return zero if successfulptb is NULL, just return zero.

Althoughp_close can return an error, it will alwaysateed in closing the channel (gsiecb should not
be used subsequently).

If the file system buffers written data, the close operation may need to perform one or more write
operations on closing. Even if written data is not buffered, if data has been written to the file, the close
will update the modification date on the file. Because of thisese can return the some of the errors
numbers which can be returned fremwrite andp_fdate . However, the failure to flush the data or to

write the new date will not cause the close operation to be aborted although the failure will be reported by
an error return.
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Carefully written applications avoid this problem by usinigw(P_FFLUSH) to flush the data and to apply
the date (and taking appropriate action if this fails) before closing the channel without risk of failure.

TheLoc: file system on SIBO machines does not buffer written data. When EPOC is running on a PC,
theLoc: file system is built over thISDOS fling system which does buffer written data.

p_read Read from a binary file channel
INT p_read(VOID *pfchb, VOID *buf, UINT len);

Readgen bytes or the number of bytes remaining before the end of file, whichever is smaller, from the
current position of binary file channgtb and writes the data taf . The current position is incremented
by the number of bytes read.

If the current position is already at the end of file, zero bytes are read and the negative error number
E_FILE_EOF is returned.

The parameteen must not be greater th@nFmaxssize (16K bytes).

The most efficient way of processing files is to read in multiples rgLksIzE (512) while ensuring that
the file position remains o FBLKSIZE boundaries.

The function returns the number of bytes writtendio if successful or one of the following negative
error numbers:

E_FILE_EOF end of file encountered

E_FILE_ABORT the SSD cotaining the file is or was previously not present and the channel is
now in the abort state

E_FILE_READ failed to read from the file (eg because of a CRC failure on a floppy disk)

p_write Write to a binary file channel

INT p_write(VOID *pfcb, VOID *buf, UINT len);

Write len bytes frombuf to file channepfcb at the current file position. The current position is
incremented by the number of bytes written.

The parameteen must not be greater th@nFmaxssize (16K bytes).

The most efficient way of processing files is to write in multiples eBLksIzE (512) while ensuring that
the file position remains o FBLKSIZE boundaries.

When writing to FlastsSDs, you can phystly overwrite a single byte (wheken is one) provided that
the new byte can be written by just clearing bits in the old byte. In general, overwriting data on a Flash
SSD-based file il consume space and reduce the remaining capacity &3be

The function returns zero if successful or one of the following negative error numbers:

E_FILE_FULL not enough room on the device for the data

E_FILE_RDONLY the file channel was opened without theurPDATEaccess bit set

E_FILE_ABORT the SSD cotaining the file is or was previously not present and the channel is
now in the abort state

E_FILE_WRITE failed to write to the file (eg because of a CRC failure on a floppy disk)

E_GEN_BATFLASH féageDd to write to the file because the batteries are too low to write to a Flash
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p_seek (or f_seek) Position a binary file channel

INT p_seek(VOID *pfch, INT sense, LONG *ppos);
INT f_seek(VOID *pfcb, INT sense, LONG *pos);

Set the current file position of file chanpeb to a new file position which depends @fse and
*ppos , Wheresense is one of:

P_FABS to set the current file position tepos

P_FEND to set the current file position tgpos relative to the current end-of-file
position

P_FCUR to set the current file position tepos relative to the current file position

If successful, the new file position (which may be the same as the old) is writppbstcandp_seek
returns zero. Otherwise, it returns one of the following negative error numbers:

E_FILE_INV the channel was not opened WitlFRANDOM

E_FILE_ABORT the SSD cotaining the file is or was previously not present and the channel is
now in the abort state

If the channel was opened withFSTREAM_TEXTN a remote file system, the fellFseekfunctionality
may not be supported. When this is the caseek fails withe_riLE_INv . However, the following is
always supported on FSTREAM_TEXThannels:

e usingp_FABsto set the current position to zero

e usingp_FENDWiIth a zero relative position to set the current position to the end of the file
(although withe_FsTREAM_TEXTyou should not use the value which is writterpias )

If calling p_seek results in an absolute file position which is negative then the file is positioned at the
beginning of the file. If the absolute file position is greater than the end of file then the new position is set
to the end of file. Seg iow(P_FSETEOF) for setting a new end of file.

The functionf_seek is identical tap_seek except that, if there is an error, it callseave(err)  rather
than return the negative error number.

For example, if the current file positiond&ooo then

LONG pos;

pos=256L,;
p_seek(pfch,P_FCUR,&pos);

sets the current position ¢@2100 and

pos=-256L,
p_seek(pfch,P_FCUR,&pos);

sets the current position ¢e1foo and

pos=0L,;
p_seek(pfch,P_FCUR,&pos);

does not change the current position but could be used to sense the current pasitiontéinx2000
afterp_seek has returned). If the current end of fil@igooo then

pos=0L,;
p_seek(pfch,P_FEND,&pos);

sets the current position to the end of the file and senses the length of the fier{tainsox4ooo after
p_seek has returned). To set the current position to the beginning of the file, use:

pos=0L,;
p_seek(pfch,P_FABS,&pos);
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p_iow(P_FFLUSH) Flush internal file buffers
INT p_iow(VOID *pfchb, P_FFLUSH);

Flush all buffered written data to binary file changred and write the file's modification date.
Returns zero if successful (the negative error number returns areasriter ).

The amount of information which is flushed depends on the file system and on the medium in the drive.
The RAM and Flash SSD PDDs do not buffer any fdéad(in this case, calling iow(P_FFLUSH) just

writes the file date). On Flash SSDs the last recorfenris held open until the file is closed or a write
occurs to another file on the same SSD (see the sédish SSDsit the beginning of this chapter).

When EPOC is running on a PC, written file data is buffered to improve performance. Calling
p_iow(P_FFLUSH) will ensure that any buffered data is written to the file but repeated flushing is likely to
degrade performance.

Although harmless, there is absolutely no benefit in caflimgv(P_FFLUSH) on file channels which were
opened without the_FupDATEflag.

p_iow(P_FSETEOF) Set end of file

INT p_iow(VOID *pfcb, P_FSETEOF, ULONG *peof);

Set the logical end of file on chanmelb to position*peof and return zero if successful (the negative
error number returns are as fowrite ). The file channel must have been opened wituPDATE

If *peof is greater than the current end of file, the file size is extendgebto. On block-structured
devices (ie excluding Flash SSDs), this is equivalent to appending indeternaiteate the end of the file
to pre-allocate storage. (It is not useful to extend a file on a BI&Bh) The current pdion is not
affected when the file is extended withow(P_FSETEOF) .

If *peof is less than the current end of file, the file is truncategetd (the current position is also
reduced if necessary to the new end of file).

p_iow(P_FCANCEL) Cancel an asynchronous file channel request
INT p_iow(VOID *pfcb, P_FCANCEL);
Cancel all asynchronous I/O requests on chagterel and return zero.

The operation is harmless if no request is pending. In fact, for reasons which were described at the
beginning of this chapter (under the headdsynchronous file operatiopysa call top_iow(P_FCANCEL)
has no effect even when a requegiending.

However, if you are performing asynchronous file access (which is not at all common) you may (for the
sake of consistency and provided the status word is cureerlye_ PENDING) usep_iow(P_FCANCEL) -
normally followed by a call tp_waitstat - to effect cancellation as you would do for any other
asynchronous request. It is always possible that a future implementation of the file server may process
P_FCANCELOperations.

At the time of writing, a preferable alternative is to simulate a cancel service, as illustrated in the earlier
example, under the headiAgynchronous file operations

|
Stream text file access

Different file systems vary in their support of a text file type and (if such support is provided) implement
text files in different ways.

Some systems (for example, DEEMNIS opeating system which runs on a Vax) support text file types

that are not implemented aBLFterminated records. Other systems (sucM&BOS, UNIX and the

EPOCLoc: file system on a SIBO machine or a PC) do not support a text file type, and on such systems
the following convention predominates:

* text records are terminated bgRLF sequence - a carriage return (code 13) followed by a line
feed (code 10)

» afile may optionally be terminated byascharacter (code 26)

The terminatingguBis not necessary on systems that store a logical file length and it is falling out of use.
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Applications running under EPOC that read or write text files can choose either to process the records in a
text file themselves, or to take advantage of the system's text file handling. The system support for text
files, usingp_open(P_FTEXT) , is described in the next section of this chapter.

Applications that do their own text file processing, for performance purposes or otherwise, should use
p_open(P_FSTREAM_TEXT) in preference tp_open(P_FSTREAM).

Usingp_rSTREAM_TExWhen opening such a text file on them:: file system declares the intention that

the file is to be considered as a text file. It causes the remote file server to present the data from the file
as if it were implemented witbrLFterminated records. In more detail, this presentation layer does the
following:

when reading the text record content on the remote system is converted to that content
followed by acrLF

when writing the data is parsed forLFrecord terminators and converted into text records
on the remote system (the parser will also recogrrser or LFCRas a record
terminator)

Although in many cases (and certainly when opening a local file) opening wiliREAM_TExhas an
identical effect to opening with_FsTREAMthere is no guarantee that the effect will be the same on a
remote file. There is no penalty to usingsTREAM_TEXF only a potential gain wherceessing a remote
file.

The upshot of all this is...

All this sounds very complicated (and it is - especially for the implementor of the remote file server) but
you should trust the system and just remember this:

To open a text file to be manipulated as a flat binary file, you shoulgd 6géh with
mode ORed withP_ FSTREAM_TEX®Nd NOtP_FSTREAM

With the exception qf_open, all functions are exactly as for flat binary files, described in the previous
section.

p_open(P_FSTREAM_TEXT) Open a stream text file

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);

Open a channel to the file specified by the zero terminated file specifigatiernd, if successful, return
zero and write the channel4gfcb (ppfch is not written to if the open fails).

To open a stream text file (a text file to be manipulated as a flat binamyjdileshould beored with
P_FSTREAM_TEXT

For all other details, see the descriptiobpen(P_FSTREAM) in the previous section.

Text file access

To open a file to be manipulated as a record oriented text file, you eadh with the 3rd parameter
mode ORed withp_FTEXT. For example:

p_open(&fch,"fred.lis",P_FTEXT|P_FSHARE) opens a text file for reading only.
p_open(&fcb,"fred.lis",P_FTEXT|P_FUPDATE|P_FREPLACE) creates a text file which may be written to.
Once you have opened a text file channel, the possible I/O operations are:

p_read to read the next text record from the file channel
p_ioc(P_FREAD)
p_ioa(P_FREAD)

p_write to append a text record to the file channel
p_ioc(P_FWRITE)
p_ioa(P_FWRITE)

p_close to close the text file channel
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p_seek to set and sense the channel file position

p_iow(P_FSETEOF) to set the logical end of file

p_iow(P_FFLUSH) to flush the file buffers

p_iow(P_FCANCEL) to cancel all pending asynchronous requests (not actively supported)

The text file handling is not part of the file server but is implemented as a layer of code over the
P_FSTREAM_TEXinary file access. The text file handling code runs in the caller's context ("on the client
side") in the same way as regular function calls. This layer of code is inserted between the application and
the file server by theiL: device drivep_open code when it sees tireFTEXT bit set in thenode

parameter. The data is, however, buffered in this layer, so flushiegessary to ensure that any buffered

data is written to the file.

Implementing the code as a layer oreFSTREAM_TEXbinary file access makes it independent of the file
system node which is providing the services.

What text file handling does
The text file handling assumes that text files obey the following conventions:

* text records are terminated bgRLF sequence - a carriage return (code 13) followed by a line
feed (code 10)

» afile may optionally be terminated byascharacter (code 26)

The text file handling also assumes that the record content (excluding the record termination) does not
exceed a length &f FMAXRSIZE(256) bytes. A text record may not contam LF or SuBcharacters, but
there is no other restriction on the contents.

When reading a file, the text file handling parses a stream of byteriferecord terminators such that

the application gets the data a record at a time (excluding the terminator). The parser will also recognise
CR LF, LFCROr asuBas a record terminator. If it seeswsB (either as a record terminator or immediately

after acRLF, CR LF or LFCRrecord terminator), it will behave as if the end of file had been reached.

When writing to a file, the text file handling simply adds the record terminator (which is alwrigygo
the end of the record data. A terminatBugis not written.

For enthusiasts ...
This is for interest only and may certainly be skipped.

In case you were wondering what ther: device is, text file handling is implemented as an 1/O device
driver (TxT:) which layers over theiL: pP_FSTREAM_TEXmMmode binary file access (which was described
in the previous section). ThrL: device redirects the open to TXT: whenpP_FTEXTIis set inmode. This
means that the following calls poopen :

p_open(&fch,"fred.dat",P_FTEXT|P_FUPDATE|P_FREPLACE);
p_open(&fch,"FIL:fred.dat",P_FTEXT|P_FUPDATE|P_FREPLACE);
p_open(&fcb,"TXT:fred.dat",P_FUPDATE|P_FREPLACE);

are all equivalent. (Thebave examples are provided to help de-mystify the I/O system amd.the
device and it would be obscure to age: without good cause.)

p_open(P_FTEXT) Open a text file
INT p_open(VOID **ppfcb, TEXT *name, UINT mode);
Open a file to be manipulated as a record oriented text file wheeeshould beoRed withp_FTEXT.

Except for the use &f FTEXTIN place ofP_FSTREAMDI P_FSTREAM_TEX;Tthe parameters and returns are as
for opening a binary file, described in the previous section.

p_close Close a text file channel
INT p_close(VOID *pfcb);
Close the text file channglkcb and return zero if successful.

Since text written to the file is buffered in the device drigetipse may give rise to aB_FILE_WRITE
error. It is therefore advisable to callow(P_FFLUSH) before calling_close . Otherwise, the behaviour
and returns are as for closing a binary file, described in the previous section.
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p_read Read from a text file channel
INT p_read(VOID *pfch, VOID *buf, UINT len);

Read the contents of the current record (ie excluding any record terminators) from text file glamnnel
writing up tolen bytes toouf and, if successful, return the length of the record read (which is also the
number of bytes written tauf ). The channel is positioned to the next record.

If len is less than the length of the current record, theidirsbytes from the record are read anead
returns the negative FILE_RECORD The channel is still positioned to the next record.

Note thatp_read returns zero if it encounters a record of zero length.

After the last record is read, the channel is positioned to the end of the file. When the channel is
positioned at the end of the fileread returns the negative FILE_EOF (nothing is written teuf ).

Other negative error returns are:

E_FILE_ABORT the SSD cotaining the file is or was previously not present and the channel is
now in the abort state

E_FILE_READ failed to read from the file (eg because of a CRC failure on a floppy disk)

Example

LOCAL_D VOID *fcb=NULL,

LOCAL_C INT CDECL SearchFile(TEXT *file, TEXT *pattern)
{
INT ret;
TEXT line[P_FMAXRSIZE+2];

if (ret=p_open(&fcb,file,P_FTEXT))
panic("Failed to open file",ret);
while ((ret=p_read(fcb,&line[0],P_FMAXRSIZE))>=0)
{
line[ret]=0;
if (ret && p_smatchi(&line[0],pattern))
p_printf(&line[0]);
}
p_close(fcb);
if (ret!=E_FILE_EOF)
panic("Failed to read file",ret);
return(0);

}

p_write Write to a text file channel
INT p_write(VOID *pfcb, VOID *buf, UINT len);

Write a record of lengtlen bytes (whereen is zero top_FMAXRSIZEiINclusive) frombuf to the text file
channebfcb . Returns zero if successful or one of the following negative error numbers:

E_FILE_FULL not enough room on the medium for the data

E_FILE_RECORD the record size exceedsFMAXRSIZE

E_FILE_RDONLY the file channel is opened withautFrurPDATEDeINg set ifmode

E_FILE_ABORT the SSD cotaining the file is or was previously not present and the channel is

now in the abort state
E_FILE_WRITE failed to write to the file (eg because of a CRC failure on a floppy disk)
Records aralwayswritten to the end of file.
The data betweetuf andbuf+len should not include any record delimiters.
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p_seek (or f_seek) Position a text file channel

INT p_seek(VOID *pfch, INT sense, LONG *ppos);
INT f_seek(VOID *pfcb, INT sense, LONG *pos);

Set the current record position of text file chanme&l to a position which depends e#hse and*ppos ,
wheresense is one of:

P_FREWIND to position to the first record (the valueppbs is ignored)
P_FRSENSE to get the position of the last record read or written
P_FRSET to set the record position which was previously got with a call to

p_seek(P_FRSENSE)
Returns zero if successful or the negatvelLE_INv if the file was not opened with FRANDOM

Some remote file systems may not be capable of supperéaek(P_FRSET) andp_seek(P_FRSENSE)
and in this casg seek will returnE_FILE_INV .

The functionf_seek is identical tgp_seek except that, if there is an error, it callgave(err) rather
than return the negative error number.

It is important to note that this function sets the current record position for read operations only. Records
are always written at the end of file.

Example

while ((len=p_read(fcb,&buf[0],P_FMAXRSIZE))>0)

buf[len]=0;
if (buf[0]==""

p_seek(fcb,P_FRSENSE,&pos);
StoreLabel(&buf[1],pos);
}

}
p_iow(P_FFLUSH) Flush internal file buffers
INT p_iow(VOID *pfchb, P_FFLUSH);
Flush all buffered written data to text file chanpreb and write the file's modification date.

The behaviour and returns are as for flushing a binary file, described in the previous section. Unlike the
binary file, however, data is buffered for all file systems and media.

p_iow(P_FSETEOF) Set end of text file
INT p_iow(VOID *pfcb, P_FSETEOF, ULONG *peof);
Set the logical end of file on chanmelb to position*peof .

Behaviour and returns are as for flushing a binary file, described in the previous section.

p_iow(P_FCANCEL) Cancel an asynchronous file channel request
INT p_iow(VOID *pfcb, P_FCANCEL);
Cancel all asynchronous I/O requests on chagterel and return zero.

The behaviour and return values are as for cancelling a binary file request, described in the previous
section.

At the time of writing, a preferable alternative is to simulate a cancel service, as illustrated in the earlier
example, under the headiAgynchronous file operations
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CHAPTER 12

PROCESSES AND INTER-PROCESS MESSAGING

Processes

A process is a running program. It is normally created by loading an image file (also called an executable)
usingp_execc . After loading the program, the process creator normally ggllssume to start the
process running.

EPOC is a single-user multi-tasking operating system that rapidly switches contexts between a number of
independent processes - creating, at times, the illusion of multiple processes running in parallel.

The maximum number of processes that may existNgx_PROCESSER4).

At any particular time, one process is actually running. On a reschedule, EPOC runs the process with the
highest priority that is ready to run. If there is only one ready process at the highest priority it will
continue to run indefinitely (and any lower priority ready processes will wait indefinitely).

Preemptive multi-tasking means that the running process may be replaced at any time - it does not have to
make a system call to yield the processor. A process which becomes ready will immediately run if it has
the highest priority.

If there is more than one ready process with the highest priority then each process is made current for a
fixed time period (4 system ticks) after which the operating system makes the next process of that priority
current in what is called a "round robin" fashion. On a SIBO machine, the system "ticks" 32 times a
second.

Because EPOC is a single-user system, the current process is comparatively rarely switched out by the
system tick. It is more likely to stop running because an event occurred that made a higher priority process
become ready or because the current process voluntarily gave up its ready status to wait for an event to
occur.

In EPOC, a process consists of at least the following:
e aprocess control block (described below)

» adata segment, containing the processor stack, static variables and the heap (as described in the
Memory Allocatiorchapter)

» aprimary code segment (which is shared if there are one or more other processes of the same
program)

* an I/O semaphore (as described in the chajggnchronous Requests and Semaphores

On SIBO machines, a process that tries to write to a memory segment other than its own data segment
(except via functions that explicitly allow such activity) is panicked with panic number 60.

A code segment may exist in ROM or it may be loaded into a RAM memory segment from an executable.

A process may acquire other resources during its lifetime - for example, 1/0 channels or additional code
segments. The system automatically releases owned resources such as memory segments, /0O channels
and semaphores when it terminates. Server processes are also designed to clean up client resources when :
client process terminates.
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System processes

When the operating system initialises itself, it creates a number of system processes some of which are
essential to the operation of EPOC.

After a system reset on a typical machine running EPOC, the system processes (by process name) are:

SYS$NULL.$01 the zero priority null process runs when no other process is ready to run and
switches the machine off (to reduce power consumption) after a period of
inactivity

SYS$MANG.$02 the supervisor has a higher priority than any other process and performs many

critical system functions including memory segment moving and resource
clean-up when a process terminates

SYS$FSRV.$03 the file server (described in tii@es chapter) has the second highest priority
and performs all file related operations, including loading an image to create a
process

SYS$WSRV.$04 the window server (described in théndow Servemanual) provides shared

access to the screen, keyboard and, if present, the digitiser (or mouse on a PC)

SYS$SHLL.$05 the shell process provides a user interface that allows other processes to be
started (on a custom system it might provide a "turnkey" environment)

The extension of the process name gives the process number (assigned by the operating system). The
structure of process names is described later in this chapter.

The functions (described in this chapter) which change the process name, change the process priority and
suspend a process will fail when applied¥S$NULL SYSSMANGNASYS$FSRV

On systems with a digitiser (or mouse), the window server creates a subsidiary process, sharing its data
segment, to draw the mouse icon. In EPOC, a subsidiary process that shares the data segment of its owner
is called aaskand the window server task has a name susly SBVSRV.@05

The notifier service_notify ~ (described in the chaptBrror Handling) may be provided by the window
server itself or it may be provided by a client of the window server. If a separate notifier exists, it has a
process name such S8S$NTFY.$07.

Process ID and process control  block

Each process is identified by its process ID - a positive 16-bit number containing two bit fields:

* The least significant 12 bits is the offset of the process control block in the operating system data
segment (also called the process slot).

» The most significant 4 bits contains a value in the range 0-7 (note that a valid process ID is
positive). This value is incremented modulo 8 each time a process slot is used so that a process
ID may be rejected after a process has terminated.

The functionp_getpid returns the process ID of the caller.

If a system function is passed a process ID that is zero or negative, or in which the least significant 12 bits
is outside the range of the process table, the caller is panicked with panic number 7 (invalid process ID).
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The structure of the process control block is defined by theocstruct, defined irepoc.has:

typedef struct e_proc
{
struct e_proc *next;
struct e_proc *prev;
WORD queKey;
WORD queData;
UBYTE deltaType;
UBYTE addressTrap;
UBYTE status;
UBYTE sstatus;
UBYTE priority;
UBYTE priorityH;
UBYTE ramOrRom;
UBYTE isTask;
UBYTE name[E_MAX_NAME+1];
UBYTE active;
UWORD semaphore;
UBYTE *semHead;
UBYTE *memBasePtr;
UWORD memGrowBYy;
UBYTE *mCitrlPtr;
UWORD minHeap;
HANDLE fServer;
HANDLE dataSeg;
HANDLE codeSeg;
UBYTE *saveSP;
UBYTE *saveBP;
UBYTE notify;
UBYTE sndSem;
UWORD magic;
UWORD checkSum;
UWORD terminate;
} E_PROC;.

A copy of a process control block may be obtained by calligglosd (Wheree_pribmAskis used to
mask out the address portion from the process ID) as follows:

E_PROC pcb;
p_getosd(&pcb,(VOID *)(pid&E_PIDMASK),sizeof(pch));

Many of the fields oE_procare described in the course of this chapter. The remaining fields are reserved
for system use. As an aside, and for the reader's interest, some miscellaneous fields (which would not
otherwise be described) are described below. It must be emphasised that none of these fields should be
modified directly by any application code.

sstatus TRUE if the process is waiting to be suspended (for example, if suspended while
on the time delta queue - on leaving the queue it will be suspended rather than
entering the ready queue)

ramOrRom TRUEIf the process code segment is in RAM\ sk if the code segment is in
ROM

isTask TRUE if the process is a task (a subsidiary process that shares the data segment
of its creator)

active TRUE if the running of this process will stop the machine from switching off - as
set byp_marka andp_unmarka

semaphore the handle of the process I/0 semaphore

memBasePtr the address of the start of the heap (4 bytes before that obtained from
p_allspace )

memGrowBy the heap granularity in paragraphs as set iytan

mCtrlPtr contains the address of the message control block as sepupidty or zero

if p_minit has not been called

12-3



PLIB REFERENCE

minHeap the minimum heap size in paragraphs

fServer the client ID as given by the file server or zero if the process has not connected
to the file server

dataSeg the handle of the process data segment

codeSeg the handle of the process code segment if the code is in RAM or the paragraph
address of the code segment if the code is in ROM

notify the notifier state as set pysentnotify (and sensed by getnotify )

sndSem TRUEIf the process is waiting on the sound semaphore, to indicate the need to

call p_signal on termination of the process

magic the top 4 bits of the process ID, used to reject a process ID of a process that no
longer exists - even when another process has been created and re-uses the
same process slot

terminate contains the termination message type as sgtdayrminate  or zero if
p_onterminate  has not been called

Process states

Each process is in one of the following states (as stongg.ktatus  ):

E_PROC_CURRENT the process that is currently running (at any time, one process is in this state)
E_PROC_READY the process is waiting for a chance to run

E_PROC_SEMAPHORE the process is waiting on a semaphore, most likely its I/O semaphore
pcb.semaphore  (described in the chaptésynchronous Requests and
Semaphorés

E_PROC_DELTA the process is waiting in the timer delta queue (described in the chapésr
Timers and Datés

E_PROC_SUSPENDED the process exists but will not run until it is resumed by caflipgsume

Process queues

Processes that are in tReADY SEMAPHORBr DELTAState are in a doubly-linked queue (usibignext
andpcb.prev - see queues in the chap@raracters, Strings, Buffers and Queues

TheREADYqueue is ordered by the process priority as storeebipiority

Each semaphore headsmvapPHORRuUeue. This queue may be empty, or may contain one or more
processes in a first-in, first-out order.

TheDELTAqueue is a special kind of doubly-linked queue (called a delta queue, as described in
Characters, Strings, Buffers and Queudsstores the time interval in system ticks between timer entries.

These queues are described in more detail in the chaptechronous Requests and Semaphores

Process priorities

When there is more than one process that is ready to run, the operating system runs the process with the
highest priority (an unsigned byte value in the range 1 to 255). Lower priority processes are blocked
indefinitely.

If there is more than one ready process with the same highest priority, they take it in turns to run every
four system ticks.

Applications should set their priority in the rar|gIN_PRIORITY (64) tOE_MAX_PRIORITY (192)
inclusive (the operating system reserves the values outside this range).

The initial process priority is normally taken from a value stored in the program file or image (and is
generated by the tool used to build the image) but it may subsequently be changedsetsing
(p_getpri  returns the priority of a process).
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Interactive application processes that are clients of the window server are normally created at the priority
E_PRIORITY_FORE(128) and subsequently leave it to the window server to change their priority depending
on whether the process is receiving user input or not. Sé¥itiusw Servemanual.

The supervisor runs at priority 248 and the file server at priority 240. A hardware interrupt runs at the
same priority as the process it interrupts. Critical sections of interrupt code are protected by switching off
pre-emption.

Preemptive sche duling

It is possible for a process to run for as long as it wants to and, in practice, this often happens. In this
case, the current process eventually gives upuitRENTState by changing its state to:

SEMAPHORE by callingp_iowait  to wait on the 1/0O semaphore (Dfvait to wait on any
semaphore)

DELTA by callingp_sleep , p_sleept Of p_sleepa

SUSPENDED by callingp_psuspend on its own process 1D

However, many events can cause a reschedule in which the current prpcesmistedy a higher
priority process without completing its course. Such events include:

« the fourth consecutive system tick
« asemaphore being signalled (eg as a result of user input) which releases a higher priority process
« the expiry of a higher priority process in the timertaqueue

The current process may, by its own action, cause itself to be preempted by:

« signalling the I/O semaphore of a higher priority process (by calliaggnalbypid or, for
example, by sending it an inter-process message)

« callingp_presume to release a higher priority process from sbherpENDEState (especially after
loading a process from an image)

e raising the priority of a another process by callingtpri
« lowering its own priority by calling_setpri

Process names

A process name takes the following form:
<name><ext>

where thesname> component contains between one and eight characters asstttheeomponent
consists of a period,gand a two digit number of the forma, 02, 03 .... This number gives the index
(starting from 1) of the process slot.

If the process is task(a subsidiary process that shares the same data segmesfiy thplaced by @
where, except for thg the process name is otherwise the same as the creator of the task.

The maximum length of a process name _igax_NamME12), excluding the zero terminator (buffers
normally allowe_mAx_NAME+bytes to include the zero terminator and to keep following variables on an
even address).

When a process is created by loading an image ys#gcce , the process is created witkrame> taken
from the file name of the image. For example, if a program cetled\s:\UTILS\SORT.IMG IS loaded
twice the process names might be:

SORT.$07
SORT.$11

The<ext> component of a process name guarantees that the process name is unique. Note that the process
data segments are given the same names (see the dlaptery Allocatiol but that these segment
names are held independently of the process name.

To convert a process name into a process ID, yod_pgfind . Since a program cannot anticipate the
<ext> componentp_pidfind  allows wild card characters in a match string. For example, to get the
process ID of a database server process that was loadeddiserv.imgyou would use
p_pidfind("DB$SERV.*")

When there is the prospect of more than one process of thexsanae (because a program was loaded
more than oncep_pfind may be used to get the process IDs of all instances.
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In the following example, the general purpose funch@asOfThisProg  returns the number of processes
having the same process name (excluding the extension) as this process (that is, it returns the number of
processes of the calling program).

GLDEF_C INT ProcsOfThisProg(VOID)

{

TEXT *pp;

HANDLE h;

INT count;

TEXT mm[E_MAX_NAME+2];
TEXT bb[E_MAX_NAME+2];

p_pname(p_getpid(),&mm][0]);
pp=(&mm[p_slocr(&mm[0],".")+1]);

*pp++="*"; *pp=0;

for (h=0,count=0;(h=p_pfind(h,&mm[0],&bb[0]))>=0;count++);
return(count);

}

The function gets the name of this process ugipgame andp_getpid and builds a match string [
by replacing the extension with the wildcard. It then uses this match string to count the number of
matching processes.

This function could be used to stop more than one process of a program (especially a server) from being
executed where, for examplepibcsOfThisProg  returns more than one, the server program could panic.

