PLIB REFERENCE

Version 2.10

February 3, 1995



(C) Copyright Psion PLC 1990-95

All rights reserved. This manual and the programs referred to herein are copyrighted works of Psion
PLC, London, England. Reproduction in whole or in part, including utilization in machines capable of
reproduction or retrieval, without express written permission of Psion PLC, is prohibited. Reverse
engineering is also prohibited.

The information in this document is subject to change without notice.

Psion and the Psion logo are registered trademarks, and Psion, Psion MC, Psion HC, Psion Series 3,
Psion Series 3a and Psion Workabout are trademarks of Psion PLC.

TopSpeed is a registered trademark of Clarion Software Corporation. Intel 8086 and 80286 are registered
trademarks of Intel Corporation. IBM, IBM XT and IBM AT are registered trademarks of International
Business Machines Corp. Microsoft and MS-DOS are registered trademarks of Microsoft Corporation.
Apple and Macintosh are registered trademarks of Apple Computer Inc. VAX and VMS are registered
trademarks of Digital Equipment Corporation. Brief is a registered trademark of Underware Inc. Psion
PLC acknowledges that some other names referred to are registered trademarks.



Contents
T INPOAUCHION cuceeieeiiiiir et re e s re s ea e sesaassensansnsasseressnarerosnnne 1
PLIB, SIBO 8Nnd EPOC .....oiiriiiiiiiiiiiiee e e reeteet e e teensasenenesnsnsens 1
The SIBO arChiteCIUIE. . ..iuiveiireeiniieiierirenrretreerenneeneaeresenensaeressarnensen 1
The EPOC operating SYSTEM ....cuviieieriiiuriieiieniinieieniereeessnrassersrasess rees 2
The EPOC programming €NVIrONMENT ....veeuveveiinererenenenrnresionsseensesesionsiiosios 2
Small programming MOdel .......ccuvvieiiiiiiiieriiiireeeiieneneeneensiine i taiiis 2
Hardware proteCtiON......uuuueeeieeeeerrreiiieseseereeessssassessesseennnnnnnne Lol B 3
More about memory moving and the 8086 segment registers................ 3
The Clarion TopSpeed C COMPIlEr......ccccvervevreeiuerereensinreneeensensionenennees 3
SYSTEM SBIVICES tuuitiiireiiiiiirnieiitiieirreeierersseitntsstensensaereessessnsonensnsens 4
PLIB header FileS ......cviiiiiiiiiiiiiiieiininieniienniiariernicienieseseseeeesasssssssenrnses 4
T L S T e L A 5
Calling CONVENTIONS ..o.oeivtiieeiieriiii it ceerera e eerrreettrierserereensnsensasanses 6
SMall Programs ..uuiciieiniiiiiie i ereeeeaerrrerereraeetsesenreseresrnrnrasessnsssnrares 7
The PLIB C Startup MOAUIES «.iuiuieiieriinirenineienenieeninteneeenentesrsessnsasnsnns 7
Related reference Manuals .....iveeieieerieiiiiieiiiii e eenreeeeseessennsn 8
TopSpeed C library referenCe...ccueeeiiiiiiieiiiiriiiiereiiin et enseracesasncen 8
WiNAOW SErver referenCe .....ccuveeieiiiiiieiinneiieerreieteinnienieneearnsrsrarasonss 8
/0 deVvices referenCe....coiiiciiieiiieiiiceieirrir e reier e ra e e e sarssesnsnass 9
EPOC O/S System Services reference manual ......ccovevverinviiiniininnineennnee. 9
Object dynamic Hbraries.....ccccuevriiiiiiiiiicrer e esens 10
2 Characters, Strings and BUffers ..........cccccciieiiiniiimiieccnrreieinienn e rees s e eees 11
General string and buffer fUNCLIONS ....c..ccviiiieiiiiiie e cr e aeas 11
Copy memory to memory {P_BCPY) ....cceiieeiiiiiiieiieiiinieiieenirrenceveneneenne, 11
Return string length (P_slen).......ccviiiiiiiiniiii e 11
CopY @ SriNG (P_SCPY) cuiiriiutiiiiiiiiici v erieeieeee st s e seresnceanssnersanes 11
Copy multiple Strings (P_SCPYM) ..cuiniiiiiiieieriiiiirrinienresrnreneresrnernenenes 12
Concatenate two Strings (P_SCat) .....c.cceeumreiiiiniiininiincrinieenecinerneenennnns 12
Concatenate many strings (P_SCatM) ....ccccveviiieiiieniriniereiiennveeneernnennenne. 12
Replicate a buffer (p_brep) ..coccciveiviiiiiiiciei e e 12
Replicate @ String (P_STEP) c.uuiiiuiuiiiiiiiiiiiiiiiieeirireeeeteeeeerirserareeraaanes 13
Swap two buffers (D _bDSWaP) ......cciiiiiiiiiiiirrricr e 13
Fill a buffer with a value (p_bfil} .......ccccuuiiiiiiiiiiiiiiiiirre e, 13
Align buffer (p_jtob) .....ccciviiiiiiiiiiiiii i, 13
Generate the CRC number (p_Crc) ..cocvivieiieiiiiiiiiniiininir e cricceenenn, 14
Character classification and CONVErSION .....ccceuvievereniiieeniiicicceeeeeeenensensnnes 14
Test for upper case character {P_iSUPPEN) . .cccevrrrrenrinirnirnirereenrenneneeneens 15
Test for lower case character (P_iSIOWer) ......covvieeiiiiincieniiinnieneniennnn, 15
Test for alphabetic character (p_isalpha).......c...cooveiiieiiininiiiieiiiiininninnn, 15
Test for numeric digit (p_iSdigit) .....oiiiviniiiiiniieiiiiiiir e, 16
Test for alphanumeric character (p_isalnum) ........ccccevvuiiniiunimnveiiinvenennns 16
Test for hexadecimal digit (p_isXdigit) .....ccvveiiniiiaiimiiiiinceiiiiriiennenen, 16
Test for whitespace character (p_iSSPace) .........ccovevvieinnriniiencrinciennennnn. 16
Test for control character (p_iscntrl) .......ccoevuviiiiiiiiiiiiiiiiiiiiiiniiienenes 16
Test for punctuation character (p_iSPUNCt)......ccveriinririireniernniiereneennnnn. 16
Test for printable graphic character (p_isgraph) ......ccc.oeviiereienriennnnnnnn. 16
Test for printable character (p_isprint).........cceviiiiiniiiciiieciiiniicinieneenn. 16
Skip whitespace characters (p_skipwh) .c.ccivieiiiiiiiiiiiniiiiiiiic e, 16
Skip non-whitespace characters (p_sSKipch) .....cc.ccccvvrveiiiiiiincinninnienennnnns 17
Fold a character (p_tofold)........cccciveuiiiiiiiiiiiiiiiiiini e 17
Copy string with fold (P_SCPYT) .iuviiiiiiiiiii i, 17
Fold string (p_SCONnf)......ccviiiiiiiiiiiiiiinii e 17
Convert character to upper case {P_tOUPPEF).....ccoviieinrinrenreneenneennnnensens 17

Convert character to lower case (p_tolower) ........c.ccevveniiinirenrennernneennnn. 17



PLIB REFERENCE

1 (o) g =1 o T S 56
Convert error number to String (P_errs)..c..eiciiivinieniiiniiisinieiriiininninne. 56
NOtIFIEr SEIVICES. . viuiiiiitiiiiiiiiiiiiiiiiiei it eteresreeteeesenrernenreseensnenanns 56
Present the user with a message and get response (p_notify) ................ 57
Notify user of error and get response (p_notifyerr) .......ccccovuveiiiiiniinninee. 58

Set notify state (p_Setnotify) ......cocoiiuiiiiiiiiiiiii e, 58
Get notify state (p_getnotify) co.cvuviiiiiiiiiiiiiiiirc e 58
Hook the notifier interface (p_notifyhook) ........cocvcviiiiiniiiniiieniicinicennnen, 58
Unhook the notifier interface (p_notifyunhook)...........cocoeiveiiiiinneiannann, 58
ENter and l@aVe...c.ccciuiiuiuiiiieiiniiiiiiiiisisiiiiiieereereseseseseessessnsnenensncnsnsnsnsens 58
Enter a function (p_enter) ....cccccvviiiiiiiiiiiiiniiii e 59
Unwind stack and return from last p_enter (p_leave).........cccoevivninniennnnns 60
Unwind stack and return from last p_enter if error (f_leave)................... 60

7 Memory AlloCatioN ....cccvviiiiersnsnrennsiiscsserarisrasrsrsrsessnssesissnsntosssssssensscararasansans 63
Overview Of SYStemM MEMOIY USA0E ....ccviieirieinrcarinrrerneaeroeressasneesessssonsaones 63
IMIEMOTY SEOMENTS .1uviiireieiarersersreaseentneassesanssnnrarasesrasessessssessssatsnrnnans 64
SEgMENT NAMES .iuuiniiiiiiiiiiiiiitiiieiiretsnstarensratesersntensanserssrennsensasens 64
Segment handle, address and Size ........c.cceceiieiiiiiiiiiiiiiiiic e, 64
Process data SEgmMENTS....cccieiviieciiniuineiiierierrrertenrarneerencarnensnrernrnrasnnes 65
The heap alloCator .....uiiiieiiiiiiiiiiriieiiicietsiiseentreraeterresarsnrensessenrsncnenaronss 66
Heap StrUCIUME ...t it it ieriec st ce s eeracas i ee e rnensesersnsonsnones 66
Growing and shrinking the Reap ......ciiceiiiiiiiiieiiiieiieririerreineranneens 66
AllOC RBAVEN. .. icuiiriiniiiiiiierreeiciiiiettiiatesntensrarescnrarsnssnssntassersonsensarns 67
Internal fragmentation .....ocvviiiiiiiiiiiiiieieerirereeer e teeereeeeeeeenenennnans 67
Allocate a memory cell {(p_alloc) o.ocviieeiieiiniiiiiiiiiiiec e 67
Free an allocated cell {p_free}....ccoeviuiiinieiiiiiiiiiiiiiciiiiii e ceer e, 68
Change cell size {p_reallot) .....ccccveeviiiiiiniiiiiiniiiiiiii e 68
Insert or delete data in cell (p_adjust) ......cccoeveiiiniiiiiiiiiiiiiii 68
Get cell length {(p_alen)...cccuiieiiiiiiiiiiiiiiiiiiii e 69
Set heap granularity (P_hgran)....cccoviviiiiiiciiiiciiiiiir e eee, 69
Visit all cells (p_allwalk).....ccooevviiiiiiieiiiiiniinnni 69
Check heap integrity (p_allchk) .....coiuiiiiiiiiiiiiiiiireriiiiereneeeerneeernnenns 70
Get heap address and potential free space (p_allspc) ....c.covevvveiiiniiiinnee. 70
SYStEM MEMOTY USBGE 1ucvverniriiieinionierisrrersaronsensensrasasesssssssensesssessacenrares 71
Get addressable system RAM size (p_getram).......cccccvveiiiiiniiiniiniiniinne. 71
Get total system RAM size (p_totalK) ...cccoiuviiiiiiniiniiniininiiniiiinninnn.., 71
Get size of available segmented memory (p_sgfree)...........cocvviiiniinnnnnes 71
Get memory used by internal RAM disk (p_sgramdisk) ..........ccooveniuennnn, 71
MEMOTY SEOMENTS 1.iuvviviiiiriersierierrrseriertosieruonrenrosarresneasnresenseesssansnsnsnrans 71
Create memory segment {p_SQCTeate).....c..ccvvieiiniiniiiiinceriiniinriennennenne. 72
Delete memory segment (p_sgdelete) ......cccocvuirnerinrinirenrnneieiiernenrnnenn, 73
Open memory segment {P_SGOPEN) . .cuviiueiniiiiiiiiiiiiiiimieisieiinirsenransees 73
Copy to memory segment (p_SGCOPYLO) ....cureiiiririiiiiiiiiiriicieneeeennnnnnes 73
Copy from a memory segment {p_sgcopyfr} ....cccovviiiiiiiiiiiniiiniinieninnenn. 73
Get size of memory segment (p_Sg@Size) ......cocvvuiiiiiiiiiiiiiiiiiiicinenenenn. 74
Adjust the size of a memory segment (p_sgadjust) ..........ceeeveiieninnieninnns 74
Find segments by name (p_sgfind) .....ccooeeiriiiiiniiiiiiiiiiiiiiiiicrc e, 74
Close memory segment (P_SgCIOSe) ..c.uvvvviiiiiiiiiiiiiiiiii v enraenees 74
Increment segment usage count (p_sglock) ......ccccoiiiiiiiiiiiiiiiiiininnann, 75
Decrement segment usage count (p_sgunlock)......cc.ccevriinieniiiinieniancinne. 75
Environment variables ...c.cccuiuiiiiiiiiiiiii e e reaes 75
Get environment variable value (p_getenv) .........cccocviviiiiniiniiniciicinnenne. 75
Get environment variable value (p_getenviron) .........c.covvivieienreireninnnnee. 76
Set environment variable value (p_setenv).........ccocoviiiiiiciiiiiiiiiniennnen. 76
Set environment variable value {p_setenviron) ...........cccveiiiiiiieniiiinnannn. 76
Delete environment variable {p_delenv) ..........cociviiiiiiiiniiiiiiiiiienn ., 76
Delete environment variable (p_delenviron) ......c.ccccooveiieniiniiiiieneninnenne. 77
Find environment variables {p_fndenv) ........coceieiiiiiiiiiinin i, 77
Find environment variables (p_findenviron)........ccccooeiiiiiiiiiicnniiinnnnennen, 77




CONTENTS

8 Asynchronous Requests and SemapRores .........c..ueeeeeeeeivrneeeneereneenserssersnsemneenns 79
SEMAPNOIES ¢ vuiiiiiiiiiin ettt e e e e eeeetaeeraeeeaae e e 79
Process sCheduling.......cc.vuiiiuiiiiiieiiiic et e e v e e e e e 79
Shared access .........-fuvevee ot B0, 00, 0 RS 00 T T O a0 i 80
SUPPDIIEI-CONSUMET 1.innirniiniiiiieiriiinieie ettt et eeseneenereensenssasenrnsenns 80
ASYNCNIONOUS TEOUESTS .. vvuirnireniriresirenntrenetneeneseernsrnsenessnesensnsssnsssnensennss 80
THE 1/0 SBMAPROTE. . cuuiviiiiiiiirereiie ittt e e eneeeesrenseesensensensennses 81
STALUS WOTAS tivuieuniiiiiiiieiriiiieieieeneeeriicereet et eeneeenesennsenesensesnnesnners 81
Cancelling an asynchronous FEQUEST ....vuuuiveveirieeneineereeneenernerneeenerneenss 82
Waiting for a particular COmMpPIEtion ........ccuveenirnririniineeeiieaeeeneeieeeneennns 82
Constructing Synchronous fUNCHIONS .......ceuuveuiiuuiiniieeeenevreenereeneennnens 82
AL 2T 1aTe [ PSP 83
Polling rather than Waiting.......c.c.ccvuviuiiiiiiiieiiiiiie e e reereereeeensrneenns 84
Attached 1/ deVICES ..uiiuiuiiiiiiniiniiei e eeeseeensreeensensenssnnees 84
Primitive semaphore fUNCLIONS.........cccuvivuiieiieiiiiiieee e eve et e reeraseeans 84
Create a 5emaphore (P_SeMCIT) .......ceuuuieieiiiniiiiirireieeerreeeenerrnernnesnns 84
Delete a semaphore (p_semdel).......ccccievuvienreuniriiierniiiiceineeiieeeereneeennens 84
Wait on a semaphore (p =11 S et R 85
Signal a semaphore (p slgnal) ............................................................ 85
Signal a semaphore n times (p_SigNaln) ........ccc.cccvvveeniiiiriiernereiierennnens 85
Signal a semaphore with no re-schedule (p_signalnr) ...........ccceeeevvvennnnnen. 85
The 1/0 semaphore ........ccirvrrvunenstonneen WE L AL BTSSR 0 20 2 s 85
Signal the 10 semaphore (p_i0SigNal) .......ooevueevurieeriiieriiieerireeneerenenans 85
Signal the 10 semaphore of another process (p_iosignalbypid) ................ 85
Wait on the 10 semaphore (p_ioWait) ......ceevuerinniivenniirrinceeenereneerenneennn. 86
Allow any wait handlers to run (p_ioyield) ...c.cc.ceeuuviiinieirenirnnneernnennnn. 86
Wait for a particular request to complete (p_waitstat).......oeevriiininnennnnnnn. 86
Wait handlers'.col .0 8 0 D ol e i Lo LRl L e Bl 87
Add a wait handler function (p_svecadd)........ccccevvuurrirerrinnrerrnrieeeeennnn. 87
Activate/deactivate a wait handler (p_sveccall).....coevrininreirniininineninnnnes 88
Remove a wait handler (p_SVECTeM).......cccvuieueiiniiiniiriiieeiieienicrensennees 88
O 1/O SYSIOM cuuriuiiiiiiiiiiiiiiitiitiierereerereereessrsssrenssasersssrassseannsonstnnsrennrennsennns 89
170 DEVICE DIIVEIS iivnieiiiiiiiiiniiieiiiei i eece v creeiertersierassasseensensenrrnsenssnnsans 89
LDDS @NA PDDS «.ieuitiiiiiiiiriiiiieireir e treenceeeisesnsenetenteneensenesensnnennns 89
EXternal device drivVers.........civiiveviriruirinrinenenienineeinrneresnsensensensnsenses 89
Opening @ channel 10 8 ABVICE ......ovvevirerinieeinireniinreierenernesneensesnernsennes 90
Operations on an open 1/O ChanNNel......cccv.everirereiiinereeenerieenesseeeseensenees 90
TRE File SBIVET «.ieiiiiiiiiiiiiiei e e e en et e e e e snesasennsenesnens 91
AttAChed driVErS iuuiuii it ere s st s bttt e eaennsensenens 91
Channel-based 1/0 fUNCLIONS ......ccuiiiiiirieiiiiiiinin e e reereaenaees 92
Open a channel to a device (P_OPeN) .......c.uveerenuiererrennieeereeereereneneeens 92
Start an 1/0 operation (P_i0@)...c.uveeeruierinrrereinrennierirernnerncrseseeneenesens 23
Start an 1/O operation with guaranteed completion {p_ioC) ceveiiviviiininnnen, 94
Start an 1/0 operation and wait for completion (p_IOW)......ceevevvveervnnene.. 95
Close an 1/0 channel (p_ClOSE) ....ccuuivueiiiireniviereeieeii e eeieeeeeeeeenn 96
Read from an |/O channel (P_read)..c.cciiiiicniiiiiiiiiciir e, 96
Write to an 1/0 channel (p_ WIEE) 1vnneneirereeeeretnieseeereeereaenennaesesesssnnnnnnns 97
Cancel requests on an 1/0 channel (p_iow(P_FCANCEL}}......cevvueenrnnnnnenn 97
Device driver fUNCLIONS ....cciuiiiiiiiiiiieeri e ceire e eeneeae e seneereneennees 98
Load a logical device driver (p_loadldd) .........ccceeeeervniniieerenniiieieinnnnennn. 98
Load a physical device driver (p loadpdd) ..ocveniiiiiir e 98
Delete a device driver (p_devdel) ............ccoeuevuuivieiiieeeeiiemmnneeereereeeennnens 98
Query the number of units supported by a device (p _devau) ..eviieniaennnn, o8
Find all devices (P_deViNd) ....cccuiieiiiuiiiriiniiieiierieere ettt reneereesenneennns 99
SIMPIE CONSOIE /0 .uiiriiiniiiiiiiiiieiieet ettt erie e e teetseeneeseessaessessessssnnesns 99
Redirecting CoONSOIE WIS .. .ciiuiiivreieiiiiiernriere e erieeins e eesraeeneennannses 100
Changing the size of the console WiNdOW.......c.cvuviievieiiiiineenernerenerennss 100
Changing the console WindOW MOGE........ccuueeuiereiiiuieinnieieneeneernerrneesnnss 100
Write a character to the console (P PULCH).....uvvuuierniiniieeneieenreeenernneens 101




PLIB REFERENCE

Write a string to the console (P_Pputs)......cceveeeneeeuveeneeiiiiienneeiiereenneennn. 101
Convert arguments and write line to console (p_printf) covvviniiiinnineninnn, 101
Convert arguments and write to console (p_print) ........ccceeeereeeeirennnnenn.. 101
Get a character from the console (p_getch) ........cccevevvunrerreniieeenennnnnnn. 101
Get a string from the console (P_Gets).....ccceveeiiriunnivirierrrieeeeerreeneaeens 101
Get a string with prompt from the console (p_getl)ccocvvviviniiininininnnnn.. 101

10 Time, TiIMers and Dates .c.ccceiiiciirecneearenreerirecesrereerneensesansssssrssssasarosesrasesesassns 103
SYSTBIM TiMIB. 1 iuiuniiiiiniireri et rie et et saettersnresessaesnenenssrsearaseasasensnnnnsens 103
Return the system time (p_date) .....c.cvevuueeenieuieneeniinieiiereeciiereneeneens 103
Set the system time (P_sdate) ......cvvviiiiiiieiriiiini e e eaeas 103
Absolute and relative tiMers .......civviiiiieiiiir i et eeaeneaeenaes 103
Suspend process for n tenths of a second (p_sleep) ........ccceeerrrernnvnnnnne. 104
Suspend process for n system ticks (p_sleept)....ccccccevrvrvrereeiirrrrnrnnnnen.. 104
Suspend process until absolute time (p_  SIEePa)..iciiiiiiiiii e, 105
ASYNCRIONOUS TIMEIS ..vuiiiiiieiiiiiiiiiiiiieier s et eessinenen e seneeneenensasensen 105
Open a timer channel (p_open{"TIM:")) . .cccovriiiiineriiriieinnee e eenaen 105
Start a relative timer (p_| |oc(P FRELATIVE)) ciueieiniiiiniiiiiiiininenineninnnenens 1056
Start an absolute timer (p |oc(P FABSOLUTE}} vvvvvevnivinieieirnenenreesenanes 106
Cancel a timer (p_ioW(P_FCANCELY) .....vvvuvevreerieereeriieeriereeeaeeennnennenns 106
Close a timer channel (P_ClOSE) ......c.ccueerireeerrurrereerisireeeeiisneeesseneeessanns 106
Converting between binary representations of time.......cocveevievnvnreererernernns 106
Convert system time to P_DAYSEC time (p_sttods) .....c.cccvverrnnerernnnnnnnn. 107
Convert P_ DAYSEC time to system time {p_ ASTOST) euvriiiinieiiiererieens 107
Convert P DAYSEC time to P_DATE time (p (s 551 (oTe | 4 RN 107
Convert P  DATE time to P DAYSEC time {(p_dttods) .cccceeeeeeereiererrreennn, 108
Find the number of days in the specmed month (p _dayinm) ....oeevinennnn, 108
Convert day since 1900 to day in week (p wkday) .............................. 108
Calculate week number in year (p_ WEEKNO) vuvvieeeneiineeriiniereeeneseennaneses 108
Time and date cCOMPONENS iN TEXt FOFM ..uiuiiierinreirneeeieeeirrnrecssnsereasnenrenens 109
Get the day name (P_NMAAy) ...coovrririieiiiiiniiiiiieeeri e saneees 109
Get the day name abbreviation (p_nmdaya) ......cccccceeeivvrinrinieencinnninnnes 110
Get the month name (P_NMMON) ....oiiiiieieniiiiiiincrrn e ereneererenees 110
Get the month name abbreviation (p_nmmona) ..........cceeevvrreniirennneennn.es 110
Get the day-in-month suffixes (p getsufflxes) ...................................... 110
Get the am and pm suffixes (p_getampmtext).......c..ccvveevreriennrernirncennnns 110
Get time representation preferences (p_getctd) ......cccevvuvereneernneinennennnnn. 111
Generating time and/or date STriNGS ...cvevviieeieriiiiieeerernenreeeeeeeroceeesernrnnenres 112
Date and time fOrmMat StHNGS ..cvuuieeriiiiieienieirieereeeeeerresssncncrsrnrnsenens 112
Convert a P_DATE time to a string (p_dt2str) .......cvvvuveeirneennnierenneennnees 115
Convert a P DAYSEC time to a string (p_dS2str).....cccceevervenrennrennrannnen. 115
Convert a system time to a string (p_ SEZSEN) tieeieenierneeeeeniieeeennerrereienarens 115
Convert the current time 10 a String (P_NOW2Str)....ccuuuverivereererreerrneenene. 1156

T RIS ceaeiiniiiiiiicicnrtiieintiresrrrererasstesresseasenrasseasassesressararnssnsossnrnsessasensnsnnsensns 117
FIles TN EPOC .ottt it etee e en e e s toaesssaensnensensnsnnnrens 117
THE File SEIVEI ...ttt et e ae e e e et eeeeasesensnnns 117
FIl8 SYSTEIMIS tuviuiiiiiniiiiiiiiiiiiitruiiierenr st rerrres s ensenssnereerssrasssnsssennsnes 117
SSOD AIVES vttt et e s e b et s e erte e e ere s aensas 118
Unattended appliCations ......cuvieveiiriiiiiiiiieiiinien et eeeeensensonenernsanes 118
RAM SO cuiuitiiiiiiiiiiiii ettt eecaeeases st s s eneneraeteeneteenannsanennes 119
FlasSh SODS .. vttt et e et e et st santaseaesenensnennenns 119
File SPECITiCatIONS .. ..vnvrieriieiiiiieiri ittt tr e eeteeensensanrasensns 120
[D7= - 0] g o X | {3 T TR 121
Channel-based SErVICES ....uviuiievieririieiiiitiiei it eeeeeee e ensrssnssasnsensens 121
NON-Channel-based SEIVICES ...uuuiiiuiiiiruiiiiiieie ettt ee e enrneennas 121
AsSYNChronous file OPerations ....c....cvveiiiiiiiiiiiiii e cieneensrneesaneennn 122
Manipulating file Specifications ........cciiviiiiiiiiiiiiiiiice e cecensaerranenns 123
Parse a file specification (p_fparse) ......ccccceuevvvvenciiiiiierinereeireenrenenn, 123
Using p_fparse across filing SYStemMS ...uucuuiiniiiieiiniirerereernenseesonenrensens 124




CONTENTS

Change the directory in a file specification (p_chdir)..............cccvvvrenrnn.... 125
The default node, device and dir€CLOrY ........ovuuveeuiviveieiniriniinecnneernerneeesnneens 126
Set the system-wide default path (p_setdefaultpath) .................euuvennn.... 126
Set the default path of this process (p_setpth) .....c.ccevuveieeeirirereerernnnn.. 126
Get the default path of this process (p_getpth)........ccceeeruririivrenncrerenann.. 127
Get the default path by process id (p_getpthbyid) .........c.covivvvvenrireennnnn.s 127
Operations on NOAES anNd AEVICES .....cuivrirreirerirrernieneineceeerneenesensensrnsssnse 127
Get a list of nodes (p_open(P_FNODE)) ....cccovvuuiirurereiiriiiieeeeneeineennnnnn 127
Get node iNformation (P _NINFOY......ccccvuvrrreermrrrriireeeererenerereeeeeesereesnenens 128
Check if LOC:: has changed (p focehg) .o 128
Get a list of devices (p_open(P_FDEVICE)) .......cueeerervrveerncereerieeereeseeeenns 128
Get device information | (P_dINFO) verereeiiiiiiieeiieiiiieie e eeeeer e ens 129
Format a device (p_open(P_FFORMAT)) ......cccevvvvveieiiiieeeiemnnneesreenanns 131
Read media information of a local device (p_locdevice) ......cecvvvnvieninnennn. 132
Direct read of local SSD (p_locreadpdd) .........ccceerueririeneinirenereneeennrennns 133
Operations on direCtories and fileS .....uvevuireeniinienieeieieeinereeenereserereerseesnernnes 133
Get a directory list (p_open(P_FDIR))......cceeeeuruiieririrnnieriniireniereeennanenes 133
Return file information (p_ finfo)Srli sux mamd ve 1] wimcvwan & oswsy 135
Test for the existence of a directory (p_testpth) .......c.cceeeevvunirrrvinnnnnnnee. 136
Rename a file or directory (p_rename) ......cccceevuieiiuieinnnienniriniernneenennnss 136
Delete a file or directory (p_delete) ........ceveverrverrirererieeeeiereeieeereereresesns 137
Make a new directory (P mMKAir) .uu.vreeeeeeereeeiieeiieeeernrereeeeennnneenennnennnnns 138
Set file attributes or label medium o 1111 4 H U 138
Set file creation date (p_fdate) .....ceevuerieiniireiiiiiiiiiiirecie e 139
BIiNary file @CCESS tuuuivuiiuiiiiiiieiieiiiee it reeeeee et et ebee et e eenseeneennnnas 140
ShArEA BCCESS .uuiviruiiiiiriniinerieieerenirrrreeteretreeetrttrsetnsensesssestnrrnseenennsen 140
Example of binary file 8CCeSS . .iuvieiiiriiiiiiriiiiiiiii e rereereeenernrenanns 140
Open a binary file (p_open(P_FSTREAM)) «..ceevuiiriiniirinirnniiieierenrennnnee 142
Close a binary file channel (p ClOSE) ciuirevneriinininiienneeeiiearneeeieeiienearenenes 143
Read from a binary file channel (p_read)............ccvevveeervrevreeeeeeeereeesennnn 144
Write to a binary file channel (P_WFite) .........uuveeeervveuvieeerreenniieeeneenenenn. 144
Position a binary file channel (p_ T 144
Flush internal file buffers (p_iow(P_FFLUSH)) ....cccvvuviiiiiienniiriiieinieinnnee 145
Set end of file (P_IOW(P_FSETEOF]] ...vvverreererrrierereereirrnieessreeeseeeeeseeeens 146
Cancel an asynchronous file channel request {p_iow(P_FCANCEL)) ......... 146
Stream teXt file CCESS ...iiiiiieiiirieiireeiiiie et ee e e s e rrna e 146
Open a stream text file (p_open{P FSTREAM TEXT)) .icvirriireenenenrenennnns 147
TEXE Flle BCCESS..cuuiuiniiiiiiiiiiiii ittt e erter et e rerereeetrrns et enttsensensassennrens 147
Open a text file (p_open(P_FTEXT)) c..cccoviiiiiiiiiiiiiiiiiiiiiiirerneenceennieeeens 148
Close a text file channel (p_cloSe) ......ceeiiiiiiiiiiiiiriiniini s, 148
Read from a text file channel (p_read).....cc...ccceereiniiinniiinnicnnienieccenannes 148
Write to a text file channel (P WFIte) ....cceeviereeeveviiiiiiieeeeerereiieeeeeereeeeees 149
Position a text file channel (p_. TSEEK) ceveeirerriiieeeeeer e eetneeeeneeeeeanaeeeaenas 149
Flush internal file buffers (p_| IOW(P FFLUSH)) e erenees 150
Set end of text file (p_ IOW(P FSETEOFRN uuiieteeeiiiiieeeeeiereevnnneeeennneneeas 150
Cancel an asynchronous file channel request {p_iow(P_FCANCEL)) ......... 150

12 Processes and Inter-Process MeSSaging «...occcveieereereeiirereenieesrneessosroeenssnsennrensen 151
PrOCESSES 1uuuiiniiitiiiitiiiiie ittt eiirte e arrnrrraeeenssesseernteseratensencsestnssneenesnnnen 151
SV STEIM PrOCESSES 1uuverienrnrerrrerurenrenerseensessenstssensenrssensesecacenssssnesnsennen 152
Process ID and process CONtrol blOCK.......veuveviniriereieniiieieinrenensorensaensn 152
PrOCESS STALES ..uvuiuiieiininiiirieeineerrinerteeentterneenesnranstesnsnensnsennsnssnsnssnees 154
PrOCESS QUEUES 11iuiuiniinieeiiiiinrerereeteaenentaenerrnensnsncasnsessssssnsnsensasns 154
PrOCESS PriOTIIES 1iviiiieeiersieiieeriieieeririeeeensiereeniaeeesrneeneeensesssosssesarnsn 154
Preemptive SChedUIiNgG .......cuiiiiiiiiiiriiirien et en e s e e enseneaens 155
PrOCESS NAMES ..iuiiiiiiieiieiiiiiieiireiiiieera s eanetntasneineneseaesenensansnsenses 155
Reserved statics (Magic StAtiCS) v.vvuiiiveiieieiiiiiiiiiineineeteeinenrereenenseneenses 156
Shared COE SEBGMENTS....uivviieiieriiiieiietientieintentesententeeneerereeerenessrnses 158
IMAGE FilBS ceuininiiiii e e e eie b en et e e e e ana 158

vii



PLIB REFERENCE

ProCess termMINALtiON. .. uueiiiriirieiireeireieiiie it e s eaestastsen e seeennsensenssenneen 159
Creating @ PrOCESS . iiuuiuuiiriirieiirireeeeueeruireerentteserneeenernrssostnesennssneerensesns 160
Load an iIMage (P_BXECC) ....ocvererieiinsirneiininieenierniintneneresisssnenrenssonennes 160
Load an image asynchronously (P_eXeCCasynC)..coeeererrninrnninreneeniuennnnnnes 162
Create a process (P _PCTEALE) .......vveiirvrereirereeniiireerirentinrenseeineeenreneeens 162
Operations 0N the CUIMENT PrOCESS ... vvuiiieieeernieecnensensenenseernseneneensnsessemnsas 163
Get this process ID (p_getpid) ....cceuviiieiireuieeiiieenieiiieieier e e eeeeennnas 164
Mark this process as non-active (p_unmarka) ......ccceeeenrevecrrennnienenennnnn. 164
Register activity (P_tiCkIE) .....vvureieeiniii i r s e rens 164
Mark this process as active (p_mMarka) .......cceeeuvveueireereerinnienieenneenerennnns 164
OPerations ON @NY PrOCESS c..vuurruituernrnrernereeerereeeesnrensenstsstneenseresneennsennens 165
Get @ process Priority (P_getPril.....ceiceiererniieeniienrinienrriieeneeneinnreennees 165
Set a process Priority (P_SETPri) c.uieiiiuueirenireenieiiieiieiiciierreeeeeeanerenes 1656
Resume a process (P _PresSUme) ..c.uuvieeeiiieviorienieieieierenerereneenseneeeeeneees 1656
Suspend a process (P_PSUSPENG) ciiuuieeruereiuerrneiruirerneriereerneenerseeeennnes 165
Get a process name by ID (p_pname) ......cc.eveenieinvernirnneeieincinnerineennnes 165
Rename a process (P _Prename) ciu.iueiceiieeriuneenieieeneinienirneensenseseeenseneees 166
Get a process ID by name (p_pidfind) .....cccoceevivierivenceiiieiniiiineicennnee. 166
Find all processes (P_pfind)......ccovieriiiuiiiiiiinnieiiiecce et eeeees 166
Determine the owner of a process (p_getowner) .......ccc.cuvveevrevennnnennnn.. 166
Accessing a process data SEgMENT.....cvveiiuiirirrerentiereenenrenrnceenrenreererensense 167
Copy data from a process (P_PCpYfr)..c.c.cceiiiuieiericrrenerereireneeenerennneen 167
Indirected string copy from a process (p_piSCPYfr).....cccevurerriverenrrennnnees 167
Copy data to @ process (D_PCPYLO) .cuciireeerruireeuirinrennereereenennrernerenereennss 167
INTEr-process MESSAGING «.iuevrrrrrrrerenrareerrsrenreserastesnensenssssssnsssrnseesesrnsensen 168
MESSAGE SIOTS...uiiiitiiinieeiriiiiiii i ririre et tete i rraeeneneaeenrnsrrerssensnsensen 168
What the Server dOBS.......civeerriereieiiiiieiireirierieaienieneereeen e eneecnernseensas 169
What the ClIent dOES .....civiieiieiiiieiiiiiiir et rr e e enennsanrensas 169
AN example Of @ SEIVEN .....viieiiiiiici e et r s eae e e eas 169
Corresponding client code eXampPle ........cevivieriuieeninrerererereeeaensaseeeneenes 170
AsSYNChronous MEeSSAgING .. . cvevrereriiiiiieiriierierirniesteneerncnseneesencnssesensees 171
Message processing OFder ....c.uieiiiiveiiiiineeeiiiieineeereeenesen e rneensenens 172
SEIVEr FUNCLIONS wuiiniirieiieiie it iiree i e ete st e eaene et easeensreenesasnesnssnens 172
Initialise for message reception (p_MiNit).......cvuvevuieeiiiiirinvenireeniernennnnnes 173
Wait for message reception (p_MreceiVeW) .......coecvevrrenierereveennnserenens 173
Asynchronous message reception (P_Mreceive) ....ccceevverevenrrernnnernnennen. 173
Cancel a message receive request (p MECANCEl) .iviviviriieiiiiiiiriirerieenns 174
Free a message (P_Mfree) ..c.cciuiiiiiiiiiiiiiii e e e ees 174
(0 11-T51 8 (171 To7 o o T PR 174
Send a message (P_MSENA)...ccvveiieieiirnniiireeneeieienrrnerneeernseescnsrnneens 174
Send a message and wait for a reply {p_msendreceivew) ..........cccuueuen.n. 175
Asynchronous send message and get reply (p_msendreceivea)
.................................................................................................... 175
T3 General SYStemM SerVICES ... ccvueeuierrerirenrrareernirraireenssesensensrascsssesosrnsrnnrenssanranse 177
SYSTEM INfOIMALION .ceuititieeeit ittt es e easeaseeeeetosensenseararensanss 177
Get the operating system Version (p_Version) .......ccoecveeeeeniiniecennnernnennen. 177
Get the ROM version (p_romMVersion).............ceeiereerenneneeereeennneseeeeeenes 177
Get the cause of the last system shut-down (p_getres) ...........cccuvereennne. 177
Get operating system data (p_getosd) .......ccceeerruiiinnriineeinnernnirennneennnnns 178
Get power supply type {p getpsu) ..................................................... 178
Language @Nd COUNTIY ..uuivieriniiiierinreienreieraneeneencnrnsseensasensesensassosesennenses 178
Get the language code (p_getlanguage) .......cccvevvirvnerneeinirnneenneinereennes 179
Get operating system text (P_getteXt)......cccvereuirinrerieeneenneerierenerneneennns 179
Get country-dependent data (p_getctd).........eeevvrvuveeeneeeerieirrereneereeenens 180
Set country-dependent data (p_. TSELCA) cevierieiinieeerieeen e eerreeartneeeann 180
SWItChing ON and Offcccuiiiiiiiiiiii e e e e b ee e ee e ans 180
SWILCh OFf (P_0Tf) cenii i e teeenere s e s en e 181
Get the auto-switch-off period (p_getauto) .........cccverevnrrenerenuiieenneenennes 181
Set the auto-switch-off period (p_Setauto) ........cccceervvnvrrernnieeiiennennnnees 181




CONTENTS

Get switch-off state when mains is present (p_getautomains) ................ 181
Disable/enable switch-off if mains is present (p_setautomains) ............... 181
Allow auto switch off (p_allowoff).......coeeveeviniiiiniiiiiiiniiiiiiiiiii e, 181
Enable/disable the ON key event (p_setonevent)............cccccovvvunvrnnrnnennns 182
POWET SUPPIY..cuiiiieiiiiiiiiiieireieeeee e ree et eeentnsenseseessnsnsnseernsnsncncarns 182
Get power supply status (P_SUPPIY) .c.ieueiuiiinriireiiiriieeiiee s iieeeeene e eens 182
Get additional power supply data (p_supplyinfo) .......ccccevveiveerrireenennen. 183
Get battery warning and maximum levels (p_wsupply) .....c.ccceevrevverirnnnees 184
Get the battery type (p_getbat) .......ecuviiiiieeiieiiiiiiiie e e 185

Set the battery type (p_setbat).....cccecereeeiiiniiiiiiiiiiiiie e 185
Keyboard <. .....coeaennenn s S T e s B e e, 1856
Get the state of all keys (p_getscancodes)........cccceevuverriiriiinirirnrennennnn. 185
DHSPIAY cuiniiiitiiiiiiie ittt rata st e e e e enren e ranns 186
Get the system display type (p_getlcd)...ccccuueivriieireiniiiniiiiieeinieenennrnnnn, 186
Change the LCD contrast (p_lcdcontrastdeita) ........cc.ccceevrvnrinciernrennnnn... 186
Get the current LCD contrast (p_getlcdcontrast) ..........cceeevereniennnnnen.... 186
Switch the backlight on or off (p_backlight) ........ccccccuvviniirivieieeenrennnnn. 186
Set the backlight control value (p_setbacklight) ............cccuvvivnvirnerenannnn. 187
Get the backlight enablement (p_getbacklight).........cc.ccccevvvviiniiennniennnn.n. 187
ST 18 o o PR 187
Make a sound with the piezo {p_sound) .....cceceeeeirveeiiririciiniieeieenann. 187
Get the sound flags (p_getsnd) ......ceiivviiieiiiinieiiriieee e e e enns 188
Set the sound flags (P_SEtSNA}......civiiuiiieieiiiiniriiiiiecii e e eens 188
SoUNd ON The SEIIES B@.uiuiuriieieiiiiniirniereieeiienrarereneerrernesrressrarnsensarnarasenns 188
SOUNA fHES. e iiiniiiiiiiiieiiererenrrie it e eaeaieneneeessenssenracssensnsnsnrnenns 188
The A-Law encoding SCHeME ....ccovuiiiieiiiiiieeniiieiiieiiierenrseeeenreerensnsasnns 189
Series 3a SOUN SYSTEM SEIVICES «.euvuiivuiiuenierenereneneeenrsersesrnsecescnsearensnenss 192
Record a sound asynchronously (p_recordsounda) ...........cccccuvvevunrnnenn... 192
Cancel sound recording (p_recordsoundcancel) .........ccccecuvvvnvernninnnnnnenn. 192
Record a sound synchronously (p_recordsoundw).........cc.eeervuvevnennnnnee. 193
Play back a sound asynchronously (p_playsounda) .........cceeevvvrvunerncrennrannnnns 193
Cancel sound playback (p_playsoundcancel) ........c.ccoeviiviniiinrienenninnnnnnn. 193
Play back a sound synchronously (p_playsounda) ......c.ccceeeeeucvvnnenncirnnnnninnns 193
EXit the SYSTeM .cuicie ittt et er e rr et earae e resesesesssanencnnnnsnns 194
Exit t0 DOS (p_hwWeXit) .....ciiiiiiiiiiiiiiiiiiiiei et cencee e era e 194

T4 Database Files.......ciiviieiiiieiciriiiiirciierrerereeitteeenetererasanssssassasessnesnsnssensesorens 195
Overview of database fileS......cvuvieiiiiiniiiiiiiiiiiii s tneeeenenenenensn 195
The file NEAAET 1.iviiiiiiirieiniiriiieiitieireieiereir e eneiree e cnstessensnrnnenesnnnnenns 196
(oo 1o - PP 196
SNG FIeldS .ovveniniiniiiii e e 197
NUMDBEr Of TECOIAS «.ivivriiiiiiiiii it ree e ees et e sareanenenens 198
ENd of file r@COTd 1.uviiiiniiiiiiiiiiiii et e s ettt ea e enan e e 198
Database files @aNd OPL...c.ciiiiiiiiiiiiiiicini et s st saree e e s e enan 198
DBF fUNCHIOMS 1. vviitiiitiienieriinreiierieenenetrrureniaenesenesseeenessrssstnsesensnsessannnsnse 198
Open a database file (DBfOPEN) ..ccevniviiieniiiiiiii it rerreeneeeeenennnens 198
Open a database file (DbfQUICKOPEN)...ccvveveierrnriiieiieriiinerieiinienrenieeenaen 200
Close a database file (DDTCIOSE) ..uveeureeireneniiiiiiiiiierieireeeeeenreeenenenennns 200
Flush a database file (DBfFIUSh) ...cuvuieiiiieiiiiiiiiii e rcreeeseienrreeeeenns 200
Notify that the DBF buffer has been overwritten (DbfTrash) .........c......... 200
Copy down a DBF record (DbfCopyDOWN) ...iuieiiriniiiiiieiiiiieiineicenenenas 201
Compress a database file (DbfCOMPress).......cvvvviiiiiiiiniinieiiiriireereeneenns 201
Copy a database file (DbfCOPYFlE) ..cuveviriiiiiiiiriiiiiiiii v ceneeens 201
Find the size of a database file (DbfFIleSiZe).....ceueiuiiieieninrireeeerenenensnns 202
Read a DBF extended header (DbfExtHeaderRead) .......ccccoevvvnvunenrenenennnns 202
Write a DBF extended header (DbfExtHeaderWrite) ......cccoevvvvvverecrrnnnnn.s 203
Read a DBF descriptive record (DbfDescRecordRead) .......ocovvvuvenrnenvnnnnns 203
Write a DBF descriptive record (DbfDescRecordWrite) .....vcveeeevenvenennnnnn. 203
Get the DBF version number (DbfVersion) ....c.cveeeviriieiieirinieneeeeeenennnns 203
Read a specific DBF record (DbfADSREad).......ccuveriiniiierenreernreneenenensnns 204




PLIB REFERENCE

Read and sense a specific DBF record (DbfAbsReadSense) ......c..c.c......... 204
Read the next DBF record (DbfNextRead}.........c.ccovvvivrveruerenreneenenacnnsns 204
Read the previous DBF record (DbfBackRead) .........cveeeveenieeeninineeeenennnns 204
Read the first DBF record (DbfFirstRead)......cccvvuveniuiinienieneiieieiiinierenen. 205
Read the last DBF record (DbfLastRead)........cveuvvevivnvrneirenienrinceniennennens 205
Append a DBF record (DbfAPPend) .....ceuveiviiiiiiiineniniicriceneeieeeeenrnenrarens 205
Erase a DBF record (DbfEraseRead) ......cccevureeeniiiiniininnienreneeieenreseennas 206
Update a DBF record {(DbfUpdate) ........eceveuveniiiieniinieniinieernrnseeinsensnnes 206
Find a DBF record (DbfFindReadField) .....cc..ceveniiiiiiiiiniiniiieieieniinenresens 207
Find a DBF record (DbfFindRead) ......c.ccvvinveniiiniiiiiiinienireeneeenernreeesens 208
Sense the current DBF record number (DbfSense) ......ccceceueevveenreninnnnen. 209
Count the number of DBF records (DbfCount)......c..cceuveuniineenrnrenerninrenen. 209

15 Object Oriented Programming .......ccccieecieieeeenirinirenrasercrnsensssnsessernnsescenssssenrens 211
L0 T R B e o AR 211
O E= L1 (o114 o] SRR 211

O D Tt INSTAMCES. . e icrririiiiitir it enrese et etesnrneenssneeresanenrenenseneesens 212
107071-To e [T 14 (VL] 1o [P RRP 212
1071 (= [0 =T SRR 212
Category handles ......iuiieiiiiiniieiiiieiirrir s ere e rreeeae st st seneenannsenans 213
OF:1(=Te [o] 4V o 11Ty 4= - SRR 213
DYNAMIC NKBGE .. vuuieniniieniiiiiiiiiiiriiiieeeetcteenirerrenrrnereaerassaesneraenensans 213
Referencing by category handle.......cvccivvviiiiiiiiiiiniiiiiniiiiiceeeer e ee s ens 214
DY(liSys. .. 0., oo oo, oW vy, mven, o seetem, = TN B e N R 214
The structure of a loaded and linked CatEgOrY.......cccueiuiiecencrnreninrierecenss 216
The structure of an uniinked Category .......ccccvveiviiiiinieiienienienierenrenenes 216
What happens during dynamic iNKage .......c..cecvevivienieiireiiicreseeesiernencnss 216
MESSAQGE PASSING +revvrerrneeraceneenrrierarennarssssiestosssesienrenressnscesssscnsensessesnnns 216
Calling conventions for method functions..........ccccvvievveveniiveeicienennnnnee. 217
Performance of message SendiNg....ccvvviiiirieiiieeieiiiiciieeneeneeeirneenses 218

1 A - P SR | [ Oy B O O S N 219
1081 {-Te T ] gV (U] oo} 4o ] o - TN TR 220
Load a DYL (p_10adlib) ......ciiiiiiiiinirriiieiiiiieieeciererercnresreereeennsasennes 220
Open a file containing multiple DYLs (p_openlib) .......ccceeevuerieneeenunennnnes 221
Load from a multiple DYL file (p_ 10adfilelib) vuvuveeiireeriieeeeeereeeeiineeeneees 221
Unload a dynamic library (p_ LT e 1] 221
Link a loaded category (p_linkIib) ........cceeeeererrvmunnniiiinrnseeneeeeeeees 221
Find a category handle (p LLLaLe L] <) PR 222
Convert a category number to a handle (p _getlibh) cooevniiiiiiiiiinee 222
Copy data from a category {P_CPYCat) .....ceuereruirernereeruinernnrerenernnneennes 222
Copy data from the local category (P_CCPY)..cuvrrrreeerirrmruiairrennnnereennenns 222
10103 =To g (] oo T OO 223
Create an object by category number (p_new, f New).........ccccceeeeerunnnnns 223
Create an object by category handle (p_newlibh, f —newlibh) .................. 223
Send a message to an object (P_Send)......cc..cieeiiiiiiinieniiieeneneeneen, 224
Send a message to be handled by the superclass (p _supersend)............. 224
Send a message with an enclosing p_enter (p_ entersend)........coeeeeeernann. 225
Send a message to a specific class (p_exactsend) ...........ccevvuerrnnirrenene. 225
Create and initialise an object by category number (f_newsend) ............. 225
Create and initialise an object by category handle (f_| newlibhsend).......... 226
Reclass an object by category number (p_reclass) ....cc...ccuuuereivneenennnnnnes 226
Reclass an object by category handle {p_reclassbyhandle) ..................... 226




CHAPTER 1

INTRODUCTION

—
PLIB, SIBO and EPOC

PLIB is a library of C functions that are used to access the system services in the ROM of a SIBO
machine that is running the EPOC 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 section Related Reference Manuals at the 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 (SSDs) that provide fast low-power silicon-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

® A touch sensitive digitising pad that provides a pointing device (used in some models)
=  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 the SIBO Hardware Reference manual.
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The EPOC operating system
The EPOC O/S, designed for the SIBO architecture, has the following features:
®  preemptive multi-tasking
= MSDOS-compatible file system
= installable file systems, including remote file access
®  asynchronous services

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

s a comprehensive I/0 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 a PC".

]
The EPOC programming environment

Small programming 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, you must 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 the Memory Allocation chapter.

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 services are accessed using
inter-process messaging

® implement part of the functionality as a device driver, accessed via I/O system calls

=  when using object-oriented programming (OOP) or otherwise, break up the program into
multiple dynamic libraries containing external classes that are accessed by OOP message sending

The 64K dara segment 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

! In this manual, the term PC is used to mean an IBM PC/XT/AT or compatible.
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structures may be implemented in external memory segments where a particular segment can grow up to
a limit of 512K bytes. However, the access 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 I/O instructions In and ou7.

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 programming 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 moving and the 8086 segment registers

When EPOC moves memory, it is the supervisor process (with process name sYs$MANG.$02) that actually
does the work. (The supervisor and other system processes are described further in the chapter Processes
and Inter-Process Messaging.)

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

® it runs 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 registers? of each 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, the above rules are automatically obeyed. However, the
compiler has to adhere strictly to the small model - sometimes called the pure small model.

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.

2The 8086 segment registers are CS (code segment), DS (data segment), SS (stack segment) and ES
(extra segment).
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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

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

8 we have used its capability to define custom calling conventions (via #pragma statements) to
interface3 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 conventions, the use of C
prototypes is mandatory.

System services

Just like MSDOS and the BIOS on a PC, the system services are accessed using 8086 software interrupts
where the parameters are passed in 8086 processor registers.

The software interrupt interface to the system services are described in the EPOC O/S System Services
reference manual. You would refer to this manual if you were writing in 8086 assembler or accessing a
system service from OPL. You don't need the EPOC O/S System Services reference 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 I/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 calls p_bepy (the first function to be described in this manual) and you use
the debugger to disassemble from address p_bepy to see what was brought in from the PLIB library, you
would get:

CD A1 BufferCopy
8B C7 MOV AX,DI

03 C1 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 the BufferCopy or INT A1 instruction. In this case, the calling convention for p_bcpy has
been set to match that of the BufferCopy interrupt but some code is required following Buffercopy 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.

The plib.h header file collects a default set of header files that are sufficient for the functions described in
this manual.

For most source files, plib.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 files in the \sibosdk\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.

3The code, written in 8086 assembler, that provides a C function interface to a ROM-based service is
sometimes called a C shell.
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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 definitions are in
p_std.h that is included first by plib.h.

The following extract from the Clarion version of p_std.h is 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 from p_std.h declares 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 of BYTE, UBYTE, WORD, UWORD, INT, UINT, LONG, ULONG and DOUBLE are as suggested by
their names (and where a leading U means unsigned).

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

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

The HANDLE typedef is used to refer to an instance of something - such as a process or a memory segment.
In many cases, a HANDLE is actually the offset into the operating system's data space.

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);
>
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or, not using our declarations, you can write:

#include <plib.h>

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

return(0);
b

It is entirely up to you.
Calling conventions
The content of this section is quite technical. Provided you:
= include plib.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 using p_enter, used to handle errors, or when using an object-oriented
programming message-sending function such as p_send. In these two cases the descriptions of the relevant
functions include full guidance.

For a greater understanding of calling conventions and the #pragma call declaration, refer to the
TopSpeed documentation.

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 convention using CDECL.

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

For example, the prototype for p_bepy 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 parameters to p_bcpy are passed in the registers DI SI and CX as required by the
BufferCopy interrupt (described in the EPOC O/S System Services reference manual).

When defining a sequence of prototypes, you only need to bracket the sequence with #pragma save 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 using cpecL as in, for example:

GLREF_C INT CDECL p_iow(VOID *,INT,...);
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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 *pcb, UINT func, VOID *a1);
INT p_iow4(VOID *pcb, 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=>off)

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('"Hel lo 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 chapter Memory Allocation.

The code in the PLIB startup modules is minimal - it just connects to the file server (using a FilConnect
interrupt) before jumping to main (most applications need the services of the file server and the overhead
to connecting to the file server is modest).

Note that the PLIB startup modules do not set up the standard argv, arge parameters to main 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 chapter Processes and Inter-Process Messaging).

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

_
Related reference manuals

The ROM contains more system code than is directly accessed 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 the TopSpeed C Library Reference manual. Additional notes, including a list of the
TopSpeed C library functions that are not implemented, may be found in \sibosdk\doc\clib.doc.

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)
®  less to learn 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 chapter Floating Point in 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 1/0, 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 libraries (accessed 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.

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 characters. The coN: device driver provides row and column
positioning and printing of mono-spaced characters.

8
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Although the PLIB console functions and the con: 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 described in the Window Server
Reference manual.

The window server supports the following features:
= ahierarchical 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 as necessary

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

1/0 devices reference

This I/0 System chapter in this manual describes the EPOC I/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 (such as an
SSD).

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
chapters Files and Time, Timers and Dates respectively. All other device drivers are described in the /0
Devices Reference manual.

The 1/0 Devices Reference manual 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:)

®  Serial port (TTY:)

®  Console device (CON:)
®  Sound driver (SND:)

Descriptions of additional device drivers will be added to the I/0 Devices Reference manual from time to
time.

EPOC 0/S System Services reference manual

The EPOC O/S System Services reference 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 found in \sibosdk\src).

Because the EPOC O/S System Services reference manual is intended to be used in conjunction with the
PLIB Reference manual, the descriptions in the EPOC O/S System Services reference manual are
comparatively brief.

You would refer to the EPOC O/S System Services reference 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 the EPOC O/S System Services reference manual). Being able to refer
to the description of a software interrupt can be useful when debugging C programs.

The EPOC O/S System Services reference manual also contains information on:

=  writing device drivers
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®  writing an installable file system
®  hardware interfacing

Object dynamic libraries

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

=  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 example, the OLIB Reference Manual
describes variable arrays and active objects.

10



CHAPTER 2

CHARACTERS, STRINGS AND BUFFERS

L.
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_cre to generate the CRC number of a buffer

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

Copy Len bytes of data from source to target and return the address following the last byte written (ie
target+len).

The data is copied correctly when source and target overlap.
For example:

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

inserts 'A’" at the beginning of str.

UINT p_slen(TEXT *str);

Return the length of the zero terminated string str, not including the terminating zero.

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

Copy the zero terminated string source, producing a zero terminated string at target and return the
address of the terminating zero of target.

11
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The strings should not overlap.
For example:

p_scpy(buf,*hello");
writes "hello” to buf.

.5

TEXT *p_scpym(TEXT *target, ...);

Copy and concatenate a list of zero terminated strings to target creating a zero terminated string at
target.

Returns the address of the zero that terminates the string at target.

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

For example:

p_scpym(buf ,"The cat" " jumped" NULL);

writes "The cat jumped" to buf.

TR

TEXT *p_scat(TEXT *lstr, TEXT *rstr);

Concatenate the zero terminated string rstr to the zero terminated string str and return the address of
the zero that terminates the new string at Lstr.

For example:

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

writes *hello fred" to buf.

TEXT *p_scatm(TEXT *lstr, ...);

Concatenate a list of zero terminated strings to the zero terminated string Lstr.
Returns the address of the zero that terminates the new string at Lstr.

The list of strings should be terminated by a NULL argument.

For example:

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

writes "The cat jumped" to buf.

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

Replicate pattern as many times as necessary to exactly fill the buffer buf of length buf_len and return the
address of the byte following the last byte written (ie buf+buf_Len).

If buf_len<pat_Len then only buf_len bytes of pattern are copied to buf (the same principle applies if
buf_Len is not a multiple of pat_Len).

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

12
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g

TEXT *p_srep(TEXT *buf, INT buf_len, TEXT *pattern);

Replicate the contents of the zero terminated string pattern as many times as necessary to exactly fill the
buffer buf of length buf_Len and return the address of the byte following the last byte written (ie
buf+buf_Llen).

The zero terminator from pattern is excluded in the copy. If buf_ten<p_slen(pattern) then only buf_Llen
bytes of pattern are copied to buf (the same principle applies if buf_Len is not a multiple of
p_slen(pattern)).

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

writes "abababa" t0 buf.

VOID p_bswap(VOID *buf1, VOID *buf2, INT len);

Swap len bytes from the buffers buf1 and buf2.
For example:

p_scpy(buf1,®xxx");
p_scpy(bufz, "yyy");
p_bswap(buf1,buf2,3);

leaves "xxx" in buf2 and "yyy" in buf1.

UBYTE *p_bfil(VOID *buf, UINT buf_len, INT fill_byte);

Fill the buffer buf of length buf_Len with the fill byte fil(_byte and return the address of the byte
following the last byte written (ie buf+buf_Len).

For example:

TEXT buf[32];

p_bfil(&buf(0],sizeof(buf),0);
zero fills buf.

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

Align sbuf, slen in tbuf, tlen according to the alignment type type and fill any excess space in tbuf with
character code fill where type is one of:

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

If sten is greater than tlen, the first tlen bytes from sbuf is copied to tbuf.
If tlenis -1, p_jtob just copies slen bytes from sbuf to tbuf.

The function returns the address of the byte following the last byte written to tbuf. That is, tbuf+tlen if
tlen is not -1 or tbuf+sten if tien is -1.

For example:

TEXT buf(32]1;

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

13
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writes the zero terminated string "**FRED** to buf.

VOID p_crc(UWORD *pcrec, UBYTE *buf, UINT Llen);

Incrementally generate the CRC polynomial checksum *pere (X power 16 + X power 12 + X power 5
+ 1, as recommended by CCITT) of the Len bytes at buf.

If the checksum is being started *pere should be initialised to zero. Subsequent calls incrementally
modify *pcre.

|
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

m  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 classification table

The character classification table is used by the 11 classification functions: p_isatnum, p_isalpha,
p_isentrl, p_isdigit, p_isgraph, p_islower, p_isprint, p_ispunct, p_isspace, p_isupper, p_isxdigit.
Remove the leading p_ 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 0x1 /* uppercase, p_isupper */
#define _L 0x2 /* lowercase, p_islower */
#define _D 0x4 /* 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 _t bits control p_isupper and p_islower respectively - they should not both be set. If either is
set, p_isalpha, p_isalnum, p_isgraph and p_isprint return TRUE.

The _p bit is set for characters '0' to '9' and controls p_isdigit. If it is set, p_isalnum, p_isgraph and
p_isprint return TRUE.

The _s bit is set for character codes 0x9 to 0xp inclusive and 0x20. It controls p_isspace only.

The _p bit is set for punctuation characters and controls p_ispunct. If it is set, p_isgraph and p_isprint
return TRUE.
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The _c bit is set for character codes 0x0 to 0x1F inclusive and ox7f. It controls p_isentrt only.
The _x bit is set for characters '0' to '9', 'A’ to 'F', and 'a’ to 'f". It controls p_isxdigit only.
The _B bit is set only for character code 0x20. If it is set, p_isprint returns TRUE.

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 any accent. The folding functions should not be used in place of p_toupper
to convert to upper case.

The folding table is used by the primitive folding functions p_tofold (which folds a single character) and
by p_scpyf and p_sconf (which fold strings), described in this chapter. These primitive functions are in
turn used by the PLIB functions that perform case insensitive searching (eg p_sloci) and lexical
comparison (eg p_scmpi).

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

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 readable! lists on 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 publication Software without Frontiers (Second Edition),
pages 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 correctly
(although the order within the group is not correct) and it is much simpler than doing it properly.

The case conversion tables

The tables that convert to upper and lower case are used only by the functions p_scap, p_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 2 word processor that force selected text to upper and
lower case and case conversion functions in OPL and the Spreadsheet.

INT p_isupper(INT c);

Returns TRUE if ¢ modulo 256 is an uppercase alphabetic character, accented or otherwise.

INT p_islower(INT c);

Returns TRUE if ¢ modulo 256 is a lower case alphabetic character, accented or otherwise.

INT p_isalphaCINT ¢);

Returns TRUE if ¢ modulo 256 is an alphabetic character of either case. Equivalent to ¢p_isupper(c) |l
p_islower(c)).

11t is appropriate to use folding when the order is not seen by a human - as in a symbol table.
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INT p_isdigit(INT c);
Returns TRUE if ¢ modulo 256 is a decimal digit, that is, 0-9.

INT p_isalnum(INT c);

Returns TRUE if ¢ modulo 256 is an alphanumeric character. Equivalent to (p_isalpha(c) ||
p_isdigit(c)).

S Tt D

INT p_isxdigit(INT c);
Returns TRUE if c modulo 256 is a hex digit. That is, 0-9, A-F or a-f.

INT p_isspace(INT c);

Returns TRUE if ¢ 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 by p_skipwh and p_skipeh.

INT p_isentrl(INT c);

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

INT p_ispunct(INT c);

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

INT p_isgraph(INT c);

Returns TRUE if ¢ modulo 256 is a printable graphic. That is, including p_isalnum or p_ispunct. To put it
another way, not p_iscntrl Or p_isspace.

INT p_isprint(INT c);

Returns TRUE if ¢ modulo 256 is a printable character. This is the same as p_isgraph except that it includes
space.

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 (ie p_isspace returns FALSE) Or zero terminator.

For example:
str=p_skipwh(" abecd");

sets str to point to the character 'a' in the string.

16
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TEXT *p_skipch(TEXT *str);

Scan the string until either a white space character (ie p_isspace returns TRUE) or a Zero terminator is
detected.

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

INT p_tofold(INT c);

Returns the folded character using the built-in fold table.

Returns the parameter unchanged if c is greater than 255. Fold tables are normally designed such that ¢ is
unchanged if p_isalpha(c) is FALSE.

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

Places a folded copy (using p_tofold) of the zero terminated string at source into the buffer at target,
returning the address of the zero that terminates the string at target (ie target+p_slen(source)).

Behaves and returns like p_scpy except that characters are folded on the way.
Example
TEXT buf[32];

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

VOID p_sconf(TEXT *str);

Fold the characters (using p_tofold) in the zero terminated string *str.

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 it has an accent. The 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 - see p_tofold.

Returns the parameter unchanged if ¢ is less than 0 or greater than 255. Upper case tables are normally
designed such that c is unchanged if p_isalpha(c) is FALSE.

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 it has an accent. The 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 - see p_tofold.
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Returns the parameter unchanged if c is less than O or greater than 255. Lower case tables are normally
designed such that c is unchanged if p_isalpha(c) is FALSE.

VOID p_scap(TEXT *str);

This function is only available in EPOC version 2.14 or later.
Capitalises the zero terminated string *str.
Applies p_toupper to the first character, and p_tolower to all subsequent characters.
Example
TEXT buf(32];

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

leaves "Hello world" in buf.

L
String comparison

For comparing strings, PLIB contains:

p_bcmp, p_scmp for comparing two strings

p_bempi, 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” using p_tofold 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.

INT p_bemp(VOID *lbuf, INT lbuf_lLen, VOID *rbuf, INT rbuf_len);

Compare two buffers by comparing corresponding unsigned bytes, returning Lbuf- rbuf, that is:

If tbuf<rbuf then return is less than 0
If tbuf>rbuf then return is greater than 0
If tbuf==rbuf then return equals 0

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_becmp(tabe,3, "abedt, 4) returns less than Q
p_bcmp("abcd", 4, "abe", 3) returns greater than 0
p_bemp("abc", 3, "abc",3) returns 0.

18
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INT p_scmp(TEXT *lstr, TEXT *rstr);

Comparc two zero terminated strings by comparing corresponding characters, returning istr-rstr, that
is:

If tstr<rstr then return is less than 0
If Lstr>rstr then return is greater than 0
If Lstr==rstr then return equals 0

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", "abed") returns less than 0
p_scmp("abcd", "abc") returns greater than 0
p_scmp(*abc", "abe") returns 0

Lo

INT p_bempi(TEXT *lbuf, INT lbuf_len, TEXT *rbuf, INT rbuf_lLen);

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

For example:

p_bempi("abe, 3, "abed®, 4) returns less than 0
p_bempi(“abed", 4, "abet,3) returns greater than 0
p_bempi("ABC", 3, "abc,3) returns 0

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

Performs a case independent comparison of the two zero terminated strings Lstr and rstr by effectively
folding the characters in each string before comparing them using p_semp. Returns as for p_semp,
described above.

For example:

p_scmpi("abc®, "abed") returns less than 0
p_scmpi (Yabed", "abc") returns greater than 0
p_scmpi (MABC", "abc) returns 0

o e e S e T e e i ]|
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

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

Locate the byte ch in the buffer at buf of length buf_len returning the index of the first matching byte or
-1 if ch is not in the buffer.
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For example:

p_bloc("abede®,5,'f1) returns -1
p_bloe("abcde®,5,'a') retumns 0
p_bloe("abede",5,'c’) returns 2

INT p_sloc(TEXT *str, INT ch);

Locate the first occurrence of the character ch in the zero terminated string str, returning the index of the
first matching character or -1 if ch is not in str.

For example:
p_sloc("abede”, ' £1) returns -1

p_sloc("abede®, *at) returns 0
p_sloc("abede", 'c') returns 2

b

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

Perform a case independent locate of ch in the buffer buf by effectively folding ch and the characters in
buf before using p_bloc to locate the folded character. Returns as for p_bloc, described above.

For example:

p_bloci("abcde”,5, 1) returns -1
p_bloci("abcde",5, 'A') returns 0
p_bloci("abecde",5, 'c!) returns 2

o

INT p_sloci(TEXT *str, INT ch);

Perform a case independent locate of ch in the zero terminated string str by effectively folding ch and the
characters in str before using p_sloc to locate the folded character. Returns as for p_sloc, described
above.

For example:
p_sloci("abcde", 'f1) returns -1

p_sloci("abcde", 'a') returns 0
p_sloci("abcde", !C') returns 2

INT p_slocr(TEXT *str, INT ch);

Locate the last occurrence of the character ch in the zero terminated string str, returning the index of the
matching character or -1 if ¢h is not in str.

For example:

p_slocr("abcabc", 'A') returns -1
p_slocr("abcabc", 'a') returns 3

INT p_slocri(TEXT *str, INT ch);

Locate the last occurrence of ch in the zero terminated string str by effectively folding ch and the
characters in str before using p_slocr to locate the folded character. Returns as for p_slocr, described
above.

For example:

p_slocri("abcde", 'f') returns -1
p_slocri("abeabe®, 'A1) returns 3

20



2 CHARACTERS, STRINGS AND BUFFERS

e

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

Locate sub-buffer sbuf,sbuf_len in buf,buf_len returning the index of the start of sbuf in buf or -1 if sbuf
does not exist in buf (which must be the case if buf_len<sbuf_Len). Returns zero if sbuf_len is zero.

For example:

p_bsub("abcde",5,"fg",2) returns -1
p_bsub("abed", 4, "ab", 2) returns 0
p_bsub("abcde”,5,%cd", 2) returns 2

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

Search the zero terminated string str for the first occurrence of the zero terminated string substr and
return the index of substr in str or -1 if substr does not exist in str. Returns zero if the length of str is
zero.

For example:

p_ssub("abede, "fg") returns -1
p_ssub("abed”, "ab") returns 0
p_ssub("abcde", #cd") returns 2

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

Perform a case independent locate of sbuf, sbuf_Len in buf ,buf_len by effectively folding the characters in
both buffers before using p_bsub to locate the sub buffer. Returns as for p_bsub, described above.

For example:

p_bsubi("abcde",5,"fg",2) returns -1
p_bsubi ("abed", 4 ,"ab",2) returns 0
p_bsubi ("abcde",5,"CD",2) returns 2

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

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

For example:

p_ssubi ("abcde", "fg") returns -1
p_ssubi ("abed", #ab") returns 0
p_ssubi ("abcde", "CD") returns 2

INT p_bmatch(TEXT *buf, INT blen, TEXT *mbuf, INT mlen);
Compare the match pattern in mbuf,mlen against buf,blen and return TRUE if they match.

The match buffer mbuf 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 that p_bmatch returns TRUE only if the match pattern in mbuf matches the whole of buf. If you want to
test for the existence of a pattern within a string, you must have a '*' at the beginning and end of mbuf.
See p_smatch for examples.
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INT p_bmatchi(TEXT *buf, INT blen, TEXT *mbuf, INT mlen);

Case independent version of p_bmatch. Effectively folds the characters in both buffers before using
p_bmatch. Parameters and returns are as for p_bmatch, described above.

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

Compare the match pattern in the zero terminated string mstr against the zero terminated string str and
return TRUE if they match.

The match buffer mstr 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 that p_smatch returns TRUE only if the match pattern in mstr matches the whole of str. If you want to
test for the existence of a pattern within a string, you must have a '*' at the beginning and end of mstr.

For example:
LOCAL_D TEXT str[]1="abcdefghi jklmnopgrstuvwxyz";

p_smatch(str,"*ijk*") returns TRUE
p_smatch(str, '"*i?k*") returns TRUE
p_smatch(str, "ijk*") refurns FALSE
p_smatch(str,"*i*mn*") returns TRUE

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

Case independent version of p_smatch. Effectively folds the characters in both buffers before using
p_smatch. Parameters and returns are as for p_smatch, described above.
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CHAPTER 3

ARRAYS AND QUEUES

Arrays

INT p_bsrch(INT nrec, INT (*compf)(), INT *pmid, UBYTE *pmatch);

Use a binary search algorithm to find the record, in an array of nrec records, that is adjacent to, if not
identical with, the record pointed to by pmatch. Writes the record number of the found record to *pmid
and returns:

0 the found record is equal to *pmatch
<0 *pmatch belongs before record number *pmid
>0 *pmatch belongs after record number *pmid

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

Each time p_bsrch needs to compare a record with the record at pmatch it calls:
compf(n,pmatch);

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

0 *pmatch is equal to record number n
<0 *pmatch is before record number n
>0 *pmatch is after record number n

As with any binary search, the array must be ordered. For p_bsrch, 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. Likewise, pmatch may be any address suitable
for interpretation by compf, since pmatch is not used inside p_bsrch, other than being passed to compf. This
allows code using p_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 (see p_gsort) 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=arrayl[nl;

m=*pmatch;

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

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

3

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 (lresult)

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

{

pstr=resul t<0?"before":"after";

p_printf("%d belongs %s %d",match,pstr,array[midl);

INT p_qsort(INT nrec, INT (*ordf)(), VOID (*excf)(), UBYTE *base)

Sort a set of records into ascending order, using the quicksort algorithm.
There are nrec records to sort. Each time the routine needs to compare two of these records it calls:
(*ordf)(n,m,base);

where n and m are the indexes of the two records to compare (starting at zero), and base is a parameter
that may be used or ignored by the ordering function.

The ordering function, ordf, 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);

where n and m are the indexes (starting at zero) of the two records to exchange. The user-supplied
exchange routine should exchange the records indexed by n and m. Again, the user-supplied exchange
function is free to use or ignore base, 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. The value of base is not used inside
p_gsort, but is passed down to both the ordering and exchange functions to enable the writing of re-
entrant code that uses p_gsort.

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 function p_gsort returns zero if successful, else a negative error.
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An error return value of E_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 permit the successful
completion of a second attempt.

Example

LOCAL_D INT array([1=(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);
3

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");

}

L
Doubly linked queues

This section describes functions for inserting and deleting entries from doubly linked queues. Each entry
in the queue contains a P_QuUE structure, defined in p_que.h as:

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 a P_auE data structure provides a single address by which the
queue may be accessed. The empty queue consists only of the p_aug header with both next and prev
pointing to itself. A queue with n entries contains n+1 P_auUE structures - one for the header and one for
each entry. The queue is built such that the next pointer of the last entry points to the header and the prev
pointer of the header points to the last entry such that the n+1 P_aue structures form a doubly linked
circular queue.

The following extract from p_que.h:

#define P_INITQ(q) (q)->next=(q)->prev=(q)
#define P_DECLAREQ(Q) P_QUE q = {&q,&q)
#define P_ISEMPTYQ(Q) ((q)==(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
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P_ISEMPTYQ evaluates to TRUE if the queue header represents an empty queue

Entries are inserted into a queue using p_enque and removed using p_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 use of p_enque and p_deque to set up a queue of zero terminated
strings that are allocated and freed from the heap (see the chapter Memory Allocation for a description of
f_alloc and p_free).

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

typedef struct
<
P_QUE piq;
TEXT namel1];
3} QUEUE_ENTRY;

LOCAL_D P_DECLAREQ(headq);

GLDEF_C VOID AddNameToEnd(TEXT *name)
<
QUEUE_ENTRY *p;

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

3

GLDEF_C TEXT *FirstName(VOID)
{
TEXT *name;

name=&( ((QUEUE_ENTRY *)headq.next)->name[0]);
if (P_ISEMPTYQ(&headq))
name=NULL ;
return(name);
3

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 queue using AddNameToEnd. The code that processes the
items in the queue uses FirstName to get the first item in the queue (which returns nuLL if the queue is
empty). After processing the first name, calling DeletefirstName removes it from the queue and frees the
memory used by it.

VOID p_enque(P_QUE *pNew, P_QUE *pEntry);

Insert entry pNew before pentry (ie between pEntry->prev and peEntry) into the doubly linked queue that
contains pentry.

If P_QUE hdq is the queue header:

p_enque(pNew, &hdq) adds pNew 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,hdqg.next)  adds pNew to the start of the queue
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VOID p_deque(P_QUE *pEntry);

Remove queue entry pentry by linking the entries on either side of pentry to each other, excluding pentry
from the queue.