Reserved statics (magic statics)

The reserved statics (otherwise known as magic statics) are variables with fixed, known, addresses,
existing in the process data space between addresses 0x00 and 0x40. They are 'magic' in the sense that
they are accessible from all parts of the process code, even from dynamic library code (which does not
have any data space and therefore may not, normedlgss statics).

Some of these variables are used by the operating system as part of the process context. Others are used by

system code such as the window server, and the graphics user interface libraries. Such usage differs from
machine to machine in the EPOC range; you will find a description of any such usage in the
Programming Guiddor the appropriate machine or in user interface library documentation.

The remaining reserved statics are freely available for use by the process code. A common use is to
provide access from dynamic library code to application-specific data, without the need for it to be passed
in function parameters.

0x00 DatWordDead The word at this address contains the vakneAD. This value must not
be changed by application code. Many operating system calls check for
this value and will panic the process with panic reason rade®eado
if it has changed. A change in this value is symptomatic of a common
software bug; the unintentional use oflaL pointer.

0x02 DatHandNext The data at these two addresses are used as pointers to a queue of wait
0x04 DatHandPrev handler function descriptors. This data should not be modified by
application code.

0x06 DatCountrySeg This holds the segment handle of the data segment containing the country
and language specific fold tables for the process. This data should not be
modified by application code.

0x08 DatClassHandle In applications which use any of the object oriented programming calls

0x0a DatClassPtr (this includes use of Hwif programs) these locations hold data required by
the operating system to work out how to send a message to an object's
superclass. It is recommended that application code does not modify the
contents of these locations.

0x0c DatEClassHandle In applications which use any of the object oriented programming calls

0x0e DatEClassPtr (this includes use of Hwif) these locations hold data required by the
operating system to work out how to perform exactsend . It is
recommended that application code does not modify the contents of these
locations.
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0x10 DatEnterFramePtr

0x12 w_ws

0x14 w_am

0x16 wClientData
0x18 wserv_channel

OxlaT

Oxlcr

Ox1le DatOsFramePtr

0x20 DatATFlag

0x21 DatHeapLocked

0x22 DatProcessNamePtr

0x24 DatCommandPtr

0x26 DatTest

0x28 DatAppl
Ox2a DatApp2
0x2c DatApp3
0Ox2e DatApp4
0x30 DatApp5
0x32 DatApp6
0x34 DatApp7

The enter and leave mechanism provided by the operating system uses
this address to store the pointer to the last enter frame generated on the
stack. When a leave occurs this pointer is used to unwind the stack and
restore the register set. This location should not be modified by
application code.

In applications that use system user interface libraries this location is
assumed to hold the object handle of an instance of the ‘wserv' object. The
application is responsible for ensuring that this location is set up

correctly, normally by calling system code on application start-up.

In applications that use the application manager object (all object oriented
programs and Hwif programs) this location is assumed to hold the object
handle of an instance of the application manager object. The application
is responsible for ensuring that this location is set up correctly, normally
by calling system code on application start-up.

These locations are used by the window server process to store
information about your application. If you use any graphics functions you
should not modify the contents of these locations.

This location is used by the OPL language translator. If your application
does not use OPL then this location is free for use by application code.

This location is used by the OPL language runtime code. This location
should not be modified by application code.

This location contains a pointer to the last member of a linked list of
operating system calling frames. Following this linked list will show
which functions called which operating system services. This location
should not be modified by application code.

This byte location contains the current address trap status for the process.
Certain operating system calls cause address trapping to be turned on or
off and the operating system sets or clears this flag to record the current
address trap hardware status. Just setting the flag to zermtdisable
address trapping. This location should not be modified by application
code.

This byte location contains the current state of the heap locked flag.

While the heap is being modified (for example, being resized, due to a
memory allocation request) the heap is locked. This prevents the
operating system from compressing the segment while the data structures
used by the operating system to run the heap are in an inconsistent state.
This location should not be modified by application code.

System user interface library code assumes that this location contains
eithernuLL or a pointer to a zero terminated string that the application
wishes to be displayed as its name. Otherwise it is free for use by
application code.

This location contains a pointer, set up by the operating system. It points
to an alloc cell that contains the full path name, as a zero terminated
string, of theimg or .appfile from which the process was loaded.
Immediately following the zero terminator, the alloc cell contains leading
byte counted initial command line data.

Psion's test system library code assumes that this location contains the
object handle of the test code. Otherwise it is free for use by application
code.

These locations are free for application code to use.

One exception isatApp7 , which is used within the ISAM library. Code
that accesses the ISAM library, either directly or indirectly, nmatyise
DatApp7 , but otherwise it is free for use.
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0x36 DatDialogPtr System user interface library code may assume that this location contains
a pointer to the current dialog structure. Otherwise it is free for use by
application code.

0x38 DatGate System user interface library code may assume that this location contains
an object handle. Otherwise it is free for use by application code.

0x3a DatLocked System user interface library code may assume that this location contains
a flag indicating whether the application is capablesoéiving
termination or switch files messages. Otherwise it is free for use by
application code.

0x3c DatStatusNamePtr System user interface library code may assume that this location contains
a pointer to a zero terminated string that will appear in a status window.
Otherwise it is free for use by application code.

0x3e DatUsedPathNamePtr System user interface library code may assume that this location contains
a pointer to a fully parsed file name. Otherwise it is free for use by
application code.

Shared code segments

When a second or subsequent process of the same program is loaded, the existing code segment (which
has segment nameame>.$sC) is shared and not loaded from the image file (however, the initialized
static data values are still loaded into the created process data segment).

The system checks that the contents of the existing code segment matches the code in the image file by
comparingocb.checkSum with the checksum stored in the image header (the checksum in the image
header is also used to check the integrity of the code wielo@ded). If the checksums do not match,

the load fails. It follows that you cannot run different programs of the same name (or different versions of
the same program) at the same time.

Image files

An image file is a form of executable (program) file that is run by cadliagecc . It normally has amc
file name extension. Application files (withapp extension) are a particular type of image file.

An image file is created by applying thmake.exéool to a DOS executable. This is n@lly done
automatically as part of the build process that generates an EPOC application program (for an example of
the use obEmake.exeseats\sys\tsprj.txt

The creation process addsimgHeader struct (defined irepoc.h to the front of the file and may
optionally concatenate a number of other files into the image file.

TheimgHeader struct is effectively defined as:

#define SignatureSize 16
#define MaxAddFiles 4

typedef struct

{

UINT offset;
UINT length;
} ADDFILE;

typedef struct

{

UBYTE Signature[SignatureSize];
UINT ImageVersion;

UINT HeaderSizeBytes;
UINT CodeParas;

UINT InitiallP;

UINT StackParas;

UINT DataParas;

UINT HeapParas;

UINT InitializedData;

UINT CodeCheckSum;

UINT DataCheckSum;

UINT CodeVersion;

UINT Priority;

ADDFILE Add[MaxAddFiles];
UINT DylCount;

ULONG DylTableOffset;
UINT Spare;

} ImgHeader;.
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The meanings of the elements of this struct are as follows:

Signature

ImageVersion

HeaderSizeBytes

CodeParas

InitiallP

StackParas

DataParas

HeapParas

InitializedData

CodeCheckSum

DataCheckSum

CodeVersion

Priority

Add

DylCount

DylTableOffset

Spare

contains the stringmageFileType**"

the version number of the software tools used to create the image file. At the
time of writing the version is 2.00Bxgoof )

the offset of the start of the executable code within the image file

the required size, in (16 byte) paragraphs, of the memory to be reserved for the
code segment

the initial instruction pointer offset in the executable code - determined by the
linker, (and normally 0)

the size, in (16 byte) paragraphs of the stack - determined by which PLIB C
startup module is linked into the program (see the discussion of startup
modules in théntroductionchapter)

the total size, in (16 byte) paragraphs, of the declared static data (including the
initialised data - see below)

the required size, in (16 byte) paragraphs, of the initial - and minimum - alloc
heap, user definable via a parametezrtiake.exésee below)

the size, in bytes, of the initialised static data
internally generated and verified checksum on the code
internally generated and verified checksum on the data

the version number of the executable code, user definable via a parameter to
emake.exéseepbiversion in the chaptebatabase Filedor the form of a
version number)

the start-up priority of the process that will be created from this image file, user
definable via a parameter émake.exédefault value i®x80)

an array of four ADDFILE structs, describing up to fouritiddal files
included within the image file (common included files, AP files, are an
icon graphic and a resource file)

the number of object dynamic libraries (DYLs) concatenated into the image
file. See also th®bject Oriented Programminchapter of this manual.

the offset within the file of the start of an array®f ENTRYstructs (defined in
epoc.h with bylcount entries, giving the names and file offsets of the included
DYLs

reserved

The contents of this header may be displayed by applyingdilnap.exéool to an image file.

For efficiency, the value ofeapParas should be adjusted to be equal to, or slightly larger than, the heap

space used by the running process immediately after it has started. Setting a smaller value means that the

heap will have to be grown one or more times during the initialisation of the process. Growing the heap
may involve moving large amounts of in-memory data and may, therefore, significantly increase the
process start-up time (see aldte heap allocatoin the chapteMemory Allocatio
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__—
Process termination

The subject of process termination (with associated functions) is described in detail in theEtnapter
Handling The functions described include those that terminate a process:

p_pterminate or to terminate another process (typically in response to a user request)
p_pkill
p_ppanic to panic another process (normally following unreasonable behaviour from the

process being terminated)

and those functions that request notification of the termination of other processes:

p_logona to be signalled when the specified process terminates

p_logon to receive an inter-process message when the specified process terminates
(convenient for server processes to keep track of their clients)

p_watchall to receive an inter-process message when any process terminates (only one
process can cabl watchall - normally the Shell to monitor the termination of

all processes)

When a process terminatesh.status  in the process control block (which normally holds the process
state) is set ta_PROC_FRERO mark it as available for use by a new process. When a newly created process
re-uses the slopcb.magic  is incremented modulo 8, as described above.

. ___________________________________________________________________________________________________________|
Creating a process

p_execc Load an image
HANDLE p_execc(TEXT *pName, VOID *pCommand, INT length);

Create a suspended process from the image file described by the zero terminated file spgsifieation
and, if successful, return the positive process ID of the created process.

The created process is suspended so that the creator can perform any initialisation (eg to set the process
priority) before allowing the process to run by callingresume . If the created process has a higher
priority than the creator, the call jopresume may not return for some time.

The file specificatiopNameis parsed with a related name .ofiGg" .

The function allocates a command cell from the heap of the created process. This cell is loaded with the
following sequence:

* a copy of the zero terminated full file specification resulting from the pasevat
* a byte containingngth
* acopy of theength bytes frompCommand

wherelength must be between zero ardvAX_COMMAND_BUFFER27) inclusive. IpCommandis NULL,
length is taken to be zero, whatever is passed.

The address of this command cell is written to the reserved séatienmandPtr in the created process
data segment. This variable is accessed from C by declaring:

GLREF_D UBYTE *DatCommandPtr;

Note that there is no restriction on the datademmang it may include binary data structures as well as
text. For example, it is often useful to pass the process ID of the caller in the command line.

The name of the created process is taken from the file name component (excluding any extension) of
pName If a process, loaded fropname, already exists (as determined by a name and checksum match), the
created process shares the loaded code segment. In this case, the code is not reloadeckfrom

(however, the initialized static data values are still loaded into the created process data segment).
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The function returns a positive process ID if successful or a negative error number if it failed. As well as
thep_fparse error numbers that may be returned if the pargaiafiefails, p_execc can return the
following error numbers:

E_GEN_NOMEMORY
E_FILE_DEVICE
E_FILE_NOTREADY
E_FILE_DIR
E_FILE_NXIST

E_FILE_EXIST

E_GEN_IMAGE

E_GEN_NOPROC

E_GEN_ARG

insufficient free system memory

the device irpName does not exist

the device irpName does not contain a medium
the directory iroName does not exist

the file inpNname does not exist

a process of a different program (ie with a different checksum) with the same
name already exists

the file is not a valid image or if the image is corrupt

there are no more free process slots (the maximum process limit has been
reached)

the total size of the data, stack and heajpea<oxrFFeE0 bytes onength
exceed¥_MAX_COMMAND_BUFFER

The loading of an image is performed by the file server (se€ildseechapter) and the caller must
have connected to the file server before callingecc (otherwise the caller is panicked with panic
number 41). The standard PLIB library connects to the file server before eadling

Example

#include <plib.h>

LOCAL_C VOID Exec(TEXT *name, TEXT *cmd, INT len)

{
INT ret;

TEXT bb[E_MAX_ERROR_TEXT_SIZE];

ret=p_execc(name,cmd,len);

if (ret<0)
{
p_errs(&bb[0],ret);

p_printf("Failed to start %s (%s)",name,&bb[0]);

}

else
{
p_printf("Process ID
p_presume(ret);
}
}

is %x",ret);

GLDEF_C INT main(VOID)

{
TEXT *pl,*p2;
TEXT bb[64];

while (p_getl("Enter <img> <cmd> ? ",&bb[0],64))

{

pl=p_skipwh(&bb[0]);

if (I*pl)
continue;
p2=p_skipch(p1);
if (*p2)
{
*p2++="0";
p2=p_skipwh(p2);
}

Exec(pl,p2,p_slen(p2)+1);

}

return(0);

}
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The program solicits a line of input and parses out the name of the image to run and a text string to pass
to the created process (which is passed with the zero terminator). If this program is used to run
dummy.imgn the default path (which happens tolee::D:\ ) by entering:

dummy fred
and the code fadummy.imgs:

#include <plib.h>
GLREF_D UBYTE *DatCommandPtr;

LOCAL_C VOID PrintCommandPtr(VOID)

{
UBYTE *p,*pe;
UINT Icell;

if (IDatCommandPtr)
p_panic(0);

Icell=p_alen(DatCommandPtr);

p_print("%d [",Icell);

for (p=DatCommandPtr,pe=p+Icell;p<pe;p++)
p_print(p_isprint(*p)?"%c":"<%02x>",*p);

p_printf("");

}

GLDEF_C INT main(VOID)

{
PrintCommandPtr();

p_getch();
return(0);

}
thendummy.imgprints:

24 [LOC::D:\DUMMY.IMG<00><05>fred<00>]

p_execcasync Load an image asynchronously
INT p_execcasync(TEXT *pName, VOID *pCommand, INT length, WORD *pStatus, HANDLE *pPid);

This is the asynchronous versionpoéxecc , which may return before the operation is complete. See the
chapterAsynchronous Requests and Semaphioresn explanation of asynchronous requests.

Seep_execc above for the meaning of the parameparsne pCommandandiength , the behaviour of the
operation and its possible error returns.

The functionp_execcasync ~ returns zero if the asynchronous request was successful or a negative error
number if the operation failed to start &gILE_NAME if pNamefailed to parse).

When the load completes, the completion status is writterstaus and the process I/O semaphore is
signalled. If the load completescsessfullypStatus  contains zero angpPid contains the process ID of
the created process (this corresponds to the value returpeskéy ). If the load completes
unsuccessfullyspstatus  contains a negative error number E2GEN_NOMEMORY

If pNamerefers to a file on theoc:: file system, the load will actually have completed by the time
p_execcasync has returned because the file server runs at a higher priority than any of its clients.
However, if the image is onreM:: file system where the connection is via an RS232 cable,
p_execcasync  Will return well before the load is complete.

p_pcreate Create a process
HANDLE p_pcreate(E_CPB *pBlock);

Create a process from the information in ghepsstruct pointed to byBlock and, if successful, return
the positive process ID of the created process.

This is the primitive process creation service that does not involve the file server. In the vast majority of
cases, it is more convenient to psexecc , which will eventually call this service.
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Theke_pcastruct is defined irpoc.has:

typedef struct

{
UWORD codeParagraphs;

UWORD initiallp;

UWORD stackParagraphs;
UWORD dataParagraphs;
UWORD heapParagraphs;
UBYTE *commandLine;
UWORD checkSum;
UWORD minHeap;
UBYTE priority;

UBYTE ramOrRom;
UBYTE name[E_MAX_NAME],
}E_CPB;.

The function creates a process of initial priogiyck->priority where the process name is taken from
the zero terminateehame> (up to 8 characters) iBlock->name .

If pBlock->ramOrRom  is TRUEaNd a process of the same name already exists, its checksum is compared
with pBlock->checksum  and, if they match, the existing code segment is shared (in which case
pBlock->codeParagraphs is ignored).

If pBlock->ramOrRom IS TRUEaNd a process of the same name does not alreadyhexigiate creates a

code segment of lengHBlock->codeParagraphs ~ paragraphs (angBlock->checksum  is stored as the

code segment checksum). In this case, the caller must deposit the code into the created code segment
before resuming the process.

If pBlock->ramOrRom IS FALSE, pBlock->codeParagraphs is taken to be the paragraph address of the code
segment in the ROM.

When the process is resumed, the initial instruction pointer is sgbte->initiallp

A data segment is created, of sufficient size to include the stack (of l@gih>stackParagraphs )a

static data space (of lengiBiock->dataParagraphs ) and a heap (of leng#Block->heapParagraphs ).

The total size of the data, stack and heap must meedsxrFrFe paragraphs. The

pBlock->dataParagraphs area in the data segment is zero filled. The minimum heap size subsequently
allowed for the created procesgssock->minHeap paragraphs.

If pBlock->commandLine IS NOtNULL it should point to a zero terminated string, immediately followed by a
leading byte count buffer where the leading byte is less than or equalA® COMMAND_BUFF&S

described irp_execc , above). The wholgBlock->commandLine  data structure is copied into a heap cell
that is allocated in the created process.

The function returns a positive process ID if successful or on of the following negative error numbers:

E_GEN_NOMEMORY insufficient free system memory

E_FILE_EXIST a process of a different program (ie with a different checksum) with the same
name already exists

E_GEN_NOPROC there are no more free process slots (the maximum process limit has been
reached)

E_GEN_ARG the total size of the data, stack and heaeaxrFrFeo bytes or the leading

byte count length in theBlock->commandLine  data structure eeeds
E_MAX_COMMAND_BUFFER

E_FILE_NAME pBlock->name is invalid
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'
Operations on the current process

See the chaptéfrror Handling for the functionsg_exit andp_panic ) that terminate the current process.

p_getpid Get this process ID
HANDLE p_getpid(VOID);

Return the process ID of the caller.

For example:

TEXT ProcessName[E_MAX_NAME+2];

p_pname(p_getpid(),&ProcessName[0]);

writes the name of this process as a zero terminated strigéesName .

p_unmarka Mark this process as non-active
VOID p_unmarka(VOID);

Mark the calling process as non-active such that the running of the process will not keep the machine
switched on.

The zero priority null process switches the machine off (to reduce power consumption) after a period of
inactivity. A context switch to a process marked as non-active does not count as activity.

When a process is created it is initially marked as active.

General purpose server processes should mark themselves as non-active since not to do so would disable
their clients from effectively calling unmarka . For example, if the file server was marked as active, a file
request by a non-active client would cause the file server to run and reset the inactivity timer. As it is, the
file server is marked as non-active and it is left to the clients of the file server to reset the inactivity timer
or otherwise.

Applications that respond to a continuously restarted short interval relative timer (as in, for example, a
clock program) should also callunmarka . Otherwise, the machine would never switch off while the
program is running.

Interactive programs that do cgallunmarka do not need to take any measure to reset the inactivity timer
when responding to user input (a key press or the use of a pointing device if there is one) since the system
(by one means or another) guarantees to reset the inactivity timer on user input. To reset the inactivity
timer in response to an event other than user inputy_ gale , described next.

Note that a compute-bound process (such as a game program that is computing its best next move) will
not allow the machine to switch off, simply because the null process never gets an opportunity to run.
Such a process should assume responsibility for allowing the machine to switch off bypcalbwgst

from time to time.

p_tickle Register activity
VOID p_tickle(VOID);
Reset the auto-switch-off inactivity timer.

It is used by a process that is marked as inactive, but wishes to stop the system switching off. An example
would be to keep the machine going if serial datadgived.

You don't need to cafl tickle  in response to user input since the system automatically registers activity
in this case.
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p_marka Mark this process as active
VOID p_marka(VOID);

Mark the calling process as active such that the running of the process will stop the machine from
switching off.

The zero priority null process switches the machine off (to reduce power consumption) after a period of
inactivity. A context switch to a process marked as active resets the inactivity timer.

When a process is created it is initially marked as active amgka does not need to be called unless
p_unmarka has previously been called.

Operations on any process

See the chaptdrror Handling for functions f_pterminate , p_pkill andp_ppanic ) that terminate a
process.

PEGETRI Get a process priority
INT p_getpri(HANDLE pid);

Return the positive priority of process , or the negative_rILE_NxIST if the process does not exist.

p_setpri Set a process priority
INT p_setpri(HANDLE pid, INT nPriority);

Set the priority of procegsd tonpriority  (betweere_MIN_PRIORITY ande_MAX_PRIORITYinclusive)
and return zero if successful or one of the following negative error numbers:

E_GEN_RANGE nPriority IS outside the range MIN_PRIORITY tO E_MAX_PRIORITY

E_FILE_NXIST processid does not exist

E_GEN_FAIL attempted to change the priority of the null process, the supervisor, or the file
server

Callingp_setpri  causes a reschedule.

p_presume Resume a process
INT p_presume(HANDLE pid);

Resume processd and return zero if successful or one of the following negative error numbers:
E_GEN_ARG pidis not suspended

E_FILE_NXIST processid does not exist

If processid has a higher priority than the caller, the cal_teresume may not return for some time.

If you actually want to wait for the resumed process to terminate before continuing, you can use
p_logona (described in the chaptError Handling) as follows:

p_logona(pid,&stat);
p_presume(pid);
p_waitstat(&stat);
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p_psuspend Suspend a process
INT p_psuspend(HANDLE pid);

Suspend proceggi and return zero if successful or one of the following negative error numbers:
E_FILE_NXIST processid does not exist

E_GEN_FAIL attempted to suspend the null process, the supervisor, or the file server

A process that is in thREADYqueue or is currently running (ie the calling process) is suspended
immediately. A process that is waiting on §EMAPHORBUeue or theELTAqueue is marked (in

pcb.sstatus ) as requiring suspension and is subsequently placed susireNDEIState when it would
otherwise have been transferred torEaDYqueue (unless the process is resumed before this happens).

p_pname Get a process name by ID
INT p_pname(HANDLE pid, TEXT *pName);

Write the name of procegsl as a zero terminated stringpteame (which should be big enough to receive
E_MAX_NAME+bytes) and return zero if successfuEorILE_NXIST if the process does not exist.

The process name writtengeame includes the process slot extension as in, for exampdSsNULL.$01 .

p_prename Rename a process
INT p_prename(HANDLE pid, TEXT *pNewName);
Rename processd to the zero terminatgiNewNameand return zero if successful.

The process nammlewNameshould not include a process slot extension (this is supplied by the system)
and should be between 1 and 8 characters long. No check is made that the new name is unique, but an
invalid name will return the err@_FILE_NAME. The possible error returns are:

E_GEN_ARG processid is not suspended

E_FILE_NXIST processid does not exist

E_FILE_NAME the new name is invalid

p_pidfind Get a process ID by name

HANDLE p_pidfind(TEXT *pName);

Return the positive process ID of the first process having a name matching the zero tepmanated
(which may contain wild card characters) or retarrLE_NXIST if there is no matching process.

For example, to find the process ID of a process created by lodtofhsgrv.imguse:

pid=p_pidfind("DB$SERV.*");

p_pfind Find all processes
HANDLE p_pfind(HANDLE pid, TEXT *pMatch, TEXT *pName);

Called repeatedly to find all the processes that match the wild card string pointeiéechy writing
the process name as a zero terminated stringiatee (which should be big enough to receive
E_MAX_NAME+bytes). The first call should pass a zgto.

Returns the positive process ID of the process found (which is also passed to the next find) or the negative
E_FILE_NXIST if no more matching processes can be found.

The wild card stringmatch should remain the same betweencgssive calls.

No memory is used by this service and it can be abandoned at any time without taking any further action.
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For example, to print the names of all processes:

GLDEF_C INT main(VOID)
{
HANDLE h;
TEXT b[E_MAX_NAME+2];
for (h=0;(h=p_pfind(h,"*",&b[0]))>=0;p_printf(&b[0]));

p_getch();
return(0);

}
p_getowner Determine the owner of a process
HANDLE p_getowner(HANDLE pid);

This function is only available in EPOC version 2.17 or later.

Returns the process ID of the process which last resumed pgacetisat is, the last process to call
p_presume(pid) . This process is defined to be the owner of progess

This mechanism will fail in the case where the process being resumed has not attempted to run between a
call top_psuspend and a subsequent calldgresume. This is because a process is only truly suspended
at the time that it first attempts to run following a calb tesuspend .

Note that there is no guarantee that the process whose ID is retunegetdwher still exists.

Accessing a process data segment

The functions_pcpyfr , p_piscpyfr  andp_pcpyto copy data between a (normally different) process data
segment and the caller's data segment égtopyfr andp_sgcopyto which copy data between any
segment and the caller's data segment).

p_pcpyfr Copy data from a process
INT p_pcpyfr(HANDLE pid, VOID *pSource, VOID *pTarget, UINT nBytes);

CopynBytes bytes at offsefsource from the data segment of process to addresgTarget (in the
current process) and return zero if successful.

If psource+nBytes ~ exceeds the size of the process#s degment, the data up to the end of the segment is
copied and zero is returned.

The system ensures that the copy is not interrupted by another process.

The function returns_GEN_ARGf the processid does not exist.

p_piscpyfr Indirected string copy from a process
INT p_piscpyfr(HANDLE pid, VOID *pSourceAddr, VOID *pTarget, UINT nBytes);
This function is only available in EPOC version 2.14 or later.

Read the pointer at offsgsourceAddr in the data segment of process. Then copy the zero terminated
string indicated by this pointer to addresarget (in the current process) and return zero if successful.

If the pointer isvuLL, a null string (") is copied tprarget .

If the string is longer thameytes , onlynBytes of data (plus a terminating zero) are copied and zero is
returned.

If the implied length of the source string extends beyond the end of the processes data segment, the data
up to the end of the segment (plus a terminating zero) is copied and zero is returned.

The system ensures that the copy is not interrupted by another process.

The function returns_GeN_ARGf the processid does not exist.
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For example:

GLREF_D TEXT *DatProcessNamePtr;

LOCAL_C INT GetCalcName(VOID)

{
HANDLE h;

TEXT buf[0x40];

h=p_pidfind("calc.*");
if (h<0)

return(h);
p_piscpyfr(h,&DatProcessNamePtr,&buf[0],0x40);
return(0);

}
fetches the process name of the calculator.

p_pcpyto Copy data to a process
INT p_pcpyto(HANDLE pid, VOID *pTarget, VOID *pSource, UINT nBytes);

CopynBytes bytes frompSource in the current process data segmenirtoget in the data segment of
processid and return zero if successful.

The system ensures that the copy is not interrupted by another process.
Address trapping is automatically switched off for the duration of the copy.

Returns the negative GEN_ARGf the process does not exist opihrget+nBytes ~ exceeds the size of the
target process data segment (in which case the data is not copied).

Inter-process messaging

Inter-process messaging in EPOC is designed for the efficient implementation of client-server
relationships where a particular server may have multiple clients.

A server process is a commonly provided to share a resource amongst multiple client processes. The
EPOC operating system starts up with three multi-client servers:

» the supervisor, which performs critical system functions and provides sltaess &0 memory
via the memory segment allocator

» the file server, which provides shared access to file storage devices

» the window server, which provides shared access to the screen, keyboard and, if present, a
pointing device

A server may also be a client of another server. For example, the window server is a client of the file
server (since, for example, it loads bitmap files) and all processes are implicitly clients of the supervisor.

In order that the relative priorities of client processes have their intended effect, a multi-client server
process should run at a higher priority than any of its clients. A client's priority is effectively lowered to
that of the server while waiting for completion of a service provided by a low priority server.

Message slots
A process that wishes to receive messages mustditst ainit  to initialise the message system.

Calling p_minit(nMess,IMess) allocatesimess message slots (from the heap) where each message slot
contains are_MESSAGEtruct header followed by a buffer of leng#lass . TheE_MESSAGEtruct is
defined inepoc.has:

typedef struct message
{
struct message *next;
UBYTE *status;
UINT type;
HANDLE pid;
} E_MESSAGE;.
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The structure of theess bytes of data following the_messaceeader is defined by the receiver of the
message and is normally limited to a few words. For example, the file server and the supervisor both use
anivess of 8. Note that the sender has no control over the length of the message sent (a later version of a
server could increase the message length to provide additional services while maintaining upward
compatibility).

When the sender caljsmsend (or a variant) the arriving message is copied into a previously free message
slot, which is also placed in the receiver's message queue.

From this time the message slot is allocated, in the sense that it cannot be overwritten by another
incoming message. It contains the message type (as specified by the semgerpid the process ID of
the sender ipid , followed byimess bytes of data from the sender. (The fielda andstatus in the
E_MESsAGtheader are used internally by the message system.)

The message slot is removed from the queue when the recdigefar examplep_mreceivew (which
returns the address of the message slot). The content remains safe from being overwritten until the
receiver allsp_mfree to indicate that it has completed processing the message. Gaflifig returns
the message slot to its free state, availabledeive another incoming message.

What the server does

A server is always a passive process that waits for messages to arrive from a client process. It is not
expected that a server will ever initiate a transaction by sending a message to a client.

As described earlier, the server first calls p_minit to initialise the message system. The server then waits
for a message to arrive by callipgnreceivew (an asynchronous versigimreceive , also exists). When
the message arrives, the function returns the address of the message slot.

The server always removes messages from the front of the queue. Arriving messages are normally inserted
at the end of the queue but if the client's priorityxg® or more, the arriving message is inserted at the
front, overtaking any existing messages, regardless of their sender's priority.

When it is necessary to send more than the amount of information allowed for by the (typically short)
message length, the message contains the data by reference (ie by address and length). The server then
uses_pcpyfr  to copy the data from the client's data segment.

The message may also contain the address or addresses of buffeesveodta from the server when the
service has been completed. Here, the servenpusesto to copy the data to the client's data segment.