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

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

L
Delta queues

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

A delta queue consists of a P_aue header and doubly linked entries, each containing a p_DELTA structure,
defined in p_que.h as:

typedef struct
{
P_QUE g;
LONG key; /* Delta key */
> P_DELTA;

where (except for the first entry in the queue) key contains the offset relative to the previous entry (the
delta). The value of an entry's key is determined by accumulating the deltas of its predecessors. 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 chapters Asynchronous
Requests and Semaphores and Time, Timers and Dates for 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 (p_INITQ or
P_DECLAREQ) giving an empty queue. Entries containing a P_DELTA structure are added to the delta quene
using p_enqued and are removed using p_dequed.

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

P_DELTA *p_enqued(P_QUE *pHead, P_DELTA *pEntry, LONG key);

Inserts entry pEntry into the delta queue headed by phead according to the key key 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 than key. The new entry pEntry is inserted (with an appropriate delta) before that entry and the
delta of that entry is recalculated.

P_DELTA *p_dequed(P_QUE *pHead, P_DELTA *pEntry);

Remove pentry from the delta queue headed by phead and return the address of the first entry or NuLL 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.
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If P_QUE hdq is the queue header:
p_dequed(&hdq, (P_DELTA *)hdq.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 an INT to a signed decimal number

p_ltob to convert a LONG to a signed decimal number

p_gtob to convert a UINT to an unsigned number in any radix

p_gltob to convert a ULONG to 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.

UINT p_itob(TEXT *buf, INT value);

Write a signed decimal representation of value to buf and return the number of characters written.
If value is negative, a leading '-' is written.
For example:

buf [p_itob(&buf[0],-24)1="'\0';

writes "-24" to buf.

INT p_Ltob(TEXT *buf, LONG value);

Write a signed decimal representation of the LONG value to buf and return the number of characters
written.

If value is negative, a leading '-' is written.
For example:

buf [p_l tob(&buf [0],-240000L)1=\0";
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writes "-240000" to buf.

INT p_gtob(TEXT *buf, UINT value, INT radix);

Write an unsigned base radix representation of value to buf and return the number of characters written.
For example:

buf [p_gtob(buf,0xaa55,16)1="\0";
writes "AAS5" to buf.

INT p_gltob(TEXT *buf, ULONG valtue, INT radix);

Write an unsigned base radix representation of the ULONG value to buf and return the number of characters
written.

For example:
buf [p_gl tob(buf,0xaa5577,16)1='\0"';
writes "AAS5577" to buf.

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

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

The format string fstr contains literal text, embedded with commands for converting the arguments at
parg. The embedded commands are prefixed with the ' %' character (two successive '%' characters count
as one literal '%'). The literal text is simply copied to buf and the % commands convert successive
arguments (which may be integers, longs or strings) at parg.

An embedded command takes one of the following forms:

%<type> for output (with no padding) of the converted data type <type> 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 1 or an L or by
providing the type letter in upper case.

%<width><type> for right-aligned space-filled output in width <width> where <width> is either a
positive decimal number or a * to take the width as a UINT from the argument
list. If more than <width> characters is generated by the conversion, the output
is truncated.

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

%<a><f><width><type> for left, right or centre aligned output in width <width> with fill character <f>
where <a> is either -, + or =. If <f> is a *, the code of the fill character is taken
as a UINT from the argument list. (If you want to fill with *'s, you have to
supply it through the argument list).

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 command. Note that, in all cases, there is a space (the fill
character) immediately preceding <width>.

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

The <type> specifies the type of argument conversion to be performed, as follows:
b convert the UINT to a binary text representation

¢ convert the UINT to a single character corresponding to its code
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d convert the INT to a signed decimal text representation

f  just output fill characters (does not use up an argument)

m convert the UINT to a two byte binary numeric representation, with the most significant byte first
(only available in EPOC version 2.17 or later)

o convert the UINT to an octal text representation
s  copy the TEXT * zero terminated string to the output, excluding the terminating zero.
u convert the UINT to an unsigned decimal text representation

w convert the UINT to a two byte binary numeric representation, with the least significant byte first
(only available in EPOC version 2.17 or later)

x convert the UINT to a hexadecimal text representation

The type may be widened to a long by preceding the type letter with an 1 or an L or by providing the type
letter in upper case (ignored if <type> 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 useful p_atos, described below.
However, p_atob is useful for constructing p_printf-like text output functions (p_printf itself is
described in the chapter I/O System).

For example, if file is static variable that contains the channel of an opened text file, the following
function behaves like p_printf.

GLDEF_C CDECL VOID PrintToFile(TEXT *fmt,UINT arg,...)
{
UINT len;
UBYTE buf [2561;

len=p_atob(&buf [0], fmt,&arg);
p_write(file,&uf(0], len);
>

If the INT variable a contains 65:

PrintToFile("[%b %c %d %o %u %xI",a,a,a,a,a,a) writes [1000001 A 65 101 65 41]
PrintToFile(" [X04x]",a) Writes [0041]

PrintToFile("[%*x]1",3,a) writes [ 41]

PrintToFile(" [%+$4d.00 %s1™,a,"over") writes [$$65.00 over]

PrintToFile(" [X0*s]",10,"fred") writes [000000fred]

PrintToFile(" [%=*4x]", % a) Writes [*41%*]

PrintToFile("[%-**d)",'.',10,a) writes [65........ ]

PrintToFile("[%-A4f1",a) writes [AAAA] and makes no use of the value of a.

VOID p_atos(TEXT *str, TEXT *fstr, ...);

Convert multiple arguments to a zero terminated string at str under control of the format string fstr.
The content of fstr is described under p_atob, above.

For example, if the variable a is a UINT that contains 65:

p_atos(str,"%b X%c %d %o %u ¥x",a,a,a,a,a,a) writes "1000001 A 65 101 65 41" to str
p_atos(str,"%04x",a) writes #0041 to str

p_atos(str,"%*x", 2, a) Writes 41" to str
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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 to a WORD

p_stol to convert a signed decimal number string to a LoNG

p_stog to convert an unsigned number in any radix to a UWORD
p_stogl to convert an unsigned number in any radix to a ULONG
p_stoa to convert multiple fields in a string to a series of arguments

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

Attempt to convert the signed decimal string at *pstr to a 16 bit number and, if a valid number is
recognised, write the number to pval, update *pstr to point to the terminating character and return zero.
Otherwise, neither *pstr nor *pval is written to and the function returns one of the following negative
error numbers (defined in p_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 significant and will terminate the conversion
but leading zeros are ignored). To convert unsigned data up to 65535, use p_stog.

For example, after:

INT ret;

WORD val;

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

val contains -123, ptr points to the 'a’ and ret is zero.

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

Converts the signed decimal string at *pstr to write a 32 bit number to pval. Behaves and returns as for
p_stoi above except that it can handle decimal numbers in the range -2147483648 to 2147483647
inclusive. To convert unsigned data up to 4294967295, use p_stogl

For example, after:

INT ret;
LONG val;

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

val contains -123456, ptr points to the 'a’ and ret is zero.

g.\x

INT p_stog(TEXT **pstr, UWORD *pval, INT radix);

Attempt to convert the unsigned number base radix (typically 2, 8, 10 or 16) at *pstr to a 16 bit number
and, if a valid number is recognised, write the number to pval, update *pstr to point to the terminating
character and return zero. Otherwise, neither *pstr nor *pval is written to and the function returns one of
the following negative error numbers (defined in p_gen.h):

E_GEN_OVER the number is too large (greater than 65535)
E_GEN_FAIL the text could not be recognised as a number
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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=nf123%;

p_stog(&ptr,&val,10) returns E_GEN_FAIL

p_stog(&ptr,&val, 16) returns 0 and writes 0xf123 to val

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

Converts the unsigned decimal number base radix at *pstr to write a 32 bit number to pval. Behaves and
returns as for p_stog above except that it can handle numbers up to 4294967295,

For example, after:

INT ret;

ULONG val;

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

vat contains 0xf123ab, ptr points to the 'z’ and ret is zero.

INT p_stoa(TEXT **pstr, TEXT *fstr, ...)

Convert multiple fields within the zero terminated string *pstr to a series of arguments ... as controlled
by the format zero terminated string fstr.

Returns zero if successful and the text pointer *pstr is updated to point to the terminating character of the
last field converted. If an error occurred, *pstr 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 string fstr contains literal text, embedded with commands for converting the fields in *pstr
to the passed arguments. Any excess leading whitespace (as defined by p_iswhite) before a field in *pstr
is automatically skipped.

The embedded commands in fstr are prefixed with the '%* character (two successive '%' characters count
as one literal *%'). Any non whitespace literal text causes characters in the *pstr to be scanned until a
match is made or until the end of the string is encountered (any whitespace characters in fstr are
discarded). If a match is not found in *pstr, the function returns.

The general form of an embedded command is:

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

<width>:=a positive decimal number
<long>:L|L
<type>:=(B|b|C|c|D|d|N|n|O|o]a]q]|s|s|u|u]X|x)

where the square brackets indicate optional fields and * |+ separates choices.
The mandatory <type> parameter (optionally qualified by <long>) 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 parameter <width> is a positive decimal number that specifies the maximum input field width when
<type> is s or g (in either upper or lower case) - if <type> is other than s or q, it is ignored. Note that the
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corresponding storage buffer must be large enough to hold <width> 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 convert an unsigned binary number to the uWorD
convert a character to its code, written to the UWORD
convert a signed decimal number (optionally preceded by a '-' or a ' +") to the WorD
write the number of characters consumed so far to the uwoRrD

convert an unsigned octal number to the UWORD

o o0 B A o0

convert quote delimited text, copying the data in between the quotes (the delimiting quotes are
discarded) to produce a zero terminated string at the TEXT * buffer. Although often used to
convert text delimited by quote (") characters, the first non whitespace character encountered is
taken to be the delimiter.

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

u convert an unsigned decimal number to the uWorD
X convert an unsigned hexadecimal number to the uworD

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 1 to specify that the corresponding argument address points to either
a LONG Or a ULONG (ignored if <type> is s, f or q). 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",&d1,8&d2);

d1 is 7 and d2 is -33, ptr points to the terminating zero, ret is zero. After:

INT ret;

WORD d1,d2;

TEXT buf[16]

ptr=txxx @a “def ghi”~ #44a";
ret=p_stoa(ptr,"a %c %15q # %d",&d1,buf,&d2);

d1 contains 'a*, “def ghi" is written to buf and d2 is 44, ptr points to 'a* and ret is zero.

]
Rectangle functions

This section describes a set of functions that operate on P_RECT structs. A P_RECT struct 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:
= (0,0) corresponds to the character in the top left corner
®  x increases to the right and counts the character columns

® vy increases downwards and counts character rows
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Using the above coordinates, the rectangle of As in the following character display:

el
++AAA+H+
+HAAA++H
bt 24+

is described by the coordinates of the top left A (internal) and the bottom right z (external) - that is, (2,1)
and (5,3). Subtracting corresponding coordinates gives the correct dimensions of the rectangle - (3,2).

The p_RECT struct is defined in terms of two p_PoINT structs. The definitions, in p _graf.h, are:

typedef struct
<
WORD x; /* Horizontal coordinate */
WORD y; /* 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

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

Displace rect by (xoffset,yoffset), without changing its size.

VOID p_insrec(P_RECT *rect, INT xinset, INT yinset);

Adjust the width and height of rect by xinset and yinset 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 of rect by 4 and increases the height by 2.
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VOID p_unirec(P_RECT *rect1, P_RECT *rect2, P_RECT *result);

Write the union of the two rectangles rect1 and rect2 (the smallest rectangle that encloses both of them)
10 result - as illustrated by the following diagram:

Result

Rect1 l

I Rect?2

The parameter result may point to the same address as either rect1 or rect2.
For example:

LOCAL_D P_RECT rect1={{10,20),(30,40}};
LOCAL_D P_RECT rect2={{50,503,{(100,1203);
LOCAL_D P_RECT result;

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

writes ({10,203, {100,1203 to result.

INT p_intrec(P_RECT *rect1, P_RECT *rect2, P_RECT *result);

Write the intersection of the two rectangles rect1 and rect2 (the largest rectangle that is contained in both
of them) to result.

Rect1

Rect2

Intersection

If the rectangles do not intersect or if either rectangle is empty, the result is an empty rectangle.
The parameter result may point to the same address as either rect1 or rect2.

Returns TRUE if the rectangles intersect, FALSE if the rectangles do not intersect (or if either rectangle is
empty).

For example, after:

LOCAL_D P_RECT rect1={{0,02,{7,203};
LOCAL_D P_RECT rect2={{4,4),{100,12022;
LOCAL_D P_RECT result;

ret=p_unirec(&rect1,&rect2, &result);

ret is TRUE and result contains ({4,43,(7,20}3}.

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

Return TRUE if the point point is within the rectangle rect or FALSE if point is outside rect (or if rect is
empty).

INT p_emprec(P_RECT *rect);

Return TRUE if the rectangle rect is empty (that is, if it has zero or negative width or height).
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VOID p_absrec(P_RECT *rect, P_RECT *result);

Write the absolute of the rectangle rect (where any negative sides are converted to their positive
equivalents) to result.

The parameters rect and result may point to the same address.
For example:

LOCAL_D P_RECT rect=({(7,203,{4,42);
LOCAL_D P_RECT result;

p_absrec(&rect,&result);

writes ({4,43,{7,203) to result.
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CHAPTER 5

FLOATING POINT

IIlllIllllIIIllllllIlllllIllllllIlIllIIlllllIIlllllIlIIlIlllIlllllIllIlllIlllllIlIlIIIIIIIIIIIIIIIIIIIIIIIII
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 from sys$8087.1dd. The PLIB (or CLIB) startup module (that is, the code which calls
main) automatically loads sys$8087.1dd if the application program contains any floating point code.

The startup module searches for sys$8087.1dd in the following directories (in order of precedence):

=  as specified by the zero terminated string in the environment variable with name vEmMs™ (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 search for sys$8087. Ldd fails. See the chapter on Error
Handling for an explanation of the panic mechanism.

The ems environment variable may be set using p_setenv - as described in the chapter Memory Allocation.
For example, the following installation program causes the startup module to look for sys$8087.1dd in
the a:isys!| directory:

#include <plib>

GLDEF_C main(VOoIlD)
<
p_setenv("EMS$", "A:\\SYS\\");
3

Note that environment variables names are case-sensitive - setting up (say) “em$" will not have the desired
effect.

Only one copy of sys$8087.1dd is loaded however many floating point processes are started. The LDD is
deleted (freeing the memory) when the last floating point process exits gracefully. If the last process
panics or is stopped by another process, the LDD will remain loaded - but it will be deleted by a
subsequent normal exit of a floating point process. The LDD has the device name eM$, so 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);
b

which returns TRUE if the LDD is loaded. If required, a clean-up program can delete the loaded LDD
with:

p_devdel ("EM$" ,E_LDD);

which will only successfully delete the LDD if there are no floating point processes using it. The
functions p_devfnd and p_devdel are described along with LDDs in the I/0 System chapter.
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If sys$8087.1dd is 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$8087.1dd is present in the ROM using:

LOCAL_C INT Is8087InROM(VOID)
<
P_INFO info;

return(p_finfo("ROM: : SYS$8087.LDD",&info0)>=0);
3

which returns TRUE if sys$8087.1dd is 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);
3
if ((ret=p_sin(pret,parg))<0)
return(ret);
*pret=*pret/*parg;
return(0);
3

will load the emulator because the expressions *parg==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;

x=0;

p_itof(&zero,&x);

if (!p_fcmp(&zero,parg))
<
x=1;
p_itof(pret,&x);
return(0);
>

if ((ret=p_sin(pret,parg))<0)
return(ret);

p_fdiv(pret,parg);

return(0);

3

then sys$8087.1dd is 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 presence of sys$8087.ldd

®  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

40



5 FLOATING POINT

Macros
The following macros, defined in p_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 exception of p_rand and p_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.

L
Converting doubles to and from text

INT p_dtob(TEXT *pbuf, DOUBLE *pval, P_DTOB *pformat);
Convert the double floating point number *pval to text at pbuf using the pformat format specification.
The p_pTo8 structure is defined in p_math.h as:

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 places ndec 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 reserve width bytes at
pbuf. If the formatted string would be wider than width then E_GEN_FAIL is
returned. (If you want the output aligned and filled, post-process pbuf with
p_jtob).

ndec specifies the number of digits following the decimal point when type is
P_DTOB_FIXED Or P_DTOB_EXPONENT where ndec 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 practice, trilen is set to 1 for normal
conventions and 4 to conform to the French convention.

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.
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There can never be more than pP_rLT_PREC(15) significant digits. Where there are less than p_FLT_PREC
significant digits, the number is rounded to the number of significant digits displayed.

The detailed formatting details as a function of type is as follows:

P_DTOB_FIXED the number is represented with ndec decimal places, where ndec may be zero to
represent an integer (in which case no decimal point character is displayed). If
the ASCII form exceeds width (usually due to the number being large and
having too many digits before the decimal point), E_GEN_FAIL is returned. A
zero is displayed in the form "0.000" where there are ndec zeros following the
decimal point or as just "0" if ndec is zero.

P_DTOB_EXPONENT the number is represented in scientific notation with one non-zero digit before
the decimal point and ndec 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+00" if ndec
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 of width. 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 on width (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 for P_DTOB_GENERAL, except that output is limited to not exceed 12 significant
digits.

Returns the number of characters written to pbuf 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 exceeds width characters.
E_GEN_ARG either the double is illegal, or type is not one of P_DTOB_FIXED, P_DTOB_EXPONENT

Or P_DTOB_GENERAL.

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

Scan the zero terminated string *pstr for a floating point number where point is the code of the decimal
point character (normally either '.' or ',') and write the value as a double float to *pval.

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

If p_stod is successful, it updates *pstr 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.

The supplied string at *pstr should take the form:
[+|-1<int>.<fract>[E|e] [+] -] <exp>

where:
= the leading '+' sign may be omitted for positive numbers

®  <int> and <fract> are optional but at least one should be present
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leading zeros in <int> are legal but have no effect

trailing zeros in <fract> 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 buf[)="-134.43735abc";
FAST INT ret;
DOUBLE val;

TEXT *ptr;

ptr=&buf [0];

After

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

vat will be -134.43735, ptr will be pointing to 'a’ and ret will be zero.

VOID p_getctd(E_CONFIG *pcfg);

Write a copy of the system E_CONFIG struct to pcfg.

The E_CONFIG struct is defined in p_config.h as:

typedef struct

¢
UWORD

countryCode;

WORD gmtOffset;

UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE

dateType;

timeType;
currencySymbolPosition;
currencySpaceRequired;
currencyDecimalPlaces;
currencyNegativelnBrackets;
currencyTriadsAl lowed;
thousandsSeparator;
decimalSeparator;
dateSeparator;
timeSeparator;
currencySymbol [9] ;
startOfWeek;
summerTime;

clockType;
dayAbbreviation;
monthAbbreviation;
workDays;

units;

spare([9];

) E_CONFIG;

In the context of this chapter we are interested in:

currencySymbol

a zero terminated string containing the currency symbol

currencySymbolPosition  which should contain either E_CURRENCY_BEFORE Or E_CURRENCY_AFTER

currencySpaceRequired  which should contain either E_NOSPACE_BETWEEN Or E_SPACE_BETWEEN

currencyDecimalPlaces  the number of decimal places for displaying currency figures
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currency- TRUE if a negative currency should be displayed in brackets rather than with a
NegativelnBrackets minus sign

currencyTriadsAl lowed 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

ULONG p_randl (ULONG *pseed);

Return the next pseudo random number and updates *pseed.

Used to generate a sequence of pseudo random numbers from an initial value of *pseed. Any given seed
will always produce the same sequence of random numbers.

The numbers generated may be any value between 0 and 4294967295 (oxffffffff) or, if considered as a
signed result, between -2147483648 (0x80000000) and +2147483647 +(0x7fffffff).

For example, to print reproducibly 100 random longs:

ULONG seed;
UINT i;

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

seed=p_date();

L]
Scientific functions

For all floating point functions that transform a single input parameter it is permissible to use the same
address for both parg and pret.

All trigonometric functions assume angles are measured in radians.

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

Write the sine of *parg to *pret.

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

INT p_cos(DOUBLE *pret, DOUBLE *parg);

Write the cosine of *parg to *pret.

Returns zero if successful or E_GEN_ARG if *parg was an invalid double.
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INT p_tan(DOUBLE *pret, DOUBLE *parg);

Write the tangent of a *parg to *pret.

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

INT p_asin(DOUBLE *pret, DOUBLE *parg);

Write the angle whose sine is *parg to *pret.

Returns zero if successful or E_GEN_ARG if *parg was an invalid double or ABS(*parg)>1.
=N pa

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

Returns zero if successful or E_GEN_ARG if *parg was an invalid double or ABS(*parg)>1.

"

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

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

INT p_Ln(DOUBLE *pret, DOUBLE *parg);

Write the natural (base €) logarithm of *parg to *pret.

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

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

Write the value of the arithmetic constant e (2.71828...) raised to the power of *parg 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).

INT p_Log(DOUBLE *pret, DOUBLE *parg);

Write the base 10 logarithm of *parg to *pret.

Returns zero if successful or E_GEN_ARG if *parg was less than or equal to zero or if *parg was an invalid
double.
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INT p_sqrt(DOUBLE *pret, DOUBLE *parg );

Write the square root of *parg to *pret.

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

INT p_pow(DOUBLE *pret, DOUBLE *pargl, DOUBLE *parg2);

Write *parg1 raised to the power of *parg2 to *pret.

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

E_GEN_ARG the arguments are invalid (if *parg1 <0, *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).

DOUBLE p_rand(ULONG *pseed);

Return a pouBLE random number in the range zero (inclusive) to one (exclusive). As in the case of
p_randl, the value pointed to by pseed is used to seed the random number generation and is updated for
the next call of p_rand.

This function requires the 8087 floating point emulator.

VOID p_frand(DOUBLE *pret, ULONG *pseed);

Write a random number in the range zero (inclusive) to one (exclusive) to *pret. As in the case of
p_randl, the value pointed to by pseed is used to seed the random number generation and is updated for
the next call of p_frand.

B ——am==—ma=—ossaasea euxxs———o oo s
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 emulator sys$8087.1dd.

For all floating point functions with one parameter it is permissible to use the same address for both parg
and pret.

INT p_fld(DOUBLE *pret, DOUBLE *parg);
Write the value of *parg to *pret (the '1d’ stands for load).

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

INT p_fadd(DOUBLE *pret, DOUBLE *parg);

Write the sum of *parg and *pret to *pret.
Returns zero if successful or one of the following negative error numbers:

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

INT p_fsub(DOUBLE *pret, DOUBLE *parg);

Write *pret minus *parg to *pret.

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

E_GEN_ARG *pret Or *parg was not a valid double.

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

INT p_fmul (DOUBLE *pret, DOUBLE *parg);

Write the product of *parg and *pret to *pret.

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

E_GEN_ARG *pret OT *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).

”\“ﬁi

i

INT p_fdiv(DOUBLE *pret, DOUBLE *parg);

Write *pret divided by *parg 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).

INT p_fcmp(DOUBLE *pargl, DOUBLE *parg2);

Compare *parg? to *parg2, returning:
1 if *pargl > *parg2
0 if *parg1 == *parg2
-1 if *pargl < *parg2

The function only returns zero if *parg? and *parg2 are strictly equal. In some cases it may be more
appropriate to test for equality by evaluating the difference using p_fsub and then comparing the
difference with a suitably small number (such as, for example, 1E-10).

The return value is undefined if either *parg1 or *parg?2 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.

INT p_fneg(DOUBLE *parg);

Negate *parg.

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

47



INT p_mod(DOUBLE *pret, DOUBLE *pargl, DOUBLE *parg2);

Write the remainder of *parg1 divided by *parg2 to *pret.
y

Returns zero if successful, or e_GEN_ARG if either *parg? or *parg2 was an invalid double.

INT p_int(DOUBLE *pret, DOUBLE *parg);

Write the integer part of *parg to *pret. Negative numbers are rounded towards zero.

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

INT p_inti(WORD *pret, DOUBLE *parg);

Write the integer part of *parg 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

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

Write the integer part of *parg to *pret, if it is in the range -2147483648 (0x80000000) to +2147483647
(Ox7FFfFfff) 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

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

Convert *parg to a double and write it to *pret.

VOID p_longtof(DOUBLE *pret, LONG *parg);

Convert *parg to a double and write it to *pret,
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CHAPTER 6

ERROR HANDLING

L

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 process.

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 of main effectively call p_exit with the return from main. That is:

GLDEF_C INT main(VOI1D)
4
p_printf("Hello world");
p_sleep(50l); /* wait 5 seconds */
return(0);
3

is equivalent to:

GLDEF_C VOID main(VOID)
4
p_printf("Hello world");
p_sleep(50l); /* wait 5 seconds */
p_exit(0);
>

It is poor practice to fall off the end of a voID main since this is equivalent to calling p_exit with a
random number (whatever happens to be in the Ax register 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 process

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 recommended that p_pterminate is used in preference to p_pkill as the
former allows the process being terminated to run any cleanup code before exiting gracefully.
Applications wishing to run cleanup code call p_onterminate to elect to be sent an inter-process message
in response to the p_pterminate request.
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Finding out when other processes terminate
A process can request to be notified of the termination of another process by calling:
p_Llogona 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 (normally
used by the Shell to monitor the termination of all processes)

See the chapter Asynchronous Requests and Semaphores for the meaning of the term "signalled”. See the
chapter Processes and Inter-Process Messaging for more about inter-process messaging and servers.

The process termination word

Regardless of which one of p_lLogona, 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 (defined in epoc.h)

E_NORMAL_EXIT the process terminated itself by calling p_exit or it was terminated by another
process calling p_pterminate or p_pkill. The least significant byte of the
process termination word contains the nReason parameter to p_exit,
p_pterminate or p_pkill. By convention, an nReason of zero indicates a normal
error-free graceful termination.

E_PANIC_EXIT the process terminated itself by calling p_panic or it was terminated by another
process calling p_ppanic. The least significant byte contains the nPanic ("panic
number") parameter to p_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 Messaging).

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, the p_al loc function to allocate a memory cell returns nuLL if there
is insufficient free system memory to satisfy the request, but calls p_panic 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 function calls p_panic as in the
example above. If the condition is detected in a system process (for example, the supervisor or the file
server) the application process is terminated by the system process calling p_ppanic.

Application programmers can include their own calls to p_panic 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 call to p_panic on the default case of a switch statement, to catch an
invalid parameter.

System panic numbers

The following lists the panic numbersthat are used by the operating system:
00 Used by test code when a test fails

01 Invalid function number (semaphore manager)
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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
34
35
36
37
38
39

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 of E_SEGMENT_LOW, E_SEGMENT_H1GH, E_SEGMENT_DEVICE Or 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 than E_MAX_GROWBY

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

Invalid function number for inter-process message manager

Inter-process messaging has already been initialised (ie p_minit has been called twice)
Inter-process messaging has not been initialised (ie p_minit has not been called)
Cannot initialise with zero messages in the queue

Invalid function number for I/0 manager

Invalid 1/0 channel (possibly because you did not test that the previous p_open 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
Reserved for future use

Invalid function number for library manager
Invalid library handle

Invalid function number for library

Invalid LIB file channel

Invalid DYL index number
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40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69

70
71
72
73

74
75
76

Invalid message to file server

Process has not connected to file server

Invalid function number for conversion manager

Invalid function number for general manager

Attempt to unhook from notify when not already hooked
Invalid revector address

Invalid function number for conversion manager

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

No method available to handle message (OOP)
Invalid reclass attempted (OOP)

Unknown category in LibHandle (OOP)
Unknown class in LibCreate (OOP)

Supersend called from outside a method (OOP)
Attempt to get a handle before being linked (OOP)
Missing external categories in LibLink (OOP)
Object does not point to a valid class (OOP)
Invalid link layer completion code

Invalid function number for window server
Invalid function number for hardware manager
Unexpected interrupt

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

Interrupts have been disabled for too long

Reserved for future use

Divide by zero interrupt

Overflow interrupt

Invalid function number for Dbf manager

Invalid DBF I/O channel

Invalid parameter for DBF function

Address zero overwrite (possibly because of an uninitialised pointer)

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.

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

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

Invalid function number for serial /0 manager
Call to an ASIC1 function on an ASIC9 machine
Attempt to find a DYL not in a visible bank
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77 Floating point emulator exception

78 Semaphore count exceeds Ox7fff

80 Library fatal error, preceded by a notification of the specific error
2535 The function p_al lchk 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 the Window Server manual for panics in the range 81-110 and, when using object oriented
programming, see the OLIB manual for panics in the range 130-158.

VOID p_exit(INT nReason);

Terminate this process with reason nReason in the range -127 to 128 without returning to the caller.
Applications that exit normally should terminate with nReason 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 positive nReason to pass back an exit status to their parent
process,

222

VOID p_panic(INT nPanic);
Terminate this process with panic number nPanic in the range 0 to 255 without returning to the caller.
To avoid system panic numbers, application specific panic numbers should start from 254 downwards.

INT p_pkill(HANDLE pld, INT nReason);

Terminate process pid for reason nReason (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 p_pterminate (described below) is used in preference to p_pkill as it gives the
process being terminated a chance to run any cleanup code.

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

INT p_pterminate(HANDLE pId, INT nReason);

Terminate process pid for reason nReason in the range -127 to 128 inclusive.

If process pid has called p_onterminate (described next) the call to p_pterminate will simply send the
specified message number to process pld. Otherwise the effect is the same as with p_pkill, It is
recommended that p_pterminate is used in preference to p_pkilL.

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
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VOID p_onterminate(INT nMessage);

Elect to receive (non-zero) message number nMessage, rather than being summarily terminated, when
another process requests termination by calling p_pterminate.

On receipt of the termination message a process should execute its cleanup code and must then terminate
itself, normally by calling p_exit.

The process calling p_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 not call p_onterminate unless there is an explicit
reason for it to do so.

The election may be cancelled by calling p_onterminate(0).

Messaging must have been initialised with p_minit prior to the call to p_onterminate, otherwise p _panic
will be called.

INT p_ppanic(HANDLE pld, INT nPanic);

Terminate process pId with panic number nPanic 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

INT p_logona(HANDLE pld, WORD *pStatus);

Make an asynchronous request to be notified of the termination of process pid by having this process /0
semaphore signalled when pld terminates. See the chapter Asynchronous Requests and Semaphores for a
description of asynchronous requests and the 1/O semaphore.

Returns zero if successful or _fiLE_NXIST if p1d does not exist.

After a successful request and before pld has terminated, *pstatus contains E_FILE_PENDING. When pld has
terminated, *pStatus contains the (non-negative) process termination word (as described under the
heading The Process Termination Word at the beginning of this chapter).

The caller can cancel the asynchronous request by calling p_lLogoffa.

A server process that responds to inter-process messages from client processes will probably find it more
convenient to use p_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_Llogona(pid,&stat);
p_presume(pid);
p_waitstat(&stat);
*pReason=(BYTE)stat;
return(stat>>8);
b

loads the executable name, resumes the process, waits for it to terminate, writes the p_exit t0 *pReason and
returns E_NORMAL_EXIT. It returns a negative error number if it fails to load name and £_paNIC_EXIT if the
sub-process panics.
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INT p_logoffa(HANDLE pld);

Cancel a previously requested notification of the termination of process pid (as passed to the p_Logona
being cancelled).

Returns zero if successful or £_F1Le_NxIST if no request is pending.

If the cancel gets through before pId terminates, *pstatus will contain E_FILE_CANCEL. In either case, the
process I/O semaphore is signalled and p_logoffa would normally be followed by a call to
p_waitstat(pStatus).

INT p_Llogon(HANDLE pld, INT mType);

Request to be notified of the termination of process pid by receiving an inter-process message of type
mType when pld terminates. See the chapter Processes and Inter-Process Messaging for a description of
inter-process messaging.

Returns zero if successful or E_FILE_NXIST if pId does not exist.

When process p1d terminates the Supervisor process sends the caller a message of type mType and whose
first word in the message buffer is the pid of the terminating process and whose second word is the
process termination word giving information on how that process terminated (as described under the
heading The Process Termination Word at the beginning of this chapter).

The caller can cancel the request by calling p_Logoff or p_Logoffx.

The process must have messages initialised by calling p_minit - the function calls p_panic if messages
have not been initialised.

The p_logon, p_logoff and p_logoffx 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 convenient to use p_lLogona,
described above.

INT p_Logoff(HANDLE pld, INT mType);

Cancel a previous p_logon request to be sent an inter-process message when process p1d terminates.

The value of p1d should be as passed to p_Logon, and mType is ignored. This form is suitable for
applications that do not make no more than one p_lLogon request to any particular process.

Applications that make two or more p_logon requests with the same value of pid (but, presumably,
different values of mType) should cancel them by means of p_logoffx, described below.

Returns zero if successful or £_FILE_NXIST if pId does not exist.

The function calls p_panic if messages have not been initialised.

INT p_logoffx(HANDLE pld, INT mType);

This function is only available in EPOC version 3.18 or later.

Cancel a previous p_logon request to be sent an inter-process message of type mType when pld terminates
(p1d and mType should be the values that were passed to the p_logon request that is being cancelled).

This function must be used in preference to p_logoff in cases where two or more p_logon requests are
made with the same value of pid.

Returns zero if successful or E_FILE_NXIST if pId does not exist.

The function calls p_panic if messages have not been initialised.
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INT p_watchal L(UINT mType);

Request to be notified of the termination of any process by receiving an inter-process message of type
mType when a process terminates. See the chapter Processes and Inter-Process Messaging for a
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 successful or E_GeN_FAIL if a watch is already active.
The format of the received message is as for p_logon, described above.
Calling p_watchall with an mType of zero cancels the request.

The process must have messages initialised by calling p_minit - the function calls p_panic if messages
have not been initialised.

L
Error returns

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

Where there is no elaboration of the error:

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

= Otherwise functions return zero or positive to indicate success and -1 to indicate failure (the
constant E_GEN_FAIL is defined as -1 although you can just test for the sign of the returned value).

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 form £_GeN_xxx; (defined in p_gen.h)
-32 to -63 Reserved for 1/0 device errors of the form e_r1LE_xxx (defined in p_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 (eg E_GEN_NOMEMORY) and specific error numbers (eg
E_FILE_PARITY indicating a parity error in a byte received via a serial port). Application programmers may
wish to use the generic error numbers in their own code - see the contents of p_gen.h and p  file.h.

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

g

VOID p_errs(TEXT *str, INT errno);

Convert a system error number to a language dependent zero terminated text string in str. There should
be at least E_MAX_ERROR_TEXT_SIZE (64) bytes at address str.

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 value of errno.

—
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:
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p_notifyerr which presents the user with a system error message (converted to text from
the error number using p_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 calls to p_notify 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 process! (the "notifier") taking responsibility for implementing a user
interface. The notifier "hooks" the user interface (normally at system start up) by calling p_noti fyhook.
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 replace an SSD pack 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
use p_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.

INT p_notify(TEXT *pT1, TEXT *pT2, TEXT *p01, TEXT *p02, TEXT *p03);

Present the two zero terminated messages pT1 and pT2 to the user, where pof, po2 and po3 are either NULL
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 if the po1 option was chosen, 1 if the po2 option was chosen and
2 if the po3 option was chosen.

The message pT1 is presented before pr2. So pT1 would typically contain a contextual message (eg "Failed
to save notes.tpd") with pT2 containing a more detailed message (eg "Disk full").

If p12 is NULL the second message line is blank.
To offer the user 2 options rather than 3, pass po3 as NULL.

To offer the user no option (that is, just to wait until the user has acknowledged the message) pass both
p02 and pO3 as NULL. Alternatively, pass all 3 as NULL as in:

p_notify(msg1,msg2,NULL ,NULL ,NULL);
which is equivalent (on an English machine) to:
p_notify(msg1,msg2, "CONTINUE", NULL,NULL);

Each message string pT1 and pT2 can be up to E_MAX_NOTIFY_TEXT_SIZE (64) in length including the zero
terminator. Each option string po1, po2 and po3 can be up to E_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 terminated, p_noti fy returns E_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 to p_notify. Either pass an explicit NULL (as in the above examples) or intercept the string, as in
the following example, where it is assumed that only msg2 may contain a leading zero:

LOCAL_C INT NotifyError(TEXT *msg1,TEXT *msg2)
<
if (msg2 && !*msg2)
msg2=NULL;
return(p_notify(msg1,msg2,NULL,NULL,NULL));
)

1When a specialised process hooks the notifier, it is, by convention, called SYS$NTFY.
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INT p_notifyerr(INT nError, TEXT *pT2, TEXT *p0D1, TEXT *p02, TEXT *p03);

Equivalent to calling p_errstnError) followed by calling p_notify with the resulting error string as the
second parameter and with pr2 as the first parameter (ie the first two parameters are the other way around
compared to p_notify) with the three option parameters being passed on to p_notify.

The message pr2 is presented before the error text corresponding to nérror and pr2 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.

g

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.

INT p_getnotify(VoID);

Return the notify state for this process.

INT p_notifyhook(INT mType);

Hook the notifier interface such that this process will get an inter-process message from the notifying
process of type mType as a result of the notifying process calling p_notify or p_notifyerr.

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

The mType message contains an array of 5 string pointers into the notifying process data space
corresponding to the parameters to p_notify in the order pT1, pr2, po1, po2 and po3. A process that hooks
the notify interface should initialise messaging using p_minit 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 process using p_pcpyfr

(say using the maximum sizes E_MAX_NOTIFY_TEXT_SIZE and E_MAX_OPTION_TEXT_sIZE). The parameter to
p_mfree gives the result of the notification.

A process that has hooked the notify interface should not call either p_notify 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.

VOID p_notifyunhook(VOID);

Release the notify interface.
Calls p_panic if the caller does not have the notifier interface hooked.

eS| ————a - s aa s ey
Enter and leave

The functions p_enter and p_leave work together. You use p_enter to call or "enter" a function. If
p_leave(err) is called before the entered function returns, the stack is unwound and the call to p_enter
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returns err. By convention, a negative value of err indicates an error and a zero (or positive) value
signifies an error-free exit.

The call to p_leave (or to a variant such as f_leave) may occur in the entered function or in a sub-
function and so on.

The p_Leave performs what is sometimes called a "non-local goto" where the address of the goto is
defined by the last call to p_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)
= inform the user of the error
®  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 call to p_enter on an error condition.

The call to p_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.

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 to p_enter are passed as arguments to
*pfunc.

You can either use p_enter, which presents the cpect calling convention, or one of the p_enter? variants,
which use a more efficient register calling convention.

Once a function has been called using p_enter, that function (or any function that is called before *pfunc
returns) may call p_leave(ret) to unwind the stack and return prematurely from the call to p_enter with
the return value of ret. If p_leave is not called, p_enter returns the value returned by *pfunc.

Functions called with p_enter should return an INT or a UINT (since this is assumed by p_Leave). A zero or
positive return value is normally taken to indicate that the function completed successfully.

Calls to p_enter may be nested, in which case p_Leave returns from the last active p_enter on the stack.

When p_enter calls *pfunc, it passes parameters to it both on the stack and in registers. Neither calling
convention? is compatible with the default calling convention (which passes parameters in registers) as
specified in p_std.def.

Because of the above, the target of a p_enter 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 a p_enter) you must ensure that the prototype for
the function declares the calling convention consistently.

2Note that the calling convention applied to the function called by p_enter has nothing to do with the
calling convention of p_enter (0r p_enter1 etc) as discussed above.

59



PLIB REFERENCE

For example, to declare the target for a p_enter using CDECL:

LOCAL_C INT CDECL RunTestProgram(TEXT *name)
{

-...return(0);
>

or, more efficiently, using ENTER_CALL:

#pragma save, ENTER_CALL

LOCAL_C INT RunTestProgram(TEXT *name)
{

....return(0);
)

#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 zero if RunTestProgram returned or the parameter passed to p_Leave, if p_Leave was
called.

Since it is impossible to construct a general prototype to cover all cases, pfunc is prototyped as a voID *.
As in the above example, you have to cast the first parameter to p_enter to a (voID *) 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 parameter p_enter? variants.

Note that the requirement for the target of a p_enter to have one of the two special calling conventions
described above means that no PLIB or WLIB function may be the direct target of a p_enter.

VOID p_leave(INT err);

Unwind the processor stack and return from the most recently called p_enter, returning the value err.
The function does not return to the caller.

Although in practice err is often a negative error number it need not be and p_Leave can legitimately be
used to unwind the stack on any kind of condition.

The function calls p_panic if there is no call to p_enter on the stack.

INT f_leave(INT err);

Similar to p_teave except that it simply returns err if err>=0. That is, it is equivalent to:

GLDEF_C INT f_leave(INT err)
¢
if (err<0)
p_leave(err);
return(err);
3

Although modest in its function, using f_leave rather than p_leave produces smaller executables and
makes code more readable. For example, compare:

pid=f_leave(p_execc(name,NULL,0));
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with:

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

You cannot use f_leave on functions that return an address and fail by returning nuLL. However, the more

commonly used functions of this type have corresponding f_ variants. For example, p_al loc and
p_realloc have the corresponding f_alloc and f_realloc which internally call p_leave(E_GEN_NOMEMORY)
rather than return NULL.

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&0xff)));

3

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,&namel0]);
if (ret<0)
{
p_atos(&msg[0],"Failed to run %s",&name(01);
ret=FLpotifyerr(ret,&msg[O],"CONTINUE","ABANDON",NULL);
if (ret==2)
p_exit(0);
3
b
)
GLDEF_C INT main(VOID)
<
RunTestPrograms(“abcd"); /* runs testa.img, testb.img, ... */
return¢0);
)

Note the use of cpecL in the declaration of RunTestProgram.

There are more examples of the use of p_enter and p_Leave in the Files chapter.
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CHAPTER 7

MEMORY ALLOCATION

L
Overview of system memory usage

The EPOC operating system runs on the 8086 processor (and also the 80286, 80386 or 80486) where up
to IMb 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 address zero to Oxfffff) as
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

s 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. See p_getres in the chapter General System Services for
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 (SYSSMANG). 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 (say when receiving
data via the serial port).

Allocated memory segments are described by:
®  asegment name
®=  asegment handle
= 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 the EPOC O/S System Services reference manual for more
about device drivers.

.$sC indicates the primary shared code segment that is associated with one or more
processes. Running say myprog.img will cause the code to be loaded into a
segment called myprog.$sc (provided that myprog.$sc isn't already loaded).

.DYL indicates a dynamic library code segment (DYL) that is associated with one or
more processes. See the chapter Object-Oriented Programming for 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 changed using p_prename). The process data segment is
described further below.

Segment handle, address 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.
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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 using p_execc or p_execcasync), a 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 greater than oxffe0! bytes long (this is called the
small model on PCs).

The data segment contains (from low to high address):
= the reserved static variables (0x40 bytes)
= the floating point emulator data space (0x200 bytes from offset 0x100)
= the processor stack
= initialised static variables
® 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 initialised to 0xbEAD and is otherwise unused. If it is not 0xpEAD, 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 as the 0xbEAD above), the reserved statics variables are
initialised to zero.

The bytes in the stack area are initialised to 0xff. The number of ox#f bytes from address 0x40 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 is 0x300.

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 limited to Oxffe0 bytes, 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

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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L
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_alloe, 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_allwatk walks all cells in the heap calling a supplied function (used for heap
diagnosis).

p_allchk uses p_al lwalk to check the integrity of the heap.

p_allspc gets the start address and free space in the heap.

The functions f_alloc and f_real loc are identical to p_alloc and p_real Loc respectively except that they
call p_leave(E_GEN_NOMEMORY) if the memory could not be found rather than returning a NuLL address. See
the function p_Leave 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 by p_al loc, p_realloc and p_adjust skips this header and the length returned by p_aten
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 call to p_panic) by a
subsequent allocator call (such as p_free). The p_al Lchk function is provided as a debugging tool to force
a call to p_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 the Oxffe0 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 - see p_hgran 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.

If there is no memory in the system to accommodate growth or if the data segment has reached its
maximum 0xffe0 byte value, the allocate request fails. There are few circumstances when an allocate
request can be assumed to succeed and calls to p_alloc, p_realloc and p_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 situations?. 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

2Unfortunately, the system does not distinguish between the two causes of allocation failure.
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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 when the 0xffe0 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 heaven

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.

VOID *p_allocCUINT size);
VOID *f_alloc(UINT size);

Allocate a memory cell of at least size bytes long from the heap and return the address of the allocated
cell or NuLL if there is insufficient memory.

You should always test the result for NULL and take recovery action. The size actually allocated may be a
few bytes more than that requested (see p_alen). The maximum size is 64K minus the combined size of
the machine stack and the space taken by static variables.

If the heap is corrupt, calling p_allec may or may not detect it - but if it does it will call p_panic. Use
p_allchk to check the integrity of the heap thoroughly.

The function f_alloc is identical except that it calls p_leave(E_GEN_NOMEMORY) rather than return NULL.
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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);

3

This example assumes that any more specific error recovery is handled by the caller.

VOID p_free(VOID *pcell);

Free the allocated memory cell at address pcel, returning the cell to the free memory list. Does nothing
if peel L is zero - this is sometimes useful in error clean-up situations.

If peell is non-zero, it should contain the address of a cell as returned by, for example, p_al toc. 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 p_free will detect a bad address and call p_panic.

VOID *p_realloc(VOID *pcell, UINT size);
VOID *f_realloc(VOID *pcell, UINT size);

Change the size of the allocated cell pcell to be size bytes and return the address of the new cell or NULL
if there was insufficient space for the size change.

If NULL is returned, the original cell is unaffected. The limits on size are as for p_al loc. Calling
p_realloc(pcell,size) when peell is zero is equivalent to calling p_atloc(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 increased, p_realtoc
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 different from peelt. If pcelt
is neither zero nor the address of an allocated cell, the heap will either be corrupted or p_panic will be
called.

The function f_realloc is identical except that it calls p_leave(E_GEN_NOMEMORY) rather than return NULL.

VOID *p_adjust(VOID *pcell, UINT offset, INT amount);

Open or close a gap at offset offset within the allocated cell pcel |, using p_real loc to make the
appropriate change to the cell size. As for p_realloc, p_adjust returns the address of the new cell or NULL
if there was insufficient memory. If amount is positive, a gap of amount bytes is opened. If amount is
negative -amount bytes are deleted. If amount is zero, the function has no effect and returns peel .

Unlike p_realloc, pcell may not be passed as NULL. If peell is not the address of an existing allocated
cell, the heap will either be corrupted or p_panic will be called.

If amount is negative, -amount bytes is deleted by shifting the trailing contents left, closing the gap.

old cell XXXXXXXXXX2ZZZ22Z2Z222ZZYYYYYYYYYYYYY
< offset >< amount >

new cell XXXXXXXXXXYYYYYYYYYYYYY
< old size - amount >
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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 as for p_alloc. If the new size
would be negative, p_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 XXXXXXXXXXZZZ222ZZZZYYYYYYYYYYYYY
< 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.

UINT p_alen(VOID *pcell);

Return the length in bytes of the allocated cell pcell.

The returned cell length will be equal to or slightly larger than that requested using p_alloc 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 chance that p_alen will detect it and call
p_panic.

VOID p_hgran(UINT nparas);

Set the heap granularity to nparas (measured in paragraphs where a paragraph is 16 bytes).

The maximum value for nparas is E_MAX_GRoWBY (16K bytes) - p_hgran calls p _panic if this is violated.
Processes are created with heap granularity £_GrowBY_DEFAULT (2K bytes). E_MAX_GROWBY and
E_GROWBY_DEFAULT are defined in epoc.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.

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 fptr is not NULL, call fptr for each cell. The heap is checked for consistency and p_panic is called
if an inconsistency (for example an overlap between a free cell and an allocated cell) is detected.

In the call to fptr, the parameter isalloc is TRUE if the cell is an allocated cell and FALSE if it is a free cell.
The parameter Len is the total length of the cell in bytes (ten includes the size of cell header information
and is 2 greater than that returned by p_alen).

Cell addresses can be calculated from the cell lengths and the heap start address. The heap start address
may be found by calling p_al Lspc.

This function is provided for heap diagnosis and is called, for example, by p_al Lchk.
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In the following example, NumAl LocCel Ls returns the number of cells allocated:

LOCAL_C VOID CountIfAlloc(UINT *pn, INT isalloc,UINT len)

{

if (isalloc)
*pr+=1;

}

GLDEF_C UINT NumAllocCells()
{
UINT n;

n=0;

p_allwalk((VOID (*)(VOID *, INT,UINT))CountlfAlloc,&n);
return(n);

3}

The call to p_al lwalk calls back countifalloc (which simply increments the allocated cell count if the cell
is an allocated cell) for each cell in the heap.

VOID p_allchk(INT num);

Walk through all the allocated cells checking for consistency with the free space list. Call p_panic(0xff)
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 calling p_panic, 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 parameter num, 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 to p_panic.

Gi

UINT p_allspc(VOID **pheap);
Return the potential free space in the heap in bytes and writes the start address of the heap to *pheap.

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 of 0xffe0 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 address *pheap can be used to turn the cell lengths produced by p_al lwalk into addresses.
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System memory usage

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).

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 call to p_totalk will return the value 1024,
whereas a call to p_getram on the same machine will return 32768 (corresponding to 512 kilobytes).

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.

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 RAM, p_sgramdisk will generally
return zero.

On machines containing not more than 512 kilobytes of RAM, the return value will be larger than that
obtained from p_dinfo, which measures storage capacity rather than the total number of bytes used.

EEeEeee——————aseaaaa=—s—s .- aaaesnaeseasws s
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
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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

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 synchronise access to the segment (as described in the
chapter Asynchronous Requests and Semaphores).

If a memory segment is locked by a process calling p_sglock, the segment will survive the demise of the
creating process

HANDLE p_sgcreate(TEXT *pName, INT nParas, INT uMode);

Creates a memory segment with the zero terminated name pName and size nParas (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 access to the contents of the segment using p_sgcopyto and p_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 calling p_sgclose.

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 size nParas (in 16-byte paragraphs) must be positive (so the maximum segment size is 512K
bytes).

The parameter uMode 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 E_SEGMENT_HKIGH except that no process owns the created segment.
Like E_SEGMENT_DEVICE this mode is used internally by the operating system and
should not be used by applications.

The function calls p_panic if the requested size was negative or if uMode was not one of E_SEGMENT_LOW,
E_SEGMENT_HIGH, E_SEGMENT_DEVICE Or E_SEGMENT_LOCKED.
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INT p_sgdelete(TEXT *pName);

Delete the memory segment identified by the zero terminated name pName. 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

HANDLE p_sgopen(TEXT *pName);

Open the memory segment identified by the zero terminated name pName and, 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 allows access to the contents of the segment using p_sgepto and p_sgepfr.
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.

INT p_sgcopyto(HANDLE nHandle, LONG pos, VOID *source, UINT len);

Copy Len bytes from source in the current process data segment to offset pos in the open memory segment
nHandle (as returned from p_sgcreate Or 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 calls p_panic if pos+len is greater than the size of the memory segment or if nHandle is not a
valid memory segment handle.

A program can check that the segment is still in existence before a call to p_sgcopyto by calling p_sgopen.

If you want to write to a process data segment, it is more convenient to use p_pcpyto, which takes a
process ID rather than a segment handle.

INT p_sgcopyfr(HANDLE nHandle, LONG pos, VOID *target, UINT len);

Copy Len bytes from offset pos in the open memory segment nHandle (as returned from p_sgcreate or
p_sgopen) to target 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 calls p_panic if pos+len is greater than the size of the memory segment or if nHandle is not a
valid memory segment handle.

A program can check that the segment is still in existence before a call to p_sgcopyfr by calling p_sgopen.
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If you want to copy from a process data segment, it is more convenient to use p_pcpyfr, which takes a
process ID rather than a segment handle.

UINT p_sgsize(HANDLE nHandle);

Returns the size (in 16-byte paragraphs) of the open memory segment nHandle (as returned from
p_sgcreate OT p_sgopen).

The function calls p_panic if nHandle is not a valid memory segment handle.

INT p_sgadjust(HANDLE nHandle, INT nParas);

Adjust the size of the open memory segment nHandle (as returned from p_sgcreate Or p_sgopen) to nParas
16-byte paragraphs. Return zero if successful or the negative E_GEN_NOMEMORY if there is not enough
memory to satisfy the request.

The new segment size nParas must be positive (it follows that the maximum segment size is 512K bytes).
Setting nParas to zero discards all the memory allocated to the memory segment but does not delete the

segment.

The function calls p_panic if nParas is negative or if nHandle is not a valid memory segment handle.

HANDLE p_sgfind(HANDLE fHandle, TEXT *pMatch, TEXT *pName):

Write the next segment name that matches the zero terminated match string pMatch as a zero terminated
string to pName where fHandle is NULL for the first call and is subsequently the positive return value from
the previous call. When there are no further segments matching pMatch, it returns E_FILE_NXIST.

Used repeatedly to find all the segments that match the wild card string pointed to by pMatch. The buffer
at pName should be big enough to receive £_MAX_NAME+2 bytes. The wild card string pMatch 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 calls p_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, "*.8SC", &buf[01))>0)
p_puts(&buf[01);

2

INT p_sgclose(HANDLE nHandle);

Close the open memory segment nHandle (as returned from p_sgcreate or p_sgopen) decrementing the
usage count.

Returns zero if successful or the negative E_GEN_NOTOPEN if the memory segment is not open to this
process,

Should the access count become zero or negative, the segment is deleted.
The function calls p_panic if niandle is not a valid memory segment handle.
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VOID p_sglock(HANDLE nHandle);

Lock the open memory segment nHandle (as returned from p_sgcreate or 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 calls p_panic if nHandle is not a valid memory segment handle.

VOID p_sgunlock(HANDLE nHandle);

Unlock the open memory segment nHandle (as returned from p_sgcreate or 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 calls p_panic if ntiandle 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 to E_MAX_ENV_SIZE (16) bytes containing any byte except '* or 7!
a value of up to P_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 of p_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

INT p_getenv(TEXT *pMatch, TEXT *pValue);

Copy the value of the environment variable that matches the zero terminated name pMatch to pValue and
add a zero terminator to the end of the copied value. The name pMatch 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 negative e_fFILE_NXIST if no matching environment variable exists.
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The maximum length of an environment variable value is P_ENVMAX-1 bytes so up to P_ENVMAX bytes can be
written to pvalue (including the zero terminator).

INT p_getenviron(TEXT *pMatch, INT mLength, VOID *pValue);

Copy the value of the environment variable that matches the name pMatch of length mLength to pvalue and
return the number of bytes copied.

Return the negative E_FILE_NXIST if no matching environment variable exists.

The name pMatch 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 is P_ENVMAX-1 bytes.

INT p_setenv(TEXT *pName, TEXT *pValue);

Copy the content of the zero terminated string pvalue (excluding the terminating zero) into the value of
the environment variable with the zero terminated name pName, replacing any previous value. If the
environment variable does not exist it is created with the specified name and value.

The name pName may not include wild cards and must not exceed E_MAX_ENV_S1ZE in length. The length of
pvalue should not exceed P_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 calls p_panic if the length of pName exceeds € MAX_ENV_SIZE.

Note that you can't delete an environment variable by giving it a null value - use either p_delenv or
p_delenviron.

INT p_setenviron(TEXT *pName, INT nLength, VOID *pValue, INT vLength);

Copy vLength bytes from pvalue into the value of the environment variable with name pName of length
nLength, replacing any previous value. If the environment variable does not exist it is created with the
specified name and value.

The name pName may not include wild cards, ntength must not exceed E_MAX_ENV_SIZE and viength should
not exceed P_ENVMAX-1 (255) - any non-zero value in the high byte of viength 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 calls p_panic if nLength exceeds E_MAX_ENV_SIZE.

INT p_delenv(TEXT *pMatch);

Delete the environment variable that matches the zero terminated name pMatch. The name pMatch may
include the wild card characters '?" and '*' in which case the first matching environment variable is
deleted.

Returns zero if successful or the negative E_FILE_Nx1ST if no matching environment variable exists.
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INT p_delenviron(TEXT *pMatch, INT mLength);

Delete the environment variable that matches name pMatch of length mLength. The name pMatch may
include the wild card characters '?" and '*' in which case the first matching environment variable is
deleted.

Returns zero if successful or the negative E_FILE_NXIST if no matching environment variable exists.

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 name pMatch.

On the first call *phandle 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 pMatch should remain the
same on successive calls.

Each successful call writes the name as a zero terminated string to pName (which should have room for
E_MAX_ENV_SIZE+1 bytes) and its value followed by a zero terminator to pvalue (which should have room
for p_ENvMAX bytes).

A wild card name of »*» will match all the 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 length mLength.

On the first call *pHandle 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 value to pBuf as two successive leading byte count strings giving
the environment variable name followed by its value. The maximum length of an environment variable
name is E_MAX_ENV_SIZE and the maximum length of a value is P_ENVMAX-1 bytes so pBuf should have room
for E_MAX_ENV_SIZE+P_ENVMAX+1 bytes.

A wild card name of #*» will match all the environment variables.

In the following example, PrintAlLEnv 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=pt+len;p<pe;p++)
p_isprint(*p) ? p_print("%c",*p) : p_print("<%02x>",*p);
p_printf("]m");
b
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GLDEF_C VOID PrintAllEnv(VOID)
<
UBYTE *p;
HANDLE h;
UBYTE bIE_MAX_ENV_SIZE+P_ENVMAX+1];

for (h=0;p_findenviron("*», 1,&8b[0],&h)>=0;)
<
p=&bl0];
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/0 semaphore and wait handlers.

L
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 calling p_wait. 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 scheduling

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 calling p_sleep, p_sleept Or p_steepa. 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. If it is a
process, it is inserted into the ready queue. If it is a timer device entry, the
associated process I/O semaphore is signalled.

The semaphore queues  There is a (possibly empty) queue of processes for each created semaphore in
the system. If, on calling p_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 call to p_signal, 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 of Preemptive scheduling in the chapter Processes and Inter-process Messaging.
Shared access

A mutual exclusion semaphore may be used to serialise access to a shared resource (for example, a shared
memory segment).

The creator of the shared resource uses p_semcrt to create an associated mutual exclusion semaphore with
an initial value of one. Any process wishing to access the resource first calls p_wait on the resource
semaphore and then calls p_signal after completing its access. Because the semaphore was created with an
initial value of one, the first process to call p_wait 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 resource calls p_signal.

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 serialising access 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 supplier calls p_signal after it inserted an
item into the pool. If there are one or more elements in the pool, the consumer's call to p_wait returns
immediately. Otherwise, the call to p_wait returns when the supplier inserts an element and calls
p_signal.

L
Asynchronous requests
Many system services are implemented in two steps:

s 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 are called synchronous because 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 called an asynchronous function.

Examples of asynchronous request functions are:

p_ioa, p_ioc for requests on an open I/0 channel
p_mreceive to receive an inter process message
p_execcasync for loading images

p_Llogona for being informed of a process termination

There are also synchronous versions of all the above functions except p_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 on their 1/0 semaphore where
each request is associated with a status word.
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The 1/0 semaphore

When a process is created, the system automatically creates an /0 semaphore on its behalf (a more
accurately descriptive name would have been the asynchronous request semaphore). After making one or
more asynchronous requests, a process calls p_iowait to wait on the I/O semaphore for one of the
requests to complete. A typical application process spends most of its time waiting on its 1/0 semaphore.
For example, an interactive application process that is waiting for user input from the window server is
waiting on the I/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-signal using p_iosignal.
In some cases, it is convenient for the requestor to use p_iosignal to signal itself and to subsequently
process that signal in a central call to p_jowait.

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 E_FILE_PENDING (defined in
p_file.h)

=  When the operation has completed, a value other than E_FILE_PENDING is written to the status
word. This value should be zero or positive to indicate success or a negative error number to
indicate failure.

® The requesting process's I/O 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 to p_panic.

When there are multiple requests, each request is associated with a different status word. After returning
from p_iowait, the caller typically polls 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) and p_iowait is called again to process the next completion.

Every p_iosignal should be matched by a call to p_jowait (or a function that calls p_iowait). The status
word associated with the p_iowait must have completed (ie must contain a value other than
E_FILE_PENDING) at the time that p_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 after the p_iowait 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) calling p_panic when the poll is unable to find a completed status word.

For Series 3, Series 3a and Workabout developers, using the Spy application supplied with this SDK may
help identify an accumulation of such unused signals.

In the following example, the opened asynchronous timer TimerChannel 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 call to p_iowait, one of the two asynchronous requests has completed.
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LOCAL_C VOID StringToSerial (TEXT *str)
{
UWORD Llen;
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 */
3
p_iow(TimerChannel,P_FCANCEL);
p_waitstat(&TimerStatus);
>

The functions p_ioc and p_iow are described in the next chapter: /O System.
Cancelling an asynchronous request

In the above example, the asynchronous request which does not complete is cancelled by making a
P_FCANCEL request using p_iow (the synchronous version of p_ioc or p_ioca). Most asynchronous request
functions have an associated cancel function; the P_FCANCEL, to cancel 1/O requests on a device channel, is
one example. Other examples are:

p_mcancel to cance] a call to p_mreceive to receive an inter process message
p_logoffa to cancel a call to p_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 p_waitstat to "use up” the signal)

Waiting for a particular completion

When waiting for the completion of a particular asynchronous request, the wait on the I/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 calling p_waitstat which behaves in a similar way to p_jowait
except that it only returns when the associated status word is other than €_FILE_PENDING.

In general, p_waitstat is a safer option than p_iowait to "use up" the signal resulting from the cancelled
operation. If the cancel is not immediately effective and another completion causes p_jowait to return, the
program could continue and make another request before the cancelled operation completes (which would
result in p_panic being called). The above example illustrates the technique although, in this case, it is
not strictly necessary since there can be no confusion as to which event has completed.

Constructing synchronous functions

General purpose functions that provide a synchronous interface must use p_waitstat rather than p_iowait
since they can not assume that there are no other pending asynchronous requests.
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The use of p_waitstat is illustrated by the following example of a synchronous function:

GLDEF_C INT ResumeWait(HANDLE pid)
<
WORD stat;
INT ret;

if (t(ret=p_logona(pid,&stat)))
L
p_presume(pid);
p_waitstat(&stat);
ret=stat;
>

return(ret);

>

This is intended to be used in place of p_presume and behaves like p_presume except that it returns only
when the resumed process has terminated. It effectively implements a synchronous version of p_Llogona.

Wait handlers

Wait handlers are functions that handle the completion of asynchronous requests from within p_iowait (or
p_waitstat). Active wait handler functions are called just before p_ijowait would have otherwise returned.

Many 1/O devices install a device wait handler when the device is opened (see the System Services
reference manual for information on writing device drivers and 1/0 device wait handlers). An application
can install any number of application wait handlers using p_svecadd (p_svecrem removes an application
wait handler). Before p_iowait will call an installed wait handler, it has to be activated using p_sveccal
(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 calis
p_iowait, directly or indirectly).

In the following example (which does not check for errors), SetupeapChecker installs the wait handler
Checkieap Which then calls p_al Lchk 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(VvoiD)
<
HEAP_TIMER *pHeapTimer;

pHeapTimer=p_alloc(sizeof (HEAP_TIMER));
p_open(&pHeapT imer->Channel , "TIM:%,-1);

pHeapT imer->Status=0;

pHeapTimer->Timeout=20; /* 2 second tick */
p_sveccal l(p_svecadd(CheckHeap, pHeapTimer),TRUE);
>

Wait handlers are only called when the process calls p_iowait (or a function such as p_waitstat that calls
p_iowait). While an application performs a computationally intensive task that takes an extended time, it
should consider calling p_ioyield (which effectively calls p_iosignal followed by p_iowait) to allow any
installed wait handlers to be called. Application programs must never assume that no wait handlers have
been installed.

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
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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 value), p_iowait will almost certainly
detect an invalid wait handler and call p_panic(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 call p_iowait (because the polling will "hog" the
processor to no benefit). However, when there is useful work to be done between each poll, 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 is necessary to call p_ioyield before each 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 by the receipt of a serial 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 I/O semaphore of the requesting process.
When the requesting process next calls p_iowait (directly or indirectly through say p_ioyield), 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 by calling
p_iouwait (otherwise you will get a "stray signal” later).

Attached 1/0 devices

Wait handlers are often used in attached 1/0 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/0 system and the functions that are
called requires some assembly language programming. See the I/O System chapter for more information
on attached drivers.

L ]
Primitive semaphore functions

HANDLE p_semcrt(INT nCount);

Create a semaphore with an initial positive count ncount. Returns the handle of the semaphore if
successful, or £_GEN_NOSEM if 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 p_semdel before exiting. However, the semaphore will always be automatically deleted on
termination of the process.

Calls p_panic if nCount is negative.

VOID p_semdel (HANDLE sHandle);
Delete semaphore sHandle. Any processes waiting on the semaphore are automatically signalled.
Calls p_panic if sHandle is not the handle of a previously created semaphore.

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. This is an acceptable
solution for all versions of EPOC. Except in extreme cases, where large numbers of semaphores are
created, there is no need for an application ever to call p_semndel.
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VOID p_wait(HANDLE sHandle);

Decrement semaphore sHandle by one and return immediately if it is zero or positive. If shandle is
negative after being decremented, it waits for semaphore sHandle to be signalled by another process or by
an interrupt handler (or for sHandle 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.

Calls p_panic if sHandle is not the handle of a previously created semaphore.

VOID p_signal (HANDLE sHandle);

Signal semaphore sHandle, incrementing it by one. If shandle was less than zero, the first process waiting
on it is released and a reschedule takes place (before p_signal returns).

Calls p_panic if sHandle is not the handle of a previously created semaphore.

VOID p_signaln(HANDLE sHandle, INT nTimes);

Equivalent to calling p_signal (sHandle) nTimes times.

Calls p_panic if sHandle is not the handle of a previously created semaphore or if nTimes is not greater
than or equal to 1.

VOID p_signalnr(HANDLE sHandle):

Behaves as for p_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 calling p_sleept(0OL).

Calls p_panic if sHandle is not the handle of a previously created semaphore.

e e e e e e e T SN W]
The I/O semaphore

Although the I/0 semaphore is indeed associated with I/O operations, it is not used exclusively for I/O
operations. In retrospect, a more accurate name would have been the "asynchronous request semaphore”.

VOID p_iosignal(voID);

Increment the process I/O 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 call to p_iosignal
necessarily precedes the call to p_iowait.

VOID p_iosignalbypid(HANDLE pid):

Signal the I/O semaphore of process pid.
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Used to signal the completion of a request from process pid (normally a different process but it still
works if it is the same process). Before calling p_iosignalbypid, the process should already have set the
pid's status word using say p_pcpyto.

VOID p_iowait(VOID);

Wait for the 1/0 semaphore to be signalled (of course, it returns immediately if the 1/O semaphore has
already been signalled).

When the I/0 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 return P_SIGNAL_UNUSED) will 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.

VOID p_ioyield(VOID);

Give an opportunity for any active wait handler to run. Equivalent to calling p_iosignal followed by a
p_iowait.

Any application that polls a status word for the completion of an I/O operation (presumably in between
performing chunks of a computationally intensive task) should call p_ioyietd before polling to give any
wait handlers (which are commonly required to complete an asynchronous request) a chance to run.

VOID p_waitstat(WORD *pstat);

Wait for the particular asynchronous request associated with *pstat to complete.
p

It is similar to p_iowait except that rather than just wait for the I/O semaphore to be signalled, it also
waits until *pstat is not E_FILE_PENDING. It correctly adjusts the I/O semaphore if any other I/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();
J4+;
} while (*pstat==E_FILE_PENDING);
while (i--)
p_iosignal();
b

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:
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GLDEF_C VOID waitstat2(WORD *pstat?1,WORD *pstat2)
/*
Wait until both *pstatl and *pstat2 are not E_FILE_PENDING
*/
<
INT i;

i=C¢-1);
do
{
p_iowait();
i++;
) while ((*pstat1==E_FILE_PENDING) && (*pstat2==E_FILE_PENDING));
if (*pstat2==E_FILE_PENDING)
pstati=pstat2;
p_waitstat(pstatl);
while (i--)
p_iosignal();
>

llllIllllllllllllllllllllllIlllllllllllllllllllllIlIllIIlllllIlllllIIlllllllllllllllllllllll
Wait handlers

HANDLE p_svecadd(INT (*vec)(VOID *), VOID *pcb);

Add function vec to the I/0 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 calling p_sveccall) and remove the wait handler
(by calling p_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 within p_iowait when the 1/0
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 than E_FILE_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 than E_FILE_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 E_FILE_PENDING and no processing took place. The
wait handler remains active.

In the first two cases, where the signal is consumed, p_iowait loops back and waits on the I/O semaphore
again.

If the wait handler does not detect the completion of an internal request and returns P_SIGNAL_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 return P_SIGNAL_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 calling p_waitstat.

An active wait handler is deactivated before being called and is only reactivated when it returns with the
value P_SIGNAL_ENABLE Or P_SIGNAL_UNUSED. This normally works such that any calls to p_iowait within a
wait handler will not cause the same wait handler to be called recursively. Other active wait handlers may
still be called within a p_iowait within the wait handler.
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The wait handler function vec is called with pcb 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 use pcb.

VOID p_sveccal L(HANDLE hand, INT isactive);

If isactive is TRUE activate wait handler hand (Where hand was returned by p_svecadd). If isactive is
FALSE deactivate wait handler hand.

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 calling p_sveccall, a wait handler can deactivate itself
by returning P_SIGNAL_DISABLE.

VOID p_svecrem(HANDLE hand);

Remove wait handler hand (Where hand was returned by p_svecadd) from the I/0 semaphore wait handler
list.
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CHAPTER 9

1/0 SYSTEM

This chapter describes the EPOC I/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
chapters Files and Time, Timers and Dates respectively. Other device drivers are described in the 1/0
Devices manual.

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 the Window Server reference manual.

—
I/0 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 ultimately access 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 to LDDs 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 normally built into the operating system whereas a bar code reader
device driver is normally external and has to be loaded.

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
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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 Services reference manual for more about device drivers.

Opening a channel to a device

The I/0O device driver functions are accessed by opening a channel to the device by calling p_open and
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 no relation 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, "TTY:A" is
used to open a channel to serial port A and "PAR:B" is used to open a channel to parallel port B.

In the file system device FIL:, the qualifying text is normally a file name or full path name. Because the
file system has more p_open calls made to it than any other device, the p_open function effectively inserts
a "FIL:* before a device name if it fails to recognise a valid device name - making the leading #F1L:"
optional. For example, calling p_open with the name nc: \NOTES\NEW. TXT* has the same effect as the name
"FIL:C:\NOTES\NEW.TXT". Keeping the FIL: prefix removes any possibility of mistaking the file
specification for a device name - for example to open a file on the default directory with file name
uTTY: N,

The p_open function works such that a loaded device driver supersedes any existing device of the same
device name.

Operations on an open I/0 channel

Once a channel has been opened on a device, the primitive p_ioa function is used (directly or indirectly)
to make an asynchronous I/O function request on the channel. Asynchronous requests are described in the
chapter Asynchronous Requests and Semaphores.

All I/O function requests are asynchronous in principle and the process 1/0 semaphore is always

signalled as a result of an I/0 function request. In practice, many I/O functions are implemented (
synchronously, which means that the I/0 operation will have completed before p_ioa returns. A typical

I/O device will provide zero, one, two or three truly asynchronous functions (where the request will

probably not have completed before p_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 I/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 I/O request in a way that simplifies the handling
of error returns - this should generally be used in preference to p_ioa

p_iow which makes the I/0 request and then waits for the request to complete (by
calling p_waitstat)

The particular I/0 function requested by a call to p_ioa, p_ioc or p_iow is specified by a function number
parameter of the form p_Fxxx, defined in p_file.h. Some I/O functions are specific to a particular device
(for example p_rseTeOF, 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
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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 notation p_ioa(P_fxxx), p_ioc(P_Fxxx) and especially p_iow(P_Fxxx) to refer to the
corresponding function call with P_Fxxx passed as the I/O function number. (In the descriptions of p_ioa,
p_ioc and p_iow later in this chapter the I/O function number has the parameter name func.)

The most commonly used I/O functions are supported by their own synchronous convenience functions as
follows:

p_close which calls p_iow(P_FCLOSE)
p_read which calls p_iow(P_FREAD)
p_write which calls p_iow(P_FWRITE)
p_seek which calls p_iow(P_FSEEK)

The functions p_close, p_read and p_urite are used across many devices (p_close is applicable to all
devices) and are described in this chapter. The function p_seek applies to an open file channel only and is
described in the Files chapter.

The file server

The file server is a high priority system process (with process name SYS$FSRV) that performs all file
related operations. These include those that are accessed using the I/0 channel services (the FIL: 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 chapter Processes and Inter-Process Messages)
and for loading external device drivers (described in this chapter).

The file server serialises access 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 configurations of FLASH, RAM, ROM). The file server also uses an
installable PDD 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 can be accessing a particular file
storage device at a time (at a lower level only the file server owns an SSD drive where it performs all
operations on the SSD 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 code that precedes
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 service accesses remote devices, it may be implemented
asynchronously.

The application programmer does not program at the message passing level but uses the interfaces
provided by the FiL: device and a number of ROM resident functions (most of which are described in the
Files chapter). Whether provided by a function or via the FIL: device, all access to the file server
ultimately involves the sending of an appropriate inter-process message.

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 the /0 Devices manual are attached drivers.

For example, the PRD: device is an attached driver, layered over a suitable print output device to provide
primitive printer driver services (involving translates, preambles and postambles as driven from a .PRD
file). In this case a suitable print output device is any device that supports the normal P_FWRITE operation
as provided by the PAR:, TTY: and FIL: devices.

The user of the pPro: device does the following:
= open the print output device using p_open (eg PAR: Or TTY:)
® perform any initialisation on the channel (eg to set the Baud rate on a TTY: channel)
" open the PRD: device using p_open, attaching it to the opened print output device

Once the PrD: device has been opened, it replaces the p_FWRITE, P_FCANCEL and P_FCLOSE functions of the
underlying device.
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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 the System Services reference 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 the p_iowait of the process which opened the device whenever the process I/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 chapter Asynchronous Requests and Semaphores.

e
Channel-based 1/0 functions

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 device name name or attach driver name to an
existing channel.

The parameter name consists of a 3 character device name terminated by a ':' and optionally followed by
further data, depending on the device.

The interpretation of the mode parameter depends upon the device and some devices ignore mode. When a
device ignores mode, the caller should pass a mode of -1.

The files device (device name »FiL:") and the asynchronous timer device (device name #T1M:") are
described in the chapters Files and Time, Timers and Dates in this manual. These devices are also
described in the I/0 Devices manual along with many other devices.

If the device name is not an attached device and it is opened successfully, the address of the channel
control block is written to *ppfeb. If the open fails, *ppfcb is not written to - setting *ppfcb to zero before
calling p_open can simplify clean-up code since p_close(0) has no effect and p_ctose can subsequently be
called regardless of whether the open call was successful.

If device name is an attached device, the driver control block is attached to *ppfcb - the value in *ppfcb is
not changed.

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 the mode parameter was invalid (possibly as a result of falling

through to the FiL: device, as described next)

The function f_open is identical to p_open except that it calls p_tLeave (passing the error number) rather
than return a negative error number.

If p_open fails to locate a device that matches name, then name is passed to the FiL: device driver (in which
case the process must be connected to the file server). To put it another way, the leading FIL: device
name is optional when opening files and, for example, calling p_open with a name of "LOC: :A: \DEF .EXT" is
equivalent to a name of "FIL:LOC: :A:\DEF.EXT" (the FIL: device is described in more detail in the Files
chapter).