When the message has been processed, the server frees the message slotresing the message

was sent in such a way that the sender is expecting an acknowledgment of some kind (ie the message was
sent using_msendreceivew OF p_msendreceivea rather tharp_msend), the call top_mfree also writes

back a completion status value and signals the sender's I/O semaphore.

Servers request to be informed of the termination of a client by callisi@n(pid,nType) to receive a
message of typerype when clienfpid terminates. Process termination andgon are described in the
chapterError Handling.

What the client does

The client process requests a service of the server by sending it typed fixed length messages (where the
message length is determined by the server) using:

p_msend to send the message "blind", returning when the message has been deposited
(but not necessarily processed)

p_msendreceivew to send the message and wait for the server to reply by cgllige

p_msendreceivea to send the message, returning when the message has been deposited (as for

p_msend) having set up an asynchronous request for a reply

If the server does not have any empty message slots, the message sending function waits on a mutual
exclusion semaphore until a message slot becomes free. It can therefore be blocked indefinitely, even if
using the asynchronogsmsendreceivea . Multi-client servers avoid this prospect by allocating a slot for
each potential client (by allocating saywax_PROCESSERIiNuUs the number of known processes).
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The only preparation required by the client is to obtain the process ID of the server. Examples of ways in

which this is done are:

For multi-client servers, the client typically sends an opening message to connect to the server.

the client gets the ID via the process name usipigfind

multi-client servers)

the client knows the ID because it created the server psirerc

the server created the client and passed its process ID as a command parameetet t¢as in

the above example)

An example of a server

typedef struct

{

E_MESSAGE mess;
TEXT *bofs;
UWORD len;

} MESS;

LOCAL_C VOID RunServer(VOID)

{
MESS *pmsg;
TEXT buf[256];

FOREVER
{
p_mreceivew(&pmsg);
if (omsg->mess.type)

{

p_mfree(pmsg,0);

break;

}
p_pcpyfr(pmsg->mess.pid,pmsg->bofs,&buf[0],pmsg->len);
p_printf("%*s",pmsg->len,&buf[0]);
p_mfree(pmsg,0);

}

LOCAL_C VOID Exec(TEXT *name)

{
HANDLE pid;
TEXT bb[E_MAX_ERROR_TEXT_SIZE];

pid=p_getpid();
pid=p_execc(name,(UBYTE *)&pid,sizeof(pid));
if (pid<0)

p_errs(&bb[0],pid);
p_printf("Failed to start %s (%s)",name,&bb[0]);
}

else
{
p_printf("Process ID is %xd",pid);
p_logon(pid, TRUE);
p_presume(pid);
RunServer();
}

}

GLDEF_C INT main(VOID)

{
TEXT bb[P_FNAMESIZE];

p_minit(1,sizeof(MESS)-sizeof(E_MESSAGE));

while (p_getl("Enter <img>? ",&bb[0],P_FNAMESIZE))
Exec(p_skipwh(&bb[0]));

return(0);

}
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In the above exampleain solicits a file specification of an image to run. This image is thepxéir)
loaded using_execc (passing the created process the process ID of its creator) and then resumed using
p_presume .

While the image is running, the program acts as a server to it where messages/aftypee taken to
contain a buffer by reference. The data from this buffer is copied from the process pgiftg and
printed using_printf

Before resuming the processexec, the server logs on to the process by calfinggon . When the
process terminates, the server receives attypemessage. This causes the program to return from
Runserver and solicit another image file specification.

Corres ponding client code example

The following example shows how to write that part of the client side code that corresponds to the above
example of server code.

GLREF_D UBYTE *DatCommandPtr;

LOCAL_D HANDLE pid=0;
LOCAL_D TEXT bb[256];

GLDEF_C VOID printf(TEXT *pfmt,...)
{

struct

{

TEXT *pbuf;
UINT len;

} msg;

msg.len=p_atob(msg.pbuf=&bb[0],pfmt,&pfmt+1);
if ('pid)

pid=*(HANDLE *)(DatCommandPtr+p_slen(DatCommandPtr)+2);
p_msendreceivew(pid,FALSE,&msg);

}

Theprintf  function behaves in the same wayagsintf ~ except that the printing is performed by the
creator of the process in its console window. Note that the galint@ndreceivew does not return until
the server callg_mfree .

This example does not show the sending of the message withatgmn termination of the client
process.

Asynchronous messaging

The server-client example described above uses synchronous messaging in both the server and the client.
While this may be sufficient in simple cases, there are situations where such an implementation will prove
inadequate.

A client that sends messages synchronously is effectively suspended from the moment it calls
p_msendreceivew until the server completes processing the message ang ealte . If completion is

dependent on an external event, such as the expiry of a timer or the arrival of serial data, the client may be
suspended indefinitely. This will, in general, be coeptable behaviour (particularly if the client must

remain responsive to other events, such as user input) and in such a case the client should use
asynchronous messaging.

A server does not, in general, have a user interface. If its only task is to receive and process messages from
its clients, then synchronous server code may be perfectly acceptable. As in the example server code given
earlier, the server is effectively suspended until a messageeised and returns to the suspendatesas

soon as it has finished processing the message. If the server also has to respond to other events, such as
the expiry of a timer, then thegeipt of messages must be handled asynchronously.

Suppose a client needs to use asynchronous messaging because completion of the processing of the
message may be delayed indefinitely by an external event. This implies that the server itself must respond
to at least two events (the receipt of a message and the external event) and so must also handle events
asynchronously.
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The sequence of events that occur during messaging between asynchronous client and server is as follows:
* the server makes a call gominit

» the server then calls mreceive , passing the address of its messaging status word, and later
makes a call tp_iowait (usually in its main event-handling loop)

» the client callg_msendreceiva , passing the address of a status word, and latempcallait
(usually in its main event-handling loop)

» the server is signalled that a message has leeeived, by noting that its messaginatss word
iS no longerE_FILE_PENDING on a return fronp_iowait , and commences processing the message

* on completion of the processing the server galsree which notifies the client of the
completion

» the client is signalled that processing is complete, by noting that the relevant status word is no
longere_FILE_PENDING on a return fronp_iowait

If the processing of the message itself involves an asynchronous request, the server may process any
number of synchronous messages from any of its clients (including the one sending the asynchronous
message) while the request is pending. It is therefore quite possible for a synchronous message to complete
before an earlier asynchronous message from the same client.

On the assumption that clients may send messages asynchronously because they do not want to wait, the
server will generally need more than one message slot to avoid the client having to wait for a message slot
to become free. How many slots to provide depends on many factors, such as:

» the maximum expected number of clients

» the maximum number of outstanding messages allowed per client (rarely more than two)

» whether it is acceptable for any client ever to be suspended vditlagvfor a free slot
Message process ing order

A message sent by a client to a server is placed in a message queue, normally at the end of the queue. The
server receives a message by removing the one at the front of the queue (into one of its message slots).
Thus, in normal circumstances, messages are processed in the order in which they are sent. As mentioned
in the previous section, it is possible for synchronous messages to 'overtake' asynchronous messages from
the same client.

The window server has a requirement, particularly in an overlapping window environment, to give
priority to messages from the foreground task. For example, when an area of the screen covering all or
part of a number of task windows needs redrawing (after, say, the disappearance of a dialog) the
foreground task should be redrawn first. The following scheme has been adopted to satisfy the window
server's requirement without causing an unacceptable performarateypen

In all cases, messages from a client process with a priodggmfor above (the foreground task nally

has a priority obxso, which is higher than the priority of background tasks) are placed at the front of the
gueue. They therefore overtake all other messages in the queue (including any earlier messages from the
same client) irrespective of the priorities of their sending processes.

This has the added advantage of reducing the risk that switching to the shell task (which always runs at a
priority higher than the foreground task) can be blocked by a 'rogue’ task.

There is, however, one problem, which can be illustrated as follows. Suppose a client with a priority of

0x80 sends an asynchronous message to a server. This message is inserted at the front of the queue. Before
the server removes any messages from the queue, the same client sends a cancel message, to cancel its
previous request. This second message is again inserted at the front of the queue, overtaking the message
it is supposed to be cancelling.

For this situation to arise, all the following conditions must be satisfied:
* the client must have a priority ofso or above
* the client must use asynchronous messaging
» the client must be sensitive to the order in which the server processes its messages

» the server must not have removed the first message from the queue by the time the second
message is queued
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The last of these conditions is rarely satisfied, since a server normally runs at a higher priority than its
clients. As soon as the server is signalled that a message has been queued the server pre-emptively
suspends the client. In most cases the client will not resume until the server has completed processing the
message and is waiting for another message. It is rare that a server has more than one message in the
message queue.

The main exception is when the processing of the message requires the server to call (directly or
indirectly) p_iowait , for example, to perform file I/O.

In such a case you should consider whether the client really needs to use asynchronous messaging.
Alternatively you can set the client's priority to be less txaa. In this case the mechanism by which the
window server adjusts the priority of background and foreground tasks should be disabled (see the
description ofvConnect in theWindow Servemanual).

—
Server functions

All the server functions exceptminit call p_panic if messages have not been initialised gmanit
itself callsp_panic if it is called a second time.

p_minit Initialise for message reception
INT p_minit(INT nMess, INT IMess);

Initialise a queue afmess message reception slots of lengikss and return zero if successful or one of
the following negative error numbers:

E_GEN_NOMEMORY there is insufficient free memory to allocate the message queue

E_GEN_NOSEM there are no more free semaphopesigit creates a mutual exclusion
semaphore, initialised withvess)

The message lengthess excludes the_messacestructure that is at the front of all messages. The

message queue is allocated as a single cell from the heap. Since this cell remains allocated for the lifetime
of the process, programs calling this service should do so early in their initialisation (before any cell has
been freed) to avoid heap fragmentation. All message slots are of the same size and the total size of the
message gqueueriless*(IMess+sizeof(E_MESSAGE)) bytes.

To avoid senders being blocked by message sending (quite different from waiting for a reply that can be
handled asynchronously), multi-client servers should allocate a message slot for each potential client. The
constanE_MAX_PROCESSEGONtains the total number of processes that can be supported by the system. In
practice this can be reduced by at least four, for the null process, supervisor, file server and window
server.

Only the least significant byte afress is significant, limiting the number of message slots to 255.
Callsp_panic if p_minit has already been called or if the least significant byt is zero.

p_mreceivew Wait for message reception
VOID p_mreceivew(VOID *pMess);

Return when a message has been received, where the address of the messaggrshy toa message
is written to*pMess .

The data in the message slot is protected from being overwritten ctiptrof another message until
the message slot is freed from the queue ysimgee .

Callsp_panic if messages have not been initialised or if an asynchronous messeige request is
pending.

Example
typedef struct

{

E_MESSAGE mess;
TEXT *bofs;
UWORD len;

} MESS;

MESS *pmsg;

p_mreceivew(&pmsg);
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p_mreceive Asynchronous message reception
VOID p_mreceive(WORD *pStatus, VOID *pMess);

Make an asynchronous request to receive a message andmeheadiately without waiting for a message
to be received.

While the request is pending (and the message queue is empfty)s containsE_FILE_PENDING.

When a message is received (or if there is already a received message in thespaese)is set to
zero, the address of the message slot containing the message is wrjtieast@nd the process 1/0
semaphore is signalled.

The data in the message slot is protected from being overwritten l®cthiptrof another message until
the message slot is freed from the queue usimgee .

Callsp_panic if messages have not been initialised or if an asynchronous messeige request is
already pending.

Example

typedef struct

{
E_MESSAGE mess;

TEXT *bofs;
UWORD len;
} MESS;

MESS *pmsg;
WORD status;

p_mreceive(&status,&pmsg);

p_mcancel Cancel a message receive request
VOID p_mcancel(VOID);

Cancel any pending asynchronous request to receive a message (which was previously requested using the
p_mreceive Service).

It is not considered an error to call this service if no request is pending (since the request may complete at
any time). If the cancel is processed before a messageeised, the assaded status worepStatus IS
set tOE_FILE_CANCEL.

Note that this service does not cancel a penglingendreceivea  (which is a client function). A server
may support a cancel service but this is invoked, like any other service, by sending the server a message.

p_mfree Free a message
VOID p_mfree(VOID *pMess, INT nReply);

.Free the message slot with addiessss (as returned from_mreceivew Or p_mreceive ) and, if the
message was sent usimgnsendreceivew Of p_msendreceivea , complete the request by signalling the
sending client's 1/O semaphore and copyireply to the client's status word (which is returned by
p_msendreceivew ). A negative value afReply normally indicates an error.

If the message was sent withmsend, the message slot is just freed areply is ignored.
The server should not read the contenisvets after callingp_mfree .

If messages are not freed from the message queue then in due course sending processes will be blocked
waiting on the message queue mutual exclusion semaphore.
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|
Client functions

p_msend Send a message
INT p_msend(HANDLE pid, UINT mType, VOID *pMessage);

Send messag®essage Of typemType to processid and return zero when the message has been
deposited or the negatigeGEN_RECEIVERT pid does not exist or if proceps has not calle@_minit

The message is deposited into a free message slot in the server where theypenibeéhee MESSAGE
header is set taType and the message body is copied fiamssage (Where the length of the message
was specified by the server as a parametgrimit ).

If pid does not have a free message slotsend waits (on a mutual exclusion semaphore) until it does.

This function is only really suitable for sending messages where the whole information fits in the
message. That is, the datamessage should not contain the address of further data to be copied (using
p_pcpyfr ) because there is no way of knowing when the server will copy the data padttxate may be
re-used. Where the message does reference furthep dedéndreceivew OF p_msendreceivea should be
used.

A client should certainly use msendreceivew OF p_msendreceivea if the service is to return information
(eg success or failure).

p_msendreceivew Send a message and wait for a reply
INT p_msendreceivew(HANDLE pid, UINT mType, VOID *pMessage);

Send messag®essage Of typemType to processid and wait for the server to reply (which it does by
calling p_mfree(pid,nReply) ) and return the rephreply .

Return immediately with the negatigeGEN_RECEIVERf pid does not exist or if procegs has not
calledp_minit

The message is deposited into a free message slot in the server where theypenibeéhee MESSAGE
header is set taType and the message body is copied fiamssage (Where the length of the message
was specified by the server as a parametgrimit ).

If pid does not have a free message slotsendreceivew Waits (on a mutual exclusion semaphore) until
it does.

p_msendreceivea Asynchronous send message and get reply
INT p_msendreceivea(HANDLE pid, UINT mType, VOID *pMessage, WORD *pStatus);

Send messag®essage Of typemType to processid and asynchronously request a reply from the server.
Return zero if the message was successfully sent or the negatire RECEIVERT pid does not exist or if
processid has not calle@_minit

When the server completes the request and Catgee(pid,nReply) , *pStatus IS set ttnreply and the
client's process I/0 semaphore is signalled. While the reply is pergirgys contains
E_FILE_PENDING.

The message is deposited into a free message slot in the server where theypenibeéhee MESSAGE
header is set taType and the message body is copied fiamssage (Where the length of the message
was specified by the server as a parametgrimit ).

If pid does not have a free message slotsendreceivea Waits (on a mutual exclusion semaphore) until
it does.
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CHAPTER 13

GENERAL SYSTEM SERVICES

System information

p_version Get the operating system version

UINT p_version(VOID);

Return the operating system version number.

The returned version number should be interpreted as a 4-digit hexadecimal number of the form:
X.YYZ

wherex is the major release numbew, is the minor release number anis normally the hexadecimal
digit F (internal releases ugeands to designate alpha and beta releases, respectively).

For example, a return ok123F is interpreted as 1.23F.

p_romversion Get the ROM version
UINT p_romversion(VOID);
Return the ROM version number.

The ROM contains the operating system and other system components such as, for example, the window
server. The tool used to build the ROM requires a version number to be specified and this is the version
number that is retrieved by this function.

Seep_version above for the interptation of the version number.

p_getres Get the cause of the last system shut-down
INT p_getres(VOID);
Return a number indicating the cause of the last system shut-down, as follows:

E_IS_A_COLD_START The system started up for the first time (or after a period during which all
power had been removed, including the Lithium back-up).

E_IS_A_POWERFAIL_START  The hardware forced a shut-down because the voltage got too low. This
should not happen because the system software gets a non-maskable
interrupt if the voltage drops below a certain threshold (but not low
enough for the hardware to force a shut-down) and this interrupt code
automatically switches the hardware off. However, if the clean-up takes
too long because of a poorly designed device driver, the hardware will
force the machine off before the interrupt completes - in which case
p_getres returnse_IS_ A POWERFAIL_START The environment variables
and the contents of: are preserved.
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E_IS_A_RESET_START The machine has been reset by pressing the recessed reset button. The
environment variables and the contentsiolvill have been preserved (a
soft reset).

If the Esc key is held down while pressing the reset button, this causes a
hard reset. In this case both the environment variables and the contents of
M: will have been cleared.

Note that this value will not occur on a Wablout since this machine
does not have a reset button.

E_IS_A_KERNEL_FAULT The system was reset because a serious fault occurred while executing in
the operating system kernel. This could result from: (1) a bug in the
operating system or a system process; (2) a program bug that managed to
overcome the operating system's defences or (3) a hardware problem such
as a RAM fault. The environment variables and the contemts\ill be
preserved (unless the system detects a memaory corruption).

On the Worlabout this value is also returned if the system is reset by
pressing Psion-Ctrl-Del. This is the equivalent of a soft reset on other
machine types and preserves both the environment variables and the
contents ofv:.

E_IS_A_NEW_OS_START The system was reset after programming a new operating system into the
Flash ROM (normally after running tmepro program). The
environment variables and the contentsiohave been cleared.

On the Worlabout this value is also returned if the system is reset by
pressing Shift-Psion-Ctrl-Del. This is the equivalent of a hard reset on
other machine types and clears both the environment variables and the
contents ofv:.

p_getosd Get operating system data
VOID p_getosd(VOID *pTarget, VOID *pSource, UINT length);
Copylength bytes from offsepSource in the operating system data spacgrtoget .

Operating system handles (such as memory segment handles and semaphore handles) are actually
addresses in the operating system data space of the appropriate control entry.

If you ANDa process ID witlE_PIDMASKyou get the address in operating system space of the
corresponding process control entry - as described in the clfaptarsses and Inter-Process Messaging

p_getpsu Get power supply type
INT p_getpsu(VOID);

.Return one of the following values, definecejpoc.h to indicate the power supply type on a SIBO
machine:

E_PSU_OLD
E_PSU_MAXIM
E_PSU_S3

E_PSU_S3 A9

Apart from this service EPOC hides the differences between the various power supplies.

Machines in the MC GI range of SIBO computers, for example, may use eitteerthe oLpor the
E_PSU_MAXIMpower supply variants, each of which requires a slightly different variant of the EPOC
operating system. The REPRO program that blows a new operating system into the Flash ROM of the MC
Gl range uses this service to blow the appropriate variant of EPOC.
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Language and country

SIBO machines are produced in a number of language variants, differing in the following respects:
« the language code

« the language of the text used by the ROM-based software (for example, the error messages
returned by_errs and the month names returnedobymmon)

e character type and conversion tables as described in the cGaptacters, Strings, Buffers and
Queues

» the keyboard layout
» the default country and country-dependent data

A particular language variant will always have a different language code and text but may not differ in all
the above.

The system was designed to be produced in a variety of languages and, as far as the system services are
concerned, all thebmve varations are encapsulated in a single configuration file in the ROM called
ROM::SYS$CTRY.CEM@epending on the machine, there may be further files (for example, "resource
files") containing language-dependent data for higher level system components.

Unlike the language-dependent data, the country-dependent data may be altered from the language-
dependent defaults.

p_getlanguage Get the language code
INT p_getlanguage(VOID);
.Return the language code from the ROM configuration file.

The language code can be used by applications that contain the text for more than one language to
determine which language to present. The language codes, defimecbinfig.h are as follows:

1 = English

2 = French

3 =German

4 = Spanish

5 = Italian

6 = Swedish

7 = Danish

8 = Norwegian

9 = Finnish

10 = USA

11 = Swiss french
12 = Swiss German
13 = Portuguese
14 = Turkish

15 = Icelandic

16 = Russian

17 = Hungarian

18 = Dutch

19 = Belgian Flemish
20 = Australian

21 = New Zealand
22 = Austrian

23 = Belgian french

p_gettext Get operating system text
INT p_gettext(INT n, TEXT *pBuffer);

Get thenth string from the ROM configuration file and write itgRuffer

Returns zero if successful or the negativeEN_ARGf n is outside the range of the text strings in the
configuration file.
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This function is called by specific text retrieval functions such @& andp_nmmon

Applications only need to ugegettext when retrieving text associated with a higher level of system
software (in which case the documentation of the higher level software will list appropriate values of

p_getctd Get country-dependent data
VOID p_getctd(E_CONFIG *pcfg);
Write a copy of the system CONFIGstruct topcfy where thee_coNFiGstruct is defined ip_config.has:

typedef struct
{
UWORD countryCode;
WORD gmtOffset;
UBYTE dateType;
UBYTE timeType;
UBYTE currencySymbolPosition;
UBYTE currencySpaceRequired,;
UBYTE currencyDecimalPlaces;
UBYTE currencyNegativelnBrackets;
UBYTE currencyTriadsAllowed;
UBYTE thousandsSeparator;
UBYTE decimalSeparator;
UBYTE dateSeparator;
UBYTE timeSeparator;
UBYTE currencySymbol[9];
UBYTE startOfWeek;
UBYTE summerTime;
UBYTE clockType;
UBYTE dayAbbreviation;
UBYTE monthAbbreviation;
UBYTE workDays;
UBYTE units;
UBYTE spare[9];
} E_CONFIG:;.

ThecountryCode specifies a country by its international dialling code, amel is O for imperial units or
1 for metric units

See the description pfgetctd  in the chaptellime, Timers and Datder a description of the time-
related fieldsgmtOffset , dateType , timeType , dateSeparator , timeSeparator , startOfWeek
summerTime, clockType , dayAbbreviation , monthAbbreviation andworkDays .

See the description pfgetctd  in the chapteFloating Pointfor a description of the fields that are
related to the display of floating point numbers and currefuegnhcySymbol , currencySymbolPosition ,

currencySpaceRequired , currencyDecimalPlaces , currencyNegativelnBrackets ,
currencyTriadsAllowed , thousandsSeparator anddecimalSeparator
p_setctd Set country-dependent data

VOID p_setctd(E_CONFIG *pcfg);
Sets the country-dependent data fromeh®oNFIGstructure pointed to byfg .
When changing a particular field or fields you would normally:

* usep_getctd to get a copy of the_CONFIGstruct

* modify the field or fields, as required

e usep_setctd to write back the modified_cONFIGstruct
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. __________________________________________________________________|
Switching on and off

By default, the auto-switch-off period is set to 300 seconds. The auto-switch-off period may be sensed and
set by calling_getauto andp_setauto  respectively. Auto-switch-off when a mains adaptor is connected
may be disabled by calling setautomains , and the corresponding state sensegl §tautomains

The zero priority null process automatically switches the machine off to reduce power consumption after
the system has been inactive for the auto-switch-off period. In situations where the null process does not
get an opportunity to run, a process can assume responsibility for allowing the machine to switch off by
calling p_allowoff

Some processes are marked as not being significant when it comes to determining what constitutes
activity. For example, a continuously running clock program should not stop the system from
automatically switching off in the absence of any significant activitypS@earka andp_marka in the
chapterProcesses and Inter-Process Messadmgadditional details on how to avoid keeping the
machine switched on by continuously running applications.

p_off Switch off

VOID p_off(UINT uTime);

Switch off the machine indefinitely or for any time up to approximately 4.5 hours and return when the
machine switches on.

If uTime isoxfiff  the machine switches off indefinitely and will stay off until an outstanding absolute
timer expires or the user switches on the machine. Equivalent to the machine automatically switching off
or being switched off by the user.

If uTime is greater than 8, the machine switches off for ugritee 1/4ths of a second (although it will
still switch on if an outstanding absolute timer expires or the user switches on the machiniey (&
less than or equal to 8, callipgoff has no effect.)

On the IBM PC version of EPOC, callipgoff has no effect.

p_getauto Get the auto-switch-off period
INT p_getauto(VOID);
Return the current auto-switch-off period in seconds.

If the auto-switch-off period isxifff , the system does not automatically switch off.

p_setauto Set the auto-switch-off period
VOID p_setauto(INT n);

Set the auto-switch-off period koseconds.

Passing am of -1 (xffff ) stops the system from automatically switching off.

Calling p_setauto  with n less than 15 is equivalent to callingetauto(15)

p_getautomains Get switch-off state when mains is present
INT p_getautomains(VOID);
This function is only available in EPOC version 3.18 or later.

ReturnTruUEIf auto-switch-off is disabled when mains is present, otherwise retuste
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p_setautomains Disable/enable switch-off if mains is present
VOID p_setautomains(INT flag)

This function is only available in EPOC version 3.18 or later.

Disable or enable auto-switch-off if mains is present.

If flag is TRUE auto-switch-off is disabled while mains is present amabif is FALSE, auto-switch-off is
enabled.

Even if enabled, the machine will not switch off when mains is absent if switch-off has been stopped by
use ofp_setauto

p_allowoff Allow auto switch off
VOID p_allowoff(VOID);
Allow the machine to switch off if the auto-switch-off period has expired.

A compute-bound process which has marked itself as non-active (by eallingrka ) does not allow the
machine to switch off since the null process will never get an opportunity to run. Such a process should
call p_allowoff ~ from time to time. There is no particular advantage in cafliagpwoff  more

frequently than at intervals of 15 seconds - the shortest auto-switch-off period.

On the IBM PC version of EPOC, callipgallowoff  has no effect.

p_setonevent Enable/disable the ON key event
VOID p_setonevent(INT state)

This function is only available in EPOC version 2.28 or later.

Enables or disables the event that is sent to the window server when the ON key is pressed.

If state is FALSE, the event is disabled, any other value enables the event.

|
Power supply

This section describes functions to:

* determine the presence or absence of the main battery, the Lithium backup battery or the mains
adaptor g§_supplyinfo )

» get the voltage level of the main battery (or mains adaptor, if present) and the Lithium backup
battery p_supply )

* determine whether the mains adaptor is connegtedpply )

* get the nominal maximum voltages of the main battery and the Lithium backup battery
(p_wsupply )

» get the recommended low voltage warning levels for the main battery and the Lithium backup
battery p_wsupply )

» get the time and date of insertion of the main battery, and information about main battery usage
(p_supplyinfo )

* sense and set the main battery typgetbat andp_setbat respectively)

The main battery type is only significant on machines that can take more than one battery type (such as
the MC Gl range) and affects the voltages returned dasupply .
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The main battery types are as follows:

E_BATTERY_UNKNOWN the battery type is initially set to this value when EPOC starts up (equivalent in
its effect toE_BATTERY_ALKALING

E_BATTERY_ALKALINE the battery is an Alkaline
E_BATTERY_NICAD_600 the battery is a 600 mA hour NiCd rechargeable
E_BATTERY_NICAD_1000 the battery is a 1000 mA hour NiCd rechargeable

If the hardware is unable to identify automatically the battery type, it is the responsibility of the user to set
the battery type to match that actually fitted. EhBATTERY_UNKNOWi@IUe is intended to trigger the
system into prompting the user to identify the battery type.

p_supply Get power supply status
VOID p_supply(E_SUPPLY *pValue);
Write the status of the various supplies togh®upPpLYStruct atvalue whereg_suppLyis defined as:

typedef struct
{
UWORD mainBatteryReading;
UWORD lithiumBatteryReading;
WORD mainsPresent;

} E_SUPPLY;.

where:

mainBatteryReading is the main battery voltage in millivolts (or the mains adaptor voltage if the
mains adaptor is present)

lithiumBatteryReading is the Lithium backup battery voltage in millivolts

mainsPresent is negative if the mains adaptor status cannot be determined (because the SSD
pack doors are open); zero if the mains adaptor is not present; one if the mains
adaptor is present

p_supplyinfo Get additional power supply data

VOID p_supplyinfo(E_SUPPLY_INFO *pValue);

This function is only available in EPOC version 3.18 or later.

Write information concerning the various power supplies t&tepPpLY_INFOStruct atpvalue .
Thee_suprpLY_INFOIs defined inepoc.has:

typedef struct
{
UBYTE mainBatteryLevel;
UBYTE mainBatteryStatus;
UBYTE backupBatteryLevel;
UBYTE dcLevel;
UWORD warningFlags;
ULONG insertionDate;
ULONG ticksInUseBattery;
ULONG ticksInUseDc;
ULONG maTicks;
} E_SUPPLY_INFO:;.
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where:

mainBatteryLevel

mainBatteryStatus

backupBatteryLevel

dcLevel

warningFlags

insertionDate

ticksInUseBattery

ticksInUseDc

maTicks

is the present status of the main battery. It describes the voltage level as being in
one of four discrete states:

a) E_MBAT_GOOD
battery voltage is good

b) E_MBAT_LOW
battery voltage is low

C) E_MBAT_VERY_LOW
battery voltage is very low

d) E_MBAT_ZERO
there is no battery present!

No precise figures for the actual voltage levels corresponding to these states are
given.

is the same asainBatteryLevel ~ described above except that it records the
lowestlevel that the battery has reached. It is reset when the main batteries are
removed from their housing.

is TRUEIf the Lithium backup battery is present amdske if the backup battery
level is low or the battery is not present

is TRUEIf the mains adaptor is presearid powered up
is a set of flags which can be one of:

a)E_SUPPLY_SYSTEM_TIME_CHANGED

this flag only has meaning when the battery insertion date changes. If set, it
means that the system time has changed,; if not set, it means that the main battery
has been changed.

b) E_SUPPLY_SOUND_WARNING

this flag is set if the battery power level is too low to operate sound. Its setting
implies that the user has been warned at least once before of the failure of an
attempt to generate sound.

C) E_SUPPLY_FLASH_WARNING

this flag is set if the battery power level is too low to operate a 8&&h Its

setting implies that the user has been warned at least once before of the failure of
an attempt to write to flash.

These warning flags are intended to be used only for supplying information to a
user. The last two, in particular, do not necessarily imply that an attempt to
generate sound or to write to flash will definitely fail. Even if either or both of
these warning flags are set, the attempt magesd - for example, either because
the battery voltage has recovered since an earlier failure, or because the machine
is now connected to mains power. An application is not expected to test either of
these flags before attempting the corresponding operation - failures should simply
be handled by standard error-recovery techniques.

is the system time when the present main battery was inserted

is the total length of time in 'ticks' (1/32 second) for which the machine has been
switched orand powered by the main battery. Any period during this time when
the machine has been powered by the mains adaptor is excluded from the total.

is the length of time in 'ticks' (1/32 second) for which the machine has been
switched orand powered using the mains adaptor.

is the cumulative current delivered by the present main battery; it is a product of
current x time and is measured in units of milliamps x 'ticks’ where a 'tick' is 1/32
second

On machines that use the ASIC1 chip (that is, the Series 3 classic and HC) this information is not
available, even if the machines contain version 3.18 or later of EPOC. In suchm<@apgginfo
writes zero values to all members of theuPPLY_INFOStruct.
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p_wsupply Get battery warning and maximum levels

VOID p_wsupply(E_SUPPLY_WARNINGS *pValue);

Write the recommended low voltage warning level and the nominal maximum voltage of the main battery
and the Lithium backup battery ggalue .

TheE_SUuPPLY_WARNINGStruct is defined as:

typedef struct
{
UWORD mainBatteryWarning;
UWORD lithiumBatteryWarning;
UWORD mainBatteryMax;
UWORD lithiumBatteryMax;
} E_SUPPLY_WARNINGS;.

where:

mainBatteryWarning is the recommended voltage at which to warn the user of a low main battery

lithiumBatteryWarning is the recommended voltage at which to warn the user of a low Lithium
backup battery

mainBatteryMax is the nominal maximum voltage of the main battery

lithiumBatteryMax is the nominal maximum voltage of the Lithium backup battery

All voltages are provided in millivolts.

If the host machine can take more than one battery type, the voltages will depend on the battery type set
with p_setbat .

p_getbat Get the battery type
INT p_getbat(VOID);

Return the current battery type.

The battery types of the form BATTERY_xxx are described at the beginning of this section.

On machines whose hardware does not support detection of the battery type, a call to this function should
be preceded by alt top_setbat .

p_setbat Set the battery type

INT p_setbat(INT nType);

Set the battery type taype and return zero if successful IGEN_NSUHf battery typenType is not
supported by the hardware.

The battery types of the form BATTERY_xxx are described at the beginning of this section.

This function has no practical effect on machines, such as the Workabout, whose hardware supports the
detection of the battery type.

Keyboard

p_getscancodes Get the state of all keys
INT p_getscancodes(UWORD *pScan);

This function is only available in EPOC version 3.18 or later.

Write the current state of all the keys on the keyboard to the array of ten words pointedctn by

Each key corresponds to a bit in the word array. In the case of the Series 3a, the lowest eleven bits in each
of the first eight words are used. All other machines in the SIBO range use the lowest eight bits in all ten
words. If a key is depressed the corresponding bit will be set, otherwise it is clear.
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The mapping between keys and bits in the array varies from machine to machine. In all cases, however, if
no key is depressed all ten words in the array will contain zero. The following example, to detect if any
key is pressed, is suitable for use on all SIBO machines:

GLDEF_C IsKeyDown(VOID)

{
UWORD *p;
UWORD scans[10];

p=&scans[0];
p_getscancodes(p);
for (;p<=&scans[9];p++)
{
if (“p)
return(TRUE);

}
return(FALSE);

}

The mapping between keys and the bits within the array for the Series 3a keyboard is given in the
description of the EPOBwGetScanCodes service, in thédardware Managemerthapter of th&POC
O/S System Servicasmanual.

Display

p_getlcd Get the system display type
INT p_getlcd(VOID);

.Return the (positive) system display type, where the display types are defepatih

The function returnsl if the host is a PC that has an unknown display type.

On a SIBO machine the display type is a good way of
identifying the model. The appropriate constants are defineddn.h Examples are:

E_LCD_640_400 a 640x400 pixel display as on the MC 400
E_LCD_640_200_SMALL  a 640x200 pixel display as on the MC 200
E_LCD_160_80 a 160x80 pixel display as on the HC
E_LCD_240 80 a 240x80 pixel display as on the Series 3
E_LCD_480_160 a 480x160 pixel display as on the Series 3a
E_LCD_240 100 a 240x100 pixel display as on the Workabout

On a PC, the display types are:

E_PC_HERC Hercules graphics adaptor
E_PC_CGA CGA graphics adaptor

E_PC_MDA MDA display adaptor
E_PC_EGA_MONO EGA monochrome graphics adaptor
E_PC_EGA_COLOUR EGA colour graphics adaptor
E_PC_VGA_MONO VGA monochrome graphics adaptor
E_PC_VGA_COLOUR VGA colour graphics adaptor

If p_getled returns1 (which can only happen on a PC), and you choose not to fail, it is recommended
that you proceed as if it had returre@c_vGA_MONO

p_lcdcontrastdelta Change the LCD contrast

VOID p_lcdcontrastdelta(INT nDelta);

Step the LCD contrast up or down depending on wheibewt is positive or negative respectively (the
magnitude ofiDelta is ignored.

The LCD contrast is changed through a sequence of values in a circular fashion. That is, stepping the
LCD contrast up when it is already at its maximum value sets it to its minimum value and vice versa.

The sequence of values that may be set varies from model to model. On a particular model, the values can
be ascertained by usipggeticdcontrast , described below.
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p_getlcdcontrast Get the current LCD contrast
INT p_getlcdcontrast(VOID)

Return the current LCD contrast setting.

p_backlight Switch the backlight on or off
INT p_backlight(INT mode);

Switch the backlight on or off, depending @ode as follows:

E_BACKLIGHT_OFF switch the backlight off (if it is not already off)
E_BACKLIGHT_ON switch the backlight on (if it is not already on) and reset the auto-switch-off
timer

E_BACKLIGHT_TOGGLE  switch the backlight on and reset the auto-switch-off timer if it is currently off
or switch the backlight off if it is currently on

E_BACKLIGHT_QUERY does nothing and is used just to get the current backlight on/off state

For EPOC version 3.57 and above, provided a backligitted fthe function returns the on/off state
(E_BACKLIGHT_ONf on, E_BACKLIGHT_OFFif off) as it was as the function was entered. If no backlight is
fitted, the function returns_GEN_NSUP

For earlier versions of EPOC, the return value is unreliable.

p_setbacklight Set the backlight control value
VOID p_setbacklight(UINT flag);
Enable or disable the backlight key and set the backlight auto-switch-off interval in ticks.

If the most significant bit ofag is set (as given by the bit masksAcKLIGHT_DISABLE), the operating
system will not respond to the backlight key. (However, this does not stop the backlight from being
switched by a program callingbackiight )

The lower 15 bits ofag specifies the backlight auto-switch-off interval in ticks (1/32ths of a second). If
this value is zero, the backlight is not automatically switched off by a backlight timer and it will remain
on until the machine switches off.

For example:
p_setbacklight(96);

sets the backlight auto-switch-off interval to 3 seconds and:
p_setbacklight(E_BACKLIGHT_DISABLE|(32*5));

sets the backlight auto-switch-off interval to 5 seconds and disables the backlight key.

p_getbacklight Get the backlight enablement
UINT p_getbacklight(VOID);

Return the backlight control value as sephsgtbackiight , described above.
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Sound

Most SIBO machines contain a piezo-electric buzzer in addition to a loudspeaker.

This section describes how to use the piezo to make a sound, and how to manipulate the set of flags used
to control the sound produced by the system.

The piezo uses very little power and is an easy way of generating sound, although it is fairly quiet.
Consider using thesnD: device driver, which drives the loudspeaker, if greater sound complexity or a
louder sound is required. Tls&D: device driver is described in th® Devices Referenamanual.

The bit masks for the flags controlling sound output are:

E_SOUND_KEYBOARD keyboard clicks are silenced if clear

E_SOUND_BUZZER the piezo sound system is silenced (except for keyclicks) if clear
E_SOUND_DEVICE thesnD: device driver is silenced if clear

E_SOUND_LOUD the piezo will sound louder if set

E_SOUND_DISABLE all sound in the system is silenced if set

p_sound Make a sound with the piezo

VOID p_sound(UINT nDuration, UINT nPitch);

Make a sound through the piezo fimuration  system ticks and at pitaipitch  (where the pitch has
frequency 512pitch KHz).

Shared access to this piezo service is controlled by first waiting on a mutual exclusion semaphore that has
been pre-counted with 1 (mutual exclusion semaphores are described in theAsapteronous

Requests and Semaphqreghe effect of the mutual exclusion semaphore, assuming the piezo is not
already in use, is that the first calltaound will complete immediately but subsequent calls will wait

until the current operation completes. The result is that there could be an indefinite wait before the sound
is made.

If nDuration  is passed as a negative value the call will always complete immediately, but will fail to make
a sound if the piezo is currently in use.

For example:
p_sound(5,320);

makes a short beep, suitable for accompanying an error notification. The call:
p_sound(-5,320);

will make the same sound, provided the piezo is not in use.

p_getsnd Get the sound flags
INT p_getsnd(VOID);
Return the current setting of the sound flags.

The flags are described at the beginning of this section.

p_setsnd Set the sound flags
VOID p_setsnd(INT nFlag);
Set the sound flags t®lag .

The flags are described at the beginning of this section.
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|
Sound on the Series 3a

The Series 3a machine does not contain a piezo-electric buzzer, so all sounds are made via the
loudspeaker. The Series 3a operating system does, however, contain a buzzer emulator @ngng the
device driver) that supports the sound services described in the previous section.

This does, of course, mean that pheund service uses more power than in the case of machines that
contain a piezo-electric buzzer. Since all sounds are produced @@rtth@evice driver, sounds that, in
other machines, use the buzzer (keyclicks, for example) are disabled while the Series 3a is playing a
sound, such as an alarm.

Sound files
Series 3a sound files are files that contain a 32-byte header and a byte stream of A-Law encoded digital
sound. Such files normally havevaveextension.

During recording 13-bit (a sign bit plus 12 magnitude bits) sound samples is converted to an 8-bit data
stream at 8000 bytes per second by CODEC hardware, using A-Law encoding. During playback the byte
stream is sampled at 8000 bytes per second and decoded to 13-bit sound by the CODEC.

In C, the file header is represented by the following struct (definepdo.h:

#define SignatureSize 16
#define ALawSignature "ALawSoundFile**"

typedef struct

{
TEXT Signature[SignatureSize];

UWORD Version;
ULONG Samples;
UWORD SilencelnTicks;
UWORD Repeats;
UWORD Sparel[3];

} SndFile;.

This header is written and read by the Series 3a sound services described below. The meanings of the
items in thesndrile struct are:

Signature the 16-byte (including the zero terminator) strimgawSoundFile**"

Version the Series 3a sound file version number as a 4-digit hexadecimal number of the
form xyyz wherex is the major release number;is the minor release number
andz is normally the hexadecimal digit See, for example, the description of
p_version

Samples the number of bytes following the header. This must always be size of file less
the 32 bytes for the header. Dividing this by 8000 gives the duration of the
sound in seconds.

SilencelnTicks the number of system ticks of silence appended to each repeat on playback (in
practice, you get at least 2 ticks between repeats).

Repeats the number of times to repeat the sound on playback (0 and 1 are the same).

Spare reserved for future use.

A system tick is a 1/32th of a second, equivalent to 250 samples.

The progranwav2wve.exesupplied with the SDK (it is inalled to thasibosdk\syslirectory) converts
.wav sound files to thewveformat.

The A-Law encoding scheme

The encoding scheme compresses signed, 12-bit magnitude (13 bits in all) samples into an 8-bit
representation.

A-Law encoding uses a logarithmic compression to reduce the size of sound files whilst preserving the
overall sound quality. The use of a logarithmic scale ensures that the low amplitude signals (which
contain most of the information inegch signals) are stored and reproduced with &maidoss of

fidelity.

The A-Law encoding and decoding schemes are illustrated in the following sections.
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Encoding

If the input data is represented by a normal two's complement signed value, it must first be converted into
a 12-bit magnitude, plus a 13th sign bit. For example, a value of -1 (represented by the 16-bit two's
complement value aiffif ) must be converted to the 13-bit binary representatjoopoo0000001

where brackets indicate the sign bit.

The following table represents the range of possible 13-bit inputs. In this tableharacter indicates
either a one or a zero (a "don't care" state) anddraracter represents the sign bit:

POOOOOOO
OTYRFRLPOOOO
COTYRLPOOO
X000 ROO
XXooo® R,O
XX Xaoaoocoo®
XXX Xao oo
XXX To o
XXX OO

D P OOOOO0OO0O

TYOQFLPOOOO0O0O

nnunununnonuon

A-Law compression of the above 13-bit inputs leads to the following range of 8-bit output values:

PFRPROORFRPFOO
COOTOTOTUTUTOT
O0O0O0O0O0O0O00O0O0

00000000

DYDY

PORFRPORFRLPORO

nnunununnonuon
PRPPRPRPOOOO

The compressed data is computed according to the following rules:
* the most significant bit preserves the sign bit of the original data item

» the following three bits represent the magnitude of the original data item, by recording the
position of the most significant non-zero bit (but note that the smallest magnitude group is
treated exceptionally)

» the remaining four bits record the next four most significant bits of the original data (in all but
the first group, these are the four bits tfodibw the most significant non-zero bit)

The compressed data is then manipulated to invert bits 0, 2, 4 and 6. This manipulation brings the ratio of
ones to zeroes closer to 50:50 and thus improves analog transmission of the data.

Examples of A-Law encoded data are given in the following table, where brackets identify the sign bit.

signed input 13-bit data compressed data encoded output
-1 (1)000000000001 (1)0000000 (1)1010101
+2 (0)000000000010 (0)0000001 (0)1010100
-371 (1)000101110001 (1)1000111 (1)0010010
+2074 (0)100000011010 (0)1110000 (0)0100101

A-Law encoding can be performed most simply and rapidly by means of a look-up table. Note that a 2048-
element table is sufficient, since the least significant bit of the input data has no effect on the encoded
value.
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Where speed is not of the essence, an algorithmic method may be used, such as that illustrated by the
following code:

#define MAGICXOR 0x2a
#define ONE 1

#define BIT8 0x80
#define MASK2 0x03
#define MASK3 0x70
#define MASK4 0x0f
#define MASK8 0Oxff

GLDEF_C INT Compress(INT x)
/*
Compress input 16-bit 2's complement integer (13-bit magnitude) to
8-bit signed compressed number using A-law.
*
/
{
INT p,s.y;

/* convert 2's complement to sign bit and magnitude */
p=BIT8; /* p is the (inverted) sign bit */
if (x&0x1000)
{
X= -X;
X&=0xFFF;
p=0;
}
if (x&(MASK4<<8)) /* Find leading '1' using binary search */
{
if (Xx&(MASK2<<10))
S=(X&(ONE<<11)) ? 7 : 6;
else
S=(X&(ONE<<9)) ? 5: 4;
}
else
{
if (Xx&(MASK2<<6))
S=(X&(ONE<<7)) ? 3: 2;
else
S=(X&(ONE<<5)) ? 1: 0;
}
if (s==0)
y=x>>1;
else
y=((x>>s)&MASKA4)|(s<<4);
return((~((y|p)*"MAGICXOR))&MASKS);
}

Note that the final bit manipulation is done by adding in the (inverted) sign bit, performing an exclusive
or with MAGICXOR(0x2a - inverting bits 1, 3 and 5) and then complementing the result. This exactly
corresponds with the formal definition of A-Law compression and also has the effect of restoring the sign
bit.

It would be marginally more efficient to replace the definitioma&icxorwith:
#define ALTXOR 0xD5
and replace the last line of the function with:

return(((y|p)*"ALTXOR)&MASKS);
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Decoding

Decoding an A-Law compressed data value broadly consists of reversing the process that is described in
the previous section.

The bit manipulation is first reversed, by re-inverting bits 0, 2, 4 and 6. This results in the range of
possible 8 bit values as follows

PRRPRRPROOOO
PRPOORROO
PORORORO
COOCOCOOOO
cooo0oo0oo0O0O0

oocoococoooo

nnmnmnunnonon
DYDY YY

Decompressing these 8 bit inputs using A-Law decoding leads to the following 13 bit outputs:

nnmnmnunnonuon
POOOOOO0OO
DPOOOOOO0
TOPFPOOOO0O0
OTOYQ9FRLPOO0OO00
OCOTOYHLOO0OO
RPOOTOQ R, OO
oOrQooocY RO
OORFrRQOOTOLH D
oOooraoocoT
OCOOOFR,RQO OO0
[cleoeoloNeN S NoNoN
COOCOCOCORFF

The decompressed data is computed according to the following rules:
* the most significant bit preserves the sign bit of the compressed data item

» the following three bits of the compressed data are used to determine the position of the most
significant non-zero bit of the decompressed data (but note that the smallest magnitude group is
treated exceptionally)

» the remaining four bits of the compressed data are used as the next four most significant bits of
the decompressed data (in all but the first group, these are the four bitdltwathe most
significant non-zero bit)

» the next most significant bit of the decompressed data is set to one and any remaining trailing
bits are set to zero. The resultant value is thus set to the mean of all the possible values which, on
compression, give the value that is being decoded

If the output data is required in 16-bit two's complement format, then the sign bit must be extracted from
the data and, if it is set, the decoded value should be negated.

Examples of decoding are given in the following table, where brackets identify the sign bit.

encoded data  compressed data 13-bit data signed output
(1)1010101 (1)0000000 (1)000000000001 -1
(0)1010100 (0)0000001 (0)000000000011 +3
(1)0010010 (1)1000111 (1)000101111000 -376
(0)0100101 (0)1110000 (0)200001000000 +2112

The starting values in this table are the results from the encoding examples given in the previous section.
Notice that compression followed by decompression loses some of the information, as is expected.
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As for encoding, A-Law decoding can be performed by means of a look-up table. In this case, a 256-
element table is sufficient. It is, however, simple to perform the decoding algorithmically, as illustrated in
the following code:

#define XORMASK 0x55
#define BIT8 0x80
#define MASK3 0x70
#define MASK4 0x0f
#define MASK8 0Oxff

GLDEF_C INT ALawDecode(INT x)
/*
Expand input 8-bit signed compressed number to 16-bit
2's complement integer (13-bit magnitude) using A-law.
*
/

{

INT s,y;

Xx=(x"XORMASK)&MASKS;
S=(X&MASK3)>>4;

y=0;

if (s)

{
y=0x10;
s-=1;

}
y=(((y+(X&MASK4))<<1)+1)<<s;
if (x&BIT8)

y=-y
return (y);

}

'
Series 3a sound system services

p_recordsounda Record a sound asynchronously

VOID p_recordsounda(TEXT *name, UINT len, WORD *stat);
This function is only available in EPOC version 3.18 or later.
Asynchronously record sound to a file.

The parametefame points to a zero terminated string. This should be the filename of the file to which
sound is to be recorded (any existing file is replaced). The service will fail if the file is on &BRsh

The value ofen specifies, in units of 2048 bytes, the maximum number of bytes to be recorded. This
figure excludes the 32-byte header. Before recording starts, a file of krgthzo4s  bytes is created
(and there must actually be room on the disk for a file of that length).

While recording is taking place, the word pointed tethy contains_riLE_PENDING. On completion of
recording, the completion status is writtenrstat . The completion status will be zero if recording
completed successfullg, FILE_CANCEL if recording was terminated by a callpt@ecordsoundcancel ~ , Of
a (negative) error number. See the chafissmchronous Requests and Semaphiores general
description of asynchronous services.

The service will fail with the errcg_cen_rFAIL if sound is disabled. You can only recordMoor to a
RAM SSD. Although you can not record to a Flash SSD, you can copy a recorded file to a Flash SSD and
play it back from there.

p_recordsoundcancel Cancel sound recording

VOID p_recordsoundcancel(VOID);
This function is only available in EPOC version 3.18 or later.

Cancel the recording of sound that was initiated_tordsounda . This service is functionally identical
to p_playsoundcancel - the two services may be used interchangeably.

The sound file is truncated to the actual length that was recorded before recording was cancelled. The
completion status qf recordsounda  Will be E_FILE_CANCEL
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p_recordsoundw Record a sound synchronously
INT p_recordsoundw(TEXT *name, UINT len);

This function is only available in EPOC version 3.18 or later.

Synchronously record sound to a file.

The parametefame points to a zero terminated string. This should be the filename of the file to which
sound is to be recorded (any existing file is replaced). The service will fail if the file is on &BRsh

The value ofen specifies, in units of 2048 bytes, the maximum number of bytes to be recorded. This
figure excludes the 32-byte header. Before recording starts, a file of kzagth2048 bytes is created
(and there must actually be room on the disk for a file of that length).

The function returns when the recording is complete, and returns the completion status. This will be zero
if the recording completed successfully, otherwise it is a (negative) error number.

The service will fail with the errce_GEN_FAIL if sound is disabled. You can only recordMoor to a
RAM SSD. Although you can not record to a Flash SSD, you can copy a recorded file to a Flash SSD and
play it back from there.

p_playsounda Play back a sound asynchronously
VOID p_playsounda(TEXT *name, UINT duration, UINT volume, WORD *stat);
This function is only available in EPOC version 3.18 or later.

The parametefame points to a zero terminated string. This should be either the file specification of the
sound file to be played, or+afollowed by just the name component of the sound file. If the string starts
with a*, the extensionlWVEis assumed and the service automatically hR@M:: and théwve

directories oM:, A: andB: (in that order). Note that the SeriesR@M:: sound files have names
sys$al0l.wvesys$al02.wve..

The time that the sound file will play, in system ticks, is specifietlfayion . If this is shorter than the
natural duration of the specified sound file then playback is truncateeatbin  is negative, in addition
to truncating longer files, short files are padded with trailing silence to the specified duratiesiotf

is zero, the file is played without truncation or padding. Note that the natural duration includes any
trailing silence and number of repeats that are specified in the file header.

(The Series 3a alarm server passes a parameter of -480 to truncate or pad out to 15 seconds.)

The loudness of playback is determinediddyme , which may be a number between 0 and 5 inclusive,

with 0 being the loudest. On the Series 3a there are only four actual volume levels: 1, 2, 3 and 4. Setting a
level of 0 has the same effect as setting level 1, and setting a level of 5 has the same effect as setting
level 4.

While playback is taking place, the word pointed tathly containse_FILE_PENDING. On completion of
playback, the completion status is writterrstat . The completion status will be zero if playback
completed successfullg, FILE_CANCEL if playback was terminated by a callpt@laysoundcancel , or a
(negative) error number. See the chapi®ynchronous Requests and Semaphiores general
description of asynchronous services.

The service will fail with the errae_GEN_FAIL if sound is disabled.

p_playsoundcancel Cancel sound playback
VOID p_playsoundcancel(VOID);
This function is only available in EPOC version 3.18 or later.

Cancel the playback of sound that was initiated biysounda . This service is functionally identical to
p_recordsoundcancel - the two services may be used interchangeably.

After a call top_playsoundcancel ~ the completion status pfplaysounda  will be E_FILE_CANCEL
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p_playsoundw Play back a sound synchronously
INT p_playsoundw(TEXT *name, UINT duration, UINT volume);
This function is only available in EPOC version 3.18 or later.

The parametefame points to a zero terminated string. This should be either the file specification of the
sound file to be played, or-afollowed by just the name component of the sound file. If the string starts
with a*, the extensionWVEis assumed and the service automatically hR@M:: and théwve

directories oM:, A: andB: (in that order). Note that the SeriesR@M:: sound files have names
sys$al0l.wvesys$al02.wve..

The time that the sound file will play, in system ticks, is specifiegifayion . If this is shorter than the
natural duration of the specified sound file then playback is truncateeatidn  is negative, in addition
to truncating longer files, short files are padded with trailing silence to the specified duratiesiotf

is zero, the file is played without truncation or padding. Note that the natural duration includes any
trailing silence and number of repeats that are specified in the file header.

(The Series 3a alarm server passes a parameter of -480 to truncate or pad out to 15 seconds.)

The loudness of playback is determineddyme , which may be a number between 0 and 5 inclusive,

with O being the loudest. On the Series 3a there are only four actual volume levels: 1, 2, 3 and 4. Setting a
level of 0 has the same effect as setting level 1, and setting a level of 5 has the same effect as setting
level 4.

The function returns when playback is complete, and returns the completion status. This will be zero if the
playback completed successfully, otherwise it is a (negative) error number.

The service will fail with the errae_cen_FAIL if sound is disabled.

—
Miscellaneous

p_hwexit Exit to DOS
VOID p_hwexit(VOID);
Exit EPOC and return to DOS (only effective on the IBM PC version of EPOC).

Callingp_hwexit has no effect on a SIBO version of EPOC.

p_dummy Null action
VOID p_dummy(VOID);
The function does nothing and returns nothing. It is effectively defined as:

VOID p_dummy(VOID)

{
}
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CHAPTER 14

DATABASE FILES

Overview of database files

Database files (DBFs) are binary files containing typed, variable length records. Many SIBO applications
(for example, the MC Diary and the Series 3 Database) store their data in database files. The data files
created and manipulated by OPL are also examples of database files.

DBFs are designed to Bdash-friendly that is, they may be stored and manipulated in F3&ibs (or
any other EPROM medium). A DBF stored on such a medium may be modified by appending, deleting or
replacing records without having to make a new copy of the entire file.

A freshly formattedSSD has, apart from a short headdirpytes set to Oxff, that is, all bits are set to one.
Writing to anSSD consists of selectively clearing bits to zero. On a Flash SSD it is not possible (except by
reformatting the whol&SD) to overwrite a zero with a oneata can be overwritten, provided the new

value can be derived from the old one solely by clearing bits to zero. DBFs take advantage of this fact by
reserving record type zero to represent a deleted record.

This has a number of implications for DBFs. The most fundamental is that deleting a record does not
reduce the size of the file, since all that happens is that the record type is overwritten with zero. A DBF
containing deleted records can be reduced in size by:

» calling bbfcompress , provided the file is stored on a compressible medium

» using thebbfCopyFile  service to copy the file record by record, since deleted records will not be
copied.

Furthermore, updating a record can only be performed by deleting the original record and appending the
modified version. Thus, updating a record must always move it to the end of the file.

The DBF service functions described in this chapter enhance access to database files by providing:
» an option to access records via a sparse index, with an index entry for every sixteenth record
» read-ahead buffering with, typically, a 4k buffer
» optimised searching, to locate a record by content.

The optional index table resides in a separate segment (with segmerDBES@NN.INX wherennnn

is a 4 digit hexadecimal number derived from the open DBF channel number) so as not to use any of the
application's data space. It enables fasess to a record by its record number and allows for fast

backwards scanning of the file. The index table consists of a 4 byte address for every sixteenth record.
Addresses are appended to the table as necessary when records are added to the file. Deleting a record
causes the addresses to be adjusted as necessary so that they continue to point to every sixteenth record.

A read call to the file server from a DBF service will fill the read-ahead buffer, typically reading many
records. This reduces the number of separate calls to the file server during a sequential scan of the file and
increases the speed of operation of many of the DBF services.

In general, DBF services may overwrite the buffer contents. The next read of a DBF record following a
modification of the buffer contents will cause the entire buffer to be read in again, inevitably resulting in

a loss of performance. Since this process assumes a knowledge of the buffer contents, it is essential that
all modifications to the buffer contents are either performed via DBF services or are accompanied by a
call toDbfTrash .
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In this respect it is worth noting that the services in the following list are guaranteed not to alter the
buffer:

DbfFlush
DbfVersion
DbfAppend
DbfSense
DbfCount

The file header
Database files start with a 22 byte standard header containing the following information:
Byte offset in header Information

0-15 Zero terminated file signature.

16, 17 Version of DBF software used to produce the file.
18, 19 Offset from the start of the file to the first record.
20,21 Minimum version of DBF software required.

All 16 bytes of the file signature are used for verification, not just the zero terminated string. It is therefore
essential that all file signatures fill the whole 16 bytesetfassary, you should pad out the signature
string with trailing zeros.

See thebfversion service for the format of the version numbers.

The file offset to the first record permits the use of an extended header, with additional application-
specific information following the standard header. If an extended header is not used, the value should
be 22.

Records

The records are of variable length, with the type and length contained in a leading word header. In
memory a record occupieDafRecord struct, defined ip_dbf.has:

typedef struct

{
UWORD header; /* Used for record header word */

UBYTE data[2]; /* Data to be written... */
} DbfRecord;.

The most significant four bits @kader contain the record type, in the range 0 to 15 (0xf). The remaining
twelve bits store the record length. DBF records are restricted to a maximum length of 4094 bytes, which
is one byte less than the theoretical maximum of 409 ) Gytes.

The record types are classified as follows:

0 Deleted recordThese records are ignored by all DBF services. In particular, they are
never copied by theofCopyFile  service.

1 Standard data recorccontaining a number of fields corresponding to the field
sequence specified by the field information record, described below. Most DBFs will
contain, apart from deleted records, only type 1 records, one field information record
and, optionally, one descriptive record (described below).

2 Field information recordused to store the field structure used by other records. There
must be a field information record in each file and it must be the first record in the
file. Any subsequent type 2 records will be ignored. The content of this record is
described below.

3 Descriptive record A DBF may optionally contain a record of this type, containing
file-wide application-specific data (such as the screen font to use). The content of such
a record consists of one or more variable length sub-records, with a word header
containing the type and length, exactly as for the main records. The sub-record types
are specific to the creating application. There is further information about descriptive
records in the descriptions of thefDescRecordRead andDbfDescRecordWrite
services.

4-7 Application-specific recordthat are copied to a new file, but not appended to an
existing file by thedbfCopyFile service.

8-13 Application-specific recordthat are both copied to a new file and appended to an
existing file by thedbfCopyFile  service.
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14 Reservedor voice records, containing information that is generated and interpreted
by a voice device driver.

15 Reservedor internal use - not to be used by applications.

The field information record contains up to 32 bytes, each indicating the type of the corresponding field in
the data records (it follows that a data record may contain a maximum of 32 fields, but there is an
exception, described later). The possible values for each byte are:

0 Word

1 Long

2 Double

3 String

4 - 255 Reserved

The file opening services open a DBF in such a way that only one record type (usually type 1) is visible to
the DBF services. There is no requirement for all record types to conform to the structure specified in the
field information record, but it is expected that, for normal use, type 1 records will do so. The only service
that assumes the record structure matches the content of the field information reswighigead .