This behaviour has an undesirable side effect: an attempt to open a device that does not exist does not
give the expected E_FILE_DEVICE error since name is passed on to the FiL: device with a result that depends
upon mode (with some values of mode the open might even be successful). Passing a mode of -1 is
guaranteed to cause the FIL: device driver open to fail - albeit with a misleading error number
(E_GEN_ARG).
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INT p_ioa(VOID *pcb, INT func, WORD *pstat, ...);

INT p_ioa3(VOID *pcb, INT func, WORD *pstat);

INT p_ioa4(VOID *pcb, INT func, WORD *pstat, VOID *al);

INT p_ioa5(VOID *pcb, INT func, WORD *pstat, VOID *al, VOID *a2);

Start the I/O operation func with zero, one or two parameters on the opened channel pcb and return
without waiting for the operation to complete.

You can either use p_ioa, which presents the cbecL calling convention, or one of the p_ioa? variants,
which uses a more efficient register calling convention.

Note that it is almost always preferable to use p_ioc in preference to p_ioa.

The legitimate values of func 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 I/0 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/O semaphore is signalled and *pstat
contains the completion status. While the operation is pending (ie before the I/O semaphore has been
signalled), *pstat contains E_FILE_PENDING. Asynchronous requests in general are described in the chapter
Asynchronous Requests and Semaphores.

After the operation has completed, *pstat contains zero if the operation completed successfully or a
negative error number if the operation completed with an error. The possible error numbers depend upon
the device but any asynchronous operation that is successfully cancelled completes with *pstat 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 chanrel (the driver will call p_panic if this is attempted).
However, it is legitimate to have one read request and one write request simultaneously pending.

The storage pointed to by pstat 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));
b

The following generic I/O functions (where a1 and a2 are further parameters to p_ioa) are commonly (but
not always) implemented asynchronously by device drivers:

P_FREAD request a read operation where a1 is the address of the buffer to take the data
and a2 is the address of a worp length to read (or the maximum length to read if
the device is record oriented). When the read completes, *pstat contains zero
if the read was successful or a negative error number if the read failed and *a2
contains the number of bytes written to a1.

P_FWRITE request a write operation where a1 is the address of the data to write and a2 is
the address of a WworD length to write. When the write completes, *pstat
contains zero if the write was successful or a negative error number if the write
failed.
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VOID p_ioc(VOID *pcb, INT func, WORD *pstat, ...);

VOID p_ioc3(VOID *pcb, INT func, WORD *pstat);

VOID p_ioc4(VOID *pcb, INT func, WORD *pstat, VOID *at);

VOID p_ioc5¢(VOID *pcb, INT func, WORD *pstat, VOID *al, VOID *a2);

Behaves as for p_ioa except that if the I/O request func fails to start, the failure is reported as if it had
started successfully but completed with that error.

You can either use p_ioc, which presents the cpecL calling convention, or one of the p_joc? variants,
which uses a more efficient register calling convention.

The implementation of p_ioc is effectively as follows:

GLDEF_C VOID p_ioc(VOID *pcb, INT func,WORD *pstat,VOID *atl,VOID *a2)
<
INT ret;

if (ret=p_ioa(pchb, func,pstat,al,a2))
<
*pstat=ret;
p_iosignal();
b
>

In most cases, p_ioc is preferred to p_ioa because there is only one place (*pstat) to check for an error
rather than two (the return from p_ica and *pstat). It is rarely necessary to differentiate between a failure
to start the I/O operation and a failure in its completion.

In the following example, WriteTimeout writes the Len bytes at buf to channel pcb and returns as for
p_write. However, if the write does not complete within secs seconds, the write operation is cancelled
and E_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 call to p_iowait. This will be true if there is no other
asynchronous activity.

LOCAL_C INT WriteTimeout(VOID *pcb, UBYTE *buf, UWORD len, UINT secs)
€
WORD tstat;
WORD wstat;
ULONG tval;

p_ioc(pcb,P_FWRITE,&wstat,buf,&len);
tval=10L*secs;
p_ioc(tcb,P_FRELATIVE,&tstat,&tval);
p_iowait();
if (tstat!=E_FILE_PENDING)
{ /* the timer expired */
p_iow(pcb,P_FCANCEL); /* cancel write */
p_waitstat(&wstat);
3
else if (wstat!=E_FILE_PENDING)
{ /* the write completed */
p_iow(tcb,P_FCANCEL); /* cancel timer */
p_waitstat(&tstat);
b
else
p_panic(254); /* unexpected, unrecognised signal */
return(wstat);
b

The call to p_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 and wstat will contain the completion code of the write.

In the example, the static variable tcb is the channel of a previously opened asynchronous timer, as in:

p_open(&tcb, "TIM:¥, -1);
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The following version of writeTimeout is more general, and caters for the presence of other asynchronous
activity.

LOCAL_C INT WriteTimeout(VOID *pcb, UBYTE *buf, UWORD len, UINT secs)
<
WORD tstat;
WORD wstat;
WORD count;
ULONG tval;

p_ioc(pcb,P_FWRITE,&wstat,buf,&len);
tval=10L*secs;
p_ioc(tch,P_FRELATIVE,&tstat,&tval);
count=0;
FOREVER
4
p_ijowait();
if (tstat!=E_FILE_PENDING)
{ /* the timer expired */
p_iow(pcb,P_FCANCEL); /* cancel write */
p_waitstat(&wstat);
break;
3
else if (wstat!=E_FILE_PENDING)
{ /* the write completed */
p_iow(tcb,P_FCANCEL); /* cancel timer */
p_waitstat(&tstat);
break;
3
else
count+=1; /* count unrecognised signals */
)
while (count--)
p_iosignal(); /* replace unrecognised signals */
return(wstat);
>

In such a situation, with other asynchronous activity, it may be better to handle the expiry of the timer in
the main p_jowait 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);

INT p_iow(VOID *pcb, INT func, ...);

INT p_iow2(VOID *pcb, INT func);

INT p_iow3(VOID *pcb, INT func, VOID *afl);

INT p_iow4(VOID *pcb, INT func, VOID *al, VOID *a2);

Behaves as for p_ioa except that it waits for operation func to complete and returns the completion status,
providing a synchronous (as opposed to an asynchronous) interface.

You can either use p_iow, which presents the cpect calling convention, or one of the p_iow? variants,
which uses a more efficient register calling convention.
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The code for p_iow is effectively:

GLDEF_C INT p_iow(VOID *pcb, INT func,VOID *al,VOID *a2)
€
WORD stat;
INT ret;

if (1 (ret=p_ioa(pcb, func,&stat,a1,a2)))
<
p_waitstat(&stat);
ret=stat;
>
return(ret);
3

Calling p_iow is simpler and requires one less parameter (since the status word is returned) than p_ioa or
p_ioc and should be used in preference to p_ioa or p_ioc unless there is a need for an asynchronous
request.

The following generic I/O functions are essentially synchronous and are normally requested using p_iow:

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

INT p_close(VOID *pcb);

Close 1/O channel pcb and return zero if successful. If peb is NULL, just return zero.
The code for p_close is effectively:

GLDEF_C INT p_close(VOID *pcb)
{
if (!pcb)
return(0);
return{p_iow(pcb,P_FCLOSE));
}

Although p_close can return an error, it will always succeed in closing the channel (and pcb 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 P_fcLOSE can return similar errors to P_rwR1TE. 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 using P_fFLusH to flush the data (and taking
appropriate action if this fails) before closing the channel without risk of failure.

INT p_read(VOID *pcb, VOID *buf, UINT len);
INT f_read(VOID *pcb, VOID *buf, UINT len);

Request a p_FREAD of up to Len bytes of data into buf from channel pcb, wait for the request to complete
and, if successful, return the number of bytes written to buf or a negative error number if the read failed.
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The code for p_read is effectively:

GLDEF_C INT p_read(VOID *pcb, UBYTE *buf, UINT len)
<
INT ret;
UWORD L;

l=len;
ret=p_iow(pcb,P_FREAD,buf,&L);
if (lret)

ret=L;
return(ret);
)

The function f_read is identical to p_read except that, if there is an error, it calls p_teave(err) rather than
return the negative error number err.

INT p_write(VOID *pcb, VOID *buf, UINT len);
INT f_write(VOID *pcb, VOID *buf, UINT len);

Request a P_FWRITE of Len bytes of data from buf to channel pcb, wait for the request to complete and, if
successful, return zero or a negative error number if the write failed.

The code for p_write is effectively:

GLDEF_C INT p_write(VOID *pcb, UBYTE *buf, UINT len)
<
UWORD L;

l=Llen;
return(p_iow(pcb,P_FWRITE, ,buf,&l));
b

The function f_write is identical to p_urite except that, if there is an error, it calls p_teaveerr) rather
than return the negative error number err.

INT p_iow(VOID *pcb, P_FCANCEL);

Cancel any outstanding asynchronous requests on channel pcb and 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 p_waitstat to "use up” the signal)

The above principles actually apply to cancelling any asynchronous request (not just an asynchronous 1/0
request).

Although legitimate, using p_ioa(P_FCANCEL) OF p_ioc(P_FCANCEL) (rather than p_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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1
Device driver functions

INT p_loadldd(TEXT *pName);

Load the logical device driver (LDD) from the zero terminated file name pName. If pName contains no
extension an extension of .LDD is assumed (an LDD file would normally have the extension .LDD). If
pName is 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_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 calling p_open.

Applications that rely on an external LDD should use p_loadldd and not care if it fails with E_FILE_EXIST.

INT p_Lloadpdd(TEXT *pName);

Load the physical device driver (PDD) from the zero terminated file name pName. If pName contains no
extension an extension of .PDD is assumed (an PDD file would normally have the extension .PDD). If
pName is not a full path name the current path is assumed.

Returns zero if successful or any of the same negative error numbers as for p_loadldd, above.

INT p_devdel (TEXT *pName, INT devType);

Delete the logical (devType is E_LDD) or physical (devType is E_PDD) device driver with the zero terminated
device name pName (as used in p_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 calling p_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.

INT p_devqu(TEXT *pName);

Returns the number of units supported by logical device driver with the zero terminated device name
pName (as used in p_open but without a trailing ':'). The function is not applicable to PDDs.

98



9 I/O SYSTEM

Returns a positive number if successful or one of the following negative error numbers:

E_GEN_FAIL Unlimited units (as returned by the FiL: 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.

HANDLE p_devfnd(HANDLE fHandle, TEXT *pMatch, INT devType, TEXT *pName);

Write the next device name (as used in p_open but without a trailing ':') of type devType (either E_PoD to
find PDD devices or £_Lob to find LDD devices) that matches the zero terminated match string pMatch as
a zero terminated string to pName where fHandle is zero for the first call and is subsequently the positive
return value from the previous call. When there are no further devices of type devType that match pMatch,
p_devfnd returns €_FILE_DEVICE.

Used repeatedly to find all the PDD or LDD devices that match the wild card string pointed to by pMatch.
The buffer at pName should be big enough to receive £_MAx_NAME+2 bytes. The wild card string pMatch
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.
Calls p_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(fh,"*" E_LDD,&bbI0]);
if (fh<0)
break;
p_puts(&bb{01);
>
2

L
Simple console I/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 of the coN: 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

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
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p_getl to display a prompt and then input (with simple backspace editing) text from
the keyboard

Redirecting console writes

These functions automatically open coN: when they are first used. The open channel is stored in the
global static:

GLREF_D VOID *winHandle;

which is initialised to NULL. You can open a suitable alternative device (eg a file or T7Y:) before the first
usage of a console function to redirect the output functions p_putch, p_print and p_printf. For example,
to redirect to the file a.lis 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 not use p_getch, p_gets or p_gett.

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 global P_RECT
structure _DefScreenRect and initialising it to the required size before the first usage of a console
function. The P_RecT struct is defined in p_graf.h as:

typedef struct
¢
WORD x; /* Horizontal coordinate */
WORD y; /* 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 variable _befscreenMode 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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VOID p_putch(UINT ¢);

Write character c to the console, opening the console if necessary.

VOID p_puts{TEXT *str);

Write the zero terminated string str to the console and start a new line. The console is opened if
necessary.

VOID p_printf(TEXT *fstr, ...);

Converts multiple arguments to an internal buffer under control of the format string fstr, writes 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 is p_MAXsYs10 (258) bytes long and the length of the output (which depends on the
arguments) must be limited to P_MAXSYS10-2 (256) bytes per call of p_printf.

The format of fstr is exactly the same as for p_atob, which is described in the chapter Integer Conversion
and Rectangle Functions.

VOID p_print(TEXT *fstr, ...);

Behaves as for p_printf above except that the print position is not automatically moved to the beginning
of the next line after the write.

You can embed \r and \n characters in fstr to move to the beginning of the line and to move down a line
respectively.

INT p_getch(VOID);

Wait for a key to be pressed and return its character code. The console is opened if necessary.

INT p_gets(TEXT *str);

Input (with simple backspace editing) a line of up to P_maxsys10-1 characters from the keyboard, creating
a zero terminated string at str. The input is terminated by the user pressing the Enter key.

Returns the length of the string at str.
There should be at least p_MAXsYs10 bytes at str. The console is opened if necessary.

INT p_getl(TEXT *pmt, TEXT *str, INT len):

Write the zero terminated string pmt to the console and input (with simple backspace editing) up to ten
characters from the keyboard, creating a zero terminated string at str. The input is terminated by the user
pressing the Enter key.

Returns the length of the string at str.

There should be at least Len+1 bytes at str. The console is opened if necessary.
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CHAPTER 10

TIME, TIMERS AND DATES

llllIlllllllllllIlllIllIlllIllllIllllllIllllllllllIllllllIllllIIIllllIlllllllllllllllllllllllll
System time

The system time is set and sensed as a ULONG, 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).

ULONG p_date(VOID)

Return the system time as the number of seconds since 00:00:00, January 1, 1970.

VOID p_sdate(ULONG newTime);

Set the system time to newTime (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.

llllllIIIllIIlllllllllllllllllIllllllllllllllllIIllIIlllIllllllIlllllllllllllllllllllllll
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 calling p_sleep, p_sleept Or p_sleepa.

= The process is waiting for its I/O semaphore to be signalled by a timer device entry in the time
delta queue after making an asynchronous timer request by calling p_joc(P_FRELATIVE) or
p_ioc(P_FABSOLUTE) on 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 chapter Characters, Strings, Buffers and Queues). The head of the time delta
queue is decremented every system tick and the corresponding timer expires (and is removed from the
queue) 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/O semaphore is signalled. See the chapter Asynchronous Requests and Semaphores
for information on the I/O 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 being absolute or relative.
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Absolute timers

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)

s 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 returned by p_date.

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 0x7fffffff 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 should call p_unmarka (described in the chapter
Processes and Inter-Process Messaging) to stop 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).

INT p_sleep(ULONG n);

Return zero after n 1/10ths of a second has elapsed.

Returns E_GEN_OVER immediately if the conversion from 1/10ths to ticks overflows (ie the number of ticks
is greater than Ox7fffffff).

This function uses a relative timer. If the machine switches off before the function returns, it will take
indefinitely longer than n tenths of a second to return.

INT p_sleept(LONG nTicks);

Returns zero after nTicks system ticks if successful or E_GEN_ARG if 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 constant E_TICKS_PER_SECOND in epoc.h contains the number of ticks per second,
to the nearest integer.

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.
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This function uses a relative timer. If the machine switches off while the process is suspended, it will
take indefinitely longer than nTicks system ticks to return. In the absence of any switching off, the actual
time the process is suspended is greater than or equal to nTicks and less than nTicks+1.

INT p_sleepa(ULONG time);

Return when the system time is time (the number of seconds since 00:00:00, January 1, 1970). Returns
zero if successful or E_GEN_ARG if time is earlier than the current system time.

This uses an absolute timer which will wake the machine up if necessary when the timer expires. Another
process setting the system time past the expiry time (using p_sdate) will cause p_sleepa to return.

L
Asynchronous timers

The functions p_sleepa, p_sleep and p_sleept are synchronous functions in the sense that they return only
when the requested operation (in this case the expiry of a timer) has completed. With asynchronous
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 calling p_jowait.
See the chapter Asynchronous Requests and Semaphores for an explanation of asynchronous requests in
general.

In EPOC, asynchronous timers are implemented as an I/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 p_FRELATIVE, P_FABSOLUTE and P_FCANCEL are defined in p_file.h. See the chapter I/O System
for 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 and use p_iow(P_FRELATIVE) OF p_iow(P_FABSOLUTE) (rather than
p_ioc) to the same effect as p_sleep or p_sleepa respectively, the latter should be preferred for their
simplicity and efficiency.

INT p_open(VOID **pptch,"TIM:",-1);

Open a timer channel and write the address of the timer control block to *pptcb. Returns zero if
successful or the negative error number E_GEN_NOMEMORY if, for example, it failed to allocate memory for
the control block.

VOID p_ioc(VOID *ptcb, P_FRELATIVE, WORD *pstat, ULONG *pn);

Start a relative timer to expire after *pn tenths of a second.
Calls p_panic if a timer is already pending on channel ptcb.

While the timer is pending, *pstat contains £_FILE_PENDING. When the timer expires successfully, *pstat
is set to zero and the I/0 semaphore is signalled.

The timer is not started and *pstat is set to E_GEN_OVER if the conversion from tenths of a second to ticks
overflows (ie the number of ticks is greater than Ox7fFfffff).
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VOID p_ioc(VOID *ptcb, P_FABSOLUTE, WORD *pstat, ULONG *ptime);

Start an absolute timer to expire when the system time is *ptime (the number of seconds since 00:00:00,
January 1, 1970).

Calls p_panic if a timer is already pending on channel ptcb.

While the timer is pending, *pstat contains £_FILE_PENDING. When the timer successfully expires, *pstat
is set to zero and the I/0 semaphore is signalled.

The timer is not started and *pstat is set to E_GEN_ARG if *ptime is earlier than the current system time.

INT p_iow(VOID *ptcb, P_FCANCEL);

Cancel a timer on channel ptcb 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 but *pstat is set to E_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 using p_iow(P_FCANCEL) followed by a call to p_waitstat and
then call p_ioc(P_FRELATIVE) to start the timer again.

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 day (P_NSECDAY is defined as 86400L in p_date.h).
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 representations in the above
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 in a P_DAYSEC struct, defined in p_dare.h as follows:

typedef struct
4
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 the p_DATE struct in p_date.h:

typedef struct
€
UBYTE year; /* Year since 1900 (0 is 1900) */
UBYTE month; /* Month number in year, 0 to 11 */
UBYTE day; /* Day number in month, 0 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 member, yrday is a function of year, month and day. It is provided when p_pATE is generated
from p_bAysec but is ignored when converting from P_DATE.

VOID p_sttods(ULONG *pstim, P_DAYSEC *pds)

Convert *pstim 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 written to pds.

INT p_dstost(P_DAYSEC *pds, ULONG *pstim);

Convert pds 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 written to *pstim.

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

E_GEN_OVER date in pds is too late for system time
E_GEN_UNDER date in pds is too early for system time (ie before 1970)
E_GEN_ARG seconds is greater than seconds in day

INT p_dstodt(P_DAYSEC *pds, P_DATE *pdt);

Convert p_DAYSEC time pds (days since 1900, seconds in day) to P_DATE time pdt (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 calculates pdt->yrday (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 days in preceding 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 member of p_DAYSEC to zero (which is a legal input for both calculations).
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INT p_dttods(P_DATE *pdt, P_DAYSEC *pds);

Validate the p_pATe format pdt and convert it to the p_DAYSEC format pds and return zero if successful or
the negative E_GEN_ARG if the content of pdt 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
B pdt->day is outside the range for the particular month taking into account leap years for February
B pdt->hour is outside the range 0 to 23
B pdt->minute is outside the range 0 to 59
®  pdt->second is outside the range 0 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 members of p_DATE corresponding to the other calculation to zero (zero is a legal
input for all members in both calculations).

INT p_dayinm(INT year, INT month);

Return the number of days in month month of year year where year is the number of years since 1900
(zero is 1900) and month is O to 11 inclusive. (Returns the negative E_GEN_ARG if 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)

INT p_wkday(ULONG nDay);

Returns the week day number given the number of days nbay since January 1 1900. The value returned is
in the range 0 to 6, with O being Monday and 6 being Sunday.

The day number since 1900 would normally come from a pP_DAYSEC struct.

INT p_weekno(ULONG nDay);

Return the week number, in the range 1 to 53 inclusive, of the week containing day rbay (the number of
days since January 1 1900). Returns zero if successful or E_GEN_ARG if nDay exceeds the year 2155.

The value returned is dependent on the value of the system E_CONFIG structure field startofwWeek (see
p_getetd in this chapter).
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e,
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[321, TEXT MonthName([321, TEXT Suffix([31](31;

st=p_date();

p_sttods(&st,&ds);

p_dstodt(&ds,&dt);

p_nmday(&DayName [0] , p_wkday(ds.day));

p_nmmon(&onthName [0] ,dt.month));

p_getsuffixes(&Suffix{01[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 use the time class in OLIB (described in the OLIB Reference
manual of the SIBO SDK Object Oriented Extension) to produce textual representations of the date and
time.

INT p_nmday(TEXT *buf, INT daynum);

Write the language dependent name of day daynum as a zero terminated string to buf where daynum should
be in the range 0 to 6 inclusive and day 0 is Monday. Returns zero if successful or _GEN_ARG if daynum is
not in the range O to 6.
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If you are working in a fixed language, youn 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 name to _MAX_DAY_NAME (32), including the
zero terminator.

INT 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 of day daynum as a zero terminated string to buf
where daynum should be in the range O to 6 inclusive and day 0 is Monday. Returns zero if successful or
E_GEN_ARG if daynum is not in the range 0 to 6.

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 abbreviations exceed three characters.

INT p_nmmon(TEXT *buf, INT monthnum);

Write the language dependent name of month monthnum as a zero terminated string to buf where monthnum
should be in the range O to 11 inclusive and month 0 is January.

Returns zero if successful or E_GEN_ARG if monthnum is not in the range 0 to 11.

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 language ROMs, you can use the fact that the tool that
builds the month name list for the ROM limits a particular month name to E_MAX_MONTH_NAME (32),
including the zero terminator.

INT p_nmmon(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 month monthnum as a zero terminated string to
buf where monthnum should be in the range O to 11 inclusive and month 0 is January.

Returns zero if successful or E_GEN_ARG if monthnum is not in the range 0 to 11.

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 abbreviations exceed three characters.

VOID p_getsuffixes(TEXT *buf)

Write the language dependent array of the 31 day-in-month number suffixes to buf.

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 memory at buf.

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".

VOID p_getampmtext(TEXT *buf, INT n);

Write the language dependent am or pm time suffix as a zero terminated string to buf. If n is 0, write the
am suffix. If nis 1, write the pm suffix.

The am and pm suffixes are limited to 2 characters in any language.
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VOID p_getctd(E_CONFIG *pcfg);

Write a copy of the system E_CONFIG struct to pcfg where the E_CONFIG struct is defined, in p_config.h, as:

typedef struct
4
UWORD countryCode;
WORD gmtOffset;
UBYTE dateType;
UBYTE timeType;
UBYTE currencySymbolPosition;
UBYTE currencySpaceRequired;
UBYTE currencyDecimalPlaces;
UBYTE currencyNegativelnBrackets;
UBYTE currencyTriadsAl lowed;
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 sparel9]1;
> E_CONFIG;

In the context of this chapter we are interested in the following items:

gmtoffset the offset in minutes of the local system time from Greenwich Mean Time.

dateType one of E_DATE_UsA for MM/DD/YY, E_DATE_EUroPE for DD/MM/YY or
E_DATE_JAPAN for YY/MM/DD.

timeType either £_TIMe_12 for a 12 hour clock or E_TIME_24 for a 24 hour clock.

dateSeparator the character code of the date separator. For example, the character '/'.

timeSeparator the character code of the time separator. For example, the character ':'.

startOfWeek the day number (in the range 0 to 6 inclusive where day 0 is Monday) of the

first day in the week - as used by p_weekno. 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.

summerT ime a bit pattern indicating summer time-zones as follows: E_DST_noME if the system
time should be adjusted for summer time; E_DST_EUROPEAN if 2 European time-
zone should be adjusted for summer time; E_DST_NORTHERN if a non-European
time-zone in the Northern hemisphere should be adjusted for summer time;
E_DST_SOUTHERN if a time-zone in the Southern hemisphere should be adjusted
for summer time.

clockType either E_ANALOGUE_CLOCK to indicate a preference for an analogue clock display
Oor E_DIGITAL_CLOCK to indicate a preference for a digital clock display

dayAbbreviation how many leading characters to take from the day name (as returned by
p_nmday) to abbreviate the day name

monthAbbreviation how many leading characters to take from the month name (as returned by
p_nmmon) to abbreviate the month name

workDays 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 using p_setctd - as described in the chapter General System Services.
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L
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
system E_CONF1G struct (see the description of p_getctd in the Language and country section of the
General System Services chapter). 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 strings

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 by p_printf, p_atob and p_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 form %C or %*c, where c 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 by the timeSeparator field
of the system E_CONFIG struct. Abbreviation has no effect.

%/ replaced by the date separator character as specified by the dateseparator field
of the system E_CONFIG struct. 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 use of p_getampmtext). Abbreviation supplies just
the first character of this text. Note that abbreviation may not be appropriate in
some languages.

% 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 by p_nmday. Abbreviation causes the
name to be truncated to the number of characters specified in the
dayAbbreviation element of the system E_CONFIG struct.

%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.

%1 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 E_CONFIG struct.

%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.

%7 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.
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%1

Wh

r4

replaced by two digits in the range 01 to 53 corresponding to the week number
for the supplied date, as provided by p_weekno. Abbreviation suppresses any
leading zero.

replaced by the suffix text corresponding to the (%) day number for the
supplied date. Abbreviation has no effect.

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).

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.

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 system E_CONFIG struct. Abbreviation has no effect,
but the form of the generated text is conditioned by the toggle commands
described below. In the absence of any toggles, %1 is equivalent to:

% if dateType is E_DATE_EUROPE

%M if dateType is E_DATE_USA

%Y if dateType is E_DATE_JAPAN

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 system E_CONFIG struct. Abbreviation has no effect,
but the form of the generated text is conditioned by the toggle commands
described below. In the absence of any toggles, %2 is equivalent to:

%M if dateType is E_DATE_EUROPE

#D if dateType is E_DATE_USA

%M if dateType is E_DATE_JAPAN

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 system E_CONF1G struct. Abbreviation has no effect,
but the form of the generated text is conditioned by the toggle commands
described below. In the absence of any toggles, 3 is equivalent to:

%Y if dateType is E_DATE_EUROPE

%Y if dateType is E_DATE_USA

% if dateType is E_DATE_JAPAN

replaced by the first component of a two-component (day and month) date,
where the order of the components is determined by the value of the dateType
component of the system E_CONFIG struct. Abbreviation has no effect, but the
form of the generated text is conditioned by the toggle commands described
below. In the absence of any toggles, % is equivalent to:

%D if dateType is E_DATE_EUROPE

M if dateType is E_DATE_USA Or E_DATE_JAPAN

replaced by the second component of a two-component (day and month) date,
where the order of the components is determined by the value of the dateType
component of the system E_CONFIG struct. Abbreviation has no effect, but the
form of the generated text is conditioned by the toggle commands described
below. In the absence of any toggles, %5 is equivalent to:

%M if dateType is E_DATE_EUROPE

% if dateType is E_DATE_USA Or E_DATE_JAPAN

replaced by the hour in the format determined by the value of the timeType
component of the system E_CONFIG struct. Abbreviation discards any leading
zero. The action of %6 is equivalent to:

%H if timeType is E_TIME_24

%1 if timeType is E_TIME_12

replaced by the am/pm text (as for %4) if the timeType component of the system
E_CONFIG struct 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 for %a.

Note that format strings of the form *%1%/%2%/%3" and "%4%/%5" respectively generate three- and two-
component dates that automatically conform to the system configuration dateType setting, and that a
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format string of the form "%g%:%7%:%s%7 generates a time that automatically conforms to the system
configuration timeType setting.

The commands %1, %2, %3, % and %5 are 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 example, if dateType is
E_DATE_EUROPE and the supplied date is 09/03/1993, the format string
9%1 %F%1 %F%1 will generate the (English) string "09 Tuesday 09*.
Abbreviation has no meaning, and is ignored. The items conditioned by this
toggle depend on dateType as follows:

%1 and % for E_DATE EUROPE

%2 and %5 for E_DATE_USA

%3 and %5 for E_DATE_JAPAN

%0 produces no output, but toggles the behaviour of subsequent month items
between numeric (the default) and name generation. For example, if dateType
is E_DATE_EUROPE and the supplied date is 09/03/1993, the format string
w2 %0%2 %ox%2" will generate the (English) string #03 March 03". Abbreviation
has no meaning, and is ignored. The items conditioned by this toggle depend
on dateType as follows:

%2 and %5 for E_DATE EUROPE
%1 and %4 for E_DATE_USA
%2 and %4 for 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 example, if dateType is
E_DATE_EUROPE and the supplied date is 09/03/1993, the format string
U%F%1 %G%1 %G%1v will generate the (English) string "Tuesday Tue Tuesday.
Abbreviation has no meaning, and is ignored. The items conditioned by this
toggle depend on dateType as follows:

%1 and % for E_DATE EUROPE

%2 and %5 for E_DATE_USA

%3 and %5 for 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_EUROPE and the supplied date is 09/03/1993, the format
string wxo%2 %P%2 %p%2v will generate the (English) string "March Mar March®.
Abbreviation has no meaning, and is ignored. The items conditioned by this
toggle depend on dateType as follows:

%2 and %5 for E_DATE EUROPE
%1 and %4 for E_DATE_USA
%2 and %4 for E_DATE_JAPAN

% produces no output, but toggles the behaviour of subsequent year items
between their full (the default) and their abbreviated forms. For example, if
dateType is E_DATE_EUROPE and the supplied date is 09/03/1993, the format
string "%3 %%3 %3 will generate the string #1993 93 1993». Abbreviation has
no meaning, and is ignored. The items conditioned by this toggle depend on
dateType as follows:

%3 for E_DATE EUROPE
%3 for E_DATE_USA
%1 for 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 by %1, %2 or 3. For example, if dateType is E_DATE_EUROPE
and the supplied date is 09/03/1993, the format string »%e%1 %L%1 %L%1» will
generate the (English) string "9 9th 9, but »%F%e%1 %L%1 %L%1* will generate
the (English) string "Tue Tue Tue®. Abbreviation has no meaning, and is
ignored.

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.
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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.

INT p_dt2str(TEXT *buf, TEXT *fstr, P_DATE *pdt);

Write a zero terminated string containing formatted date and time text to buf, controlled by the zero
terminated format string pointed to by fstr and the content of the p_DATE struct pointed to by pdt.

The format string fstr contains literal text, embedded with commands, as described above.

INT p_ds2str(TEXT *buf, TEXT *fstr,P_DAYSEC *pds);

Write a zero terminated string containing formatted date and time text to buf, controlled by the zero
terminated format string pointed to by fstr and the content of the P_DAYSEC struct pointed to by pds.

The format string fstr contains literal text, embedded with commands, as described above.

INT p_st2str(TEXT *buf, TEXT *fstr, ULONG *pst);

Write a zero terminated string containing formatted date and time text to buf, controlled by the zero
terminated format string pointed to by fstr and the system time (seconds since 00:00:00, January 1,
1970) pointed to by pst.

The format string fstr contains literal text, embedded with commands, as described above.

INT p_now2str(TEXT *buf, TEXT *fmt);

Write a zero terminated string containing formatted date and time text to buf, controlled by the zero
terminated format string pointed to by fstr and the currently set time.

The format string fstr contains literal text, embedded with commands, as described above.
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CHAPTER 11

FILES

L
Files in EPOC

The file server

The file server is a high priority system process (with process name SYS$FSRV) performing all file
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 precedes main) and 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 the FIL: device (ie using p_open) together with the interface provided by a number of ROM resident
functions (eg p_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 (p_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) and SSD 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 for Loc::.

ROM: : The ROM filing system, used to access ROM-based files. This filing system is
not normally visible to the user. The RoM: : file system does not support devices
or directories.

Within the Loc:: file system (and where ReM: : is connected to a PC or another SIBO machine), the
devices and directories structure is compatible with the MSDOS filing system.

File systems are implemented as PDDs (Physical Device Drivers) which are normally resident in the
ROM (PDDs are described in the chapter 1/0 System). If you use (as described in 1/O System):

GLDEF_C VOID PrintPDDs(VOID)
<
HANDLE h;
TEXT bIE_MAX_NAME+2];

for (h=0; (h=p_devfnd(h,"*» E_PDD,&b[0]))>=0;)
p_printf(" %s", &b(0]);
>

117



PLIB REFERENCE

to get a list of PDDs, the list would include:

Fsy.LocC the Loc:: PDD
FSY .ROM the rRoM:: PDD
FSY.REM the ReM:: PDD
SSD drives

SIBO machines have 2 to 4 (depending on the machine) Solid State Disk (SSD) drives, taking SSDs of
various type and capacity (from 32K bytes to 8Mb and beyond). SSDs are so called because they are
based on silicon memory with no moving parts. The different types of SSD (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 physically and logically mount any type of SSD.

The physical interface between an SSD and the drive has only 6 connectors (4 for power, and 2 for data).
The 2 data connections are an instance of a high speed serial channel. 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 Flash SSD is slower because of the time
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 the Loc:: file system using a number of subsidiary PDDs (Physical Device Drivers)
handling the different SSD types and the internal M: device. The list of PDDs produced by calling
PrintPDDs (described above) would include:

LOC.TYO the RAM SSD PDD
LOC.TY1 the Flash SSD PDD
LOC.TYM the internal RAM (M:) 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 see if it contains
anew SSD. When the file server detects a new SSD it automatically mounts the new SSD.

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 subsequently attempted on a file channel on that SSD, the file server uses
p_notify (described in the chapter Error 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 that the operation completes
successfully, the application process is not made aware of any problem. If the user chooses to abandon
the channel, the operation completes with the error E_FILE_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 than p_clese fails with the error E_FILE_ABORT).

An application that receives an E_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 recover. The latter takes more code but is
kinder to the user.

Unattended applications

The file server will also normally call p_noti fy to give the user a chance to retry any file operation that
fails on a mounted medium. This kind of failure is rare on SSDs 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 than E_FILE_ABORT (eg E_FILE_READ if a floppy disk read fails).
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This scheme whereby the file server uses p_notify 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 can use p_setnotify(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 use static RAM backed up by an integral Lithium battery. While the RAM SSD 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 RAM SSD 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 RAM SSD 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 the SSD. The dependence of the number of files that may appear
in the root directory on SSD size 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 4M

512 6M

512 8M

The RAM SSD PDD on the Loc:: file system on SIBO machines does not buffer written data. This
protects the integrity of the SSD contents from being corrupted by application process 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 which all the 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 EPROMs, Flash EPROMs are erased electrically (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 by formatting (formatting is described later in this chapter).

Since Flash memory does not require a battery to maintain it, the data on a Flash SSD is very 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 a Flash SSD (whether
reading or writing) is entirely equivalent to that on other devices (RAM SSD, hard disk etc). However,
when overwriting or when deleting a file, space is consumed and is not recovered until the SSD is next
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.

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 channel chan. 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 and the p_write would eventually fail and return £_FILE_FULL.
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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 unsuitable for B-tree index files.

See the chapter Database Files for 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 particularly attractive 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 Flash SSD is written straight to the SSD (ie it is not buffered)!.
However, in the interests of efficient storage, the record just written is kept open (with a 0xffff length)
for as long as possible - until the file channel is closed or flushed using P_FFLUSH or until a write to
another file on the same SSD occurs. The date and time stamp 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 no limit 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 Flash SSD than 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 (eg Loc::)
<device> the device name (eg B:)

<dir> the directory name (eg \NOTES\OLD\)
<name> the file name (eg PLANS).

<ext> the extension name (eg .TPD)

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 decomposed into a <node>, <device>,
<dir>, <name> and <ext>, it avoids any assumption of the detailed syntax of the <device>, <dir>, <name>
and <ext> components. This is left to the <node> file system code that implements the file specification
manijpulation functions p_fparse and p_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 filing system). For example, in the VMS operating 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:0LD :PLANS.TPD

IThis may not be the case for text files, which are handled by a layer over the FiL: device. The buffering
of such files is thus outside the file server's control.
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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 such as p_fparse and p_chdir
to manipulate file specifications.

File specifications satisfy the following rules:

® afile specification will not require more than p_FnaMESIZE (128) bytes, including a zero
terminator

= the <node> component is always P_FSYSNAMESIZE bytes long (excluding any zero terminator)

where P_FNAMESIZE and P_FSYSNAMESIZE are defined in p_file.h. Except for <node> and the P_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 calling p_setdefaul tpath.

Channel-based services

A client of the file server can use p_open on the FiL: device with different values of mode 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 a Loc:: device

Once a channel has been opened, one or more I/O functions (depending on mode) may be requested
synchronously using p_iow (or a convenience function such as p_read) or asynchronously using p_ioc 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 F1L: 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
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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 appending async to 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 operations

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 the RoM: : file system or where the Loc:: file system accesses SSDs or the internal RAM
drive (M:). However, when accessing the ReM: : 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 from a Rem: : 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 channel may be cancelled using p_iow(P_FCANCEL) but the cancel will not cause
the operation to complete any sooner (and it will not complete with E_FILE_CANCEL).

In general, it is preferable to simulate a cancel by waiting for current service to complete and forcing the
status word to E_FILE_CANCEL, as illustrated below.

The cancelling of an asynchronous request such as:
p_ioc(pcb,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 */
b

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 computer is re-booted and the communications link
is set up to have a long timeout period) it may take an extended time to complete.
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L
Manipulating file specifications

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 string in fut |, where the components are:

<node> the file system node (eg Loc::)
<device> the device name (eg B:)

<dir> the directory name (eg \NOTES\OLD\)
<name> the file name (eg PLANS).

<ext> the extension name (eg .TPD)

The parameters name and ful L may point to the same address, but related and fut | should not have the
same address.

There should be at least p_fNaMESIZE (128) bytes of memory reserved at full. Note that P_FNAMESIZE bytes
are always written to full even when the generated file specification is shorter. If you have a name
produced by a previous call to p_fparse and you are calling p_fparse again to fill in the struct at pcrk, you
still need p_FNAMESIZE bytes at full.

Subject to the restrictions described below, under the heading Using p_fparse across filing systems, the
components making up the full file specification are taken from the following (in order of precedence):

= the zero terminated file specification name

= the zero terminated related file specification related (the related file specification may be
omitted by passing NULL).

®  the default path (the node, device and directory as set by p_setpth)

Thus components are only taken from related if they are missing from name. If there are still missing
components, they are taken from the default path. Note that the <name> and <ext> fields in name and
related may contain wildcard characters.

The output file specification in full is converted to upper case characters. Prior to EPOC version 2.31,
conversion to upper case was performed by folding (as by using p_tofold). From EPOC version 2.31
onwards the conversion is by converting to upper case (as by using p_toupper). This has no significant
effect on UK applications, but improves the handling of file names containing, for example, accented
characters.

Further information on the content of full is written to the P_FPARSE struct pcrk. If this information is not
required, pcrk may be passed as NULL. If pcrk is not NULL, it should be the address of a P_FPARSE struct,
defined in p_file.h as 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;
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The members system, device, path, name and ext are set to the lengths of their corresponding fields in
ful l, 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 either name or related contains an invalid name

E_FILE_DEVICE either name or related contains an invalid device name

E_FILE_DIR either name or related contains an invalid directory name

E_GEN_FSYS either name or related contains an invalid file system name or the file system

does not exist

The function f_fparse is identical to p_fparse except that it calls p_leave (passing the error number)
rather than return a negative error number.

As an example, if the current default path is sLoc::A:\", then
p_fparse("FRED", "\\FILES\\DOCS\\JOE.DOC",buf,&crk);
writes the zero terminated string LOC: :A:\FILES\DOCS\FRED.DOC to buf and ¢5,2,12,4,4,03 to crk.
The function is often used to change the extension of a file as, for example, in:
p_fparse(".BCK", "\\FILES\\DOCS\\JOE.DOC", buf,&crk);

Using p_fparse across filing systems

Since the syntax of a file specification may differ between filing systems (see File specifications, earlier
in this chapter) the functions p_fparse and p_chdir are implemented in the code of each file system. The
function p_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 function p_fparse in
any particular case, and which of the three sources contribute towards the full file specification. The
three sources will be referred to as name, related and the default path, as in the description of p_fparse.

The node which performs the p_fparse is determined from name, related and the default path, according
to the following rules:

®  If neither name nor related contain an explicit <node> component, the node specified by the
default path is assumed (the default path always has an explicit <node> component).

®  If either name or related (but not both) contain an explicit <node> component, this is taken to be
the node which performs the p_fparse.

= If both name and related contain explicit <node> components, the <node> specified in name is taken
to be the node which performs the p_fparse.

If an explicit <node> in related differs from that determined from the above rules, related is assumed not
to be valid for the specified node and is ignored by p_fparse.

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 ignored by p_fparse.

Thus, assuming that the default path is »Loc::A:\", then
p_fparse("PLIB.MAK", "REM: : HD40:SOURCE : ", buf ,NULL);

is handled by the remote filing system and writes the string REM: :HD40: SOURCE :PL1B.MAK to buf, but
p_fparse("LOC: :PLIB.MAK", "REM: :HD40: SOURCE :PLIB .MAKE"  buf ,NULL);

is handled by the local filing system and writes the string LOC: :A:\PLIB.MAK t0 buf (related is ignored).

All sources that are not ignored by p_fparse are checked as being valid for the specified node, even if
they do not contribute to final full file specification. Thus
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p_fparse(®LOC: :C:\\PLIB.MAK", "PLIB.MAKE",buf,NULL);

will fail with error E_FILE_NAME because the <ext> in related is not valid for the Loc:: filing system, even
though all the components of a full file specification are present in name. This type of situation is
typically likely to occur when copying files between the ReM:: and Loc: : filing systems.

INT p_chdir(TEXT *src, TEXT *outp, INT mode, TEXT *subdir);
INT p_chdirasync(TEXT *src, TEXT *outp, INT mode, TEXT *subdir, WORD *stat);

Parse src with a NULL related name and change its directory to produce a new file specification outp
according to mode, 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 subdirectory subdir

The parameter subdir is ignored if mode is not P_cb_suspIR.

If src contains a file name then this name is retained and appended to the new directory specification
outp.

There should be at least p_FNAMES1ZE (128) bytes of memory reserved at outp. Note that P_FNAMESIZE bytes
are always written to outp even when the generated file specification is shorter.

The parameters src and outp may point to the same address.

Note that p_chdir is just a means of setting up outp from mode, src and subdir with no consideration to
the existence of the directories in src and subdir. The operation is performed by the appropriate file
system (as specified by the <node> 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 is P_CD_SUBDIR, subdir is just inserted into the full file specification at the appropriate
position. Except for checking that the resultant full file specification length does not exceed P_FNAMESIZE
bytes, the validity of outp 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 parse of src, p_chdir can return:

E_FILE_NXIST mode was P_CD_PARENT and src was already at the root directory

E_FILE_DIR subdir contains an invalid directory name

E_FILE_NAME inserting subdir would make the file specification length exceed P_FNAMESIZE
bytes

For example, if the current defauit path is "Loc::A:\*, then
p_chdir¢("\\fred\\*.c",buf,P_CD_SUBDIR,"bill") writes LOC::A:\FRED\bil l\*.C to buf
p_chdir¢"\\fred\\aa.c",buf,P_CD_SUBDIR,"jim") writes LOC: :A: \FRED\ jim\AA.C tO buf

p_chdir("\\fred\\aa.c",buf,P_CD_SUBDIR,"bill\\jim") writes LOC::A:\FRED\bi L1\]im\AA.C t0 buf
(although, depending on where biLl\jim came from, this breaks the spirit of p_chdir by including a
delimiter in subdir)

p_chdir("\fred\\jim\\*",buf,P_CD_PARENT,NULL) Writes LOC: :A:\FRED\* t0 buf
p_chdir("\\fred\\jim\\*", buf,P_CD_ROOT,NULL) Writes LOC::A:\* tO buf

p_chdir("rem: :hd40: fred:aa.c®,buf,P_CD_SUBDIR,"jim") writes REM: :HD40:FRED: jim:AA.C tO buf
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|
The default node, device and directory

INT p_setdefaul tpath(TEXT *name);

Set the file server system-wide default path to name. This is the default path that is assigned to a process
when it connects to the file server.

The parameter name is a zero terminated string of the form:

<node><device><dir>
where
<node> is the file system node (eg Loc::)
<device> is the device name (eg 8:)
<dir> is the directory name (eg \NOTES\OLD\)

The parameter name is parsed with a NULL related file name and any file name and extension component is
discarded.

The function returns zero if successful or the same error numbers as for p_fparse if name failed to parse.

A successful call implies that file system <node> exists at the time of the call (note that some file systems
such as REM: : are not permanently installed) and that <device> and <dir> are valid for the file system. It
does not mean that <device> contains a medium, or that <dir> exists.

For example, after:
p_setdefaul tpath("LOC: :B:\\");

all new file server clients will initially have the default path of Loc::B:\.

INT p_setpth(TEXT *name);
INT p_setpthasync(TEXT *name, WORD *stat);

Set the default node, device and directory for this process to name where name is a zero terminated string
of the form:

<nede><device><dir>
where
<node> is the file system node (eg LoC::)
<device> is the device name (eg B:)
<dir> is the directory name (eg \NOTES\OLD\)

The parameter name is parsed with a NuLL related file name and any file name and extension component is
discarded. The specified directory must exist.

The function returns zero if successful or a negative error from p_fparse 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 to p_setdefaul tpath.

For example, if the current default path is Loc::M:\, then:
p_setpth("8:");

sets the default path to Loc::B:\.
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VOID p_getpth(TEXT *name);

Write the default node, device and directory for this process as a zero terminated string to name of the
form:

<node><device><dir>
where
<node> is the file system node (eg Loc::)
<device> is the device name (eg B:)
<dir> is the directory name (eg \NOTES\OLD\)

There should be p_FNAMESIZE bytes of memory reserved at name.

There is no asynchronous version of p_getpth 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 on <node>).

INT p_getpthbyid(HANDLE pid, TEXT *name);

Write the default node, device and directory of process pid as a zero terminated string to name. The
content of name is as for p_getpth, described above.

Returns zero if successful or €_FILE_Nx1sT if pid is not a client of the file server.

sraaeaamaan e s oger—————— e e
Operations on nodes and devices

p_op

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:
= call p open with a mode of P_FNODE to open a node list channel
= repeatedly call p_iow with a func of P_FREAD to read each node name (until it returns _FILE_EOF)
= call p_close to close the node list channel

The name parameter to p_open may be #FIL:" or NULL. The mode parameter must be P_FNODE.

Each successful call to p_iow(P_FREAD) writes the next file system node name as a zero terminated string
to buf (buf should have a capacity of P_FsYsNAMESIZE+1 (6) bytes). The call to p_iow(P_FREAD) returns
E_FILE_EOF after all the node names have been read.

If the parameter pinfo is not NULL it is taken as the address of a p_NINFO struct which is filled with the
same node information as would be obtained by calling p_ninfo, described below.

For example:

LOCAL_C VOID ListNodes(VOID)
{
VOID *ncb;
TEXT buf[P_FSYSNAMESIZE+1];

p_open(&ncb,"FIL:" ,P_FNODE);

while (!p_iow(nch,P_FREAD,&buf [0] ,NULL))
p_puts(&buf [0]);

p_close(ncb);

b
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lists the current node names.

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 system node to the p_NINFO structure at pninfo and return
zero if successful or the negative E_GEN_FsYs if nede is invalid or does not exist.

The p_N1nFo struct is defined in p_file.h as:

typedef struct {
UWORD version;
UWORD type;
UWORD formattable;
UBYTE sparel26];
) P_NINFO;

where pninfo->type contains:
P_FSYSTYPE_FLAT if file system node does not support hierarchical directories
P_FSYSTYPE_HIER if file system node does support hierarchical directories

and pninfo->formattable is TRUE if file system node supports the formatting of its devices and FALSE
otherwise.

The version field pninfo->version is designed to allow future versions of p_ninfe (which would write
further information to pninfo->spare(l) to be identified by the caller. At the time of writing,
pninfo->version is set to 2.

INT p_locchg(INT mask);

This function is only available in EPOC version 2.16 or later.

Check if Loc:: has changed (for example, if the SSD door has been opened) since the last call to
p_locchg. The return value has the bits that were set in mask 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 bit of mask. 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 O to 7.

Typical calling code would make an initial call to p_locchg, to ensure that only subsequent changes are
detected. It would then poll for changes by calling p_Locchg, say, every two seconds.

g

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 a mode of P_FDEVICE to open a device list channel
= repeatedly call p_iow with a func of P_FREAD to read each device name (until it returns E_FILE_EOF)
= call p_close to close the device list channel

The name parameter to p_open should be a zero terminated node name (with or without a leading FIL:).
The parameter mode must be p_rpevice. If the node name is illegal or does not exists, p_open fails and
returns £_GeN_FsYs. If the node does not support devices (as is the case for RoM::), p_open fails and returns
E_GEN_NSUP.

Each successful call to p_iow(P_FREAD) writes the next device name as a zero terminated string to buf (buf
should have a capacity of p_rNaMESIZE (128) bytes). The call to p_iow(P_FREAD) returns £_FILE_EOF after all
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the device names have been read. The parameter following buf in the call to p_iow(P_FREAD) should be
NULL.

For example:

LOCAL_C VOID ListDevices(VOID)
e
VOID *ncb,*dcb;
INT ret;
TEXT node[P_FSYSNAMESIZE+1];
TEXT device[P_FNAMESIZE];

p_open(&ncb, "FIL:",P_FNODE);
while (!p_iow(ncb,P_FREAD,&node[0],NULL))

<

p_puts(&node[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);
b
p_close(ncb);
>

lists the current node names with their devices.

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 name dname and on the medium (eg SSD or
diskette) that is mounted on device dname to the P_DINFO struct at pdinfo. 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 the Loc:: sub file system on a SIBO machine has recognised a RAM or Flash
SSD without a valid boot record (probably because the SSD is not formatted)

E_FILE_UNKNOWN none of the file systems recognise this medium and formatting is unlikely to
make it readable

The P_DINFO struct is defined in p_file.h as:

typedef struct {
UWORD version;
UWORD mediatype;
UWORD removable;
ULONG size;
ULONG free;
UBYTE name [P_VOLUMENAME] ;
WORD batterystate;
UBYTE sparel16];
> P_DINFO;

Except for pdinfo->removable, which is TRUE if the device has removable media, all information describes
the medium mounted on device dname.

The least significant byte of pdinfo->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
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P_FMEDIA_RAM
P_FMEDIA_FLASH
P_FMEDIA_ROM

P_FMEDIA_WRITEPROTECTED

drive contains a RAM disk (read/write)
drive contains a Flash disk
drive contains a ROM disk (read only)

drive contains a write protected medium

The most significant byte of pdinfo->mediatype takes a combination of the following bit flags:

P_FMEDIA_COMPRESSIBLE

P_FMEDIA_DYNAMIC
P_FMEDIA_INTERNAL

P_FMEDIA_DUAL_DENSITY

P_FMEDIA_FORMATTABLE

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)

the media capacity pdinfo->size can change over time
media is internal (implicitly not removable)

device drive is dual density (if this is set then p_open(P_FFORMAT) can take the
optional P_FLOWDENSITY for a low density format)

media is formattable

The members pdinfo->size and pdinfo->free give the total capacity of the medium in bytes and how
much of that capacity is free (also in bytes) respectively. If P_FMEDIA_DYNAMIC is set in pdinfo->mediatype
(as it is for the internal RAM device M:), pdinfo->size and pdinfo->free may change over time.

The volume name, with a maximum of 12 characters (for example, "b1SKNAME.DSK"), is written as a zero
terminated string to &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 it), pdinfo->batterystate contains E_GEN_Nsup. If the SSD does contain a
battery and the hardware to detect a low voltage, pdinfo->batterystate contains FALSE if the battery is low
or TRUE (more precisely, a non-zero value other than E_GeN_NsuP) if the battery voltage is acceptable. The
content of this field is undefined for values of pdinfo->version less than 3.

The version field pdinfo->version is designed to allow future versions of p_dinfo (which would write
further information to pdinfo->sparel to be identified by the caller.

In the following example, ListDevices produces a device list with some device information, including the
devices on REM:: (if the file server is connected to a remote file server) as well as Loc::.

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";

3

return "Unknown";

3
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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(" "y,
p_open{&ncb,"FIL:",P_FNODE);

while (!p_iow(ncb,P_FREAD,&device[0] ,NULL))

<
if (p_open(&dcb,&device[0],P_FDEVICE))
continue;
while (!p_iou(dcb,P_FREAD,&device[P_FSYSNAMESIZE],NULL))
{
if ((ret=p_dinfo(&device[0],&dinfo))<0)
€
p_errs(&bb[01,ret);
p_printf("%- 12s %- 12s<¥s>",&device[0],"**Failed**", &bb[0]);
continue;
)
p_printf("%- 12s %- 12s%- 11s %7ldKk %7ldK",
&device[0] ,&dinfo.name[0],GetTypeText(dinfo.mediatype&0xff),
(dinfo.size+512)>>10, (dinfo.free+512)>>10);
>
p_close(dcb);
b
p_close(ncb);

2}

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);
INT p_read(VOID *pfcb, VOID *buf, UINT len);
INT p_close(VOID *pfcb);

To format a medium in a device you:
= call p_open with a mode of P_FFORMAT to open a device format channel
® call p_read to get the total format count (optional)
® repeatedly call p_read until it returns E_FILE_EOF
8 call p_close to close the device format channel

The name parameter to p_open should be a zero terminated file specification with a root directory (name is
parsed with a NuLL related name) of the form:

LOC: : <device>\<name><ext>

to format the medium in <device>, giving it the volume name <name><ext>. The volume name may
subsequently be changed using p_sfstat, described later in this chapter.

The mode parameter to p_open must be p_FFoRMAT. If the device supports dual density formatting (as may
be established by calling p_dinfo), P_FLOWDENSITY may be or'ed into mode to format at the lower density.

The call to p_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 the Loc:: system on a SIBO machine. You can
tell in advance if a file system supports formatting by calling p_ninfo (described above). If the file system

does support formatting, you can tell if a device contains a formattable medium by calling p_dinfo (also
described above).
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The first call to p_read writes a UWORD total count to buf and returns zero. This count represents the
number of subsequent p_read calls required to complete the format. The Len parameter to p_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, p_read returns _FILE_EOF; you should then call p_close. Abandoning the format,
by calling p_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("\rx05u®,i++);

if (err==E_FILE_EOF)
err=0;

exit:

p_close(chan);

if (err<0)
<
p_errs(&bbI0] ,err);
p_printf("\r\nFormat failed: %s",&bb[01);
)

else
p_printf("\r\nFormat complete");

)

could be called with:
FormatDevice("LOC: :A: \\BACKUP");

to format the SSD in drive A:, giving it the volume name BACKUP.

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 the local device (that is, a device on the Loc:: file system) specified
by abevice. The value of abevice must be one of:

= 'M' (0x4d)

= 'T' (0x49)

= 'A'(0x41) to '"H' (0x48) inclusive.
where 'I' (Internal) is an alias for 'M'.

Apart from two additional flags, the value written to *pMedia is the same as the value written to the
mediatype of a P_DINFO struct by p_dinfo. The call is more efficient than a call to p_dinfoe, provided that
the media type is the only information that is required.

The two extra flags that may be written to *pMedia are E_FMEDIA_BATTERY_VALID and
E_FMEDIA_BATTERY_GOOD, defined in epoc.h. If E_FMEDIA_BATTERY_VALID is not set then the device does not
support battery measurement. If it is set then E_FMEDIA_BATTERY_GOOD will be clear if the battery voltage is
too low, otherwise it will be set.
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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 by abevice 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.

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 by aPtr, aLen bytes starting at an offset of *aPos bytes into the SSD from
the local SSD (that is, an SSD on the Loc:: file system) specified by abevice. The data is read by means
of direct access to the physical device driver (PDD) and the reading is therefore very efficient.

The value of abevice must be one of:

s 'M' (0x4d)

= 'T' (0x49)

= ‘A’ (0x41) to 'H' (0x48) inclusive.
where 'I' (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 device access.)

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

—
Operations on directories and files

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);
INT p_iow(VOID *pfcb, 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 a mode of P_FDIR to open a directory list channel

= repeatedly call p_iow with a func of P_FREAD to read each directory entry (until it returns
E_FILE_EOF)

= call p_close to close the directory list channel

The name parameter to p_open is a zero terminated file specification. Internally to the call to p_open, this is
parsed with a wild card related name (such as #*.*v) that will find all files in the directory. It is therefore
not necessary to include a file name or file name extension in name unless 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 in name would normally contain wildcards. Passing a name of " produces the names of all the
files in the current directory. The parameter mode must be P_FDIR.

Each successful call to p_iow(P_FREAD) writes the next matching file name (excluding the node, device and
directory component) as a zero terminated string to buf (buf should have a capacity of P_FNAMESIZE (128)
bytes). The call to p_iow(P_FREAD) returns E_FILE_EOF after all the file names have been read.
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If the parameter pinfo is not NULL it is taken as the address of a P_INFO struct where P_INFO is defined in
D _file.h as:

typedef struct €
UWORD version;
UWORD status; /* status bits */
ULONG size; /* size of the file in bytes */
ULONG modst; /* system time of last modification */
UBYTE sparel4];
> P_INFO;

The file status pinfo->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 and P_FAVOLUME set 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 P_FATEXT set in pinfo->status when the file system can recognise a text
file. The Lac:: file system cannot recognise text files but a remote file server, running on an operating
system (eg VMS) which can recognise text files, will set the p_FATEXT bit as appropriate.

The field pinfo->size gives the logical file length (the end-of-file position).

The field pinfo->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 chapter Time, Timers and Dates for details
on how to convert to and from the system time.

The p_iNFo file information may also be obtained when using p_finfo, described below.

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(&bbl0],errno);
p_printf("4s: %s",msg,&bb[0]);
p_leave(errno);

b
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LOCAL_C VOID PrintDirLine(TEXT *name, P_INFO *pinfo)
<
P_DAYSEC ds;
P_DATE dt;
TEXT *p,b[401;

p=&bl0];
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 (Y (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==',"
*--p=0;
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] );
b

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 (erri=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,&namel0]);

return(0);

2

INT p_finfo(TEXT *name, P_INFO *pinfo);
INT p_finfoasync(TEXT *name, P_INFO *pinfo, WORD *stat);

Parse name with a NuLL related name and write information about the specified file (which may be a
directory file) to the P_INFO struct at pinfo. The same file information is written to pinfo as is obtained
when using p_iow(P_FREAD) on a directory list channe] that was opened with p_open(P_FDIR), as described
above.
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The version field pinfo->version is designed to allow future versions of p_finfo (which would write
further information to pinfo->spare(l) to be identified by the caller. At the time of writing,
pinfo->version is set to 2.

Returns zero if successful or a negative error number. As well as the p_fparse 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 the p_finfo (unlike p_open) makes it a good choice for checking whether a file exists
(it returns E_FILE_NX1ST if the file does not exist). To test for the existence of a directory, you can also
use p_testpth, described below.

INT p_testpth(TEXT *dname);
INT p_testpthasync(TEXT *dname, WORD *stat);

Return zero if the directory component of the zero terminated file specification dname exists.
The file specification dname is parsed with a NULL related name and any file name component is discarded.

If the parse fails, p_testpth returns the error return from p_fparse. 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 path is Loc::A:\, then:
p_testpth("\\dir1\\dir2\\fred.c");
returns zero if the directory LoC::A:\DIRT\DIR2\ exists.

INT p_rename(TEXT *oldname, TEXT *newname);
INT p_renameasync({TEXT *oldname, TEXT *newname, WORD *stat);

Parse each of newname and oldname with a NULL related name and, if successful, rename oldname to newname.
Both buffers should be at least P_rFNAMESIZE bytes in length.

The file specified by oldname must exist and newname must not already exist.
Neither file name may include wild cards.

Both files should be on the same node and device. On toc::, 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 root of LoC::M:.

Directory files (which do not need to be empty) may be renamed, but not across different directories.

The function returns zero if successful or a negative error number if it fails. As well as a p_fparse error
number if either oldname or newname fails to parse, p_rename can return the following error numbers:

E_FILE_DEVICE oldname and newname 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
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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 path is LoC::A:\, then:
p_rename(*\\dir1\\dir2\\fred.c","\\dir1\\dir2\\jim.cu);
renames FRED.C in LOC::A:\DIRT\DIR2\ to JIM.C while:
p_rename("\\dir1\\dir2\\fred.c","fred.c");
effectively moves FRED.C in LOC::A:\DIR1\DIR2\ to the root directory.
It is sometimes useful to parse newname with oldname as a related name before calling p_rename 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 [01));

>

Then, for example, calling:
RenameFile(™\\dirT\\dir2\\fred.c","jim.c");
renames FRED.C in LOC::A:\DIRT\DIR2\ tO JIM.C while:

RenameFile("\\dir1\\dir2\\fred.c","\\jim.c");

renames FRED.C in LOC: :A:\DIR1\DIR2\ to JIM.C and moves JIM.C to the root directory.

INT p_delete(TEXT *name);
INT p_deleteasync(TEXT *name, WORD *stat);

Parse name with a NULL related name and, if successful, 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 as a p_fparse error
number if name fails to parse, p_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 has name open

E_FILE_ACCESS name is 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

For example, if the current path is LoC::A:\, then:
p_delete("\\dir1\\dir2\\fred.c");

deletes LOC::A:\DIRT\DIR2\FRED.C.
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INT p_mkdir(TEXT *name);
INT p_mkdirasync(TEXT *name, WORD *stat);

Parse name with a NuLL related name and create the specified directory. The name of the directory to be
created is specified by the file name component of name if name contains a file name component.
Otherwise it is specified by the directory component of the parsed file specification.

Intermediate directories are also created if necessary.

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 well as the p_fparse error
numbers returned if name fails to parse, p_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 path is Loc::A:\, then either:
p_mkdir("\\dirt\\dir2\\");

or
p_mkdir("\\dir1\\dir2");

makes the directory LoC::A:\DIR1\DIR2\ and also makes LoC: :A:\DIR1\ if it does not already exist.

P.s

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 file name name (but see also Setting
the volume name below). Both status and mask 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 medifies those bits that are set in mask where attribute is set or cleared depending on
the value of the corresponding bit in status.

The function returns zero if successful or a negative error number if it fails. As well as a p_fparse error
number if name fails to parse, p_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 has name 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);
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makes the file joe.doc read-only.
Setting the volume label

If mask has the P_FAVOLUME bit set, status is ignored p_sfstat and p_sfstat sets or deletes the volume
name.

At the time of writing, only the Loc: : file system supports setting the volume label (the function returns
E_GEN_NsUP if it is not supported).

The name parameter should be a zero terminated file specification with a root directory (name is parsed
with a NULL related name) of the form:

LOC: : <device>\<name><ext>

to label the medium in <device>, giving it the volume name <name><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 as a p_fparse error
number if name fails to parse, p_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 path is LoC::A:\, then:
p_sfstat("d:\mydisk",0,P_FAVOLUME);
gives the medium in device Loc::0: the label Myp1sk,
p_sfstat("d:\diskname.dsk",0,P_FAVOLUME);
gives the medium in device Loc::D: the label p1SKNAME.bsk and:
p_sfstat("d:\",0,P_FAVOLUME);

deletes any volume name from device Loc::D:.

INT p_fdate(TEXT *name, ULONG date);
INT p_fdateasync(TEXT *name, ULONG date, WORD *stat);

Set the file creation date to date where date 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 1980. If p_fdate 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 of date is discarded).

The function returns zero if successful or a negative error number if it fails. As well as a p_fparse error
number if name fails to parse, p_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 has name open

E_FILE_ACCESS name is 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.
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P_INFO info;

p_finfo("fred.doc”,&info);
p_fdate("fred.txt", info.modst);

L
Binary file access

To open a file to be manipulated as a flat binary file, you call p_open with the 3rd parameter mode oR'ed
with p_rsTrReaM. For example:

p_open(&fcb, "fred.dat",P_FSTREAM|P_FSHARE) opens a file for reading only.
p_open(&fcb,"fred.dat",P_FSTREAM|P_FUPDATE |P_FREPLACE | P_FRANDOM) Creates a writable binary file.
The mode flags (eg P_FREPLACE) are described under p_open, 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 maximum of P_rMAXsS1ZE bytes 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_FSHARE when 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.

If you have an multi-process application design which needs to update shared data, consider one of the
following:
=  put the shared data in 2 named segment (see the chapter Memory Allocation)

®  access the shared file data via a server process (see the chapter Processes 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.
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#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 1=(0,NULL);
LOCAL_D FILE_DATA 2=(0,NULL};

LOCAL_C VOID CleanUp(TEXT *msg, FILE_DATA *pf)
<
TEXT bb[E_MAX_ERROR_TEXT_SIZE1;

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(01);
pf->ret=0;
b
>

LOCAL_C VOID Exit(TEXT *msg)

<

if (fl.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)
4
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);

3

LOCAL_C VOID ReadFile(FILE_DATA *pf)
<
pf->ret=p_read(pf->chan,&pf->buf [0],sizeof(pf->buf));
if (pf->ret!=E_FILE_EOF && pf->ret<0)
Exit("read");
b
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LOCAL_C VOID CDECL CompareFiles(TEXT *filel, TEXT *file2)
<
OpenFile(&f1,filel,NULL);
OpenFile(&f2,file2,&f1.namel0]);
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)
{
f1.ret=f2.ret=0;
Exit("Files are identical®);
)
if (p_bcmp(&f1.buf[0]1,f1.ret,&f2.buf(0],f2.ret))
Exit("Files are different");
}
>

GLDEF_C INT main(VOID)
<
TEXT *p;
TEXT bbIP_FNAMESIZE] ;

while (p_getl("Enter <filel> <file2> ? ",&bb[0],P_FNAMESIZE))
{
p=p_skipch(&bb[01);
if O'p
*p++=0;
p_enter((VOID *)CompareFiles,&bb[0]1,p_skipwh(p));
2}
return(0);
3}

The program solicits two file names to compare (where the second name is parsed with the first name as a
related name in Comparefiles) and reports whether they are the same or different. As well as illustrating
binary file access, the example gives a realistic illustration of the use of p_enter and p_teave. Note also
that the function Cleanup takes advantage of the fact that p_close(NULL) is harmless.

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);

Open a channel to the file specified by the zero terminated file specification name and, if successful,
return zero and write the channel to *ppfcb (ppfcb is not written to if the open fails). To open a file to be
manipulated as a flat binary file, mode should be or'ed with P_FSTREAM.

The file specification name is parsed with a NuLL related file name (see p_fparse). If this fails, the open
fails and returns the return value from p_fparse.

The mode in which the file is opened is selected by oring 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 error E_FILE_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 specify
P_FUPDATE (described below).
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P_FAPPEND This is the same as for p_FoPEN except that the initial current position is set to
the end of file such that the next write will append to the file. It is not
necessary to specify p_rranpoM (described below) but to enable write access to
the file you must specify p_FuppATE (described below).

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 for P_FNAMESIZE bytes). It is not necessary to specify P_FUPDATE (described
below).

The access which is subsequently permitted is formed by oring together a combination of the following
flags in mode:

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 is returned.

P_FRANDOM specifies that random access (as opposed to sequential access) is required for
the file. If a call is made to p_seek with a file that has not been opened with
this option, the error E_FILE_INV is returned. You should not specify p_rFRANDOM
unless you do intend to use p_seek because the file system may be able to
optimise the device access if it knows that only sequential access 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 with E_FILE_LOCKED.

Note that shared write access is not supported and P_FSHARE can not be combined with P_FUPDATE.

Returns zero if successful or a negative error number if it fails. As well as the p_fparse error numbers
which may be returned if name fails to parse, p_open(P_FSTREAM) can return the following negative error
numbers:

E_GEN_NOMEMORY failed to allocate memory for the control block

E_GEN_ARG mode contains 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 in name does not exist

E_FILE_DIR the directory in name does not exist

INT p_close(VOID *pfcb);

Close the binary file channel pfcb and return zero if successful. If peb is NULL, just return zero.

Although p_close can return an error, it will aiways succeed in closing the channel (and pfcb 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 this, p_close can return the some of the errors
numbers which can be returned from p_write and p_fdate. However, the failure to flush the data or to
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write the new date will not cause the close operation to be aborted although the failure will be reported
by an error return.

Carefully written applications avoid this problem by using p_iow(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.

The Loc:: file system on SIBO machines does not buffer written data. When EPOC is running on a PC,
the Loc:: file system is built over the MSDOS filing system which does buffer written data.

INT p_read(VOID *pfcb, VOID *buf, UINT len);

Reads Len bytes or the number of bytes remaining before the end of file, whichever is smaller, from the
current position of binary file channel pfcb and writes the data to buf. 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 parameter len must not be greater than p_rMaxssize (16K bytes).

The most efficient way of processing files is to read in multiples of p_rBLks1zE (512) while ensuring that
the file position remains on P_FBLKSIZE boundaries.

The function returns the number of bytes written to buf if successful or one of the following negative
error numbers:

E_FILE_EOF end of file encountered

E_FILE_ABORT the SSD containing 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)

INT p_write(VOID *pfcb, VOID *buf, UINT len);

Write Len bytes from buf to file channel pfcb at the current file position. The current position is
incremented by the number of bytes written.

The parameter len must not be greater than p_rMaxssize (16K bytes).

The most efficient way of processing files is to write in multiples of p_rBLkSIZE (512) while ensuring that
the file position remains on P_rBLKSIZE boundaries.

When writing to Flash SSDs, you can physically overwrite a single byte (where Len is one) provided that
the new byte can be written by just clearing bits in the old byte (if this is possible, the file modification
date is not changed). In general, overwriting data on a Flash SSD-based file will consume space and
reduce the remaining capacity of the SSD.

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 the P_FUPDATE access bit set

E_FILE_ABORT the SSD containing 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)

INT p_seek(VOID *pfcb, INT sense, LONG *ppos);
INT f_seek(VOID *pfcb, INT sense, LONG *ppos);

Set the current file position of file channel pfcb to a new file position which depends on sense and *ppos,
where sense is one of:

P_FABS to set the current file position to *ppos
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P_FEND to set the current file position to *ppos relative to the current end-of-file
position
P_FCUR to set the current file position to *ppos relative to the current file position

If successful, the new file position (which may be the same as the old) is written to *ppos and p_seek
returns zero. Otherwise, it returns one of the following negative error numbers:

E_FILE_INV the channel was not opened with P_FRANDOM

E_FILE_ABORT the SSD containing the file is or was previously not present and the channel is
now in the abort state

If the channel was opened with P_FSTREAM_TEXT on a remote file system, the full p_fseex functionality may
not be supported. When this is the case, p_seek fails with e_r1LE_INv. However, the following is always
supported on P_FSTREAM_TEXT channels:

= using P_FABS to set the current position to zero

® using P_FEND with a zero relative position to set the current position to the end of the file
(although with p_FSTREAM_TEXT you should not use the value which is written to *ppos)

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. See p_iow(P_FSETEOF) for setting a new end of file.

The function f_seek is identical to p_seek except that, if there is an error, it calls p_leave(err) rather than
return the negative error number err.

For example, if the current file position is 0x2000 then

LONG pos;

pos=256L;
p_seek(pfcb,P_FCUR,&pos);

sets the current position to 0x2100 and

pos=-256L;
p_seek(pfcb,P_FCUR,&pos);

sets the current position to 0x1f00 and

pos=0L;
p_seek(pfcb,P_FCUR,&pos);

does not change the current position but could be used to sense the current position (pos contains 0x2000
after p_seek has returned). If the current end of file is 0x4000 then

pos=0L;
p_seek(pfcb,P_FEND,&pos);

sets the current position to the end of the file and senses the length of the file (pos contains 0x4000 after
p_seek has returned). To set the current position to the beginning of the file, use:

pos=0L;
p_seek(pfcb,P_FABS,&pos);

INT p_iow(VOID *pfcb, P_FFLUSH);

Flush all buffered written data to binary file channel pfcb and write the file's modification date.
Returns zero if successful (the negative error number returns are as for p_write).

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 file data (in this case, calling p_iow(P_FFLUSH) just
writes the file date). On Flash SSDs the last record written is held open until the file is closed or a write
occurs to another file on the same SSD (see the section Flash SSDs at 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.
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Although harmless, there is absolutely no benefit in calling p_iow(P_FFLUSH) on file channels which were
opened without the P_FUPDATE flag.

INT p_iow(VOID *pfcb, P_FSETEOF, ULONG *peof);

Set the logical end of file on channel pfcb to position *peof and return zero if successful (the negative
error number returns are as for p_write). The the file channel must have been opened with P_FUPDATE.

If *peof is greater than the current end of file, the file size is extended to *peof. On block-structured
devices (ie excluding Flash SSDs), this is equivalent to appending indeterminate data to the end of the
file to pre-allocate storage. (It is not useful to extend a file on a Flash SSD.) The current position is not
affected when the file is extended with p_iow(P_FSETEOF).

If *peof is less than the current end of file, the file is truncated to *peof (the current position is also
reduced if necessary to the new end of file).

INT p_iow(VOID *pfcb, P_FCANCEL);

Cancel all asynchronous 1/0 requests on channel pfcb 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 heading Asynchronous file operations), a call to p_iow(P_FCANCEL) has
no effect even when a request is pending.

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 currently E_FILE_PENDING) US€ p_iow(P_FCANCEL) -
normally followed by a call to p_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_FCANCEL operations.

At the time of writing, a preferable alternative is to simulate a cancel service, as illustrated in the earlier
example, under the heading Asynchronous 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, DEC's VMS operating system which runs on a Vax) support text file types
that are not implemented as cRLF terminated records. Other systems (such as MSDOS, UNIX and the
EPOC Loc:: 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 by a CRLF sequence - a carriage return (code 13) followed by a line
feed (code 10)

®  afile may optionally be terminated by a sus character (code 26)
The terminating suB is not necessary on systems that store a logical file length and it is falling out of use.

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, using p_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 to p_open(P_FSTREAM).

Using p_FSTREAM_TEXT when opening such a text file on the ReM:: 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 with crLF terminated 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 a cRLF
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when writing the data is parsed for cRLF record terminators and converted into text records
on the remote system (the parser will also recognise CR, LF or LFCR as a record
terminator)

Although in many cases (and certainly when opening a local file) opening with P_FSTREAM_TEXT has an
identical effect to opening with P_FSTREAM, there is no guarantee that the effect will be the same on a
remote file. There is no penalty to using P_FSTREAM_TEXT - only a potential gain when accessing 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 should call p_open
with mode OR'ed with P_FSTREAM_TEXT and not P_FSTREAM.

With the exception of p_open, all functions are exactly as for flat binary files, described in the previous
section.

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);

Open a channel to the file specified by the zero terminated file specification name and, if successful,
return zero and write the channel to *ppfcb (ppfcb is not written to if the open fails).

To open a stream text file (a text file to be manipulated as a flat binary file) mode should be or'ed with
P_FSTREAM_TEXT.

For all other details, see the description p_open(P_FSTREAM) in the previous section.