Records are not restricted to contain the same number of fields as listed in the field information record.
They may contain fewer fields, provided that only trailing fields are omitted. If a record contains more
than the number of fields specified in the field information record, it is assumed that the additional ones
are string fields.

A record that contains only string fields is not restricted by the normal maximum of 32 fields; it may
contain any number of fields, subject to the overall 4094 byte limit on the record length.

An application that uses several record types may:

« open the file for one record type at a time, closing the file and reopeningdessaecords of a
different type

« open the file for one record type and handle the reading and writing of records of other types
independently of the DBF services

String fields

String fields contain leading byte counted text, and thus a normal string field may not contain more than
255 characters.

However, longer strings may be stored by making useminuation sub-fielddn such a case, the first

254 characters of the string and a terminating byte of walueare stored in an otherwise normal string
field, with a count byte containing the value 255. The terminating character, coupled with a length

byte of 255, indicates that further string characters are contained in an immediately following string field.
This following field is considered as a continuation sub-field of the previous one.

The same mechanism may be used in a continuation sub-field to extend the string text into a further
continuation sub-field. Subject to the overall restriction that a record maycesdd©94 bytes, there is
thus no limit on the length of text that may be stored in a single database string field.

Number of records

The DBF services are restricted to files containing a maximum of 65534 records, numbered from 0 to
65533. Since only one record type is visible via the DBF services, a DBF may contain more than this
maximum, provided there are not more than 65534 records of any one type.

A file containing more than the maximum number of (visible) records will, on opening, be logically
truncated to contain the maximum number of records.

End of file record

When any of the record services attempts to read past the end of the file, tirerareoeor will be
returned. The current record number (the record number returmegsbyse ) will then be the number of
the last record plus 1. This (fictitious) record is known as the end of file record.
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Attempting to read before the first record in the file, with eitheDtackread service or the

DbfFindRead service, will also result in al FILE_EOF error. In this case the current record number will

be zero. This will normally refer to the first record in the file, but may, if the file contains no records, refer
to the end of file record.

If the file contains no recordspfSense will always return zero, again referring to the end of file record.

At any time that the current record number refers to the end of file record, those services that operate on
the current record, such BsfEraseRead Or DbfUpdate , will do nothing to the record and return
E_FILE_EOF.

Database files and OPL

OPL data files, created and manipulated by the OPL data file commands, are database files. They are
created with a file signature string"oPLDatabaseFile"  and contain, in addition to the leading field
information record, only standard data (type 1) records.

OPL can open and manipulate database files created by other applications, with the following restrictions:
* The file must have a file signature string@®LDatabaseFile"

* Records other than the leading field information record and standard data (type 1) records are
ignored by OPL

|
DBF functions

DbfOpen Open a database file

INT DbfOpen(INT *pstate, VOID **pFcb, TEXT *fName, UINT mode, DbfHeader *pHead,
UBYTE *pbuffer,
UINT len, UINT type);

Open a channel to the database file specified by the zero terminated file specifieatéoand, if
successful, return zero and write the channglf@ (pFcb is not written to if the open fails).

See alsmbfQuickOpen .

The file specificatioriName is parsed with auLL related name (seefparse ). If this fails, the open fails
and returns the return value frqurfparse

The mode in which the file is opened is selecteaids¢, which should contain one (and only one) of:

P_FOPEN
P_FCREATE
P_FREPLACE
P_FAPPEND
P_FUNIQUE

optionallyored with one of:

P_FUPDATE
P_FSHARE

For the meanings of these flags, see the descriptiprom@n(P_FSTREAM) in theFiles chapter. The DBF
services make no distinction between files opened with attirerPENor P_FAPPEND All other required
mode flags are supplied automatically. Opening a DBF matte equal top_FUNIQUEWiIll write the
unique name t&Name.

The value ofpstate may be one of:

DbfStateDisabled Opens the file with a sparse index. The file is open and the index is fully built
when the call t@bfopen returns, but the call may take an extended time to
return.

DbfStateOpenNolndex Opens the file without an index. The callbtgiopen returns much faster than

for the previous case. Not all DBF services may be used on a file opened
without an index. See the descriptions of the individual services for further
details.
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DbfStateStart Opens the file with a sparse index. The open process may not be complete when
the call tobbfopen returns, depending on the value written bacldeate
Dbfopen must be called repeatedly, passing the value writtessttge by the
previous call tmbfopen, until the value written tepstate IS DbfStateStart
This should be used in cases (such as the need to remain responsive to user
input) where an extended time to return isaceptable.

The parameteafHead is a pointer to @bfHeader Struct, defined ip_dbf.has:

typedef struct

{

UBYTE fileType[DbfHeaderNameSize]; /* 16 byte file signature */

UWORD createVersion; /* software version used to create file */

UWORD dataStart; /* offset in file of first record */

UWORD needVersion; /* minimum software version needed to handle this file */
UWORD firHeader;

UBYTE fir[DbfMaxFirLength];

} DbfHeader;.

When creating a new file or replacing an existing file, all elements of this struct should be pre-filled with
the header and field information record data described earlier. Note that there is no gap between the
header and the field information record, even if an extended header is required. The file itself, however,
will contain a gap for the extended header, the length of which is 22 bytes less than the value in the
datastart  field.

When opening an existing file, thieType field must be pre-filled with the file signature. The
remainder of thebfHeader struct will be filled in with the relevant data read from the file. All 16 bytes of
the file signature will be verified against the signature in the fileeande_iNnvALID is returned if the

two signatures are not identical.

The following checks are made in all cases, regardless of whether the information is provided by the user
or read from an existing file.

e Theneedversion field is checked against the DBF software version number (returned by the
Dbfversion ~service). The major version numbermbedversion must not exceed the current
DBF software major version number (seetbgrersion service for the format of version
numbers). It is the application's responsibility to perform any further validation of the version
number.

« The field information record data is checked to be the correct type and of a lengthesolirex
the maximum length (32). AR _FILE_INVALID error is returned if any of these checks fail.

The address and length of a user-supplied read-ahead buffer are pasegg inandien respectively.
Each read call to the file server from a DBF service will readbytes into this buffer. In general, the
buffer will contain more than one record. A DBF read servicetess a record that, as a result of an
earlier read, is already in the buffer will simply locate the record within the buffer.

The buffer length, imen , must be in the range 512 to 16384. Any value outside this range will cause
Dbfopen to fail with anE_FILE_RECORDerror.

In addition, the buffer should be at least as large as the largest record in the file. Opening a file with a
sparse index and a buffer which is smaller than the largest record willeaoisen to fail with an
E_FILE_RECORDerror (this error will not be reported when opening a DBF without an index). A buffer of
4096 bytes is guaranteed to be sufficient for all database files.

Only records of type equal tgpe are visible. In most casegpe Wwill be 1 but could, exceptionally, be in
the range 4 to 14 inclusive. No check is made on the valyg=of but the results of opening a file will be
unpredictable ifype is 0, 2, 3 or greater than 14.

Immediately after opening the file, the current record number (as returmeesbyse ) will be 0, so a
call tobbfNextRead would read record number 1 apgtEraseRead Would erase record 0. To read record
0 you should calbbfFirstRead

No error is returned if the opened file contains more than the maximum number (65534) of records of any
one type. The DBF services will treat such a file as if it contained the maximum number of records.

Apart from the errors explicitly mentioned@ve,pbfopen may fail with any of the errors returned by
p_open(P_FSTREAM), p_seek Ol p_read .

14-5



PLIB REFERENCE

DbfQuickOpen Open a database file
INT DbfQuickOpen(INT *pstate, DbfOpenArgs *pargs, UBYTE *pbuffer, UINT len, UINT type);

Open a channel to a database file, a®bavpen, except that a number of the parameters are passed in a
DbfOpenArgs  struct, defined ip_dbf.has:

typedef struct

{

VOID **pFcb;
UBYTE *fName;
UINT mode;
DbfHeader *pHead;
} DbfOpenArgs;.

The meanings of the struct members and the remaining parameters are exactly as desoisibgenhfor
DbfQuickOpen returns zero if successful, otherwise it returns errors asfopen .

DbfQuickOpen should be used in preferencedtdopen since it provides more efficient and shorter code.
TheDbfopen service is retained for compatibility reasons.

DbfClose Close a database file
INT DbfClose(VOID *pFcb);

Close a database file, returning zero facgss (the negative error returns are ag_fosse ). The file
channel is closed, evenobfClose returns an error.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen .

DbfFlush Flush a database file
INT DbfFlush(VOID *pFcb);

Flush all buffers, ensuring that all modified data is written to the DBF.

Returns zero for success (the negative error returns arepagrfer ).

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen OrF DbfQuickOpen .

DbfTrash Notify that the DBF buffer has been overwritten
VOID DbfTrash(VOID *pFchb);

Inform the DBF services that the buffer of the file corresponding to the channel dada lmas been
overwritten by the caller and that the contents of the buffer can not be relied on. $Seecasoown.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen .

DbfCopyDown Copy down a DBF record
INT DbfCopyDown(VOID *pFcb, UINT offset);

Copy a record atffset  in the DBF buffer to the start of the buffer and sets a flag to signal that the buffer
is no longer valid (i.e. there is no need to palirash ). The length of the record is read from the buffer
and is returned by the service.
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It is assumed thatfset is the position in the buffer of a valid record, given by an earlier call to
DbfAbsRead , DbfAbsReadSense , DbfNextRead , DbfBackRead , DbfFirstRead , DbfLastRead , DbfEraseRead

or DbfFindRead . The results will be unpredictable if this is not the case, or if the caller has written to the
buffer since making one of the aboals.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen OrF DbfQuickOpen .

DbfCompress Compress a database file
INT DbfCompress(UINT *pstate, VOID *pFcb);

Recover space used by deleted records (provided the file is stored on a compressible medium), returning
zero for success. If the medium is not compressible, this service will do nothing but will still return zero.

After calling this service, the current record will be the end of file record (unless the medium was not
compressible - in which case the current record is unchanged).

The value ofpstate may be one of:

DbfStateDisabled The file compression is complete when the catigi@ompress returns, but the
call may take an extended time to return.

DbfStateStart The file compression may not be complete when the cabftempress
returns, depending on the value written baclpdtate . DbfCompress must be
called repeatedly, passing the value writterpéeate by the previous call to
DbfCompress , until the value written tepstate IS DbfStateStart . This should
be used in cases (such as the need to remain responsive to user input) where an
extended time to return is wweptable.

Should not be used on a file opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen OrF DbfQuickOpen .

DbfCopyFile Copy a database file
INT DbfCopyFile(UINT *pstate, VOID *pFcb, TEXT *pTargetName, UINT targetMode, UINT type,
INT dir);

Copy records (except deleted records) in either direction between the current file (spegified byd
the file named imTargetName , returning zero for success. This service may be used either to copy records
to a new file or to append records to an existing file.

The value ofpstate may be one of:

DbfStateDisabled The copy is complete when the calliicopyFile  returns, but the call may
take an extended time to return.

DbfStateStart The copy may not be complete when the cafldigopyFile returns,
depending on the value written backgeate . DbfCopyFile ~must be called
repeatedly, passing the value writteng@ate by the previous call to
DbfCopyFile , until the value written tepstate IS DbfStateStart . This should
be used in cases (such as the need to remain responsive to user input) where an
extended time to return is wweptable. An ésnate of the number of calls
required to complete the copy is to divide the source file size by the buffer size
and add 2.

DbfStateCopyAbort aborts a copy that was started with the SbatstateStart

The mode in whiclhTargetName is opened is specified lifgetmode , with the same options as for
DbfOpen . If targetMode IS P_FUNIQUE the unique file name is written goargetName . In all cases, this
file is opened without an index.
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The direction of the copy is determinedduy :

DbfCopyFromHandle copies records from the current file to the file specifiedtayetName . To
copy the current filetargetMode  should be>_FCREATE P_FREPLACEOr
P_FUNIQUE If appending records to an existing file, targetMode should be
P_FOPENOr P_FAPPEND

DbfCopyToHandle appends records from the file specifiethibyrgetName into the current file. In
this caseargetMode can sensibly only be_FOPEN

Appending records to the current file may be slower than a copy or append from the current file because of
the need to update the index (if it exists).

Which records are copied is determinedybpy . This may specify either a single type (normally type 1)
or (by passing the valumfRecordTypeAll ) all record types. There are special cases that depend on the
nature of the copy:

* when copying to a new fileafgetMode iS P_FCREATE P_FREPLACEOr P_FUNIQUB the field
information (type 2) record is always copied to the new file, regardless of the vajue .of

* when appending records to an existing fideyétMode IS P_FOPENOr P_FAPPEND records of type
2 to 7 inclusive (which therefore includes the field information record and the descriptive record)
are never copied, regardless of the valugpef.

If the copy is to a new filagrgetMode IS P_FCREATE P_FREPLACEOr P_FUNIQUE the file header
(including any extended header) is copied to the new file. If any error occurs during the copy the target
file will be deleted, if possible.

If the copy appends records to an existing filgétMode is P_FOPENOr P_FAPPEND the signatures of the
two files are verified and the field information records are checked to be compatible (either identical, or
both containing only string fields). If either test fails the cabti@opyFile  will return E_FILE_INVALID .

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . In addition to errors explicitly mentioneti@ve,DbfCopyFile  error returns are
as forp_open, p_read andp_write

WARNING: usingDbfCopyFile to append records can result in a file containing more than 65534 records
of a particular type. No error is given if this occurs.

DbfFileSize Find the size of a database file

INT DbfFileSize(VOID *pFcb, ULONG *pSize);
Writes the size of an open database filg$wre , returning zero for success.
May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Error returns are as ferseek .

DbfExtHeaderRead Read a DBF extended header

INT DbfExtHeaderRead(UINT cont, VOID *pFcb, VOID *buf, UINT len);

Read up teen bytes from the extended header of a database file and write the slatariturning the
actual number of bytes read.

If there are fewer thalen bytes left before the end of the extended header, the number of remaining bytes
are read and returned. If the current position is already at the end of the extended header the negative
numbere_FILE_EOF is returned. All other error returns are aspfoead andp_seek .

A long extended header may be read in sections. A value otéhfosignifies an initial read of the

extended header and resets the current file position to the start of the extended header before reading. For
subsequent readsynt should be set to 1. If the whole extended header is read in a single call to
DbfExtHeaderRead , cont must be set to 0.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen .
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DbfExtHeaderWrite Write a DBF extended header

INT DbfExtHeaderWrite(UINT cont, VOID *pFcb, VOID *buf, UINT len);

Write up tolen bytes of data frorauf into the extended header, returning the actual number of bytes
written.

If there are fewer thalen bytes left before the end of the extended header, the number of remaining bytes
are written and returned. If the current position is already at the end of the extended header the negative
numbere_FILE_EOF is returned. All other error returns are aspfafrite andp_seek .

A long extended header may be written in sections. A value ofddrforsignifies an initial write of the

extended header and resets the current file position to the start of the extended header before writing. For
subsequent writesont should be set to 1. If the whole extended header is written in a single call to
DbfExtHeaderwrite , cont must be set to 0.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen OrF DbfQuickOpen .

DbfDescRecordRead Read a DBF descriptive record
INT DbfDescRecordRead(VOID *pFcb);
Read the descriptive record to offset zero in the file's read-ahead buffer.

The descriptive record contains variable length sub-records, in the same format as main records, with the
record types being defined by the creating application. The reader should ignore (and not delete)
unrecognised sub-record types.

Returns the length of the descriptive record, if it exists, otheenses_EOF.
Returnse_FILE_INVALID if the file was opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek andp_read .

DbfDescRecordWrite Write a DBF descriptive record
INT DbfDescRecordWrite(VOID *pFcb, UINT len);

Write a descriptive record from the data at offset zero in the file's read-ahead buffer, returning zero for
success.

The data in the buffer bemafRecord  structure, that is the record content must start at offset 2. The first
two bytes are used to construct the header for the recordoaggend ). These two bytes should not be
included inien , the length of the record.

Any existing descriptive record will be erased, so that there is no more than one descriptive record per
file. The application should ensure that any unrecognised sub-record types are preserved from any
previously existing descriptive record.dfi is passed as zero, any existing descriptive record will be
erased and no new one will be written out.

Returnse_FILE_INVALID if the file was opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek , p_read andp_write
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DbfVersion Get the DBF version number
UINT DbfVersion(VOID);

Return the version number of the DBF software. This will be a hexadecimal number in theYerm
where:

X is the major version number (4 bits)
YY is the minor version number (8 bits)
F is the release type, either A,B or F for Alpha, Beta or Final respectively (4 bits).

For example, if 110FH is returned, the DBF software version is 1.10F.

Note that only the major version number is used to determine whether or not the DBF file system can
handle a particular file.

May be used on a DBF opened without an index.

DbfAbsRead Read a specific DBF record

INT DbfAbsRead(VOID *pFcb, UINT recnum, UWORD *pOffset);

Seek to and read (into the read-ahead buffer) record nueaher , returning the length of the record or
a negative error.

Recordrecnum becomes the current record and the offset of the record within the read-ahead buffer is
written to*poffset . This offset indicates the start obsfRecord struct (including the header) but the
returned record length is the length of the record data, excluding the header.

If recnum is greater than the last record, the eer@LE_EOF is returned, the current record is set to the
end of file record anehoffset is not valid.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek andp_read .

DbfAbsReadSense Read and sense a specific DBF record
INT DbfAbsReadSense(VOID *pFch, UINT recnum, UWORD *pOffset, ULONG *pPos);

Seek to and read (into the read-ahead buffer) record nueaher , returning the length of the record or
a negative error.

Recordrecnum becomes the current record and the offset of the record within the read-ahead buffer is
written to*poffset . This offset indicates the start obsfRecord struct (including the header) but the
returned record length is the length of the record data, excluding the header. The file position of the
header at the start of the record is writterptos .

If recnum is greater than the last record, the eer@LE_EOF is returned, the current record is set to the
end of file record anehoffset is not valid.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek andp_read .

DbfNextRead Read the next DBF record

INT DbfNextRead(VOID *pFch, UWORD *pOffset);

Seek to and read (into the read-ahead buffer) the next record, returning the length of the record or a
negative error.

This record becomes the current record and the offset of the record within the read-ahead buffer is written
to*poffset . This offset indicates the start obefRecord struct (including the header) but the returned
record length is the length of the record data, excluding the header.
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If the current record is already the last record, or the file contains no records of the current type, the error
E_FILE_EOF is returned, the current record is set to the end of file recorehamgt is not valid.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek andp_read .

DbfBackRead Read the previous DBF record

INT DbfBackRead(VOID *pFch, UWORD *pOffset);

Seek to and read (into the read-ahead buffer) the previous record, returning the length of the record or a
negative error.

This record becomes the current record and the offset of the record within the read-ahead buffer is written
to#poffset . This offset indicates the start obefRecord struct (including the header) but the returned
record length is the length of the record data, excluding the header.

If the current record is already the first record, or the file contains no records of the current type, the error
E_FILE_EOF is returned, the current record is set to record number 0 (which may be the end of file record)
and+poffset IS not valid.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek andp_read .

DbfFirstRead Read the first DBF record

INT DbfFirstRead(VOID *pFch, UWORD *pOffset);

Seek to and read (into the read-ahead buffer) the first record, returning the length of the record or a
negative error.

This record becomes the current record and the offset of the record within the read-ahead buffer is written
to=poffset . This offset indicates the start obefRecord struct (including the header) but the returned
record length is the length of the record data, excluding the header.

If the file contains no records of the current type, the erreLE_EOF is returned, the current record is
set to record number 0 (which is the end of file record)-poitket  is not valid.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek andp_read .

DbfLastRead Read the last DBF record

INT DbfLastRead(VOID *pFcb, UWORD *pOffset);

Seek to and read (into the read-ahead buffer) the last record, returning the length of the record or a
negative error.

This record becomes the current record and the offset of the record within the read-ahead buffer is written
to#poffset . This offset indicates the start obefRecord struct (including the header) but the returned
record length is the length of the record data, excluding the header.

If the file contains no records of the current type, the erreLE_EOF is returned, the current record is
set to record number 0 (which is the end of file record)-poitket  is not valid.

Should not be used on a DBF opened without an index.

Callsp_panic if prcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen . Other error returns are as fokeek andp_read .
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DbfAppend Append a DBF record

INT DbfAppend(VOID *pFcb, UINT len);

Append a record of the current type, and of lemgih to the end of the file and make this the current
record, returning zero for success.

The record to be appended must be stored at the start of the read-ahead bofietcas@ struct
(defined inp_dbf.h including the leading two byteader . DbfAppend uses these two bytes to construct
the type and length header for the record. This header should not be inclededahich is the length
of the data only.

The errore_GEN_OVERs returned if there are already 65534 records of the current type in the file. If the
total length of the record (including the two byte header) is greater than the length of the read-ahead
buffer thene_rILE_RECORDIS returned. Other error returns are aspfeeek andp_write

Should not be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen OrF DbfQuickOpen .

DbfEraseRead Erase a DBF record

INT DbfEraseRead(INT *pstate, VOID *pFchb, UWORD *pOffset);

Erase the current record and read (into the read-ahead buffer) the following record, returning the length of
the record read, or a negative error.

This record becomes the current record and the offset of the record within the read-ahead buffer is written
to*poffset . This offset indicates the start obefRecord struct (including the header) but the returned
record length is the length of the record data, excluding the header.

There are two separate circumstances in whitfraseRead may returre_FILE_EOF:
» if the current record is already the "end of file" record (or there are no records)
» ifthe current record is the last record.

In the first case, the service does nothing. In the second case, the last record is erased and the current
record becomes the end of file record.

It is the application's responsibility to distinguish, écessary, between these two cases. This may be done
either by checking if the current record is the "end of file" record (usifggnse andbDbfCount ) before

calling DbfEraseRead , Or by usingobfCount before and after the call to determine if the record count has
decreased.

The value ofpstate may be one of:

DbfStateDisabled The erase and read process is complete when the call returns, but the call may
take an extended time to return.

DbfStateStart The erase and read process may not be complete when the call returns,
depending on the value written backgdgate . DbfEraseRead must be called
repeatedly, passing the value writtenpgate by the previous call to
DbfEraseRead , until the value written tepstate IS DbfStateStart . This
should be used in cases (such as the need to remain responsive to user input)
where an extended time to return is coeptable.

Should not be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen .
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DbfUpdate Update a DBF record

INT DbfUpdate(INT *pstate, VOID *pFcb, UINT len);

Erase the current record and append a new record, of lengtfitom the read-ahead buffer, making this
the current record.

Returns zero for success, or a negative error.

The record to be appended must be stored at the start of the read-ahead boffeteasr@ struct (that
is, including a leading two byte)bfappend uses these two bytes to construct the type and length header
for the record. This header should not be includeehin which is the length of the data only.

Note that the current record is not erased until after the new record has dmsssfally appended.

Dbfupdate Will do nothing and reture_rILE EOF if there are no records of the current type, or if the
current record is the end of file record.

The value ofpstate may be one of:

DbfStateDisabled The update is complete when the call returns, but the call may take an extended
time to return.

DbfStateStart The update may not be complete when the call returns, depending on the value
written back topstate . Dbfupdate must be called repeatedly, passing the value
written to*pstate by the previous call tobfupdate , until the value written to
*pstate IS DbfStateStart . This should be used in cases (such as the need to
remain responsive to user input) where an extended time to return is
unacceptable.

Should not be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen OrF DbfQuickOpen .

DbfFindReadField Find a DBF record

INT DbfFindReadField(UINT *pstate, VOID *pFcb, VOID *pBuffer, UINT len, UINT findMode,
UINT nStrings, UWORD *pOffset, UINT startStr);

This function is only available in EPOC version 3.18 or later.

Match the wildcard text aBuffer and of lengthen (which must not excee2b5 bytes), in thestrings

string fields starting at string field numbesrtstr ~ (a value of zero fostartstr ~ starts matching at the

first string field). The match is attempted on each record, starting at the current record. Returns the length
of the first record found to contain a match or, if no match is found, a negative error.

This service must only be used on records which conform with the content of the field information record.
No error is reported if any particular record has fewer tisamgs  string fields. Ifnstrings  has the
valueDbfFindAllStrings the search for a match will continue through all string fields until the end of

the record. The field information record is used to determine the types of up to the first 32 fields. Fields in
excess of those defined in the field information record are assumed to be string fields.

findMode specifies the type of search and is made up of three parts which nuwstitiegether:

The maximum length over which the match is made in any one string field is pass@abie . String
fields are effectively truncated to this length before matching. The maximum length that may be specified
is 255, implying no truncation.

The starting point and direction of the search is specifienkbyg one of the following int@ndmode :

DbfFindForwards Search forwards from current record to next match.
DbfFindBackwards Search backwards from current record to previous match.
DbfFindFirst Search to first match in file.

DbfFindLast Search to last match in file.
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The type of match that is made is specifieabbyg either of the following int@ndMode :
DbfFindCaselndependent Case independent match.
DbfFindCaseDependent Case dependent match.

If a match is found, the record containing the match becomes the current record. Information regarding
the matching record is written to an array of tweoRr® pointed to byoffset . The firstuwoRrmontains

the offset of the record from the start of the read-ahead buffer and the second contains the address of the
first character of the matching text within the buffer. The offset indicates the staybfakeord struct

(including the header) but the returned record length is the length of the record data, excluding the
header.

If a match is not founds_FILE_EOF is returned anepofiset  is no longer valid. The current record will
then be either the first record if the search was backwards, or the end of file record if the search was
forwards.

The value ofpstate may be one of:

DbfStateDisabled The find is complete when the call returns, but the call may take an
extended time to return.

DbfStateStart The find may not be complete when the call returns, depending on the
value written back tepstate . DbfFindRead must be called repeatedly,
passing the value written tpstate by the previous call tobfFindrRead ,
until the value written tepstate  is DbfStateStart . This should be used
in cases (such as the need to remain responsive to user input) where an
extended time to return is wreeptable.

May be used on a DBF opened without an index, exceptifatvade that specifie®bfFindLast , for
which the result is unpredictable.

Callsp_panic if findMode is improperly constructed, orgfcb is not a pointer to valid DBF file channel
data, generated by an earlier calbb@open or DbfQuickOpen . Other error returns are as foseek and
p_read .

Finding across cont inuation sub-fields

As described above, a search ugnffindReadrField  will not locate text that is contained, in whole or in
part, in a continuation sub-field.

If it is possible that a database may contain string fields more than 255 characters in length, the values of
thelen andfindMode parameters must be modified to force the search to extend into continuation sub-
fields.

Firstly, the value@x1400 must beored intolen (whose unmodified value cannot exc@ed).
Secondly, the value @fidvode must be constructed as follows:

» the length component efidMode , representing the maximum length over which the match is
made in any one string field, must be set to 255

e the valueox4000 must beored intofindMode

* only case-independent matching is alloweding®ode must beored with
DbfFindCaselndependent

* the starting point and direction of the search is specified, as befadangyone of
DbfFindForwards , DbfFindBackwards , DbfFindFirst or DbfFindLast  into findMode

DbfFindRead Find a DBF record

INT DbfFindRead(UINT *pstate, VOID *pFcb, VOID *pBuffer, UINT len, UINT findMode,
UINT nStrings, UWORD *pOffset);

Match the wildcard text aBuffer and of lengthen (which must not excee2b5 bytes), with the first
nStrings  string fields of each record, starting at the current record. Returns the length of the record
containing a match, if found, or a negative error.

Calling DbfDindRead  is equivalent to callingbfFindReadField ~ with startStr ~ set to zero.
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This service must only be used on records which conform with the content of the field information record.
No error is reported if any particular record has fewer tisamgs string fields. Ifnstrings  has the
valueDbfFindAllStrings the search for a match will continue through all string fields until the end of

the record. The field information record is used to determine the types of up to the first 32 fields. Fields in
excess of those defined in the field information record are assumed to be string fields.

findMode specifies the type of search and is made up of three parts which must be OR'ed together:

The maximum length over which the match is made in any one string field is pass@abie . String
fields are effectively truncated to this length before matching. The maximum length that may be specified
is 255, implying no truncation.

The starting point and direction of the search is specifiezkbyg one of the following int@ndmode :

DbfFindForwards Search forwards from current record to next match.
DbfFindBackwards Search backwards from current record to previous match.
DbfFindFirst Search to first match in file.

DbfFindLast Search to last match in file.

The type of match that is made is specifiecbkpg either of the following int@indmode :
DbfFindCaselndependent Case independent match.
DbfFindCaseDependent Case dependent match.

If a match is found, the record containing the match becomes the current record. Information regarding
the matching record is written to an array of weor® pointed to byoffset . The firstuwormontains

the offset of the record from the start of the read-ahead buffer and the second contains the address of the
first character of the matching text within the buffer. The offset indicates the staybfakeord Struct

(including the header) but the returned record length is the length of the record data, excluding the
header.

If a match is not founds_FILE_EOF is returned anéhofiset  is no longer valid. The current record will
then be either the first record if the search was backwards, or the end of file record if the search was
forwards.

The value ofpstate may be one of:

DbfStateDisabled The find is complete when the call returns, but the call may take an
extended time to return.

DbfStateStart The find may not be complete when the call returns, depending on the value
written back topstate . DbfFindRead must be called repeatedly, passing
the value written tepstate by the previous call tobfrindread , until the
value written topstate IS DbfStateStart . This should be used in cases
(such as the need to remain responsive to user input) where an extended
time to return is unzeptable.

May be used on a DBF opened without an index, exceptifanade that specifie®bfrindLast , for
which the result is unpredictable.

Callsp_panic if findMode is improperly constructed, orgfcb is not a pointer to valid DBF file channel
data, generated by an earlier calbt@open Or DbfQuickopen . Other error returns are as foseek and
p_read .

Finding across cont inuation sub-fields

As described above, a search usibfrindread Will not locate text that is contained, in whole or in part,
in a continuation sub-field.

If it is possible that a database may contain string fields more than 255 characters in length, the values of
thelen andfindMode parameters must be modified to force the search to extend into continuation sub-
fields.

Firstly, the valuexi1400 must beored intolen (whose unmodified value cannot exc@ed).
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Secondly, the value @fidmMode must be constructed as follows:

» the length component efidMode , representing the maximum length over which the match is
made in any one string field, must be set to 255

e the valueox4000 must beored intofindMode

* only case-independent matching is alloweding®ode must beored with
DbfFindCaselndependent

* the starting point and direction of the search is specified, as befadangyone of
DbfFindForwards , DbfFindBackwards , DbfFindFirst or DbfFindLast  into findMode

DbfSense Sense the current DBF record number
UINT DbfSense(VOID *pFcb);
Return the record number of the current record.

This will be the record number of the end of file record (0 if there are no records, otherwise the number of
records plus one) if an immediatelyepeding DBF serviceal returned are_FILE_EOF error.

May be used on a DBF opened without an index.

Callsp_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen .

DbfCount Count the number of DBF records

UINT DbfCount(VOID *pFcb);

Return the number of records of the currently visible type, without altering the current record number.
Should not be used on a DBF opened without an index.

Callsp_panic if prcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen .
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CHAPTER 15

OBJECT ORIENTED PROGRAMMING

This chapter contains a complete reference description of EPOC's run-time support for object oriented
programming QOP). It does not describe the essdrconcepts 0OOP, the compilgéime tools used to
build applications usin@OP, or any system-supplied object class libraries.

This chapter is not suitable as an introduction to the object oriented programming environment on any
SIBO machine.

Classes

A classis implemented as:
» aclass descriptor (a data structure that resides in a code segment)
e aset of functions (normally written in C) that implement the clzthods
The class descriptor resides in the same code segment as its associated method functions.

Class descriptor

The C structure for the class descriptor (which may be of use after galliygat to copy a class
descriptor to the data segment) is defined as:

typedef
{
UWORD cat;
struct p_class *super; /* superclass class */
UWORD len; /* length of instance */
UWORD base; /* base function number */
UBYTE sig_6b; /* signature - should be Ox6b */
UBYTE num; /* number of entries in vector table */
UBYTE ncomp; /* number of component objects */
} P_CLASS;.

where the contents of a loaded and dynamically linked class descriptor is as follows:

cat the handle of the code segment that contains the superclass class descriptor

super the offset of the superclass class descriptor within segraentr zero if this is
a root class (which has no superclass)

len the length of an instance of the class, including the lengths of inherited
property (used by eg new andp_newlibh to create an instance)

base the base method number corresponding to the first entry in the method table
that follows the class descriptor

num the number of entries in the method table

ncomp the number of component objects to be automatically destroyed

sig_6b a signature (which should bgsb ) to guard against a bad class reference
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This header is followed by an arraynaf 16-bit code segment offsets (into the same segment that
contains the descriptor) of the method functions. This table contains "holes" (that is, method numbers for
which there is no method function) represented by zeros.

In the unlinked structure (for example, when the category descriptor resides in an executable file or a
DYL), the first two fieldscat andsuper , which identify the superclass, contain different values. These
values are overwritten when the segment is loaded and dynamically linked. This is described below.

Object instances

An instanceof a class is implemented as a cell in the heap and is created by galémagr_new ,
f_newlibh , p_newlibh , f newsend Orf_newlibhsend

The first two words of the cell contain the code segment handle and class descriptor offset of the class of
which that object is an instance (in exactly the same way as for the superclass reference in a linked class
descriptor).

The remainder of the cell contains reperty (if any) of that class, including any property inherited
from its superclasses.

A subclass contribution to the property comes after its immediate superclass contribution such that (given
the restriction of single inheritance) the offset to a property contribution of a class is the same for that
class as it is for any subclass of that class.

All the functions f_new etc) that create an object initialise the property with zeros.
Object destruction

An object is normally destroyed by sending it a message of message number zero (sending a message is
described later).

A root class (ie a class that has no superclass) normally contains a single method (corresponding to
message number zero). This implements the default destroy method and is inherited by all other objects.

The default destroy method is designed to destroy the object and all its components (and the components
of components and so on) as defined byntlaep field in the class descriptor.

The destroy method functiorpt_destroy , is normally provided from the PLIB library.

Before callingp_free to free the heap cell that represents the object inst@nceestroy ~ scans from

the youngest class to the oldest looking for non-zesiap values in the corresponding class descriptors.

If it finds a non-zeracomp, it assumes that the property segment contributed by that class begins with an
array ofncomp object addresses muLLs (by convention, auLL entry indicates an object that has either

not yet been created or has already been destroyed). Eaclunagntry is sent a zero destroy message.

Since an object is always initially zero-filled, a failure in a partially constructed compound object will
havenuLLs in all the right places and a single destroy method to the owner should perform the appropriate
partial destroy.

Object classes which create resources that are not objects (eg an I/O channel, which needs to be closed) or
which wish to destroy objects in a specific order, generally subclass the destroy method to clean up the
resources introduced by the class in addition to "supersending” the destroy message to the superclass to
continue the process.

Categories

Categories package a collection of classes into load modules and, when loaded, code segments.
There are two types of categories:

Image categories which contain no entry point, but contain classes that are referenced from
image categories and other DYLs. The name of a code segment containing a
DYL has the extensiomyL. A DYL code segment is created by loading a
DYL load module (which may be a separate file or a partition of an executable)
usingp_loadlib O p_loadfilelib (as described in this chapter).

Dynamic library
categories (DYLs)

The ROM typically contains a number (depending on the machine) of loaded and linked category code
segments.
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Category code segments are shared - there is only one copy of a particular category in memory, however
many processes are executing it.

Once loaded into RAM and dynamically linked to external categories on which it depends, a category
memory segment is read-only - as is any code segment. A process that accidentally tries to write to a code
segment is panicked with panic number 60.

A straightforward small to medium sized application typically consists of a single image category that
references the built-in ROM DYLs.

Programmers may develop their own DYLs for one of the following reasons:

« Alarger application can choose to be organised into multiple categories to limit its working set
by selectively loading transient subsystem categories into memory (analogous to overlays in
single-tasking operating systems).

» Alarge application may use DYLs simply to overcome the 64K code segment limit.

» An application may wish to develop an open-ended set of "polymorphic" DYLs to implement, for
example, a set of different printer drivers.

» To develop a general-purpose DYL which supplements the system object libraries.
Dynamic libraries have the following advantages over normal (static) libraries:

» only one copy of the code is present in memory however many processes are using it

» the DYL code does not detract from the 64K segment limit of the application that is using it

» provided you don't change the interface to the DYL (or at least make it upward compatible), you
don't need to relink the applications that use the DYL when you build a new DYL

Category handles
A category handle identifies a category code segment, which may be in RAM or the ROM, as follows:

» if the category handle is positive, it is the handle of a moveable RAM-based code segment
» if the category handle is negative, it is the paragraph address of a ROM category code segment

Category numbers

A category code segment may also be identified by a catagogerwhich is known at compile time
(categoryhandlesare only known at run time).

The local category (that is, the category containing the code that makes the category reference) always has
the category number zero.

An external category number is the index (from 1) into an array of external category handles in the local
category code segment.

A category number is mainly used to create an instance of an object clags wsing new or
f newsend although it is also used by the more obscure function@ctsend , p_reclass andp_cpycat .

The value of an external category number depends on the composition and (arbitrary) order of the external
category array in the local category and different categories will, in general, use different category

numbers to refer to the same external category. Because of this fact, a category number should not be
passed as a parameter to an external method (for example, to create a component of variable class). When
there is a requirement to pass a category as a parameter, the category handle rather than the category
number should be used. The category handle may always be obtained from the category number by calling
p_getlibh

Dynamic linkage
A reference to an external category by category number occurs when:
« aclass from an external category is subclassed by the local category

» the local category contains code that references an external category by a category number (most
likely to create an instance of an external class ysifgy, f new Orf newsend although it
could also contain calls t0exactsend , p_reclass andp_cpycat ).
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Before such references may be made, the category must be dyndrtiidedly to the external categories
it references by category number.

The main image category is linked by callmgnkiib(0) and DYLs are linked either by the function
that loads the DYL (eithefr loadlib  Or p_loadfilelib ) or subsequently (for reasons discussed below) by
calling p_linklib

External categories are referenced by their memory segment names and it follows that, when a category is
dynamically linkedall the referenced categories must be loaded

A category is dynamically linked shortly after loading it. Between loading and linking, it may be
necessary to load other referenced DYLs.

For the predominant case where an application is implemented as a single image category referencing
only ROM-based DYLs (which are already loaded), the image may be linked by ealliagy  at any
time (normally early immain ).

When the application image category loads a DYL which references only those categories that are already
loaded (for example, the ROM-based DYLs and the loading image category), the function that loads the
DYL (eitherp_loadiib  oOr p_loadfilelib ) may be passed a parameter value that causes the function to

link the DYL immediately after loading.

Referenc ing by category handle

It is possible for a category to reference an external category by categaltg- most likely to create an
instance of an external class usin@ewlibh , f newlibh  orf_newlibhsend  or to call the more obscure
p_reclassbyhandle

In this case, the handle is normally obtained independently of dynamic linkage by one of the following
means:

* the category handle is passed as a parameter to a method
» from the segment name by callipgindiib ~ (emulating dynamic linkage)
* because the local category loaded the DYL usingdiib  or p_loadfilelib

A category (whether an image category or a DYL) may reference any number of external categories
(which may also be images or a DYLs). Typically, the following cases occur:

* an application image category references one or more DYLs (especially ROM-based DYLSs)
* aDYL references another DYL
» an application-specific DYL references the application image category

Although technically possible, the case of an image category referencing another image category is
unlikely to be useful.

DYLs
Like the main image category, the main DYL contains code that may be shared by multiple processes.

Also like the main category, DYLs are produced independently of any other category by a (static) linker.
In practice, DYLs are of one of the following types:
» genuine library DYLs, used by multiple applications (for example, the ROM-based DYLs)

» application-specific DYLs supplementing the application image category and containing classes
which could, in principle, equally well be resident in the image category

» DYLs conforming to a common interface for use by one or more applications - for example to
implement a number of different file transfer protocols with a common interface

1 The termdynamic linkages used because the link is made at run time - as opposed to normal (static)
linkage between code modules, which occurs at compile time (and is used to produce a category load
module - for example, an executable).
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DYLs that are used by more than one application shouldagetssa static data other than thserved
static variableghat are allocated at the beginning of the data segment of all applications (the structure of
the data segment is discussed in the chapéenory Allocatioh

For example, the ROM-based DYQLIB.DYLuses the reserved static:
GLREF_D VOID *w_am;

holding the address of the one and only instance of the application manager object, which schedules the
running of multiple active objects (as described in®héB Referencenanual).

Application-specific DYLs may use the seven static variables that are reserved for application programs
(in the sense that the system either does not use them or it restores them if it does). These reserved statics
(which are initialised by the system to zero) are:

GLREF_D VOID *DatApp1,
GLREF_D VOID *DatApp2;
GLREF_D VOID *DatApp3;
GLREF_D VOID *DatApp4,
GLREF_D VOID *DatApp5;
GLREF_D VOID *DatApp6;
GLREF_D VOID *DatApp7,

These names may beefine 'd to a more descriptive name, depending on the usage, as in, for example:
#define PageLayout DatAppl

Note that the code in DYLs may not introduce static variables by using quoted strings in C. For example,
the code:

p_open(&tcb,"TIM:",-1);
is fine in an image category but can't be used in a DYL. DYLs tend to have code fragments such as:
WORD b[3];

b[0]=("T'<<8)+'I'; b[1]=('M'<<8)+""; b[2]=0;
p_open(&tcb,(TEXT *)&b[0],-1);

which, although hard to read, does at least produce efficient code.

When writing application-specific DYLs it is technically possible to use static variables, provided all such
variables are declared in a single module, included both in the link of the application image category and
the DYL (analogous to FORTRAN COMMON blocks). At ttime of writing, we were taking the view

that this is a dangerous practice since the accidental introduction of static data - say a quoted string -
would misalign the variables in the two links. The tool to build a DYL from the output of the linker fails if
it detects any declared static data other than the reserved statics.

Category load modules

An image category is loaded from an executable by another process gallistg - as described in the
chapterProcesses and Inter-Process Messagifge executable may have the extensipG or .APP
but the loaded segment always has the exten$®o

The image category is not automatically dynamically linkegl byecc because the category might
reference DYLs which must first be loaded. After loading any such DYLs, the program calls
p_linklib(0) to link itself.

A DYL category may be loaded from one of two sources:
« from a dynamic library file (which normally has the extensDWL) usingp_loadlib

« from a file containing multiple DYLs (normally an executable with the extensiP®) using
p_loadfilelib after having previously opened the file uspe@peniib

In the former case, the DYL is identified by its file specification. This is appropriate for genuine library
DYLs and replaceable DYLs such as, for example, a printer driver DYLs.

In the latter case, the DYL is identified by a number that indexes the DYLs embedded in the executable.
This is appropriate for application-specific DYLs.
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A DYL may either be linked by the function that loads the DYL (eithegadiib  or p_loadfilelib ) or
subsequently (if further referenced DYLs need to be loaded first) by callingb

The structure of a loaded and linked category
A loaded category code segment contains the following:

* an external category table containing the segment handles of all externally referenced categories
(to convert external category humbers into category handles)

» aclass table containing the segment offsets of each class descriptor (to convert class numbers into
the segment offset of the corresponding class descriptor)

» aclass descriptor for each class
» the method functions and other local and global functions
Typically, the bulk of the code segment is filled with functions - like any other code segment.

The segment offset of the external category table is stored at offset 8 in the segment where the category
table consists of:

» aword containing the number of entries in the following aorag with 0x8000
» the array of external category handles

The segment offset of the class lookup table is stored at offset 6. The class lookup table is immediately
followed by the external category table so the length of the class lookup table may be obtained from the
difference between the values at offset 8 and 6.

In an image category, the entry point is at address zero.

The word at offset 4 in an image code segment contains the address in the data segment of the beginning
of the uninitialised static variables (and the end of the initialised static variables).

The structure of an unlinked category
The unlinked category differs from the linked category in the following respects:

» there is an external categorgmetable instead of an external categoandletable

» the superclass category references in the class descriptors are by category number (zero for the
local category)

» the external superclass class references in the class descriptors are by class number (references to
classes in the local category are by segment offset)

The external category name table consists of the following:
» aword containing the number of entries in the following array (bubreat with 0x8000 )
» the array of external category names

What happens during dynamic linkage
Dynamic linkage consists of the following:

» converting the external categorgmetable into the external categdigndletable (ancRng
the number of entries word witlxgooo to indicate that this conversion has taken place)

» converting local superclass references (which have category number zero) to the handle of the
local segment

» using the external category table to convert external superclass references (which have category
number greater than zero) to category handles and also to convert the class number to a segment
offset (using the class table in the external segment)
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|
Message passing

In OOP terminology, sending a message to an object ma#limg@ method function of the class or
superclass of which that object is an instance.

Method functions are called by therethod numbemhich must be between zero and 255. The method
number zero is normally reserved for the method that destroys the object (and its components, if any).

When called, the method function is passed the address of the object instance (a cell in the heap, as
returned by say_new or p_newlibh ) as its first parameter with zero to three additional parameters,
depending on the method.

The most common way of sending a message is tp sa&i , which does the following:

« locate the class descriptor of which that object is an instance (using the category handle and class
segment offset at the beginning of the instance)

« if the method number is in range of the method table that follows the class descriptor, and the
corresponding entry has a non-zero value in it, call the corresponding method function

» otherwise locate the superclass class descriptor and repeat the above

If the process of trying to find a corresponding method in successive superclass class descriptors
(sometimes calleduperclass chainingails, the sending function panics with panic number 48.

The send will also panic (with panic number 55) if the category handle and class segment offset at the
beginning of the instance points to a class descriptor that does not have the correct signature. This
catches, amongst other things, the sending of a message to an object that has already been destroyed.

As well asp_send , which is most commonly used within method functions to send a message to an
object, there is:

p_supersend which is used within a method function to send a message of the same method
number to the same object but to be handled by a superclass method. It works
like p_send except that the search for a method starts at the immediate
superclass of the class associated with the method containing the call to
p_supersend . It is typically used within a subclass method that adds further
processing (before, after or around the cafl #apersend ) to the method
being replaced.

p_entersend which works like &_send that has been called withpaenter - but more
efficiently
p_exactsend which can send a message to any method of any class (ignoring the category

handle and class segment offset at the beginning of the instance). In OOP, it is
normally used within a method function to send a message of the same method
number to the same object but to be handled by a superclass method once
removed - in effect a super supersend.

The message sending functiopssénd etc) represent the only mechanism for calling methods when:

» the method igolymorphic(where a particular send may call different method functions
depending on the class of the instance to which the method is being sent)

« the method function is in an external category (for example, a ROM-based DYL)
« the method function contains a callpt@upersend

When writing the method functions of application-specific classes, a message send can be implemented
as regular (near) function call when:

« the target method function is in the same category as the sending method
e the target method imonomorphic

« there are no calls {0 supersend in the target method
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If the target monomorphic method function is in the same categatly@stual and prospective sending
methods, there is no reason to even include the address of the method function in the method table (which
appears after the class descriptor).

When writing general-purpose library DYLs, one has to be more careful about calling a local method
(rather than using a message sending function suches ) because direct calling removes any
opportunity for subclassers to divert the send to a subclass method. However, in some cases it may be
positively desirable to restrict subclassers.

Calling conventions for method functions

A method function that is the target of any of the message sending functignse(elg p_supersend oOr
p_entersend ) must use one of the following two calling conventions:

CDECL where the generated code will take the parameters off the stack

METHOD_CALL where the generated code will take the parameters from the registers (which is
more efficient)

Note that if you call a method function directly, the prototype must be present and indicate the correct
calling convention.

Recall from theError Handling chapter that the target obaenter must use one of:
CDECL where the generated code will take the parameters off the stack
ENTER_CALL where the generated code will take the parameters from the registers

Since theENTER_CALLconvention is different from theETHOD_CALiconvention, a method function that is
a target of botlp_send (or any other message sending function, inclugdirgtersend ) andp_enter
must be declared @pECL

Performance of message se nding
Message sending usipgsend takes longer than a direct call for the following reasons:

* thereis a far call via an 8086 software interrupt to get to the message sending code in the ROM

» it hastofind the class and index a method table to find the address of the function to call
(possibly more than once if the method is found after superclass chaining)

» it performs complex stack manipulation to take the parameters from the galito to pass to
the method (note that it removes the method number)

* it has to handle the fact that the target method may be in a moveable code segment (as well as the
return to the caller which is also, in general, in a moveable code segment)

The following table of timings (in seconds) for a million calls to various library functions was produced
from a test program running on an MC400 running at 8MHz.

Empty [00p......cccceeenneen. 8
p_dummy.......ccoeveeennne 13
p_osdummy..........ccueeennne 24
p_isprint('A")......ccccuvee.. 44
p_slen(™)..cccveeenines 74
p_send2.........ccccocueennn. 134
p_send5.........cccevneennn. 145
p_send2 (subclass)............ 152
p_ioyield...........ccceeuueee 165
p_iosignal+p_iowait........... 230
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The following code segment indicates the basic mechanism that was used to obtiadveheumbers.

LOCAL_D ULONG c1=1000000L;

GLDEF_C VOID Time(VOID (*call)(VOID), TEXT *name)

{
ULONG t1,t2;

p_print("%-.30s",name);
p_sleep(5L); /* to allow redraws to complete */
tl=p_date();

(*call)();
t2=p_date();
p_printf("%4ld",t2-t1);

}

GLDEF_C VOID z_dummy(VOID)

{
ULONG c;

for (c=c1;c--;p_dummy());
}

wheremain contained calls of the form:
Time(z_dummy,"p_dummy");

The functionp_dummy consists only of a return. The 13 second result includes the 8 secondsUiannize
loop overhead to call the function a million times.

The functionp_osdummy calls the minimal ROM interrupt service, which just returns. The additional 11
seconds over the time fprdummy represents the overhead of making a far call to the ROM and handling
the return to a moveable code segment.

The test fop_iosignal  also includes a call t@ iowait . The function$ _isprint , p_slen , p_ioyield
p_iosignal  andp_iowait are all described in this manual. Note that the time takempbyy&id or a
p_iowait Will depend on what wait handlers are installed.

The tests for message sending all send to a method that just returns. The relative difference between the
time forp_send2 (which has no additional parameters) and the timg f@hds (which has the maximum
of three additional parameters) shows that there is little overhead to passing more parameters.

The test labelled_send2 (subclass) shows the time taken for one iteration of superclass chaining. Here,
the message was sent (with no additional parameters) to a instance of a class that relies on its superclass to
provide the method.

These results show that message sending has about 20 times the overhead of a local function call. The
results also show that calling any ROM-based service via a software interrupt has an overhead of 3to 5
times that of a call to a local function.

At several thousand sends per second, the additional overhead of message sending is only going to
degrade performance when it occurs in the innermost loops of an application. Where performadgce is key
speed critical sections of code should clearly avoid ysiggd or any other far call to ROM code.

The main benefit of object oriented programming is in promoting well-designed programs. Since a well-
designed program is presumably understood by its author, there should be no difficulty in identifying the
critical code sections that need to be written efficiently (and where the avoidance of far calls is just one
factor contributing to that efficiency).

It is most certainly possible to produce poorly-designed programs using object oriented programming and
the abovdimings show that a program which bumbles along will go a lot slower ysiagd rather than
direct function calls.

2In a professional development environment, this should be stateSoiftveare Requirements
Specification
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An assertion along the lines of "look after the pennies and the pounds look after themselves" is a good rule
provided it is not taken too far - it should not ruin the design and make future maintenance a nightmare. It
should certainly not be the only basis on which performance is delivered, nor should it be considered as an
alternative to understanding the program.

Using, where possible, direct function calls in place of message sending functions (suehdgsdoes
no harm to the design and can only improve performance.

The correct approach is to consider performavivere it is specified to be importantin the original
design. The aboviemings are provided to guide that consideration.

DLLs

The functions in this chapter, described in the context of object oriented programming, may also be used
to implement re-entrant dynamic link libraries (sometimes called DLLs on PCs) with the following
benefits:

» application code can break the 64K code segment limit
» thereis only one copy of the DLL in memory at a time however many processesesgrgy it
DLLs may be loaded and linked usipdoadiib ~ andp_linklib

The DLL functions would be organised into one or more groups (root classes in OOP) of up to 255
functions (methods in OOP). The functions maydiéed (without having to create an object instance)
usingp_exactsend  (where the object instance parameter has no special significance).

Category functions

This section describes the following functions:

p_loadlib which loads a DYL from a file (which normally has the extensioyil).

p_openlib which are used in conjunction to load DYLs that have been combined into a

p_loadfilelib multiple DYL file (normally an executable)

p_unloadlib which frees the memory occupied by a DYL (provided another process is not
using it)

p_linklib which is used by an image category to link itself and may also used to link
DYLs which reference another DYL that has just been loaded

p_findlib which is used to obtain the handle of a loaded category from its name

p_getlibh which converts a category number to a category handle

p_cpycat, which may be used to copy data from a category into the data segment

p_ccpy

An application that uses a DYL to implement a transient subsystem shoydisalidib  as soon as it
has finished using it so that the memory is returned to the system.

Image categories are loaded by callingkecc - described in the chaptBrocesses and Inter-Process
Messaging

An application process must connect to the file server before cplltagiib , p_openlib  or
p_loadfilelib . However, this is normally taken care of by the C startup module (the codedtedgs
main ) supplied as standard for use with the PLIB library.
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p_loadlib Load a DYL

INT p_loadlib(TEXT *pName, HANDLE *pCatHandle, INT link);

Load (and optionally link) the DYL with the zero terminated file specificatiame and, if successful,
write the category handle tpcatHandle and return zero.

If ink isTRUE the DYL is automatically linked after loading. In this case, all externally referenced
categories must already have been loaded (othegwiseic is called).

You would normally only seink to FALSE if the DYL externally references another DYL which you have
yet to load (where the DYL would be linked subsequently by caflingib ).

The file specificatiopNameis parsed with a related name ofrL" . The name component frofNameis
used to name the category segment - the segment name has the extensioregardless giName

If the parse failsp_loadlib  returns with one of the negative error numbers returnedipgtse . Other
possible error returns are:

E_FILE_NXISTS pName does not exist

E_GEN_IMAGE pNamds not a valid DYL

E_GEN_OPEN pNamBas already been loaded by the caller

E_FILE_EXIST a Qiﬁerent DYL (ie with a different checksum) with the same name already
exists

If the same DYL has already been loaded by another process, it is shared and not re-loaded.

A loaded DYL remains in memory until the process terminates or until the process unloads the DYL by
calling p_unloadiib

Note that DYLs that are in the ROM are deemed to be loaded by default. There is therefore never any
need to calp_loadiib  for such a DYL.

p_openlib Open a file containing multiple DYLs
INT p_openlib(VOID **pfch, TEXT *pName);

Open a channel to the file containing multiple DYLs as specified by the zero terminatea@nd, if
successful, write the file channelacb and return zero.

The file specificatiopNameis parsed with a related name'.ofic" . If the parse fails;_openiib  returns
with one of the negative error numbers returneg fparse .

Most commonlypNameis an image file to which the multiple DYLs have been added usingnthke
program. If the file is not a valid multiple DYL file, the ermIGEN_IMAGHS returned.

The returnedpfcb is passed to subsequent callg_teadfilelib , described next, to load the DYLs.

The file channetpfcb is obtained by an internal call foopen and when access to the file is no longer
required, it should be closed by callinglose .

The fact thatpfcb is a regular binary file handle (opened witlFRANDONOUL NOtP_FUPDATE May be
exploited to read any other data from the file.

Any error that may be returned pyopen may also be returned byopenlib

p_loadfilelib Load from a multiple DYL file
INT p_loadfilelib(VOID *fcb, UINT n, HANDLE *pCatHandle, INT link);

Load (and optionally link) theth DYL from the multiple DYL file channetb and, if successful, write
the category handle tpcatHandle and return zero.

The numben selects the DYL to be loaded from the file in the order that DYLs were originally added by
emake To load the first DYL from the filey should be zero.
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As well as storing the DYLs themselves, the multiple DYL file stores the original DYL file names. These
file names are used to name the segment in the same way as if the DYL had been loaded directly using
p_loadlib

If ink isTRUE the DYL is automatically linked after loading. In this case, all externally referenced
categories must already have been loaded (othepwisec is called).

You would normally only seink to FALSE if the DYL externally references another DYL which you have
yet to load (where the DYL would subsequently be linked by calingib ).

The file channelch is obtained by previously opening a multiple DYL file uspngpenlib , described
above.

If the DYL has already been loaded by another process, it is shared and not be re-loaded. If, however, the
library has already been loaded by the caflabadfilelib fails and returns the negatigzeGEN_OPEN

A loaded DYL remains in memory until the process terminates or until the process unloads the DYL by
calling p_unloadlib

p_unloadlib Unload a dynamic library

INT p_unloadlib(HANDLE catHandle);
Unload DYLcatHandle from memory and return zero if successful.
If the caller has not loaded the DYL, the negative error numl@EN_NOTOPEIS returned.

A loaded DYL may be shared by multiple processes. Each time a process loads a particular &¢ksan a
count is incremented. Unloading the library decrements the access count and if this takes the access count
to zero, the DYL memory segment is deleted.

p_linklib Link a loaded category

VOID p_linklib(HANDLE catHandle);

Link the loaded image category or DYL with haneleiandie or, if catHandle is zero, link the image
category containing the call polinklib

All externally referenced categories must already have been loaded (othepatige is called).

Calling this function is harmless if the category has already been linked. Since categories are shared, a
category may have already been linked because another process has previously loaded and linked it.

Applications programs which reference external DYLs by category number muysticiaith(0) to

link themselves early in their initialisation (but after loading any referenced DYLs). Applications that do
not access any external DYLs, or only access DYLs that are in the ROM, may contain the call to
p_linklib(0) as the first line of theinain() function.

In many cases, DYLs can be linked by the cafl teadlib  Or p_loadfilelib that loads them - you only
need to use_linklib on a DYL in the relatively rare case where the link has to be deferred because the
DYL references another DYL which has yet to be loaded.

p_findlib Find a category handle

INT p_findlib(TEXT *pName, HANDLE *pHandle);

Write the category handle of the loaded category segment with the zero terminatedissshe
*pHandle and return zero or, if no such category exists, return the negative L@ NXISTS .

The category may be in the ROM or in a RAM memory segment.

The name pointed to Ipnameis a category segment name, not a file specification. fidmsdylis a
valid name, butom::form.dylis not. The name should include an extension - image categories have the
extension$scand DYLs have the extensiady!.

Althoughp_findiib  will find a RAM-based DYL, it does not do anything to keep the DYL loaded.
Normally, you would only usg findiib  to get the handle of a ROM-based DYL. To get the handle of a
RAM-based DYL, you should ugeloadlib  or p_loadfilelib which will not load the DYL if it is

already loaded and will increment the usage count to keep it loaded until the programuaadsinb

(or until the program exits).
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p_getlibh Convert a category number to a handle

HANDLE p_getlibh(INT catNum);

Return the handle of the external category specified by the category ruamber.

If catNum is zerop_getlibh  returns the handle of the local category.

Any number greater than zero indexes the external category table to get the external category handle.

The function callg_panic if cathum is outside the range of the external category table or if the local
category has not been linked.

p_cpycat Copy data from a category
VOID p_cpycat(UINT catNum, VOID *pTarget, VOID *pSource, UINT count);

Copycount bytes of data from offs@tource in the segment of the category specified by the category
numbercatNum, topTarget in the caller's data segment.

Callsp_panic if catNum is outside the range of the external category table or if the local category has not
been linked.

p_ccpy Copy data from the local category
VOID p_ccpy(VOID *pTarget, VOID *pSource, UINT count);

Copycount bytes of data from offs@source in the code segment containing the cap tepy , to
pTarget in the caller's data segment.

|
Object functions

This section describes the following functions:

p_new, f_new, which create an instance of an object, given its class

p_newlibh,

f_newlibh

p_send, which send a message to an object instance, given its address

p_supersend,
p_entersend,
p_exactsend

f_newsend, which create an object and send it an initialisation message
f_newlibhsend

p_reclass, which change the class of an instance
p_reclassbyhandle

p_new (or f_new) Create an object by category number

VOID *p_new(INT catNum, INT classNum);
VOID *f_new(INT catNum, INT classNum);

Create an instance of classsnum from the category specified by the category nunabeium,
returning the address of the objectnorL if there is insufficient memory to allocate the instance from the
heap.