L
Text file access

To open a file to be manipulated as a record oriented text file, you call p_cpen with the 3rd parameter
mode OR'ed with p_FTEXT. For example:

p_open(&fcb, "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/0 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

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_TEXT binary 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 the FiL: device driver p_open code when it sees the P_FTEXT bit set in the mode
parameter. The data is, however, buffered in this layer, so flushing is necessary to ensure that any
buffered data is written to the file.
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Implementing the code as a layer over pP_FSTREAM_TEXT binary 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:

s text records are terminated by a CRLF sequence - a carriage return (code 13) followed by a line
feed (code 10)

a3 file may optionally be terminated by a sus character (code 26)

The text file handling also assumes that the record content (excluding the record termination) does not
exceed a length of P_FMAXRSIZE (256) bytes. A text record may not contain CR, LF or SUB characters, but
there is no other restriction on the contents.

When reading a file, the text file handling parses a stream of bytes for CRLF record terminators such that
the application gets the data a record at a time (excluding the terminator). The parser will also recognise
CR, LF, LFCR Or a SUB as a record terminator. If it sees a suB (either as a record terminator or immediately
after a CRLF, CR, LF or LFCR record 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 always cRLF) to
the end of the record data. A terminating Sus is not written.

For enthusiasts ...
This is for interest only and may certainly be skipped.

In case you were wondering what the TxT: device is, text file handling is implemented as an I/O device
driver (7x7:) which layers over the Fi1L: P_FSTREAM_TEXT mode binary file access (which was described in
the previous section). The FiL: device redirects the p_open to TXT: when P_FTEXT is set in mode. This
means that the following calls to p_open:

p_open(&fcb, "fred.dat®,P_FTEXT |P_FUPDATE |P_FREPLACE);
p_open(&fcb,"FIL: fred.dat",P_FTEXT |P_FUPDATE |P_FREPLACE);
p_open(&fcb, "TXT: fred.dat",P_FUPDATE | P_FREPLACE);

are all equivalent. (The above examples are provided to help de-mystify the I/0 system and the FiL:
device and it would be obscure to use TXT: without good cause.)

INT p_open(VOID **ppfcb, TEXT *name, UINT mode);

Open a file to be manipulated as a record oriented text file where mode should be or'ed with P_FTEXT.

Except for the use of P_FTEXT in place of P_FSTREAM Or P_FSTREAM_TEXT, the parameters and returns are as
for opening a binary file, described in the previous section.

INT p_close(VOID *pfcb);

Close the text file channel pfcb and return zero if successful.

Since text written to the file is buffered in the device driver, p_close may give rise to an E_FILE_WRITE
error. It is therefore advisable to call p_iow(P_FFLUSH) before calling p_close. Otherwise, the behaviour
and returns are as for closing a binary file, described in the previous section.

INT p_read(VOID *pfcb, VOID *buf, UINT len);

Read the contents of the current record (ie excluding any record terminators) from text file channel pfcb,
writing up to len bytes to buf and, if successful, return the length of the record read (which is also the
number of bytes written to buf). The channel is positioned to the next record.

If ten is less than the length of the current record, the first Len bytes from the record are read and p_read
returns the negative E_fILE_RECORD. The channel is still positioned to the next record.

Note that p_read returns zero if it encounters a record of zero length.
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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 file, p_read returns the negative E_FILE_EOF (nothing is written to buf).

Other negative error returns are:

E_FILE_ABORT the SSD containing 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 linelP_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)
<
linefretl=0;
if (ret & p_smatchi(&Lline[0],pattern))
p_printf(&line01);
}
p_close(fcb);
if (ret!=E_FILE_EOF)
panic("Failed to read file",ret);
return(0);

INT p_write(VOID *pfcb, VOID *buf, UINT len);

Write a record of length Len bytes (where Len is zero to P_FMAXRSIZE inclusive) from buf to the text file
channel pfcb. 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 exceeds P_FMAXRSIZE

E_FILE_RDONLY the file channel is opened without P_FUPDATE being set in mode

E_FILE_ABORT the SSD containing 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 are always written to the end of file.

The data between buf and buf+Len should not include any record delimiters.

INT p_seek(VOID *pfcb, INT sense, LONG *ppos);
INT f_seek(VOID *pfcb, INT sense, LONG *ppos);

Set the current record position of text file channel pfcb to a position which depends on sense and *ppos,
where sense is one of:

P_FREWIND to position to the first record (the value of ppos 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 negative E_FILE_iNv if the file was not opened with P_FRANDOM.
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Some remote file systems may not be capable of supporting p_seek(P_FRSET) and p_seek(P_FRSENSE) and in
this case p_seek will return E_FILE_INV.

The function f_seek is identical to p_seek except that, if there is an error, it calls p_teave(err) rather than
return the negative error number err.

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 [Llen]=0;
if (buff0l==':1)
{
p_seek(fcb,P_FRSENSE,&pos);
StoreLabel (&buf [1],pos);
}
)

INT p_iow(VOID *pfcb, P_FFLUSH);
Flush all buffered written data to text file channel pfcb 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.

INT p_iow(VOID *pfcb, P_FSETEOF, ULONG *peof);

Set the logical end of file on channel pfcb to position *peof.

Behaviour and returns are as for flushing a binary file, described in the previous section.

INT p_iow(VOID *pfcb, P_FCANCEL);

Cancel all asynchronous I/0 requests on channel pfcb 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 heading Asynchronous file operations.
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CHAPTER 12

PROCESSES AND INTER-PROCESS MESSAGING

I

Processes

A process is a running program. It is normally created by loading an image file (also called an
executable) using p_execc. After loading the program, the process creator normally calls p _presume 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 exist is E_MAX_PROCESSES (24).

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:
®  aprocess control block (described below)

®  adata segment, containing the processor stack, static variables and the heap (as described in the
Memory Allocation chapter)

® 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 chapter Asynchronous 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, I/0 channels or additional code
segments. The system automatically releases owned resources such as memory segments, 1/O channels
and semaphores when it terminates. Server processes are also designed to clean up client resources when
a 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:

SYSSNULL .$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

SYSSMANG.$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

SYSSFSRV.$03 the file server (described in the Files chapter) has the second highest priority
and performs all file related operations, including loading an image to create a
process

SYSSWSRV.$04 the window server (described in the Window Server manual) 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 to SYSSNULL, SYS$MANG and SYSSFSRV.

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 a task and the window server task has a name such as SYS$SWSRV.205.

The notifier service p_noti fy (described in the chapter Error 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 as SYS$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 function p_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 the E_proc struct, defined in epoc.h as:

typedef struct e_proc

<

struct e_proc *next;
struct e_proc *prev;
WORD queKey;
WORD queData;

UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UBYTE
UWORD
UBYTE
UBYTE
UWORD
UBYTE
UWORD

deltaType;

addressTrap;

status;
sstatus;
priority;

priorityH;

ramOrRom;
isTask;

name [E_MAX_NAME+1];

active;

semaphore;

*semHead;

*memBasePtr;

memGrowBy;
*mCtriPtr;

minHeap;

HANDLE fServer;
HANDLE dataSeg;
HANDLE codeSeg;

UBYTE
UBYTE
UBYTE
UBYTE
UWORD
UWORD
UWORD

*saveSP;
*saveBP;
notify;
sndSem;
magic;
checkSum;

terminate;

> E_PROC;

A copy of a process control block may be obtained by calling p_getosd (where E_PIDMASK is used to mask
out the address portion from the process ID) as follows:

E_PROC pcb;

p_getosd(&pcb, (VOID *)(pid&E_PIDMASK),sizeof(pcb));

Many of the fields of E_PRoC are 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

ramOrRom

isTask

active

semaphore

memBasePtr

memGrowBy

mCtriPtr

minHeap

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)

TRUE if the process code segment is in RAM, FALSE if the code segment is in
ROM

TRUE if the process is a task (a subsidiary process that shares the data segment
of its creator)

TRUE if the running of this process will stop the machine from switching off -
as set by p_marka and p_unmarka

the handle of the process I/O semaphore

the address of the start of the heap (4 bytes before that obtained from
p_al lspace)

the heap granularity in paragraphs as set by p_hgran

contains the address of the message control block as set up by p_minit or zero
if p_minit has not been called

the minimum heap size in paragraphs
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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 by p_sentnotify (and sensed by p_getnotify)

sndSem TRUE if 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 set by p_onterminate or zero if
p_onterminate has not been called

Process states

Each process is in one of the following states (as stored in pcb.status):

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 chapter Asynchronous Requests and
Semaphores)
E_PROC_DELTA the process is waiting in the timer delta queue (described in the chapter Time,
Timers and Dates)
E_PROC_SUSPENDED the process exists but will not run until it is resumed by calling p_presume

Process queues

Processes that are in the READY, SEMAPHORE OT DELTA state are in a doubly-linked queue (using pcb.next and
peb.prev - see queues in the chapter Characters, Strings, Buffers and Queues).

The ReapY queue is ordered by the process priority as stored in peb.priority.

Each semaphore heads a SEMAPHORE queue. This queue may be empty, or may contain one or more
processes in a first-in, first-out order.

The DELTA queue is a special kind of doubly-linked queue (called a delta queue, as described in
Characters, Strings, Buffers and Queues). It stores the time interval in system ticks between timer
entries.

These queues are described in more detail in the chapter Asynchronous 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 range E_MIN_PRIORITY (64) to E_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 changed using p_setpri
(p_getpri returns the priority of a process).

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. See the Window Server manual.

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.
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Preemptive scheduling

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 up its CURRENT state by changing its state to:

SEMAPHORE by calling p_iowait to wait on the I/O semaphore (or p_wait to wait on any
semaphore)

DELTA by calling p_sleep, p_sleept or p_sleepa

SUSPENDED by calling p_psuspend on its own process ID

However, many events can cause a reschedule in which the current process is preempted by 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 timer bELTA queue
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 calling p_iosignalbypid or, for
example, by sending it an inter-process message)

= calling p_presume to release a higher priority process from the SUSPENDED state (especially after
loading a process from an image)

= raising the priority of a another process by calling p_setpri
= lowering its own priority by calling p_setpri

Process names

A process name takes the following form:
<name><ext>

where the <name> component contains between one and eight characters and the <ext> component consists
of a period, a $ and a two digit number of the form 01, 02, 03 .... This number gives the index (starting
from 1) of the process slot.

If the process is a fask (a subsidiary process that shares the same data segment), the $ is replaced by a @
where, except for the a, the process name is otherwise the same as the creator of the task.

The maximum length of a process name is £_mAx_NAME (12), excluding the zero terminator (buffers
normally allow E_MAX_NAME+2 bytes to include the zero terminator and to keep following variables on an
even address).

When a process is created by loading an image using p_execc, the process is created with a <name> taken
from the file name of the image. For example, if a program called Loc: : \B: \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 chapter Memory Allocation) but that these segment
names are held independently of the process name.

To convert a process name into a process ID, you use p_pidfind. Since a program cannot anticipate the
<ext> component, p_pidfind allows wild card characters in a match string. For example, to get the
process ID of a database server process that was loaded from db$serv.img, you would use
p_pidfind("DB$SERV.*%),

When there is the prospect of more than one process of the same <name> (because a program was loaded
more than once), p_pfind may be used to get the process IDs of all instances.

In the following example, the general purpose function ProcsofThisProg 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).
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GLDEF_C INT ProcsOfThisProg(VvoID)
<
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],'.")+11);

*ppHe="*1; *pp=0;

for (h=0,count=0;(h=p_pfind(h,&m([0],&bb[0] ))>=0;count++);
return(count);

>

The function gets the name of this process using p_pname and p_getpid and builds a match string in mm0)
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 example, if ProcsofThisProg returns more than one, the server program could panic.

Reserved 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, normally, access 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 Guide for 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 value 0xbeap. 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 code Panicbeado if it has changed.
A change in this value is symptomatic of a common software bug; the
unintentional use of a NULL pointer.

0x02 DatHandNext The data at these two addresses are used as pointers to a queue of wait handler
0x04 DatHandPrev 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 (this

0Ox0a DatClassPtr 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 (this

Ox0e DatEClassPtr includes use of Hwif) these locations hold data required by the operating
system to work out how to perform a p_exactsend. It is recommended that
application code does not modify the contents of these locations.

0x10 DatEnterFramePtr  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.

0x12 w_ws 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.
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0x14 w_am

0x16 wClientData
0x18 wserv_channel

Ox1a T

Oxlc r

Ox%1e DatOsFramePtr

0x20 DatATFlag

0x21 DatHeapLocked

0x22 DatProcessNamePtr

0x24 DatCommandPtr

0x26 DatTest

0x28 DatApp1
0x2a DatApp2
Ox2c DatApp3
Ox2e DatApp4
0x30 DatApp5
0x32 DatAppb
0x34 DatApp7

0x36 DatbialogPtr

0x38 DatGate

0x3a DatLocked

0x3c DatStatusNamePtr

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. If your application
does not use OPL then this location is free for use 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 zero will nor disable 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 either
NULL 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 the
.img or .app file 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.

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.

System user interface library code may assume that this location contains an
object handle. Otherwise it is free for use by application code.

System user interface library code may assume that this location contains a flag
indicating whether the application is capable of receiving termination or switch
files messages. Otherwise it is free for use by application code.

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.
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0x3e System user interface library code may assume that this location contains a
DatUsedPathNamePtr 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 name <name>.$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
comparing pcb. 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 when it is loaded). 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 calling p_execc. It normally has a . MG
file name extension. Application files (with a .APP extension) are a particular type of image file.

An image file is created by applying the emake.exe tool to a DOS executable. This is normally done
automatically as part of the build process that generates an EPOC application program (for an example of
the use of emake.exe, see \ts\sys\tsprj.ixt).

The creation process adds an ImgHeader struct (defined in epoc.4) to the front of the file and may
optionally concatenate a number of other files into the image file.

The 1mgHeader struct is effectively defined as:

#define SignatureSize 16
#define MaxAddFiles 4

typedef struct
{
UINT offset;
UINT length;
)} ADDFILE;

typedef struct
4
UBYTE SignaturelSignatureSizel;
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;

The meanings of the elements of this struct are as follows:
Signature contains the string "ImageFileType**u,

ImageVersion the version number of the software tools used to create the image file. At the
time of writing the version is 2.00F (0x200f)

HeaderSizeBytes the offset of the start of the executable code within the image file

CodeParas the required size, in (16 byte) paragraphs, of the memory to be reserved for
the code segment
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InitiallpP

StackParas

DataParas

HeapParas

InitializedData

CodeCheckSum

DataCheckSum

CodeVersion

Priority

Add

DylCount

DylTableOffset

Spare

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 s linked into the program (see the discussion of startup
modules in the Introduction chapter)

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 parameter to emake.exe (see 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.exe (see Dbfversion in the chapter Database Files for 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 to emake. exe (default value is 0x80)

an array of four ADDFILE structs, describing up to four additional files
included within the image file (common included files, in . APP files, are an
icon graphic and a resource file)

the number of object dynamic libraries (DYLs) concatenated into the image
file. See also the Object Oriented Programming chapter of this manual.

the offset within the file of the start of an array of DYLENTRY structs (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 applying the edump.exe tool to an image file.

For efficiency, the value of HeapParas 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 also The heap allocator in the chapter Memory Allocation).

e .

Process termination

The subject of process termination (with associated functions) is described in detail in the chapter Error
Handling. The functions described include those that terminate a process:

p_pterminate or
p_pkill

P_ppanic

to terminate another process (typically in response to a user request)

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_Llogona

p_logon

p_watchall

to be signalled when the specified process terminates

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

to receive an inter-process message when any process terminates (only one
process can call p_watchal l - normally the Shell to monitor the termination of
all processes)
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When a process terminates, peb.status in the process control block (which normally holds the process
state) is set to E_PROC_FREE to mark it as available for use by a new process. When a newly created process
re-uses the slot, pcb.magic is incremented modulo 8, as described above.

L
Creating a process

HANDLE p_execc(TEXT *pName, VOID *pCommand, INT length);

Create a suspended process from the image file described by the zero terminated file specification pNname
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 calling p_presume. If the created process has a higher
priority than the creator, the call to p_presume may not return for some time.

The file specification pName is parsed with a related name of . iMg*.

The function allocates a command cell from the heap of the created process. This cell is loaded with the
following sequence:

= acopy of the zero terminated full file specification resulting from the parse of pName
= abyte containing length
®  acopy of the Length bytes from pCommand

where length must be between zero and E_MAX_COMMAND_BUFFER (127) inclusive. If pcommand is NULL, length
is taken to be zero, whatever is passed.

The address of this command cell is written to the reserved static batCommandptr 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 data in pCommand; 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 from pName, 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 reloaded from pName
(however, the initialized static data values are still loaded into the created process data segment).

The function returns a positive process ID if successful or a negative error number if it failed. As well as
the p_fparse error numbers that may be returned if the parse of pName fails, p_execc can return the
following error numbers:

E_GEN_NOMEMORY insufficient free system memory

E_FILE_DEVICE the device in pName does not exist

E_FILE_NOTREADY the device in pName does not contain a medium

E_FILE_DIR the directory in pName does not exist

E_FILE_NXIST the file in pName does not exist

E_FILE_EXIST a process of a different program (ie with a different checksum) with the same
name already exists

E_GEN_IMAGE the file is not a valid image or if the image is corrupt

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 heap exceeds 0xFFEO bytes or Length exceeds

E_MAX_COMMAND_BUFFER
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The loading of an image is performed by the file server (see the Files chapter) and the caller must have
connected to the file server before calling p_execc (otherwise the caller is panicked with panic number
41). The standard PLIB library connects to the file server before calling main.

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[01);
>

else
{
p_printf("Process ID is %x",ret);
p_presume(ret);
>

b

GLDEF_C INT main(VOID)
{
TEXT *p1,*p2;
TEXT bb[641;

while (p_getl("Enter <img> <cmd> ? “,&bb[01,64))
<
p1=p_skipwh(&bb[0]1);
if (%)
continue;
p2=p_skipch(p1);
if (*p2)
<
*p2++=1\0";
p2=p_skipwh(p2);
b
Exec(p1,p2,p_slen(p2)+1);
3}
return(0);
}

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.img in the default path (which happens to be Loc::p:\) by entering:

dummy fred
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and the code for dummy.img is:
#include <plib.h>

GLREF_D UBYTE *DatCommandPtr;

LOCAL_C VOID PrintCommandPtr(VOID)
¢
UBYTE *p,*pe;
UINT lcell;

if (1DatCommandPtr)
p_panic(0);

lcel l=p_alen(DatCommandPtr);

p_print(*%d [",lcell);

for (p=DatCommandPtr,pe=p+lcell;p<pe;p++)
p_print(p_isprint(*p)?"%c:"<%02x>",*p);

p_printf("1");

3

GLDEF_C INT main(VOID)
{
PrintCommandPtr();
p_getch();
return(0);

}

then dummy.img prints:

24 [LOC: :D:\DUMMY.IMG<00><05>fred<00>]

INT p_execcasync(TEXT *pName, VOID *pCommand, INT length, WORD *pStatus, HANDLE *pPid):

This is the asynchronous version of p_execc, which may return before the operation is complete. See the
chapter Asynchronous Requests and Semaphores for an explanation of asynchronous requests.

See p_execc above for the meaning of the parameters pName, pCommand and Length, the behaviour of the
operation and its possible error returns.

The function p_execcasync returns zero if the asynchronous request was successful or a negative error
number if the operation failed to start (eg E_FILE_NAME if pname failed to parse).

When the load completes, the completion status is written to *pstatus and the process I/O semaphore is
signalled. If the load completes successfully, *pstatus contains zero and *ppid contains the process ID of
the created process (this corresponds to the value returned by p_execc). If the load completes
unsuccessfully, *pStatus contains a negative error number (eg E_GEN_NOMEMORY).

If pName refers to a file on the Loc:: 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 on a ReM:: file system where the connection is via an RS$232 cable, p_execcasync
will return well before the load is complete.

HANDLE p_pcreate(E_CPB *pBlock);

Create a process from the information in the £_cpB struct pointed to by pBlock 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 use p_execc, which will eventually call this service.
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The E_pcB struct is defined in gpoc.h as:

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 priority pBlock->priority where the process name is taken from
the zero terminated <name> (up to 8 characters) in pBlock->name.

If pBlock->ramOrRom is TRUE and 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 TRUE and a process of the same name does not already exist, p_pcreate creates a
code segment of length pBlock->codeParagraphs paragraphs (and pBlock->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 set to pBlock->initiallp.

A data segment is created, of sufficient size to include the stack (of length pBlock->stackParagraphs) a
static data space (of length pBlock->dataParagraphs) and a heap (of length pBlock->heapParagraphs). The
total size of the data, stack and heap must not exceed OxFFE paragraphs. The pBlock->dataParagraphs area
in the data segment is zero filled. The minimum heap size subsequently allowed for the created process is
pBlock->minHeap paragraphs.

If pBlock->commandL ine is not NULL it should point to a zero terminated string, immediately followed by a
leading byte count buffer where the leading byte is less than or equal to E_MAX_COMMAND_BUFFER (as
described in p_execc, above). The whole pBlock->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 heap exceeds 0xFFEQ bytes or the leading

byte count length in the pBlock->commandLine data structure exceeds
E_MAX_COMMAND_BUFFER

E_FILE_NAME pBlock->name is invalid

e

Operations on the current process

See the chapter Error Handling for the functions (p_exit and p_panic) that terminate the current process.
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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 string to ProcessName.

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 p_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 call p_unmarka. Otherwise, the machine would never switch off while the
program is running.

Interactive programs that do call p_unmarka 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 input, call p_tickle, 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 by calling p_al Lowoff
from time to time.

VOID p_tickle(VvoID);

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 data is received.

You don't need to call p_tickle in response to user input since the system automatically registers activity
in this case.

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 and p_marka does not need to be called unless
p_unmarka has previously been called.
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L
Operations on any process

See the chapter Error Handling for functions (p_pterminate, p_pkill and p_ppanic) that terminate a
process.

INT p_getpri(HANDLE pid);

Return the positive priority of process pid, or the negative E_FILE_NXIST if the process does not exist.

INT p_setpri(HANDLE pid, INT nPriority);

Set the priority of process pid to nPriority (between E_MIN_PRIORITY and E_MAX_PRIORITY inclusive) and
return zero if successful or one of the following negative error numbers:

E_GEN_RANGE nPriority is outside the range E_MIN_PRIORITY tO E_MAX_PRIORITY

E_FILE_NXIST process pid does not exist

E_GEN_FAIL attempted to change the priority of the null process, the supervisor, or the file
server

Calling p_setpri causes a reschedule.

INT p_presume(HANDLE pid);

Resume process pid and return zero if successful or one of the following negative error numbers:
E_GEN_ARG pid is not suspended

E_FILE_NXIST process pid does not exist

If process pid has a higher priority than the caller, the call to p_presume 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 chapter Error Handling) as follows:

p_logona(pid,&stat);
p_presume(pid);
p_waitstat(&stat);

INT p_psuspend(HANDLE pid);

Suspend process pid and return zero if successful or one of the following negative error numbers:
E_FILE_NXIST process pid does not exist
E_GEN_FAIL attempted to suspend the null process, the supervisor, or the file server

A process that is in the READY queue or is currently running (ie the calling process) is suspended
immediately. A process that is waiting on the SEMAPHORE queue or the DELTA queue is marked (in
pcb.sstatus) as requiring suspension and is subsequently placed in the SuSPENDED state when it would
otherwise have been transferred to the READY queue (unless the process is resumed before this happens).

INT p_pname(HANDLE pid, TEXT *pName);

Write the name of process pid as a zero terminated string to pName (which should be big enough to receive
E_MAX_NAME+2 bytes) and return zero if successful or E_FILE_NXIST if the process does not exist.

The process name written to pName includes the process slot extension as in, for example, SYSSNULL.$01.
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INT p_prename(HANDLE pid, TEXT *pNewName);

Rename process pid to the zero terminated pNewName and return zero if successful.

The process name pNewName should 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 error e_rILE_NAME. The possible error returns are:

E_GEN_ARG process pid is not suspended
E_FILE_NXIST process pid does not exist
E_FILE_NAME the new name is invalid

HANDLE p_pidfind(TEXT *pName);

Return the positive process ID of the first process having a name matching the zero terminated pName
(which may contain wild card characters) or return €_r1LE_nx1sT if there is no matching process.

For example, to find the process ID of a process created by loading db$serv.img, use:
pid=p_pidfind("DBSSERV.*");

HANDLE p_pfind(HANDLE pid, TEXT *pMatch, TEXT *pName);

Called repeatedly to find all the processes that match the wild card string pointed to by pHatch, Writing
the process name as a zero terminated string into pName (which should be big enough to receive
E_MAX_NAME+2 bytes). The first call should pass a zero pid.

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 string pMatch 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.
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]1));
p_getch();

return(0);

3

p_getc

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 process pid, that is, the last process to call
p_presume(pid). This process is defined to be the owner of process pid.

Note that there is no guarantee that the owning process still exists.
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e
Accessing a process data segment

The functions p_pcpyfr, p_piscpyfr and p_pcpyto copy data between a (normally different) process data
segment and the caller's data segment (cf p_sgcopyfr and p_sgcopyto which copy data between any
segment and the caller's data segment).

INT p_pcpyfr(HANDLE pid, VOID *pSource, VOID *pTarget, UINT nBytes);

Copy nBytes bytes at offset psource from the data segment of process pid to address pTarget (in the
current process) and return zero if successful.

If psource+nBytes exceeds the size of the processes data segment, 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_ARG if the process pid does not exist.

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 offset psourceAddr in the data segment of process pid. Then copy the zero terminated
string indicated by this pointer to address pTarget (in the current process) and return zero if successful.

If the pointer is NULL, a null string ("") is copied to pTarget.

If the string is longer than nBytes, only nBytes 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 E_GEN_ARG if the process pid does not exist.
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,&atProcessNamePtr,&buf [0],0x40);
return(0);
b

fetches the process name of the calculator.

INT p_pcpyto(HANDLE pid, VOID *pTarget, VOID *pSource, UINT nBytes);

Copy nBytes bytes from psource in the current process data segment to pTarget in the data segment of
process pid 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.
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Returns the negative £_GEN_ARG if the process does not exist or if pTarget+nBytes exceeds the size of the
target process data segment (in which case the data is not copied).

L
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 shared access to 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 must first call p_minit to initialise the message system.

Calling p_minit(nMess, LMess) allocates nMess message slots (from the heap) where each message slot
contains an E_MESSAGE struct header followed by a buffer of length (Mess. The E_MESSAGE struct is defined
in epoc.h as:

typedef struct message
<
struct message *next;
UBYTE *status;
UINT type;
HANDLE pid;
)} E_MESSAGE;

The structure of the (Mess bytes of data following the E_MEssAGe header 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
an IMess 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 calls p_msend (or a variant) the
arriving message is copied into a previously free
message slot, which is also placed in the

4 queued receiver's message queue.
D_msen

From this time the message slot is allocated, in
p_nreceifvey the sense that it cannot be overwritten by another
<z incoming message. It contains the message type
~—] (as specified by the sender) in type and the

process ID of the sender in pid, followed by
Mess bytes of data from the sender. (The fields
next and status in the E_MESSAGE header are used
allocated internally by the message system.)

£
e dequeued

The message slot is removed from the queue
when the receiver calls, for example, p_mreceivew (which returns the address of the message slot). The
content remains safe from being overwritten until the receiver calls p_mfree to indicate that it has
completed processing the message. Calling p_mfree returns the message slot to its free state, available to
receive another incoming message.
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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 calling p_mreceivew (an asynchronous version, p_mreceive, 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 priority is 0x80 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 p_pcpyfr to copy the data from the client's data segment.

The message may also contain the address or addresses of buffers to receive data from the server when
the service has been completed. Here, the server uses p_pcpyto to copy the data to the client's data
segment.

When the message has been processed, the server frees the message slot using p_mfree. If the message
was sent in such a way that the sender is expecting an acknowledgment of some kind (ie the message was
sent using p_msendreceivew OF p_msendreceivea rather than p_msend), the call to p_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 calling p_logon(pid,nType) to receive a
message of type nType when client pid terminates. Process termination and p_lLogon are described in the
chapter Error 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 calling p_mfree

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 asynchronous p_msendreceivea. Multi-client servers avoid this prospect by allocating a slot for
each potential client (by allocating say £_MAX_PROCESSES minus the number of known processes).

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:

= the client gets the ID via the process name using p_pidfind (this is normally what is done for
multi-client servers)

= the client knows the ID because it created the server using p_execc

® the server created the client and passed its process ID as a command parameter to p_execc (as in
the above example)

For multi-client servers, the client typically sends an opening message to connect to the server.

An example of a server

typedef struct
¢
E_MESSAGE mess;
TEXT *bofs;
UWORD len;
} MESS;
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LOCAL_C VOID RunServer(VOID)
<
MESS *pmsg;
TEXT buf[256];

FOREVER
<
p_mreceivew(&pmsg);
if (pmsg->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);
>
3

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]);
b
else
<
p_printf("Process ID is %xd",pid);
p_Llogon(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[01));

return(0);

>

In the above example, main solicits a file specification of an image to run. This image is then (in Exec)
loaded using p_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 of type FALSE are taken to
contain a buffer by reference. The data from this buffer is copied from the process using p_pcpyfr and
printed using p_printf.

Before resuming the process in Exec, the server logs on to the process by calling p_Logon. When the
process terminates, the server receives a type TRUE message. This causes the program to return from
Runserver and solicit another image file specification.

Corresponding 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.
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GLREF_D UBYTE *DatCommandPtr;

LOCAL_D HANDLE pid=0;
LOCAL_D TEXT bb[256];

GLDEF_C VOID printf(TEXT *pfmt,...)

{

struct
4
TEXT *pbuf;
UINT len;
)} msg;

msg. len=p_atob(msg.pbuf=2bb (0] ,pfmt,&pfmt+1);
if (Ipid)
pid=*(HANDLE *)(DatCommandPtr+p_slen(DatCommandPtr)+2);
p_msendreceivew(pid, FALSE,&msg);
>

The printf function behaves in the same way as p_printf except that the printing is performed by the
creator of the process in its console window. Note that the call to p_msendreceivew does not return until
the server calls p_mfree.

This example does not show the sending of the message with a type TRUE on 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 and calls p_nfree. 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 unacceptable 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 message is received and returns to the suspended
state as 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 the receipt 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.

The sequence of events that occur during messaging between asynchronous client and server is as
follows:

= the server makes a call to p_minit

® the server then calls p_mreceive, passing the address of its messaging status word, and later
makes a call to p_iowait (usually in its main event-handling loop)

= the client calls p_msendreceiva, passing the address of a status word, and later calls p_iowait
(usually in its main event-handling loop)

»  the server is signalled that a message has been received, by noting that its messaging status word
is no longer E_FILE_PENDING on a return from p_iowait, and commences processing the message

® on completion of the processing the server calls p_mfree which notifies the client of the
completion

» the client is signalled that processing is complete, by noting that the relevant status word is no
longer E_FILE_PENDING on a return from p_jowait

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
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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 while waiting for a free slot

Message processing 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 performance penalty.

In all cases, messages from a client process with a priority of 0x80 or above (the foreground task
normally has a priority of 0x80, which is higher than the priority of background tasks) are placed at the
front of the queue. 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 of 0x80 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

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 than 0x80. In this case the mechanism by which
the window server adjusts the priority of background and foreground tasks should be disabled (see the
description of wConnect in the Window Server manual).

[
Server functions

All the server functions except p_minit call p_panic if messages have not been initialised and p_minit
itself calls p_panic if it is called a second time.
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INT p_minit(INT nMess, INT (Mess);

Initialise a queue of nMess message reception slots of length (Mess 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 semaphores (p_minit creates a mutual exclusion
semaphore, initialised with nMess)

The message length tMess excludes the E_MESSAGE structure 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 queue is nMess*(|Mess+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
constant E_MAX_PROCESSES contains 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 of nMess is significant, limiting the number of message slots to 255.
Calls p_panic if p_minit has already been called or if the least significant byte of nMess is zero.

VOID p_mreceivew(VOID *pMess);

Return when a message has been received, where the address of the message slot containing the message
is written to *pMess.

The data in the message slot is protected from being overwritten by the receipt of another message until
the message slot is freed from the queue using p_mfree.

Calls p_panic if messages have not been initialised or if an asynchronous message receive request is
pending.

Example

typedef struct
<
E_MESSAGE mess;
TEXT *bofs;
UWORD Llen;
) MESS;

MESS *pmsg;

p_mreceivew(&pmsg);

VOID p_mreceive(WORD *pStatus, VOID *pMess);

Make an asynchronous request to receive a message and return immediately without waiting for a
message to be received.

While the request is pending (and the message queue is empty), *pstatus contains E_FILE_PENDING.

When a message is received (or if there is already a received message in the queue) *pStatus is set to
zero, the address of the message slot containing the message is written to *pMess and the process I/0
semaphore is signalled.

The data in the message slot is protected from being overwritten by the receipt of another message until
the message slot is freed from the queue using p_mfree.

Calls p_panic if messages have not been initialised or if an asynchronous message receive request is
already pending.
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Example

typedef struct
<
E_MESSAGE mess;
TEXT *bofs;
UWORD len;
Y} MESS;

MESS *pmsg;
WORD status;

p_mreceive(&status,&pmsg);

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 message is received, the associated status word *pstatus is
set to E_FILE_CANCEL.

Note that this service does not cancel a pending p_msendreceivea (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.

VOID p_mfree(VOID *pMess, INT nReply);

Free the message slot with address pMess (as returned from p_mreceivew or p_mreceive) and, if the message
was sent using p_msendreceivew OT p_msendreceivea, complete the request by signalling the sending
client's I/O semaphore and copying nReply to the client's status word (which is returned by
p_msendreceivew). A negative value of nReply normally indicates an error.

If the message was sent with p_msend, the message slot is just freed and nReply is ignored.
The server should not read the contents of pMess after calling p_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.

]
Client functions

INT p_msend(HANDLE pid, UINT mType, VOID *pMessage);

Send message pMessage Of type mType to process pid and return zero when the message has been deposited
or the negative E_GEN_RECEIVER if pid does not exist or if process pid has not called p_minit.

The message is deposited into a free message slot in the server where the member type in the E_MESSAGE
header is set to mType and the message body is copied from pMessage (where the length of the message was
specified by the server as a parameter to p_minit).

If pid does not have a free message slot, p_msend 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 data at pMessage 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 so that pMessage may be
re-used. Where the message does reference further data, p_msendreceivew Or p_msendreceivea should be
used.

A client should certainly use p_msendreceivew Or p_msendreceivea if the service is to return information
(eg success or failure).
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INT p_msendreceivew(HANDLE pid, UINT mType, VOID *pMessage);

Send message pMessage of type mType to process pid and wait for the server to reply (which it does by
calling p_mfree(pid,nReply)) and return the reply nReply.

Return immediately with the negative £_Gen_RECEIVER if pid does not exist or if process pid has not called
p_minit.

The message is deposited into a free message slot in the server where the member type in the E_MESSAGE
header is set to mType and the message body is copied from pMessage (where the length of the message was
specified by the server as a parameter to p_minit).

If pid does not have a free message slot, p_msendreceivew waits (on a mutual exclusion semaphore) until it
does.

AR,

INT p_msendreceivea(HANDLE pid, UINT mType, VOID *pMessage, WORD *pStatus);

Send message pMessage of type mType to process pid and asynchronously request a reply from the server.
Return zero if the message was successfully sent or the negative E_GEN_RECEIVER if pid does not exist or if
process pid has not called p_minit.

When the server completes the request and calls p_mfree(pid,nReply), *pStatus is set to nReply and the
client's process I/0 semaphore is signalled. While the reply is pending, *pstatus contains
E_FILE_PENDING.

The message is deposited into a free message slot in the server where the member type in the £_MESSAGE
header is set to mType and the message body is copied from pMessage (where the length of the message was
specified by the server as a parameter to p_minit).

If pid does not have a free message slot, p_msendreceivea waits (on a mutual exclusion semaphore) until it
does.
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CHAPTER 13

GENERAL SYSTEM SERVICES

L
System information

e

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

where X is the major release number, YY is the minor release number and z is normally the hexadecimal
digit F (internal releases use A and B to designate alpha and beta releases, respectively).

For example, a return of 0x123F is interpreted as 1.23F.

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.

See p_version above for the interpretation of the version number.

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 returns £_IS_A_POWERFAIL_START.
The environment variables and the contents of M: 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 contents of M: will 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 Workabout, 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 contents of M: will be preserved (unless the
system detects a memory corruption).

On the Workabout, 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 of M:.

E_IS_A_NEW_OS_START The system was reset after programming a new operating system into the Flash
ROM (normally after running the repro program). The environment variables
and the contents of M: have been cleared.

On the Workabout, 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 of M:.

VOID p_getosd(VOID *pTarget, VOID *pSource, UINT length);

Copy length bytes from offset psource in the operating system data space to prarget.

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 AND a process ID with E_P1p_MAsKk you get the address in operating system space of the
corresponding process control entry - as described in the chapter Processes and Inter-Process Messaging.

INT p_getpsu(VvoID);

Return one of the following values, defined in epoc.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 either the E_PSU_OLD or the
E_PSU_MAXIM power 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 GI range uses this service to blow the appropriate variant of EPOC.

L
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 p_errs and the month names returned by p_nmmon)
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= character type and conversion tables as described in the chapter Characters, Strings, Buffers and
Queues

®  the keyboard layout
s 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 the above variations are encapsulated in a single configuration file in the ROM called
ROM::SYS$CTRY.CFO. Depending 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.

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, defined in p_config.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

INT p_gettext(INT n, TEXT *pBuffer);

Get the nth string from the ROM configuration file and write it to pBuffer.

Returns zero if successful or the negative £_GEN_ARG if n is outside the range of the text strings in the
configuration file.

This function is called by specific text retrieval functions such as p_errs and p_nmmon.