This function convertsatum to a category handle by callipggetibh ~ and then callg_newlibh
(described next).

The class numbefassNum specifies the class by indexing the class table in the categaiy .

Except for the instance header (which points to the specified class descriptor), the rest of the property is
initialised to zero.

Callsp_panic if catNum is outside the range of the external category table, if the local category has not
been linked or itlassNnum is outside the range of the class table.

The functioni_new is identical except that it calfsleave(E_GEN_NOMEMORY)rather than returruLL
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p_newlibh (or f_newlibh) Create an object by category handle

VOID *p_newlibh(HANDLE catHandle, INT classNum);
VOID *f_newlibh(HANDLE catHandle, INT classNum);

Create an instance of clagssNum from the category specified by the category hasdiendle |,
returning the address of the objectNoLL if there is insufficient memory to allocate the instance from the
heap.

The class numbetassNum specifies the class by indexing the class table in the categesydie

Except for the instance header (which points to the specified class descriptor), the rest of the property is
initialised to zero.

Callsp_panic if catHandle is not the handle of a valid external category elssNum is outside the
range of the class table.

The functionf_newlibh  is identical except that it caljsieave(E_GEN_NOMEMORY)rather than return
NULL

p_send (or f_send) Send a message to an object

INT p_send(VOID *pObject, INT methodNum, ...);

INT f_send(VOID *pObject, INT methodNum, ...);

INT p_send2(VOID *pObject, INT methodNum);

INT f_send2(VOID *pObject, INT methodNum);

INT p_send3(VOID *pObject, INT methodNum, VOID *p1);

INT f_send3(VOID *pObject, INT methodNum, VOID *p1l);

INT p_send4(VOID *pObject, INT methodNum, VOID *p1, VOID *p2);

INT f_send4(VOID *pObject, INT methodNum, VOID *p1, VOID *p2);

INT p_send5(VOID *pObject, INT methodNum, VOID *p1, VOID *p2, VOID *p3);
INT f_send5(VOID *pObject, INT methodNum, VOID *p1, VOID *p2, VOID *p3);

Call the method function correspondingr&hodNum of the object instangebject , passing the function
from zero to three additional parameters and return the value (which should be the size of an INT)
returned by the selected method function.

You can either usg send , which presents the stack-bassEcLcalling convention, or one of the
p_send? variants, which use a more efficient register calling convention. £achriant is identical to
the corresponding_ variant except that, if the method returns a negative walyet callsp_leave(err)
rather than returningr .

The method function is called with the same parameters as passed_isetheexcept that the
methodNum parameter is removed. The method function must use either the stackbasea the more
efficient register-basedeTHOD_CALicalling convention.

The following example illustrates the form of a method function declaration, usiMgtiR®D_CALL
calling convention, together with the correspondingnd? method function call.

#pragma save
#pragma METHOD_CALL

GLDEF_C VOID myobject_mymethod_one(VOID *self, TEXT *buf,UINT len)
{

GLDEF_C VOID myobject_mymethod_two(VOID *self, TEXT *buf,UINT len)
{

p_send4(self, 0_MYMETHOD_ONE,buf,len);

}
#pragma restore

The symbolb_MYMETHOD_ONEepresenting the method number of the method function
myobject_mymethod_one , iS generated by the category-building tools.

The search for a method function starts from the class pointed to by the object header (and which was used
to create the object). If this class does not contain a method correspondéagdsum, the search

continues with the superclass and so on until a method is found. If the search fails (that is, it fails to find a
method in the root clasg),send callsp_panic .
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p_supersend Send a message to be handled by the superclass

INT p_supersend(VOID *pObject, INT methodNum, ...);

INT p_supersend2(VOID *pObject, INT methodNum);

INT p_supersend3(VOID *pObject, INT methodNum, VOID *pl);

INT p_supersend4(VOID *pObject, INT methodNum, VOID *p1, VOID *p2);

INT p_supersend5(VOID *pObject, INT methodNum, VOID *p1, VOID *p2, VOID *p3);

Behaves exactly as fprsend except that the search for a method function correspondifagt@nNum
starts at the superclass of the class of the method containing thepcalbt@send (ignoring the object
header opobject ).

The class of the method is determined by retrieving (from the stack) the last class descriptor that provided
the path to the method containing the call_tapersend . This can go wrong if the calling method was
reached via a direct function call. If there is a possibility of the method being called directly, consider
usingp_exactsend as an alternative 0 supersend ofr, if possible, a direct function call (which is, in any
case, better for performance).

Within reasonpobject must be the same as that passed to the method callipgdp@send . In nearly
all casesmethodNum is also the same as that which selected the calling method (and in many cases the
remainder of the parameters, if any, are the same t00).

This function is typically used when a method function wishes to call the method function corresponding
to the samenethodNum of a superclass (when a method function includes the superclass method function's
processing in its own processing). Very rarely, it is used to call a different method number of a superclass.

p_entersend Send a message with an enclosing p_enter

INT p_entersend(VOID *pObject, INT methodNum, ...);

INT p_entersend2(VOID *pObject, INT methodNum);

INT p_entersend3(VOID *pObject, INT methodNum, VOID *p1);

INT p_entersend4(VOID *pObject, INT methodNum, VOID *p1, VOID *p2);

INT p_entersend5(VOID *pObject, INT methodNum, VOID *p1, VOID *p2, VOID *p3);

Behaves exactly as fprsend except that the method function called is entered as if it had been called
with p_enter .

Note that, as fog_send , the target method function must use eittmecLor METHOD_CALcalling
convention (and n®NTER_cALLas for functions entered vigenter ).

If p_leave(err)y is called before the entered method function returns, the stack is unwound and the call to
p_entersend returnserr . The call top_leave may occur in the entered function or in a sub-function and
S0 on.

The enter and leave mechanism (which is commonly used to implement structured error recovery) is
described in the chapt&rror Handling.

p_exactsend Send a message to a specific class
INT p_exactsend(HANDLE catHandle, INT classNum, VOID *pObject, INT methodNum, ...);

Behaves as fas_send except that the search for a method function correspondingt@nNum starts at
the class specified laggtHandle andclassNnum (ignoring the object header @bbject ).

Like p_supersend , this function is typically used to access a superclass method corresponding to the
samemethodNum. It is typically used for one of the following two reasons:

« to call a first generation method of a superclass (obscured by an intervening second generation
method) from a third generation method

« to call a superclass method when the calling method may be called by a direct function call
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f newsend Create and initialise an object by category number
VOID *f_newsend(INT catNum, INT classNum, INT methodNum, ...);
Create and initialise an object by:

* creating an instance of classssNum from the category specified by the category number
catNum

» calling the method function correspondingri@hodNum of the created object, passing the
function from zero to three additional parameters

The function returns the address of the created object.

Behaves as farnew followed by ap_send of methodNum to the created object wherethodNum is
typically an initialisation method that calisleave if an error occurs.

If there was insufficient memory to create the object, it ealéave(E_GEN_NOMEMORY)- just likef_new .

What makes newsend more valuable than an apparently equivalent calhtor followed by ap_send is

its error handling following a successfulew : if there is a call tg_leave with a negative parameter
beforemethodNum returns, the partially initialised object is sent a destroy message and thegaiivto

is propagated. The net effect is that the function is either successful (in which case it returns the address of
the created and initialised object) or it leaves having cleaned up the partially created object.

There is no requirement for the method functiefhodNum to return zero (as there normally is for entered
functions) and the method function may be declaredvasteor otherwise (any value returned by the
method function is lost).

Callsp_panic if catNum is outside the range of the external category table, if the local category has not
been linked or itlassNum is outside the range of the class table.

f newlibhsend Create and initialise an object by category handle
VOID *f_newlibhsend(HANDLE catHandle, INT classNum, INT methodNum, ...);

Behaves exactly as fomewsend , described above, except that the categortatoimg the class of the
object to be created is identified by its category handle rather than its category number.

In fact,f_newlibhsend IS more primitive tham newsend (which callsp_getlibh ~ to convert the category
number to a category handle before callimgwlibhsend ).

p_reclass Reclass an object by category number
VOID p_reclass(INT catNum, INT classNum, VOID *pObject);

Change the class of whiglobject is an instance to that specified by the category nusabarm and
classNum .

Within reason, the new class is a subclass or a superclass of the original class, with the same property.
The function callg_panic if you attempt to reclass to a class with a different property length.

Callsp_panic if catNum is outside the range of the external category table; if the local category has not
been linked or itlassNum is outside the range of the class table.

p_reclassbyhandle Reclass an object by category handle
VOID p_reclassbyhandle(HANDLE catHandle, INT classNum, VOID *pObject);

Change the class of whiglobject is an instance to that specified by the category haadiendle and
classNum .

Within reason, the new class is a subclass or a superclass of the original class, with the same property.
The function callg_panic if you attempt to reclass to a class with a different property length.

Callsp_panic if catHandle is not the handle of a valid external category elsNum is outside the
range of the class table.
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CHAPTER 16

PLIB REFERENCE UPDATE

The majority of the additional PLIB functions described in this chapter were introduced for the Series 3c
and Siena.

With the exception of the HC, all the functions are, in principle, available on any machine that contains
EPOC version 3.90F or later. On an HC with a suitable version of EPOC, all the functions described in
this chapter should generate RIGEN_NSUFerror.

Some functions require the presence of hardware that is not built into all machines in the SIBO range. If
the relevant hardware is not present on a particular machine, calling the function will either have no effect
or return an error &_GEN_NSUPThe descriptions of such functions contain a list of the machines on

which they are intended to be used.

|
Additional system services

p_relogpacks Relog the SSDs
INT p_relogpacks(VOID);

Relog the packs. This function has the same effect as opening and then closing the pack doors on a
Series 3a.

The function returns zero for success or a (-ve) error number. Note that the only error likely to be returned
is E_GEN_NSuUmsince, if the function is implemented on a particular machine, it is not expected to fail.

This function is supplied for internal use and is not intended to be called by application code.

p_returntickcount Sense the current tick count
UINT p_returntickcount(VOID);

Return a value that is incremented on every tick (32 times per second).

p_returnexpansionportinfo Sense the expansion port state
UINT p_returnexpansionportinfo(VOID);
Return the type and current state of the expansion port:

The value of the least significant byte of the return value is non-zero if the pack doors are open.
Additionally, on Series 3c machines, it is non zero for a short period after something is plugged into, or
removed from, the Honda connector.
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The return value also contains one of the following values in the bit-field defined by thexavask

0x0000 Expansion port is Series 3/ Series 3a 6-pin
0x0100 Expansion port is WorboutLIF

0x0200 Expansion port is Siena Honda

0x0300 Expansion port is Series 3¢ Honda

0x0400 Expansion port is HC

In addition, the following flag value may leed into the return value:
0x8000 The machine contains the Condor chip

p_setirpowerlevel Set the IR power level
UINT p_setirpowerlevel(UINT level);

This service is only available on Series 3c and Siena machines.

Set the power level used to drive the IR device to be high or low.

The value ofevel should be 1 to set the high power level, or O to set the low power level.

Return a value (0 for low and 1 for high) representing the IR power level as it was before the function was
called.

Additional Series 3c sound services

In addition to the sound system services that are available on the Series 3a, the Series 3c supports the
replaying of a segment of a sound file.

p_playsoundao Play back part of a sound, asynchronously
VOID p_playsoundao(TEXT *name,UINT duration,UINT volume,WORD *stat,UINT pos);
This function is only available on Series 3¢ machines

The parametefame points to a zero terminated string. This should be either the file specification of the
sound file to be played, or-afollowed by just the name component of the sound file. If the string starts
with a*, the extensionwveis assumed and the service automatically hR@M:: and thewve

directories oM:, A: andB: (in that order). Note that the Series 3a and Series 3c ROM sound files have
namessys$al0l.wvesys$al02.wveetc.

The time that the sound file will play, in system ticks, is specifiegifayion . If this is shorter than the
natural duration of the specified sound file then playback is truncateeatidn  is negative, in addition
to truncating longer files, short files are padded with trailing silence to the specified duratiesiotf

is zero, the file is played without truncation or padding. Note that the natural duration includes any
trailing silence and number of repeats that are specified in the file header.

The loudness of playback is determineddayme , which may be a number between 0 and 5 inclusive,

with O being the loudest. On the Series 3a there are only four actual volume levels: 1, 2, 3 and 4. Setting a
level of 0 has the same effect as setting level 1, and setting a level of 5 has the same effect as setting
level 4.

While playback is taking place, the word pointed tethly contains€_FILE_PENDING. On completion of
playback, the completion status is writterrstat . The completion status will be zero if playback
completed successfullg, FILE_CANCEL if playback was terminated by a callpt@laysoundcancel , Or a
(negative) error number. See the chapieynchronous Requests and SemapheiréisePLIB Reference
manual for a general description of asynchronous services.

The function will fail with the erroe_cen_FAIL if sound is disabled.
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conversion, 13-13
wve files
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and OS calls, 1-4
asynchronous
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timer, 10-3
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building, 8-5
cancelling, 8-4
cancelling simulation, 11-7
file cancel, 11-34
I/O, 9-2
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system, 8-2
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driver, 9-4
I/O devices, 8-6
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E_BATTERY_UNKNOWN, 13-7
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read, 11-28
seek, 11-29
write, 11-28
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example, 3-2
buffer
align, 2-3
character repeat, 2-3
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multiple arguments convert, 4-2
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pattern match case independent, 2-12 services file server, 11-5
PLIB functions, 2-1 timer close, 10-4
replicate, 2-2 timer open, 10-3
searching, 2-10 to device opening, 9-2
swap, 2-3 write to, 9-9
BYTE character
declaration, 1-5 alphabetic test, 2-6
C alphanumeric test, 2-6
floating point, 5-1, 9-1 case conversion table, 2-5
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C compiler control test, 2-6
Microsoft, 1-4 conversion, 2-4
TopSpeed, 1-4 fold, 2-7
Turbo C, 1-4 fold table, 2-5
calling convention hexadecimal test, 2-6
PLIB functions, 1-6 lower case convert, 2-8
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heap, 7-4 clock
channel real-time, 1-1
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DbfFileSize
database size of, 14-8
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DbfFindRead

database record find, 14-14

DbfFindReadField

database record find field, 14-13

DbfFirstRead
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DbfFlush

database flush, 14-6

DbfHeader

structure, 14-4, 14-5
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DbfOpen
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structure, 14-6

DbfQuickOpen

database open quickly, 14-6
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DbfUpdate

database record update, 14-13
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E_NORMAL_EXIT epoc.h
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ENTER_CALL
calling convention, 6-12, 15-8
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delete, 7-15
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device drivers, 9-1
files, 11-1
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returning, 6-8
event
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I/O write example, 9-6
internal, 8-7
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reschedule, 12-5
semaphores, 8-1
serial channel example, 8-3
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system tick, 12-1
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files, 12-1
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PLIB function, 5-7
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heap allocate, 7-5
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file spec parse, 11-7
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object create by category handle, 15-14
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15-16
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open an I/O channel, 9-4
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f seek
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object message send, 15-14
f write

write to I/O channel, 9-9
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FIL: file specification

device, 9-2 maximum size, 11-5
file file specifications

.img, 12-8 parsing, 11-7

asynchronous request cancel, 11-30, 11-34
attributes set, 11-22
binary, 11-24

file systems
LoC:, 7-1, 7-9, 11-1, 11-12, 11-28, 11-30
MSDOS, 11-5, 11-28, 11-30

binary close, 11-27 nodes, 11-1
binary open, 11-26 REM::, 11-1
binary position, 11-29 ROM::, 11-1
binary read, 11-28 UNIX, 11-30
binary seek, 11-29 files

binary write, 11-28 in EPOC, 11-1

buffers flush, 11-30
create date set, 11-23
database, 14-1

flash filing system
interface, 11-3
flash friendly

delete, 11-21 databases, 14-1
end of set, 11-30 floating point
image, 12-8 add, 5-9

information get, 11-20
label medium set, 11-22

assignment, 5-8
avoiding emulator, 5-8

operations, 11-18 C, 51
record text, 11-31 compare, 5-9
record text open, 11-32 divide, 5-9

record text position, 11-34
record text read, 11-33
record text seek, 11-34
record text write, 11-33
rename, 11-20

shared access, 11-24

double to integer convert, 5-10
double to long convert, 5-10
emulator data space, 7-3
integer part, 5-10

integer to double convert, 5-10
long to double convert, 5-10

sound, 13-13

stream text access, 11-30
stream text open, 11-31
text close, 11-32

text flush, 11-34

text set end, 11-34

file information

example code, 11-19

file open

mode identifiers, 11-26

file server

asynchronous operations, 11-6
channel services, 11-5

client, 9-3

connect, 11-1

database files, 14-1

default device, 11-10

default directory, 11-10

default node, 11-10

default path, 11-5

file specification, 11-4

file specification change directory, 11-9
file specification manipulation, 11-7
file specification parse, 11-7
non-channel services, 11-6
process, 1-7, 9-3, 12-18

process default path get, 11-11
process default path set, 11-10
process-id default path get, 11-11
shared access, 11-24
SYS$FSRY, 11-1

system default path set, 11-10
unattended applications, 11-3

File server

connection to by PLIB, 12-11

modulus, 5-10
multiply, 5-9
negate, 5-10
subtract, 5-9
floating point emulator

avoiding, 5-2
fold table

character, 2-5
format

SIBO devices, 11-16
formatting

device, 11-15

dual density, 11-16
functions

enter via p_enter, 6-12

leave on error, 6-13

leave standard, 6-13
GLDEF_C

declaration, 1-5
GLDEF_D

declaration, 1-5
GLREF_C

declaration, 1-5
GLREF_D

declaration, 1-5
granularity

heap, 7-7
growing

the heap, 7-4
HANDLE

declaration, 1-5
hardware

interrupts, 8-6
hardware interrupts

power fail, 13-1
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priority, 12-5
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header files
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memory, 7-4
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structure, 7-4
walk, 7-7

high speed serial channel
interface, 11-2

hook naotifier interface
PLIB function, 6-11

I/1O
asynchronous request, 9-2
channel cancel request, 9-9
channel close, 9-8
channel read from, 9-9
channel write to, 9-9
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device drivers, 9-1
device opening channel to, 9-2
external device driver, 9-2
LDD, 9-1
logical device driver, 9-1
operations on open channel, 9-2
PDD, 9-1
physical device driver, 9-1
reference, 1-9
semaphore, 8-2, 8-7, 9-2
semaphore signal, 8-7
semaphore signal process, 8-8
semaphore wait, 8-8
start operation, 9-5, 9-6
start operation & wait, 9-8

system, 9-1
identify
machine type, 13-10
image file header
structure, 12-8
image files
executable, 12-8
ImgHeader
structure, 12-8
inactive process
mark, 12-14
include statements
for PLIB, 1-5
index table
segments, 7-3
infrared
power level set, 16-2
INT
declaration, 1-5
integer
ULONG random, 5-6
integer conversion
PLIB functions, 4-1
integer conversion function
INT to decimal char, 4-1
LONG from signed demal, 4-4
LONG to de@mal char, 4-2
UINT to char, 4-2
ULONG from string, 4-5
ULONG to char, 4-2
UWORD from string, 4-5
WORD from signed decimal, 4-4
integrated circuit
ASIC, 1-1
inter process messages
PLIB functions, 12-18
inter-process messages
from notify, 6-11
interrupt
disabling, 1-3
hardware, 8-6
hardware priority, 12-5
software, 1-4, 15-8
vectors, 7-1
Introduction
to PLIB, 1-1
ISDN combo sound system
option, 1-1
keyboard
information, 13-9
language code
information, 13-3
LCD
display, 1-1
LDD
attached driver, 9-4
I/O, 9-1
segments, 7-2
leave
on error, 6-13
standard, 6-13
leave a function
via p_leave, 6-11
libraries
CLIB, 1-1, 1-8
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function PLIB, 1-1

object dynamic, 1-10

PLIB, 1-1

TopSpeed C, 1-8

window server, 1-1

WLIB, 1-1, 1-9
LOC::

changing, 11-12

file node, 11-28

file system, 7-1, 7-9, 11-1, 11-12

LOCAL C
declaration, 1-5
LOCAL D
declaration, 1-5
logarithm
PLIB function, 5-8
logarithm natural
PLIB function, 5-7
logical device driver
attached, 9-4
LDD, 9-1
LONG
declaration, 1-5
long integer
PLIB functions, 5-6
loudness
sound, 13-18, 16-2
machine type
identify, 13-10
macros
in p_math.h, 5-3
magic static
DatApp1l, 12-7
DatApp2, 12-7
DatApp3, 12-7
DatApp4, 12-7
DatApp5, 12-7
DatApp6, 12-7
DatApp7, 12-7
DatATFlag, 12-7
DatClassHandle, 12-6
DatClassPtr, 12-6
DatCommandPtr, 12-7
DatCountrySeg, 12-6
DatDialogPtr, 12-8
DatEClassHandle, 12-6
DatEClasPtr, 12-6
DatEnterFramePtr, 12-7
DatGate, 12-8
DatHandNext, 12-6
DatHandPrev, 12-6
DatHeapLocked, 12-7
DatlLocked, 12-8
DatOsFramePtr, 12-7
DatProcessNamePtr, 12-7
DatStatusNamePtr, 12-8
DatTest, 12-7
DatUsedPathNamePtr, 12-8
DatWordDead, 12-6
r, 12-7
T, 12-7
variables, 7-3, 12-6
w_am, 12-7
w_ws, 12-7
wClientData, 12-7

wserv_channel, 12-7
main()
function, 1-7
mains adaptor
presence, 13-6
manuals
related, 1-8
MC400
system, 1-10
media type
information, 11-17
memory
allocate failure, 7-5
allocation, 7-1
available, 7-9
heap, 7-4
moving, 1-3
RAM disk usage, 7-9
segment, 7-2, 7-9
segment adjust size, 7-12
segment close, 7-12
segment copy from, 7-11
segment copy to, 7-11
segment create, 7-10

segment decrease usage count, 7-13

segment delete, 7-11
segment device, 7-2
segment dynamic, 7-2
segment find by name, 7-12
segment get size, 7-12

segment increase usage count, 7-13

segment lock, 7-13
segment open, 7-11
segment unlock, 7-13
system usage, 7-1, 7-9
message
a process, 12-18
asynchronous, 12-21
free, 12-24
processing order, 12-22
queue, 12-22
reception12-23
reception asynchronous2-24
reception cancell,2-24
reception wait, 12-23
send, 12-25
send & wait, 12-25
slots, 12-18, 12-24
Microsoft
C compiler, 1-4
monomorphic
object, 15-7
mouse
device, 12-2
multi-tasking
in EPOC, 12-1
polling, 8-6
system, 1-2
using, 1-7
waiting, 8-6
mutual exclusion
semaphore, 8-2
name
of a process, 12-5
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natural logarithm
PLIB function, 5-7
nodes
default, 11-10
file server, 11-10
file systems, 11-1
information, 11-12
list, 11-11
operations, 11-11
notify
error & response, 6-10
hook interface, 6-11
message & response, 6-9
service, 6-9
state get, 6-10
state set, 6-10
unhook interface, 6-11
null
action, 13-19
process, 12-14, 13-5
number representation
preferences, 5-5
object
by category handle create, 15-14
by category handle create & init, 15-16
by category handle reclass, 15-16
by category number create, 15-13
by category number create & init, 15-16
by category number reclass, 15-16
class, 1-10
classes, 15-1
destruction, 15-2
dynamic libraries, 1-10
instance, 15-2
message entersend, 15-15
message send, 15-14
message specific class send, 15-15
message to superclass send, 15-15
messages, 15-6
messages performance, 15-8
method function, 15-7
method function convention, 15-8
method number, 15-7
monomorphic, 15-7
PLIB functions, 15-13
polymorphic, 15-7
property, 15-2
reference, 1-10
root class, 15-2
superclass, 15-2
object oriented programming
chapter, 1-10
panic, 6-5
OLIB reference
guide, 1-10
OLIB.DYL
libray, 1-10
opening channel to device
I/O, 9-2
operating system
data space, 7-1
overview, 1-2
operations on
any process, 12-15
current process, 12-14

devices, 11-11

directories, 11-18

files, 11-18

nodes, 11-11

open channel, 9-2
OPL

and OS calls, 1-4

case conversion, 2-5

database, 14-4

database files, 14-1

magic static r, 12-7

magic static T, 12-7

run time errors, 6-9

overview

system memory, 7-1
p_absrec

rectangle convert, 4-9
p_acos

arccosine PLIB function, 5-7
p_adjust

heap change contents, 7-6
p_alen

heap get cell length, 7-7
p_allchk

heap integrity check, 7-8
p_alloc

heap allocate, 7-5
p_allowoff

auto-switch-off allow, 13-6
p_allspc

heap potential space, 7-8
p_allwalk

heap walk, 7-7
p_asin

arcsine PLIB function, 5-7
p_atan

arctangent PLIB function, 5-7
p_atob

arguments conversion multiple, 4-2
p_atos

arguments to string multiple, 4-4
p_backlight

backlight on/off, 13-11
p_bcmp

buffer compare, 2-8
p_bcmpi

buffer compare case independent, 2-9
p_bcpy

buffer copy, 2-1
p_bfil

buffer fill with value, 2-3
p_bloc

locate byte, 2-10
p_bloci

locate character case independent, 2-10
p_bmatch

pattern match a buffer, 2-12
p_bmatchi

pattern match case independent, 2-12
p_brep

buffer replicate, 2-2
p_bsrch

binary search, 3-1
p_bsub

locate sub-buffer, 2-11
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p_bsubi

locate sub-buffer case independent, 2-11
p_bswap

buffer swap, 2-3
p_ccpy

category copy data from local, 15-13
P_CD_PARENT

directory flags, 11-9
P_CD_ROOT

directory flags, 11-9
P_CD_SUBDIR

directory flags, 11-9
p_chdir

change directory, 11-9
P_CLASS

structure, 15-1
p_close

close I/O channel, 9-8

close timer channel, 10-4

file close binary, 11-27

file close text, 11-32
p_config.h

header file, 5-5, 10-9
p_cos

cosine PLIB function, 5-7
p_cpycat

category copy data from, 15-13
p_crc

buffer CRC checksum, 2-4
p_date

system time get, 10-1
P_DATE

structure, 10-5, 10-13
p_date.h

header file, 10-4
p_dayinm

month number of days, 10-6
P_DAYSEC

structure, 10-4, 10-5, 10-6, 10-13
p_dbf.h

header file, 14-2, 14-5, 14-6, 14-12
P_DECLAREQ

declare queue header, 3-3
p_delenv

environment variable delete, 7-15
p_delenviron

environment variable delete, 7-15
p_delete

delete a file or directory, 11-21
P_DELTA

structure, 3-5, 3-6
p_deque

remove queue entry, 3-5
p_dequed

remove entry from delta queue, 3-6
p_devdel

delete device driver, 9-10
p_devind

device driver find all, 9-11
p_devqu

query device driver units, 9-11
p_dinfo

device information, 11-13
P_DINFO

structure, 11-13, 11-14

p_ds2str

time to string, 10-13
p_dstodt

time convert, 10-5
p_dstost

time convert, 10-5
p_dt2str

date to string, 10-13
p_dtob

double to string, 5-3
P_DTOB

structure, 5-3
P_DTOB_EXPONENT

PLIB function, 5-4
P_DTOB_FIXED

PLIB function, 5-4
P_DTOB_GEN_LIM

PLIB function, 5-4
P_DTOB_GENERAL

PLIB function, 5-4
p_dttods

time convert, 10-6
p_dummy

null action, 13-19
p_emprec

rectangle empty test, 4-9
p_enque

add entry to queue, 3-4
p_enqued

add entry to delta queue, 3-5
p_enter

system, 6-12
p_entersend

object message send with p_enter, 15-15
P_ENVMAX

identifier, 7-13
p_errs

error number to string, 6-9
p_exactsend

object message send to a specific class,

15-15
p_execc

load an image, 12-10
p_execcasync

load image async, 12-12
p_exit

process exit, 6-5
p_exp

exponential PLIB function, 5-7
P_FABS

file position, 11-29
P_FABSOLUTE

timer request, 10-3
p_fadd

add floating point, 5-9
P_FADIR

file status flags, 11-18
P_FAHIDDEN

file attributes, 11-22

file status flags, 11-18
P_FAMOD

file attributes, 11-22

file status flags, 11-18
P_FAPPEND

file mode, 11-26
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P_FASYSTEM

file attributes, 11-22

file status flags, 11-18
P_FATEXT

file status flags, 11-18
P_FAVOLUME

file status flags, 11-18
P_FAWRITE

file attributes, 11-22

file status flags, 11-18
P_FBLKSIZE

file block size, 11-28
P_FCANCEL

file async I/O cancel, 11-32, 11-34

file cancel async, 11-30

I/O request, 9-3, 9-8

timer request, 10-3
P_FCLOSE

I/O request, 9-3
p_fcmp

compare floating point, 5-9
P_FCREATE

file mode, 11-26
P_FCUR

file position, 11-29
p_fdate

file set creation date, 11-23
P_FDEVICE

devices list, 11-13

file request, 11-5
P_FDIR

directory list, 11-18

file request, 11-5
p_fdiv

divide floating point, 5-9
P_FEND

file position, 11-29
P_FFLUSH

file flush, 11-32

file flush buffers, 11-30

file text flush, 11-34

I/O request, 9-3, 9-8
P_FFORMAT, 11-15

file request, 11-5
p_file.h

header file, 6-9, 8-3, 9-3, 10-3, 10-4, 10-5,

11-5, 11-8, 11-12, 11-14, 11-18
p_findenviron

environment variable find, 7-15
p_findlib

DYL handle find, 15-12
p_finfo

file information get, 11-20
p_fid

assign floating point, 5-8
P_FMAXRSIZE

file max record size, 11-32
P_FMAXSSIZE

file max bytes read, 11-28

file max read / write, 11-24

file max write, 11-28
P_FMEDIA_COMPRESSIBLE

media types, 11-14
P_FMEDIA_DUAL_DENSITY

media types, 11-14

P_FMEDIA_DYNAMIC

media types, 11-14
P_FMEDIA_FLASH

media types, 11-14
P_FMEDIA_FLOPPY

media types, 11-14
P_FMEDIA_FORMATTABLE

media types, 11-14
P_FMEDIA_HARDDISK

media types, 11-14
P_FMEDIA_INTERNAL

media types, 11-14
P_FMEDIA_RAM

media types, 11-14
P_FMEDIA_ROM

media types, 11-14
P_FMEDIA_UNKNOWN

media types, 11-14
P_FMEDIA_WRITEPROTECTED

media types, 11-14
p_fmul

multiply floating point, 5-9
P_FNAMESIZE

identifier, 11-5
p_fndenv

environment variable find, 7-15
p_fneg

negate floating point, 5-10
P_FNODE

file request, 11-5

nodes list, 11-11
P_FOPEN

file mode, 11-26
p_fparse

file spec parse, 11-7
P_FPARSE

structure, 11-7, 11-8
p_frand

double PLIB function, 5-8
P_FRANDOM

file mode, 11-27
P_FREAD

file mode, 11-31

I/O request, 9-3, 9-6
p_free

heap free, 7-6
P_FRELATIVE

timer request, 10-3
P_FREPLACE

file mode, 11-26
P_FREWIND

file position, 11-34
P_FRSENSE

file position get, 11-34
P_FRSET

file position reset, 11-34
P_FSENSE

I/O request, 9-3, 9-8
P_FSET

I/O request, 9-3, 9-8
P_FSETEOF

file end set, 11-32

file set end, 11-34

file set end of, 11-30

Xi



PLIB REFERENCE

P_FSHARE

file mode, 11-27

file share, 11-24
P_FSTREAM

file binary open, 11-26

file request, 11-5
P_FSTREAM_TEXT

file open stream text, 11-31

file request, 11-5
p_fsub

subtract floating point, 5-9
P_FSYSTYPE_FLAT

identifier, 11-12
P_FSYSTYPE_HIER

identifier, 11-12
P_FTEXT

file open text, 11-32

file request, 11-5
P_FUNIQUE

file mode, 11-27
P_FUPDATE

file mode, 11-27
P_FWRITE

file mode, 11-31

I/O request, 9-3, 9-6
p_gen.h

header file, 4-4, 6-9
p_getampmtext

am / pm suffixes, 10-8
p_getauto

auto-switch-off period get, 13-5
p_getautomains

switch-off if mains get, 13-5
p_getbacklight

backlight enablement get, 13-11
p_getbat

battery type get, 13-9
p_getch

get a character from console, 9-13
p_getctd

country-dependent data, 13-4

number representation get, 5-5

time format preferences, 10-9
p_getenv

environment variable get value, 7-14
p_getenviron

environment variable get value, 7-14
p_getl

get a string with prompt, 9-13
p_getlanguage

language code, 13-3
p_getlcd

display type get, 13-10
p_getlcdcontrast

LCD contrast get, 13-11
p_getlibh

DYL handle to number convert, 15-13
p_getnotify

get notify state, 6-10
p_getosd

operating system data, 13-2
p_getowner

process get owner, 12-17
p_getpid

process ID get, 12-14

p_getpri

process priority get, 12-15
p_getpsu

power supply type, 13-2
p_getpth

process path get default, 11-11
p_getpthbyid

process-id path get default, 11-11
p_getram

get RAM size, 7-9
p_getres

system shutdown cause, 13-1
p_gets

get a string from console, 9-13
p_getscancodes

state of keys get, 13-9
p_getsnd

sound flags get, 13-12
p_getsuffixes

day in month suffixes, 10-8

p_gettext

operating system text string, 13-3
p_gltob

long unsigned conversion, 4-2
p_graf.h

header file, 4-7, 9-12
p_gtob

integer unsigned conversion, 4-2
p_hgran

heap set granularity, 7-7
p_hwexit

exit to DOS, 13-19
P_INFO

structure, 11-18, 11-19, 11-20
P_INITQ

intialise queue header, 3-3
p_insrec

rectangle inset, 4-8
p_int

integer part of floating point, 5-10
p_inti

double floating point to integer, 5-10
p_intl

floating point double to long, 5-10
p_intrec

rectangle intersection, 4-8
p_ioa

start an I/O operation, 9-5
p_ioc

start an I/O operation guaranteed, 9-6
p_ioc(P_FABSOLUTE)

absolute timer start, 10-4
p_ioc(P_FRELATIVE)

relative timer start, 10-3
p_iosignal

semaphore signal 1/0, 8-7
p_iosignalbypid

semaphore signal a process, 8-8
p_iow

start an I/O operation and wait, 9-8
p_iow(P_FCANCEL)

cancel I/O request on channel, 9-9

file async I/O cancel, 11-34

file cancel async, 11-30

timer cancel, 10-4
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p_iow(P_FFLUSH)
file flush buffers, 11-30
file text flush, 11-34
p_iow(P_FSETEOF)
file set end, 11-34
file set end of, 11-30

p_iowait

semaphore wait on I/O, 8-8
p_ioyield

let wait handlers run, 8-8
p_isalnum

alphanumeric test, 2-6
p_isalpha

alphabetic test, 2-6
p_iscntrl

control test, 2-6
p_isdigit

numeric test, 2-6
P_ISEMPTYQ

test if queue empty, 3-3
p_isgraph

printable graphic test, 2-6
p_islower

lower case test, 2-5
p_isprint

printable test, 2-6
p_ispunct

punctuation test, 2-6
p_isspace

whitespace test, 2-6
p_isupper

upper case test, 2-5
p_isxdigit

hexadecimal test, 2-6
p_itob

integer conversion, 4-1
p_itof

integer to double floating point, 5-10
P_JCENTRE

buffer align centre, 2-3
P_JLEFT

buffer align left, 2-3
P_JRIGHT

buffer align right, 2-3
p_jtob

buffer align, 2-3
p_lcdcontrastdelta

LCD contrast change, 13-10

p_leave

return from function, 6-13
p_linklib

DYL loaded link, 15-12
p_In

natural log PLIB function, 5-7
p_loadfilelib

DYL load multiple, 15-11
p_loadldd

load logical device driver, 9-10
p_loadlib

DYL load, 15-11
p_loadpdd

load physical device driver, 9-10
p_locchg

check if LOC:: changed, 11-12

p_locdevice

media information read, 11-17
p_locreadpdd

direct read of local SSD, 11-17
p_log

log PLIB function, 5-8
p_logoff

process terminate message cancel, 6-8
p_logoffa

process terminate cancel message, 6-7
p_logoffx

process terminate cancel special, 6-8
p_logon

process terminate request message, 6-7
p_logona

process terminate message, 6-6
p_longtof

long to double floating point, 5-10
p_ltob

long conversion, 4-2
p_marka

process mark active, 12-15
p_math.h

header file, 5-3
P_MAXSYSIO

identifier, 9-13
p_mcancel

cancel message receptidi2-24
p_mfree

free a message slot, 12-24
p_minit

initialise for message, 12-23
p_mkdir

directory make new, 11-22
p_mod

modulus floating point, 5-10
p_mreceive

async message receptid2-24
p_mreceivew

wait for message, 12-23
p_msend

message send, 12-25
p_msendreceivea

message send async, 12-25
p_msendreceivew

message send & wait, 12-25
p_new

object create by category number, 15-13
p_newlibh

object create by category handle, 15-14

p_ninfo

node information, 11-12
P_NINFO

structure, 11-11, 11-12
p_nmday

day name, 10-8
p_nmdaya

day name abbrev, 10-8
p_nmmon

month name, 10-8
p_nmmona

month name abbrev, 10-8
p_notify

user message PLIB function, 6-9
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p_notifyerr

user error PLIB function, 6-10
p_notifyhook

hook notifier interface, 6-11
p_notifyunhook

unhook notifier interface, 6-11
p_nowz2str

time current to string, 10-13
P_NSECDAY

identifier, 10-4
p_off

switch off, 13-5
p_offrec

rectangle offset, 4-7
p_onterminate

receive message, 6-6
p_open

open an I/O channel, 9-4
p_open(P_FDEVICE)

devices list, 11-13
p_open(P_FDIR)

directory list, 11-18
p_open(P_FFORMAT)

format a device, 11-15
p_open(P_FNODE)

nodes list, 11-11
p_open(P_FSTREAM)

file binary open, 11-26
p_open(P_FSTREAM_TEXT)

file open stream text, 11-31
p_open(P_FTEXT)

file open text, 11-32

p_open(TIM:)

open a timer channel, 10-3
p_openlib

DYL open multiple, 15-11
p_panic

panic a process, 6-5
p_pcpyfr

process copy data from, 12-17
P_pcpyto

process copy data to, 12-18
p_pcreate

process create, 12-12
p_pfind

process find all, 12-16
p_pidfind

process ID get by name, 12-16
p_pinrec

point inside rectangle, 4-9
p_piscpyfr

process copy string from, 12-17
p_pkill

kill a process, 6-5
p_playsounda

play back sound asynchronously, 13-18
p_playsoundao

sound play back partial asynchronously,

16-2
p_playsoundcancel

play back sound cancel, 13-18
p_playsoundw

play back sound synchronously, 13-19
p_pname

process name get, 12-16

P_POINT
structure, 4-7, 9-12

p_pow
power PLIB function, 5-8

p_ppanic

panic a process by id, 6-6
p_prename

process rename, 12-16
p_presume

process resume, 12-15
p_print

convert and write to console, 9-13
p_printf

convert and write to console, 9-13
p_psuspend

process suspend, 12-15
p_pterminate

terminate a process, 6-6
p_putch

write character to console, 9-13
p_puts

write string to console, 9-13
P_PWILD_ANY

file flags, 11-8
P_PWILD_EXT

file flags, 11-8
P_PWILD_NAME

file flags, 11-8
p_gsort

sort array, 3-2
P_QUE

structure, 3-3
p_que.h

header file, 3-3
p_rand

random double PLIB function, 5-8
p_randl

random number long, 5-6
p_read

file read binary, 11-28

file read text, 11-33

read from 1/O channel, 9-9
p_realloc

heap change size, 7-6
p_reclass

object reclass by category number, 15-16
p_reclassbyhandle

object reclass by category handle, 15-16
p_recordsounda

record sound asynchronously, 13-17
p_recordsoundcancel

record cancel, 13-17
p_recordsoundw

record sound synchronously, 13-18
P_RECT

structure, 4-7, 9-12
p_relogpacks

relog the SSD drives, 16-1
p_rename

rename file or directory, 11-20
p_returnexpansionportinfo

port type sense, 16-1
p_returntickcount

tick count sense, 16-1
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p_romversion p_sgcopyfr

ROM version, 13-1 memory segment copy from, 7-11
p_scap p_sgcopyto

string capitalise, 2-8 memory segment copy to, 7-11
p_scat p_sgcreate

string concatenate, 2-2 memory segment create, 7-10
p_scatm p_sgdelete

string concatenate multiple, 2-2 memory segment delete, 7-11
p_scmp p_sgfind

string compare, 2-9 memory segment find by name, 7-12
p_scmpi p_sgfree

string compare case independent, 2-9 available memory segments, 7-9
p_sconf p_sglock

string fold, 2-7 memory segment increase usage count, 7-13
p_scpy p_sgopen

string copy, 2-1 memory segment open, 7-11
p_scpyf p_sgramdisk

string copy and fold, 2-7 RAM disk usage, 7-9
p_scpym p_sgsize

string copy multiple, 2-2 memory segment size get, 7-12
p_sdate p_sgunlock

system time set, 10-1 memory segment decrease usage count,
p_seek 7-13

file position text, 11-34 p_signal

file seek binary, 11-29 semaphore signal, 8-7
p_semcrt P_SIGNAL_DISABLE

semaphore create, 8-6 identifier, 8-9
p_semdel P_SIGNAL_ENABLE

semaphore delete, 8-6 identifier, 8-9
p_send P_SIGNAL_UNUSED

object message send, 15-14 identifier, 8-9
p_setauto p_signaln

auto-switch-off period set, 13-5 semaphore signal n times, 8-7
p_setautomains p_signalnr

switch-off if mains disable/enable, 13-6 semaphore signal no re-schedule, 8-7
p_setbacklight p_sin

backlight control set, 13-11 sine PLIB function, 5-6
p_setbat p_skipch

battery type set, 13-9 non-whitespace skip, 2-7
p_setctd p_skipwh

country-dependent data set, 13-4 whitespace skip, 2-7
p_setdefaultpath p_sleep

file path set default, 11-10 suspend process, 10-2
p_setenv p_sleepa

environment variable set value, 7-14 suspend process until, 10-3
p_setenviron p_sleept

environment variable set value, 7-14 suspend process, 10-2
p_setirpowerlevel p_slen

infrared port power set, 16-2 string length, 2-1
p_setnotify p_sloc

set notify state, 6-10 locate character, 2-10
p_setonevent p_sloci

On key event disable/enable, 13-6 locate character case independent, 2-10
p_setpri p_slocr

process priority set, 12-15 locate character last match, 2-11
p_setpth p_slocri

process path set default, 11-10 locate last match character folded, 2-11
p_setsnd p_smatch

sound flags set, 13-12 string pattern match, 2-12
p_sfstat p_smatchi

file attributes set, 11-22 pattern match case independent, 2-12
p_sgadjust p_sound

memory segment size adjust, 7-12 sound make, 13-12
p_sgclose p_sqrt

memory segment close, 7-12 square root PLIB function, 5-8
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p_srep

string replicate, 2-3
p_ssub

locate sub-string, 2-11
p_ssubi

locate sub-string case independent, 2-12
p_st2str

time system to string, 10-13
p_std.h

header file, 1-5
p_stoa

string to arguments, 4-5
p_stod

string to double, 5-4
p_stog

string to word unsigned, 4-5
p_stogl

string to long unsigned, 4-5
p_stoi

decimal string conversion, 4-4
p_stol

decimal string to integer, 4-4
p_sttods

system time convert, 10-5
p_supersend
object message send to superclass, 15-15

p_supply

power status get, 13-7
p_supplyinfo

power status additional get, 13-7
p_svecadd

wait handler add, 8-9
p_sveccall

wait handler activate deactivate, 8-10
p_svecrem

wait handler remove, 8-10
p_tan

tangent PLIB function, 5-7
p_testpth

directory existence test, 11-20
p_tickle

process register activity, 12-14
p_tofold

fold character, 2-7
p_tolower

lower case convert, 2-8
p_totalK

total RAM, 7-9
p_toupper

upper case convert, 2-7
p_unirec

rectangles union of two, 4-8
p_unloadlib

DYL unload, 15-12
p_unmarka

process mark non active, 12-14
p_version

operating system version, 13-1
p_wait

semaphore wait on, 8-7
p_waitstat

wait for asynchronous request, 8-8
p_watchall

process watch all exits, 6-8

p_weekno

week number, 10-6
p_wkday

time convert, 10-6
p_write

file write binary, 11-28
file write text, 11-33
write to I/O channel, 9-9
p_wsupply
battery warnings, 13-9
packs
relog SSD drives, 16-1
panic
error numbers, 6-3
object oriented programming, 6-5
OLIB, 6-5
process by ID, 6-6
termination, 6-2
window server, 6-5
PAR
device, 9-2
paragraph
memory, 7-3
parallel port
device, 1-9
parse file specification
PLIB function, 11-7
PDD
I/0, 9-1
segments, 7-2
physical device driver
PDD, 9-1
piezo-electric
device, 13-12
sound make, 13-12
PLIB
.h files, 1-5
C startup module, 1-7
file server connection, 12-11
header files, 1-4
Introduction to, 1-1
library, 1-1
vs CLIB, 1-8
PLIB functions
buffer, 2-1
calling convention, 1-6
category, 15-10
channel I/O, 9-4
character classification, 2-4
character conversion, 2-4
client, 12-25
database, 14-4
DBF, 14-4
device driver, 9-10
integer conversion, 4-1
long integer, 5-6
object, 15-13
rectangle, 4-7
scientific, 5-6
semaphore primitive, 8-6
server, 12-23
string, 2-1
wait handlers, 8-9
polymorphic
object, 15-7
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power
PLIB function, 5-8
power supply
information, 13-6
type, 13-2
pragma
call, 1-6
directive, 1-4
restore, 1-6
save, 1-6
preemptive scheduling
in EPOC, 12-1
processes, 12-5
preferences
number representation, 5-5
priority
process, 12-4
process
active mark, 12-15
activity register, 12-14
control block, 12-2
creating, 12-10, 12-12
current, 12-14
data copy from, 12-17
data copy to, 12-18
data segments, 7-2, 7-3, 12-17
find all, 12-16
find owner, 12-17
heap, 7-3
ID, 12-2
ID fetch, 12-14
image load, 12-10
image load asynchronously, 12-12
indirected string copy from, 12-17
messages inter-process, 12-18
name by ID get, 12-16
names, 12-5
non-active mark, 12-14
null, 12-14, 13-5
on terminate notify, 6-2
operations, 12-15
priorities, 12-4
priority get, 12-15
priority set, 12-15
gueues, 12-4
rename, 12-16
resume, 12-15
scheduling, 8-1
shared code segments, 12-8
state, 12-4
subsidiary, 12-5
suspend, 10-2, 12-10, 12-15
suspend timer, 10-2
suspend until, 10-3
system, 12-2
terminate, 6-5, 6-6, 12-10
terminate another, 6-1
terminate self, 6-1
terminate word, 6-2, 6-7
usage count, 7-3
zero priority, 12-14, 13-5
process control block
structure, 12-3
process priority
E_MAX_PRIORITY, 12-4

E_MIN_PRIORITY, 12-4
of file server, 12-5
of supervisor, 12-5
processes
overview, 12-1
processes maximum allowed
E_MAX_PROCESSES, 12-1
processor
80286, 7-1
80386, 7-1
80486, 7-1
8086, 1-1, 7-1
stack, 7-3
program
environment, 1-2
small, 1-7
small model, 1-2, 7-3
property
of object, 15-2
prototype
declarations, 1-5
gueue
delta, 3-5, 8-1, 12-4, 12-16
delta add entry, 3-5
delta remove entry, 3-6
doubly linked, 3-3
doubly linked add entry, 3-4
doubly linked remove entry, 3-5
process, 12-4
ready, 8-1, 12-4, 12-16
semaphore, 8-1, 12-4, 12-16
time delta, 8-1, 10-1
gueues
example code, 3-4
quicksort
record set, 3-2
Quicksort
example, 3-3
raise to power
PLIB function, 5-8
RAM
addressable size in paragraphs, 7-9
disk memory used, 7-9
drive, 7-1
static, 11-2, 11-3
total size in kilobytes, 7-9
random number
double PLIB function, 5-8
PLIB function, 5-6
real-time clock
feature, 1-1
record text file access
PLIB functions, 11-31
rectangle
absolute convert, 4-9
displace, 4-7
empty test, 4-9
inset, 4-8
intersection, 4-8
PLIB functions, 4-7
point inside test, 4-9
union, 4-8
reference manuals
related, 1-8
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register based

calling convention, 1-7
registers

segment, 1-3, 7-1
relative

timers, 10-2
relog

SSD drives:, 16-1
REM::

file system, 11-1
re-schedule

semaphore, 8-7
reserved static

variables see magic static, 12-6
reserved static variables

see magic static, 12-6
reserved statics

variables, 7-3
reset

system, 12-2
ROM

configuration file, 13-3

DYL, 15-3

masked, 11-2

memory, 1-2

once programmable, 11-2

system, 7-1

system software, 1-1

system tables, 2-4

version, 13-1
ROM::

file system, 11-1

SYS$CTRY.CFQ3-3
scheduling

preemptive, 12-1, 12-5

process, 8-1
scientific

PLIB functions, 5-6
screen resolution

identifiers, 13-10
segment

registers, 1-3
segment register

adjustment, 1-3
segments

$nn, 7-2

$SC, 7-2

address, 7-3

adjust size, 7-12

available memory, 7-9

close, 7-12

code, 1-2, 12-8

copy from, 7-11

copy to, 7-11

create, 7-10

data, 1-3

decrease usage count, 7-13

delete, 7-11

device, 7-2

DYL, 7-2

dynamic, 7-2

external memory, 1-3, 7-9

find by name, 7-12

get size, 7-12

handle, 7-3

increase usage count, 7-13
index table, 7-3
LDD, 7-2
lock, 7-13
memory, 7-2, 7-9
name, 7-2
open, 7-11
PDD, 7-2
process data, 7-3, 12-17
registers, 7-1
shared code, 12-8
size, 7-3
unlock, 7-13
usage count, 7-3
semaphores
create, 8-6
delete, 8-6
I/O, 8-2, 8-7, 9-2
I/O signal, 8-7
I/O signal process, 8-8
I/O wait, 8-8
mutual exclusion, 8-2
primitive functions, 8-6
process scheduling, 8-1
queue, 8-1, 12-4
serialised ecess, 8-2
shared resource, 8-2
signal, 8-7
signal multiple, 8-7
signal no re-schedule, 8-7
status word, 8-3
synchronising processes, 8-1
wait, 8-7
sense
expansion port type, 16-1
serial port
device, 1-9
serialised ecess
semaphore, 8-2
server
asynchronous message receptiti?24
message free, 12-24
message reception canckR-24
message receptioniiialise, 12-23
message receptionait, 12-23
PLIB functions, 12-23
server process
activities, 12-19
example code, 12-20
set
infrared power level, 16-2
shared code segments
process, 12-8
shared resource
semaphore, 8-2
shrinking
the heap, 7-4
SIBO
architecture, 1-1
auto-switch-off, 10-2
device formats, 11-16
hardware, 9-1
Introduction to, 1-1
SSD drives, 11-2
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systems, 7-1
timers, 10-2
sine
PLIB function, 5-6
single-user
and EPOC, 12-1
small model
program, 1-2, 7-3
SND:
device, 13-12
SndFile
structure, 13-13
software
interrupts, 1-4, 15-8
solid state disk
storage, 1-1
sound
beep piezo-electric, 13-12
control flags, 13-12
duration, 13-18, 16-2
files, 13-13
flags get, 13-12
flags set, 13-12
loudness, 13-18, 16-2
piezo-electric, 13-12
pitch calculation, 13-12
play back asynchronously, 13-18
play back cancel, 13-18
play back partial asynchronously, 16-2
play back synchronously, 13-19
PLIB functions, 13-12
record asynchronously, 13-17
record cancel, 13-17
record synchronously, 13-18
Series 3a, 13-13
Series 3a services, 13-17
sound driver
device, 1-9
square root
PLIB function, 5-8
SSD
drives, 11-2
flash EPROM, 11-2, 11-3, 11-30
flash friendly, 14-1
local direct read, 11-17
masked ROM, 11-2
once programmable ROM, 11-2
relog drives, 16-1
static RAM, 11-2, 11-3
storage, 1-1
stack
processor, 7-3
segments, 1-3
size, 1-7
size available, 1-8
stack based
calling convention, 1-7
startup module
C,7-3
status word
semaphore, 8-3
stray signal
identifier, 8-3
stream text file access
PLIB functions, 11-30

string

arguments convert, 4-5

capitalise, 2-8

compare, 2-9

compare case independent, 2-9
concatenate, 2-2

copy, 2-1

copy and fold, 2-7

copy multiple, 2-2

fold, 2-7

from double convert, 5-3

length of, 2-1

locate character, 2-10

locate character case independent, 2-10
locate last match character, 2-11

locate last match character folded, 2-11
locate sub-string, 2-11

locate sub-string case independent, 2-12
multiple arguments convert, 4-4
multiple concatenate, 2-2

pattern match, 2-12

pattern match case independent, 2-12
PLIB functions, 2-1

replicate, 2-3

searching, 2-10

to double convert, 5-4

structures

DbfHeader, 14-5
DbfOpenArgs, 14-6
DbfRecord, 14-2
E_CONFIG, 5-5, 10-6, 10-9, 13-4
E_CPB, 12-13
E_MESSAGE, 12-18
E_PROC, 12-3
E_SUPPLY, 13-7
E_SUPPLY_INFO, 13-7
E_SUPPLY_WARNINGS, 13-9
ImgHeader, 12-8
P_CLASS, 15-1
P_DATE, 10-5, 10-6
P_DAYSEC, 10-4, 10-6
P_DELTA, 3-5, 3-6
P_DINFO, 11-14
P_DTOB, 5-3
P_FPARSE, 11-8
P_INFO, 11-18, 11-19
P_NINFO, 11-12
P_POINT, 4-7, 9-12
P_QUE, 3-3

P_RECT, 4-7, 9-12
SndFile, 13-13

subsidiary

process, 12-5

superclass

chaining, 15-7

supervisor

moving memory, 1-3
process, 12-18

suspended

process, 12-10, 12-15

switch off

event, 12-14
PLIB functions, 13-5

switch on

event, 12-14
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PLIB functions, 13-5

Switch on

timers, 10-2

synchronous serial interface

peripherals, 1-1

SYS$8087.LDD

floating point driver, 5-1

SYS$CTRY.CFO

ROM file 13-3

SYS$FSRV

file server, 11-1
process, 9-3

SYS$FSRV.$03

process, 12-2

SYS$SMANG

process, 7-2

SYS$MANG.$02

process, 1-3, 12-2

SYS$NULL

process, 7-2

SYS$NULL.$01

process, 12-2

SYS$SHLL.$05

process, 12-2

SYS$WSRV.$04

process, 12-2

system

addressable RAM in paragraphs, 7-9

asynchronous request, 8-2
auto-switch-off allow, 13-6
auto-switch-off period get, 13-5
auto-switch-off period set, 13-5
available segmented memory, 7-9
backlight control set, 13-11
backlight enablement get, 13-11
backlight off, 13-11

backlight on, 13-11

battery type get, 13-9

battery type set, 13-9

battery warnings, 13-9

country code, 13-3
country-dependent data get, 13-4
country-dependent data set, 13-4
display type get, 13-10

exit to DOS, 13-19

I/0, 9-1

keyboard, 13-9

language code, 13-3

LCD contrast change, 13-10
LCD contrast get, 13-11

memory usage, 7-1, 7-9

ON key event disable, 13-6

ON key event enable, 13-6
operating system data, 13-2
operating system text string, 13-3
operating system version, 13-1
power status additional get, 13-7
power status get, 13-7

power supply, 13-6

power supply type, 13-2
processes, 12-2

reset, 12-2

ROM, 7-1

ROM version, 13-1

Series 3a sound, 13-13

services, 1-4

services reference, 1-9
shutdown last cause, 13-1
sound, 13-12

sound flags get, 13-12

sound flags set, 13-12

sound piezo-electric, 13-12
state of keys get, 13-9

switch off, 13-5

switch on, 13-5

switch-off if mains disable, 13-6
switch-off if mains enable, 13-6
switch-off if mains get, 13-5
ticks, 12-1

time, 10-1

time get, 10-1

time set, 10-1

time to string convert, 10-13
total RAM in kilobytes, 7-9
type identify, 13-10

system errors

panic numbers, 6-3

system information

see system, 13-1

system tables

EPOC, 2-4

system tick

count sense, 16-1

system ticks

SIBO, 10-2

system wide default path

file server, 11-10

tangent

PLIB function, 5-7

task

definition, 12-5
subsidiary process, 12-2

terminate

text

another process, 6-1
notify, 6-2

notify all processes, 6-8
notify cancel, 6-7, 6-8
notify request, 6-6, 6-7
process, 6-6, 12-10
process by ID, 6-6
process this, 6-5
process unilaterally, 6-5
process unrecoverable error, 6-5
receive message, 6-6
special notify cancel, 6-8
this process, 6-1

word, 6-2, 6-7

file close, 11-32

file flush, 11-34

file set end, 11-34

record file access, 11-31
record file open, 11-32
record file position, 11-34
record file read, 11-33
record file seek, 11-34
record file write, 11-33
record termination, 11-30
stream file, 11-30

stream file open, 11-31
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TEXT

declaration, 1-5
tick count

sense, 16-1
ticks

system, 12-1
TIM

device, 9-2
time

class, 10-7

converting representations, 10-4
current to string convert, 10-13
day to day in week convert, 10-6
days in month, 10-6
delta queue, 8-1, 10-1
format string, 10-10
P_DATE to P_DAYSEC convert, 10-6
P_DATE to string convert, 10-13
P_DAYSEC to P_DATE convert, 10-5
P_DAYSEC to string convert, 10-13
P_DAYSEC to system convert, 10-5
preferences, 10-9
string generation, 10-10
system, 10-1
system get, 10-1
system set, 10-1
system to P_DAYSEC convert, 10-5
system to string convert, 10-13
text form, 10-7
week number, 10-6

timer
absolute start, 10-4
asynchronous, 10-3
cancel, 10-4
channel close, 10-4
channel open, 10-3
relative start, 10-3
suspend process, 10-2
suspend process until, 10-3
watchdog, 1-3

timers
absolute, 10-1, 10-2
relative, 10-1, 10-2

TopSpeed
C library reference, 1-8
compiler, 1-4

TTY
device, 9-2

Turbo
C compiler, 1-4

UBYTE
declaration, 1-5

UINT
declaration, 1-5

ULONG
declaration, 1-5

unattended applications
file server, 11-3

unhook notifier interface
PLIB function, 6-11

usage count
segments, 7-3

UWORD
declaration, 1-5

variable
environment, 7-1
variables
environment - functions, 7-13
environment delete, 7-15
environment find, 7-15
environment get value, 7-14
environment set value, 7-14
magic statics, 7-3
reserved static, 7-3
static initialised, 7-3
static uninitialised, 7-3
type declarations, 1-5
version
operating system, 13-1
volume
label setting, 11-23
wait handlers
activate/deactivate, 8-10
add, 8-9
application, 8-6
asynchronous requests, 8-5
attached 1/O devices, 8-6
device, 8-6
let run, 8-8
PLIB functions, 8-9
polling vs waiting, 8-6
remove, 8-10
watchdog
timer, 1-1, 1-3
wav files
conversion, 13-13
wav2wve.exe
utility, 13-13
WIMP.DYL
libray, 1-10
window server
library, 1-1
panic, 6-5
process, 12-18
reference, 1-9
WLIB
library, 1-1, 1-9
WORD
declaration, 1-5
working set
memory needed, 1-7
WVE
files, 13-13
zero priority
process, 12-14, 13-5
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