Applications only need to use p_gettext 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 n).
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VOID p_getctd(E_CONFIG *pcfg);

Write a copy of the system E_CONFIG struct to pcfg where the E_CONFIG struct is defined in p_config.h as:

typedef struct
4
UWORD countryCode;
WORD gmtOffset;
UBYTE dateType;
UBYTE timeType;
UBYTE currencySymbolPosition;
UBYTE currencySpaceRequired;
UBYTE currencyDecimalPlaces;
UBYTE currencyNegativelnBrackets;
UBYTE currencyTriadsAl lowed;
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 sparel9];
} E_CONFIG;

The countryCode specifies a country by its international dialling code.

See the description of p_getctd in the chapter Time, Timers and Dates for a description of the time-
related fields: gmtoffset, dateType, timeType, dateSeparator, timeSeparator, startOfWeek, summerTime,
clockType, dayAbbreviation, monthAbbreviation and workbays.

See the description of p_getctd in the chapter Floating Point for a description of the fields that are related
to the display of floating point numbers and currency: currencySymbol, currencySymbolPosition,
currencySpaceRequired, currencyDecimalPlaces, currencyNegativelnBrackets, currencyTriadsAllowed,
thousandsSeparator and decimalSeparator.

s,

VOID p_setctd(E_CONFIG *pcfg);
Sets the country-dependent data from the E_CONFIG structure pointed to by pcfg.
When changing a particular field or fields you would normally:

®  use p_getctd to get a copy of the E_CONF1G struct

= modify the field or fields, as required

®  use p_setctd to write back the modified E_conFIG struct

L
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 p_getauto and p_setauto respectively. Auto-switch-off when a mains adaptor is
connected may be disabled by calling p_setautomains, and the corresponding state sensed by
p_getautomains.

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_al lowoff.
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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 activity. See p_unmarka and p_marka in the
chapter Processes and Inter-Process Messaging for additional details on how to avoid keeping the
machine switched on by continuously running applications.

VOID p_of f(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 is Oxffff 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 up to urime 1/4ths of a second (although it will
still switch on if an outstanding absolute timer expires or the user switches on the machine). (If uTime is
less than or equal to 8, calling p_off has no effect.)

On the IBM PC version of EPOC, calling p_off has no effect.

22

INT p_getauto(VOID);
Return the current auto-switch-off period in seconds.

If the auto-switch-off period is oxffff, the system does not automatically switch off.

VOID p_setauto(INT n);

Set the auto-switch-off period to n seconds.
Passing an n of -1 (0xffff) stops the system from automatically switching off.

Calling p_setauto with n less than 15 is equivalent to calling p_setauto(15).

INT p_getautomains(VOID);

This function is only available in EPOC version 3.18 or later.

Return TRUE if auto-switch-off is disabled when mains is present, otherwise return FALSE.

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 and if flag 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 of p_setauto.

VOID p_allowoff(VOID);

Allow the machine to switch off if the auto-switch-off period has expired.
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A compute-bound process which has marked itself as non-active (by calling p_unmarka) 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 calling p_al Lowoff more frequently
than at intervals of 15 seconds - the shortest auto-switch-off period.

On the IBM PC version of EPOC, calling p_al lowoff has no effect.

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.

o
Power supply
This section describes functions to:

= determine the presence or absence of the main battery, the Lithium backup battery or the mains
adaptor (p_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 connected (p_supply)

=  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 type (p_getbat and p_setbat respectively)

The main battery type is only significant on machines that can take more than one battery type (such as
the MC GI range) and affects the voltages returned by p_wsupply.

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 to E_BATTERY_ALKALINE)

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. The E_BATTERY_UNKNOWN value is intended to trigger the
system into prompting the user to identify the battery type.

VOID p_supply(E_SUPPLY *pValue);

Write the status of the various supplies to the £_SuppLY struct at pvalue where E_SUPPLY is defined as:

typedef struct
<
UWORD mainBatteryReading;
UWORD lithiumBatteryReading;
WORD mainsPresent;
> E_SUPPLY;
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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

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 to the E_SUPPLY_INFO struct at pvalue.

The £_suppLY_INFO is defined in epoc.h as:

typedef struct

{
UBYTE mainBatterylLevel;
UBYTE mainBatteryStatus;
UBYTE backupBatterylLevel;
UBYTE dclLevel;
UWORD warningFlags;
ULONG insertionDate;
ULONG ticksInUseBattery;
ULONG ticksInUseDc;
ULONG maTicks;
) E_SUPPLY_INFO;
where:
mainBatterylLevel 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.
mainBatteryStatus is the same as mainBatteryLevel described above except that it records the
lowest level that the battery has reached. It is reset when the main batteries are
removed from their housing.
backupBatterylLevel is TRUE if the Lithium backup battery is present and FALSE if the backup battery
level is low or the battery is not present
dcLevel is TRUE if the mains adaptor is present and powered up
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warningFlags 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 flash SSD. 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 may succeed - 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.

insertionDate is the system time when the present main battery was inserted

ticksInUseBattery is the total length of time in 'ticks' (1/32 second) for which the machine has
been switched on and 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.

ticksInUseDc is the length of time in 'ticks' (1/32 second) for which the machine has been
switched on and powered using the mains adaptor.

maTicks 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 such a case, p_supplyinfo
writes zero values to all members of the E_SUPPLY_INFO struct.

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 to pvalue.

The E_SUPPLY_WARNINGS struct 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
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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.

INT p_getbat(VOID);

Return the current battery type.
The battery types of the form E_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 a call to p_setbat.

INT p_setbat(INT nType);

Set the battery type to nType and return zero if successful or E_GEN_NsuP if battery type nType 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

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 pointed to by pscan.

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.

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 scans10];

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 in the
description of the EPOC HuGetScanCodes service, in the Hardware Management chapter of the EPOC 0/S
System Services manual.
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INT p_getlcd(VOID);

Return the (positive) system display type, where the display types are defined in epoc.h.
The function returns -1 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 defined in epoc.k. 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_MOND 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_getlcd returns -1 (which can only happen on a PC), and you choose not to fail, it is recommended
that you proceed as if it had returned E_pc_vGa_mono.

VOID p_ledcontrastdelta(INT nDelta);

Step the LCD contrast up or down depending on whether nbelta is positive or negative respectively (the
magnitude of ndelta 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 using p_getlcdcontrast, described below.

INT p_getlcdcontrast(VOID)

Return the current LCD contrast setting.

INT p_backlight(INT mode);

Switch the backlight on or off, depending on mode 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
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The function always returns the on/off state (TRUE if on, FALSE if off) as it was as the function was
entered.

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 of flag is set (as given by the bit mask E_BACKLIGHT_DISABLE), the operating
system will not respond to the backlight key. (However, this does not stop the backlight from being
switched by a program calling p_backlight.)

The lower 15 bits of flag 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.

UINT p_getbacklight(VOID);

Return the backlight control value as set by p_setbacklight, described above.

L
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 the sNb: device driver, which drives the loudspeaker, if greater sound complexity or a
louder sound is required. The sNp: device driver is described in the /O Devices Reference manual.

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 the sND: 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

VOID p_sound(UINT nDuration, UINT nPitch);

Make a sound through the piezo for nburation system ticks and at pitch nPitch (where the pitch has
frequency 512/nPitch 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 the chapter Asynchronous
Requests and Semaphores). The effect of the mutual exclusion semaphore, assuming the piezo is not
already in use, is that the first call to p_sound 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.
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If nburation 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.

e

INT p_getsnd(VOID);
Return the current setting of the sound flags.
The flags are described at the beginning of this section.

VOID p_setsnd(INT nFlag);

Set the sound flags to nFlag.
The flags are described at the beginning of this section.

[F=se e e e e e e e Tt )
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 (using the SND:
device driver) that supports the sound services described in the previous section.

This does, of course, mean that the p_sound service uses more power than in the case of machines that
contain a piezo-electric buzzer. Since all sounds are produced via the sNp: device 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 have a .wve extension.

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 (defined in epoc.h):

#define SignatureSize 16
#define ALawSignature "ALawSoundFile**n

typedef struct
{
TEXT Signature[SignatureSizel;
UWORD Version;
ULONG Samples;
UWORD SilencelnTicks;
UWORD Repeats;
UWORD Spare[3];
} SndFile;

This header is written and read by the Series 3a sound services described below. The meanings of the
items in the sndFile struct are:

Signature the 16-byte (including the zero terminator) string "ALawSoundFi Le**n.
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Version the Series 3a sound file version number as a 4-digit hexadecimal number of the
form xyvz, where X is the major release number, YY is the minor release number
and z is normally the hexadecimal digit f. 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.

SilenceInTicks 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 program wav2wve.exe, supplied with the SDK (it is installed to the \sibosdk\sys directory) converts
.wayv sound files to the .wve format.

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 in speech signals) are stored and reproduced with a minimal loss of
fidelity.

The A-Law encoding and decoding schemes are illustrated in the following sections.
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 of 0xff#f) must be converted to the 13-bit binary representation ¢1)000000000001,
where brackets indicate the sign bit.

The following table represents the range of possible 13-bit inputs. In this table an x character indicates
either a one or a zero (a "don't care” state) and an s character represents the sign bit:

nnnununonhn
HRooooooo
P HroooooOO
UM HOOOCOO
nogproooo
ooy EHrooO
ooy Hoo
X"XapaoD®Ero
E A o P o B o i 0 1]
KX Xpaoyo
KR MHKRMALOOQ
LR A o T o
L B A N

A-Law compression of the above 13-bit inputs leads to the following range of 8-bit output values:

nunnnnnon
FErHPrROOOO
HHOOKRHOO
HoHOHOKO
[V VI VL I ]
pPooooooo
noanaoaoaaoan
[oPge T o T e Ty e Ry o iy o iy o

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)
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= 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 that follow 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-clement table is sufficient, since the least significant bit of the input data has no effect on the
encoded value.

Where speed is not of the essence, an algorithmic method may be used, such as that illustrated by the
following code:

#define MAGICXOR Ox2a
#define ONE 1
#define BIT8 0x80
#define MASK2 0x03
#define MASK3 0x70
#define MASK4 OxOf
#define MASK8 Oxff

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<<B)) /* Find leading '1' using binary search */
{
if (x&(MASK2<<10))
s=(x&(ONE<<11)) ? 7 : 6;
else
s=(X&(ONE<<9)) ? 5 : 4;
)
else
¢
if (x&(MASK2<<6))
s=(X&(ONE<<7)) ? 3 : 2;
else
s=(x&(ONE<<5)) 2 1 : 0;
)
if (s==0)
y=x>>1;
else
y=((x>>s)&MASKL) | (s<<4);
return((~((y|p) "MAGICXOR) )&MASKS8) ;
)

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.
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It would be marginally more efficient to replace the definition of MAGICXOR with:
#define ALTXOR OxD5

and replace the last line of the function with:
return(((y|p) "ALTXOR)&MASK8);

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:

PRPOORKHOO
HORKOKRORLRO
(LN R R U

nunonnnnnon
HFHEFHERHOOOO
(ST e T oF o Ty o Ty e Ty o e

gooouovuouoyo
naaooaQaaaan

Decompressing these 8 bit inputs using A-Law decoding leads to the following 13 bit outputs:

nnnononnon
FPooOooooo
P HOOOOOO
op Prooooo
oM roooo
Ao HoOO
FaQbe koo
oHAQDM®EHLO
corAaQUD M D
cooockrAQUDUYU
Oo0OO0OOKMANAONO
OcOoOO0OO0OOFr M
cocoooOoOOKRR

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 bits that follow the 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 (1000000000001 -

(0)1010100 (00000001 (0000000000011 +3
(1)0010010 (1)1000111 (1)000101111000 -376
(0)0100101 (0)1110000 (0100001000000 +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.

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:
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#define XORMASK 0x55
#define BIT8 0x80
#define MASK3 Ox70
#define MASK4 OxOf
#define MASK8 Oxff

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.
*/

4

INT s,y;

x=(x"XORMASK)&MASK8;
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);
3

L
Series 3a sound system services

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 parameter name 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 a Flash SSD.

The value of Len 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 length 32+Len*2048 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 to by stat contains E_FILE_PENDING. On completion of
recording, the completion status is written to *stat. The completion status will be zero if recording
completed successfully, £_FILE_CANCEL if recording was terminated by a call to p_recordsoundcancel, or a
(negative) error number. See the chapter Asynchronous Requests and Semaphores for a general
description of asynchronous services.

The service will fail with the error £_eN_rAIL if sound is disabled. You can only record to M: or 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.

VOID p_recordsoundcancel (VOID);

This function is only available in EPOC version 3.18 or later.

Cancel the recording of sound that was initiated by p_recordsounda. 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 of p_recordsounda will be E_FILE_CANCEL.
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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 parameter name 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 a Flash SSD.

The value of Len 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 length 32+(en*2048 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 error E_GeN_faIL if sound is disabled. You can only record to M: or 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.

VOID p_playsounda(TEXT *name, UINT duration, UINT volume, WORD *stat);
This function is only available in EPOC version 3.18 or later.

The parameter name points to a zero terminated string. This should be either the file specification of the
sound file to be played, or a * followed by just the name component of the sound file. If the string starts
with a *, the extension . WVE is assumed and the service automatically hunts ROM:: and the \wve
directories of M:, A: and B: (in that order). Note that the Series 3a ROM:: sound files have names
sys$al0l.wve, sys$al02.wve ...

The time that the sound file will play, in system ticks, is specified by duration. If this is shorter than the
natural duration of the specified sound file then playback is truncated. If duration is negative, in addition
to truncating longer files, short files are padded with trailing silence to the specified duration. If duration
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 determined by volume, 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 O 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 to by stat contains E_FILE_PENDING. On completion of
playback, the completion status is written to *stat. The completion status will be zero if playback
completed successfully, E_FILE_CANCEL if playback was terminated by a call to p_playsoundcancel, or a
(negative) error number. See the chapter Asynchronous Requests and Semaphores for a general
description of asynchronous services.

The service will fail with the error E_GeN_raIL if sound is disabled.

VOID p_playsoundcancel (VOID);

This function is only available in EPOC version 3.18 or later.

Cancel the playback of sound that was initiated by p_playsounda. This service is functionally identical to
P_recordsoundcancel - the two services may be used interchangeably.

After a call to p_playsoundcancel the completion status of p_playsounda will be E_FILE_CANCEL.

INT p_playsoundw(TEXT *name, UINT duration, UINT volume);

This function is only available in EPOC version 3.18 or later.
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The parameter name points to a zero terminated string. This should be either the file specification of the
sound file to be played, or a * followed by just the name component of the sound file. If the string starts
with a *, the extension . WVE is assumed and the service automatically hunts ROM:: and the \wve
directories of M:, A: and B: (in that order). Note that the Series 3a ROM:: sound files have names
sys$al0l.wve, sys$al02.wve ...

The time that the sound file will play, in system ticks, is specified by duration. If this is shorter than the
natural duration of the specified sound file then playback is truncated. If duration is negative, in addition
to truncating longer files, short files are padded with trailing silence to the specified duration. If duration
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 determined by volume, 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 error £_GeN_FAIL if sound is disabled.

e e e e e ey
Exit the system

o

VOID p_hwexit{VOID);
Exit EPOC and return to DOS (only effective on the IBM PC version of EPOC).
Calling p_hwexit has no effect on a SIBO version of EPOC.
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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 be Flash-friendly, that is, they may be stored and manipulated in Flash SSDs (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 formatted SSD has, apart from a short header, all bytes set to Oxff, that is, all bits are set to
one. Writing to an SSD consists of selectively clearing bits to zero. On a Flash SSD it is not possible
(except by reformatting the whole SSD) to overwrite a zero with a one. Data 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 pbfcompress, provided the file is stored on a compressible medium

® using the DbfCopyFile 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 segment name DBF$nnnn.INX, where nnnn
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 fast access 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.
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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 to bbfTrash.

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 bytes. If necessary, you should pad out the
signature string with trailing zeros.

See the pbfversion 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 occupies a DbfRecord struct, defined in p_dbf.h as:

typedef struct

{
UWORD header; /* Used for record header word */
UBYTE dataf2]; /* Data to be written... */

} DbfRecord;

The most significant four bits of header 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 4095 (0xfff) bytes.

The record types are classified as follows:

0 Deleted record. These records are ignored by all DBF services. In particular,
they are never copied by the pbfcopyFile service.

1 Standard data record, containing 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 record, used 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.
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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 the
DbfDescRecordRead and DbfDescRecordWrite services.

4-7 Application-specific records that are copied to a new file, but not appended to
an existing file by the bbfcopyFile service.

8-13 Application-specific records that are both copied to a new file and appended to
an existing file by the bbfcopyFile service.

14 Reserved for voice records, containing information that is generated and
interpreted by a voice device driver.

15 Reserved for 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 record is
DbfFindRead.

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 reopening it to access records 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 use of continuation sub-fields. In such a case, the first
254 characters of the string and a terminating byte of value 0x14 are stored in an otherwise normal string
field, with a count byte containing the value 255. The terminating 0x14 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 may not exceed 4094 bytes, there is
thus no limit on the length of text that may be stored in a single database string field.
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Number of records

The DBF services are restricted to files containing a maximum of 65534 records, numbered from O 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, the error E_FILE_EoF will be
returned. The current record number (the record number returned by bbfSense) will then be the number
of the last record plus 1. This (fictitious) record is known as the end of file record.

Attempting to read before the first record in the file, with either the bbfBackread service or the
DbfFindRead service, will also result in an E_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 records, bbfsense 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 as DbfEraseRead 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 of "oPLDatabasef i e 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 of "oPLDatabaseFi te"

=  Records other than the leading field information record and standard data (type 1) records are
ignored by OPL

L
DBF functions

INT DbfOpen(INT *pstate, VOID **pFcb, TEXT *fName, UINT mode, DbfHeader *pHead, UBYTE *pbuffer,
UINT Llen, UINT type);

Open a channel to the database file specified by the zero terminated file specification fName and, if
successful, return zero and write the channel to *pFeb (pFeb is not written to if the open fails).

See also bbfauickOpen.

The file specification fName is parsed with a NULL related name (see p_fparse). If this fails, the open fails
and returns the return value from p_fparse.

The mode in which the file is opened is selected by mode, which should contain one (and only one) of:

P_FOPEN
P_FCREATE
P_FREPLACE
P_FAPPEND
P_FUNIQUE

optionally ored with one of:

P_FUPDATE
P_FSHARE

For the meanings of these flags, see the description of p_open(P_FSTREAM) in the Files chapter. The DBF
services make no distinction between files opened with either P_FoPEN or P_FAPPEND. All other required
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mode flags are supplied automatically. Opening a DBF with mode equal to P_FUNIQUE will write the unique
name to fName.

The value of *pstate 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 to pbfopen returns, but the call may take an extended time to
return.

DbfStateOpenNolndex Opens the file without an index. The call to pbfopen 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.

DbfStateStart Opens the file with a sparse index. The open process may not be complete
when the call to pbfopen returns, depending on the value written back to
*pstate. Dbfopen must be called repeatedly, passing the value written to *pstate
by the previous call to bbfopen, 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.

The parameter pHead is a pointer to a bbfHeader struct, defined in p_dbf.h as:

typedef struct

<

UBYTE fileTypelDbfHeaderNameSizel; /* 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, the ileType field must be pre-filled with the file signature. The
remainder of the pbfHeader 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 file and E_FILE_INVALID 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.

®  The needversion field is checked against the DBF software version number (returned by the
Dbfversion service). The major version number in needversion must not exceed the current DBF
software major version number (see the bbfVersion 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 length not exceeding
the maximum length (32). An E_FILE_INVALID error is returned if any of these checks fail.

The address and length of a user-supplied read-ahead buffer are passed in pbuffer and Len respectively.
Each read call to the file server from a DBF service will read Len bytes into this buffer. In general, the
buffer will contain more than one record. A DBF read service to access 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, in ten, must be in the range 512 to 16384. Any value outside this range will cause
DbfOpen to fail with an E_FILE_RECORD error.

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 will cause bbfopen to fail with an
E_FILE_RECORD error (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 to type are visible. In most cases, type will be 1 but could, exceptionally, be
in the range 4 to 14 inclusive. No check is made on the value of type, but the results of opening a file
will be unpredictable if type is 0, 2, 3 or greater than 14.
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Immediately after opening the file, the current record number (as returned by pbfsense) will be 0, so a
call to bbfNextRead would read record number 1 and DbfEraseRead would erase record 0. To read record O
you should call pDbfFirstRead.

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 above, bbfopen may fail with any of the errors returned by
p_open(P_FSTREAM), p_seek Or p_read.

INT DbfQuickOpen(INT *pstate, DbfOpenArgs *pargs, UBYTE *pbuffer, UINT len, UINT type);

Open a channel to a database file, as for bbfopen, except that a number of the parameters are passed in a
DbfOpenArgs struct, defined in p_dbf.h as:

typedef struct
{
VOID **pFcb;
UBYTE *fName;
UINT mode;
DbfHeader *pHead;
) DbfOpenArgs;

The meanings of the struct members and the remaining parameters are exactly as described for bbfopen.
DbfQuickopen returns zero if successful, otherwise it returns errors as for bbfopen.

pbfauickopen should be used in preference to bbfepen since it provides more efficient and shorter code.
The pbfopen service is retained for compatibility reasons.

INT DbfClose(VOID *pFcb);

Close a database file, returning zero for success (the negative error returns are as for p_close). The file
channel is closed, even if bbfclose returns an error.

May be used on a DBF opened without an index.

Calls p_panic if preb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen.

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 are as for p_write).
May be used on a DBF opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen.

VOID DbfTrash(VOID *pFcb);

Inform the DBF services that the buffer of the file corresponding to the channel data in pFcb has been
overwritten by the caller and that the contents of the buffer can not be relied on. See also bbfCopyDown .

May be used on a DBF opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickopen.
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INT DbfCopyDown(VOID *pFcb, UINT offset);

Copy a record at offset 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 call bbfTrash). The length of the record is read from the
buffer and is returned by the service.

It is assumed that offset 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 above calls.

May be used on a DBF opened without an index.

Calls p_panic if pFcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen.

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 of *pstate may be one of:

DbfStateDisabled The file compression is complete when the call to bbfCompress returns, but the
call may take an extended time to return.

DbfStateStart The file compression may not be complete when the call to bbfCompress
returns, depending on the value written back to *pstate. DbfCompress must be
called repeatedly, passing the value written to *pstate by the previous call to
DbfCompress, 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 file opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen.

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 (specified by preb) and
the file named in pTargetName, 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 of *pstate may be one of:

DbfStateDisabled The copy is complete when the call to bbfCopyfFile returns, but the call may
take an extended time to return.

DbfStateStart The copy may not be complete when the call to bbfcopyFile returns, depending
on the value written back to *pstate. DbfCopyFile must be called repeatedly,
passing the value written to *pstate by the previous call to bbfCopyFile, 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. An estimate 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 state bbfStateStart.

The mode in which prargetName is opened is specified by targetMode, with the same options as for
Dbfopen. If targetMode is P_FUNIQUE, the unique file name is written to pTargetName. In all cases, this file is
opened without an index.
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The direction of the copy is determined by dir:

DbfCopyFromHandle copies records from the current file to the file specified by pTargetname. To
copy the current file, targetMode should be P_FCREATE, P_FREPLACE OT P_FUNIQUE.
If appending records to an existing file, targetMode should be P_FOPEN or
P_FAPPEND.

DbfCopyToHandle appends records from the file specified by prargetName into the current file. In
this case targetMode can sensibly only be P_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 determined by type. This may specify either a single type (normally type 1)
or (by passing the value bbfRecordTypeAl ) all record types. There are special cases that depend on the
nature of the copy:

=  when copying to a new file (targetMode is P_FCREATE, P_FREPLACE or P_FUNIQUE) the field
information (type 2) record is always copied to the new file, regardless of the value of type.

®  when appending records to an existing file (targetMode is P_FOPEN or 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 value of type.

If the copy is to a new file (targetMode is P_FCREATE, P_FREPLACE or 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 file (targetMode is P_FOPEN or 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 call to bbfcopyFile will return E_FILE_INVALID.

May be used on a DBF opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
Dbfopen or bbfauickopen. In addition to errors explicitly mentioned above, pbfCopyFile error returns are as
for p_open, p_read and p_write.

WARNING: using pbfCopyFile to append records can result in a file containing more than 65534 records
of a particular type. No error is given if this occurs.

INT DbfFileSize(VOID *pFcb, ULONG *pSize);

Writes the size of an open database file to *psize, returning zero for success.
May be used on a DBF opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
bbfOpen oOr bbfauickopen. Error returns are as for p_seek.

INT DbfExtHeaderRead(UINT cont, VOID *pFcb, VOID *buf, UINT len);

Read up to Len bytes from the extended header of a database file and write the data to buf, returning the
actual number of bytes read.

If there are fewer than Len 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 number E_FILE_EOF is returned. All other error returns are as for p_read and p_seek.

A long extended header may be read in sections. A value of O for cont signifies an initial read of the
extended header and resets the current file position to the start of the extended header before reading. For
subsequent reads, cont 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.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen.
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INT DbfExtHeaderWrite(UINT cont, VOID *pFcb, VOID *buf, UINT len);

Write up to Len bytes of data from buf into the extended header, returning the actual number of bytes
written.

If there are fewer than {en 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 number E_FILE_EOF is returned. All other error returns are as for p_write and p_seek.

A long extended header may be written in sections. A value of O for cont signifies an initial write of the
extended header and resets the current file position to the start of the extended header before writing. For
subsequent writes, cont 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.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfaQuickOpen.

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, otherwise E_FILE_EOF.
Returns _r1LE_INVALID if the file was opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen OT DbfQuickopen. Other error returns are as for p_seek and p_read.

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 be a DbfRecord structure, that is the record content must start at offset 2. The first
two bytes are used to construct the header for the record (see bbfAppend). These two bytes should not be
included in len, 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. If Len is passed as zero, any existing descriptive record will be
erased and no new one will be written out.

Returns E_fILE_INVALID if the file was opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfauickOpen. Other error returns are as for p_seek, p_read and p_write.

UINT DbfVersion(VOID);

Return the version number of the DBF software. This will be a hexadecimal number in the form xyYr
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).
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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.

INT DbfAbsRead(VOID *pFcb, UINT recnum, UWORD *pOffset);

Seek to and read (into the read-ahead buffer) record number recnum, returning the length of the record or
a negative error.

Record recnum becomes the current record and the offset of the record within the read-ahead buffer is
written to *poffset. This offset indicates the start of a bbfRecord 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 error E_FILE_EOF is returned, the current record is set to the
end of file record and *poffset is not valid.

May be used on a DBF opened without an index.

Calls p_panic if pFcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickopen. Other error returns are as for p_seek and p_read.

RS

INT DbfAbsReadSense(VOID *pFcb, UINT recnum, UWORD *pOffset, ULONG *pPos);

Seek to and read (into the read-ahead buffer) record number recnum, returning the length of the record or
a negative error.

Record recnum becomes the current record and the offset of the record within the read-ahead buffer is
written to *poffset. This offset indicates the start of a DbfRecord 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 written to *ppos.

If recnum is greater than the last record, the error E_fILE_EOF is returned, the current record is set to the
end of file record and *poffset is not valid.

May be used on a DBF opened without an index.

Calls p_panic if pFcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen or DbfQuickopen. Other error returns are as for p_seek and p_read.

INT DbfNextRead(VOID *pFcb, 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 of a bbfRecord 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 last record, or the file contains no records of the current type, the
erTor E_FILE_EOF is returned, the current record is set to the end of file record and *poffset is not valid.

May be used on a DBF opened without an index.

Calls p_panic if pFcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen or DbfQuickOpen. Other error returns are as for p_seek and p_read.

INT DbfBackRead(VOID *pFcb, UWORD *pOffset);

Seek to and read (into the read-ahead buffer) the previous record, returning the length of the record or a
negative error.
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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 of a bbfRecord 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 O (which may be the end of file
record) and *poffset is not valid.

May be used on a DBF opened without an index.

Calls p_panic if pFcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen. Other error returns are as for p_seek and p_read.

INT DbfFirstRead(VOID *pFcb, 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 of a bbfRecord 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 error E_FILE_EOF is returned, the current record is
set to record number 0 (which is the end of file record) and *poffset is not valid.

May be used on a DBF opened without an index.

Calls p_panic if pFcb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen oI DbfQuickopen. Other error returns are as for p_seek and p_read.

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 of a DbfRecord 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 error E_FILE_EOF is returned, the current record is
set to record number O (which is the end of file record) and *poffset is not valid.

Should not be used on a DBF opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen or Dbfauickopen. Other error returns are as for p_seek and p_read.

INT DbfAppend(VOID *pFcb, UINT len);

Append a record of the current type, and of length Len, 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 buffer as a bbfRecord struct
(defined in p_dbf.h) including the leading two byte header. DbfAppend uses these two bytes to construct
the type and length header for the record. This header should not be included in Len, which is the length
of the data only.

The error E_GEN_OVER is 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 then £_r1LE_RECORD is returned. Other error returns are as for p_seek and p_uwrite.

Should not be used on a DBF opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen or DbfQuickOpen.

205



PLIB REFERENCE

INT DbfEraseRead(INT *pstate, VOID *pFcb, 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 of a dbfRecord 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 which bbfEraseRead may return E_FILE_EOF:
= if the current record is already the "end of file" record (or there are no records)
s if the 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, if necessary, between these two cases. This may be
done either by checking if the current record is the "end of file" record (using Dbfsense and DbfCount)
before calling bbfEraseRead, or by using dbbfcount before and after the call to determine if the record
count has decreased.

The value of *pstate may be one of:

bbfStateDisabled 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 back to *pstate. DbfEraseRead must be called
repeatedly, passing the value written to *pstate by the previous call to
DbfEraseRead, 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.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen.

INT DbfUpdate(INT *pstate, VOID *pFcb, UINT len);

Erase the current record and append a new record, of length len, from 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 buffer as a bbfRecord struct (that
is, including a leading two bytes). bbfAppend uses these two bytes to construct the type and length header
for the record. This header should not be included in ten, which is the length of the data only.

Note that the current record is not erased until after the new record has been successfully appended.

DbfUpdate will do nothing and return E_fILE EOF if there are no records of the current type, or if the
carrent record is the end of file record.

The value of *pstate 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 to *pstate. DbfUpdate must be called repeatedly, passing the value
written to *pstate by the previous call to bbfupdate, 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.
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Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen or bbfQuickOpen.

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 at puffer and of length len (which must not exceed 255 bytes), in the nstrings
string fields starting at string field number startstr (a value of zero for startstr 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 than nStrings string fields. If nstrings has
the value pbfFindAllStrings 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 ored together:

The maximum length over which the match is made in any one string field is passed in findMode. 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 specified by oring one of the following into findMode:

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 specified by oring either of the following into findMode:
DbfFindCaselndependent  Case independent match.
DbfFindCaseDependent Case dependent match.

If a match is found, the record containing the match becomes the current record and the offset of the
record within the read-ahead buffer is written to *poffset. This offset indicates the start of a bbfRecord
struct (including the header) but the returned record length is the length of the record data, excluding the
header.

If a match is not found, E_FILE_EOF is returned and *poffset 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 of *pstate 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 to *pstate. DbfFindRead must be called repeatedly, passing the
value written to *pstate by the previous call to bbfFindRead, until the value
written to *pstate is bbfStatestart. This should be used in cases (such as the
need to remain responsive to user input) where an extended time to return is
unacceptable.

May be used on a DBF opened without an index, except for a findMode that specifies bbfFindLast, for
which the result is unpredictable.

Calls p_panic if findMode is improperly constructed, or if pFcb is not a pointer to valid DBF file channel
data, generated by an earlier call to bbfopen or Dbfauickopen. Other error returns are as for p_seek and
p_read.
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Finding across continuation sub-fields

As described above, a search using bbfFindReadField 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
the len and findMode parameters must be modified to force the search to extend into continuation sub-
fields.

Firstly, the value 0x1400 must be ored into Len (whose unmodified value cannot exceed 255).
Secondly, the value of findMode must be constructed as follows:

= the length component of findMode, representing the maximum length over which the match is
made in any one string field, must be set to 255

= the value 0x4000 must be ored into findMode

8 only case-independent matching is allowed, so findMode must be ored with
DbfFindCaselndependent

@ the starting point and direction of the search is specified, as before, by oring one of
DbfFindForwards, DbfFindBackwards, DbfFindFirst or DbfFindLast into findMode

INT DbfFindRead(UINT *pstate, VOID *pFcb, VOID *pBuffer, UINT len, UINT findMode,
UINT nStrings, UWORD *pOffset);

Match the wildcard text at puffer and of length len (which must not exceed 255 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 calling bbfFindReadField with startstr set to zero.

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 than nstrings string fields. If nstrings has
the value pbfFindAlLStrings 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 passed in findMode. 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 specified by oring one of the following into findMode:

DbfFindForwards Search forwards from current record to next match.
DbfFindBackwards Search backwards from current record to previous match.
ObfFindFirst Search to first match in file.

DbfFindLast Search to last match in file.

The type of match that is made is specified by oring either of the following into findMode:
DbfFindCaselndependent  Case independent match.
DbfFindCaseDependent Case dependent match.

If a match is found, the record containing the match becomes the current record and the offset of the
record within the read-ahead buffer is written to *poffset. This offset indicates the start of a DbfRecord
struct (including the header) but the returned record length is the length of the record data, excluding the
header.

If a match is not found, £_FILE_EOF is returned and *poffset 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.
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The value of *pstate 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 to *pstate. DbfFindRead must be called repeatedly, passing the
value written to *pstate by the previous call to DbfFindRead, 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.

May be used on a DBF opened without an index, except for a findMode that specifies DbfFindLast, for
which the result is unpredictable.

Calls p_panic if findMode is improperly constructed, or if pFcb is not a pointer to valid DBF file channel
data, generated by an earlier call to bbfopen or bbfauickopen. Other error returns are as for p_seek and
p_read.

Finding across continuation sub-fields

As described above, a search using dbfFindRead 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
the len and findMode parameters must be modified to force the search to extend into continuation sub-
fields.

Firstly, the value 0x1400 must be ored into Len (Whose unmodified value cannot exceed 255).
Secondly, the value of findMode must be constructed as follows:

® the length component of findMode, representing the maximum length over which the match is
made in any one string field, must be set to 255

= the value 0x4000 must be ored into findMode

= only case-independent matching is allowed, so findMode must be ored with
DbfFindCaselndependent

= the starting point and direction of the search is specified, as before, by oring one of
DbfFindForwards, DbfFindBackwards, DbfFindFirst Or DbfFindLast into findMode

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 immediately preceding DBF service call returned an E_FILE_EOF error.

May be used on a DBF opened without an index.

Calls p_panic if pFeb is not a pointer to valid DBF file channel data, generated by an earlier call to
DbfOpen Or DbfQuickOpen.

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.

Calls p_panic if pFeb 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 (OOP). It does not describe the essential concepts of OOP, the compile-time tools used to
build applications using OOP, 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.

I
Classes
A class is implemented as:
= aclass descriptor (a data structure that resides in a code segment)
®  aset of functions (normally written in C) that implement the class methods
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 calling p_cpycat to copy a class
descriptor to the data segment) is defined as:

typedef
{
UWORD cat;
struct p_class *super; /* superclass class */
UWORD Llen; /* 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 segment cat or zero if this is
a root class (which has no superclass)

Llen the length of an instance of the class, including the lengths of inherited
property (used by eg p_new and p_newl ibh 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 be 0xéb) to guard against a bad class reference
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This header is followed by an array of num 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 fields cat and super, 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 instance of a class is implemented as a cell in the heap and is created by calling p_new, f_new,
f_newlibh, p_newlibh, f_newsend Or f_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 the property (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 (p_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 (je 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 by the ncomp field in the class descriptor.

The destroy method function, root_destroy, is normally provided from the PLIB library.

Before calling p_free to free the heap cell that represents the object instance, root_destroy scans from the
youngest class to the oldest looking for non-zero ncomp values in the corresponding class descriptors. If it
finds a non-zero ncomp, it assumes that the property segment contributed by that class begins with an
array of ncomp object addresses or NuLLs (by convention, a NULL entry indicates an object that has either
not yet been created or has already been destroyed). Each non-NuLL entry is sent a zero destroy message.

Since an object is always initially zero-filled, a failure in a partially constructed compound object will
have NuLLs 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.

L
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 an entry point at offset zero and are used to implement
programs. The name of a code segment that contains an image category has the
extension .$sc. An image category code segment is created by loading an
executable using p_execc (as described in the chapter Processes and Inter-
Process messaging).

Dynamic library which contain no entry point, but contain classes that are referenced from

categories (DYLs) image categories and other DYLs. The name of a code segment containing a
DYL has the extension .ovL. A DYL code segment is created by loading a
DYL load module (which may be a separate file or a partition of an
executable) using p_loadlib or p_loadfitelib (as described in this chapter).
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The ROM typically contains a number (depending on the machine) of loaded and linked category code
segments.

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:

® A larger 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
s 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 category number which is known at compile time
(category handles are 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 class using p_new, f_new or f_newsend
although it is also used by the more obscure functions p_exactsend, p_reclass and p_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 using p_new, f_new or f_newsend although it could
also contain calls to p_exactsend, p_reclass and p_cpycat).
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Before such references may be made, the category must be dynamically! linked to the external categories
it references by category number.

The main image category is linked by calling p_Linklib¢0) and DYLs are linked either by the function
that loads the DYL (either p_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 linked, all 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 calling p_Link!ib at any
time (normally early in main).

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 (either p_loadlib or p_loadfilelib) may be passed a parameter value that causes the function to link
the DYL immediately after loading.

Referencing by category handle

It is possible for a category to reference an external category by category handle - most likely to create an
instance of an external class using p_newlibh, f_newlibh Or f_newl ibhsend 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 calling p_findlib (emulating dynamic linkage)
= because the local category loaded the DYL using p_toadlib 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 DYLs)
s a DYL 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

DYLs that are used by more than one application should not access static data other than the reserved
static variables that are allocated at the beginning of the data segment of all applications (the structure of
the data segment is discussed in the chapter Memory Allocation).

! The term dynamic linkage is 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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For example, the ROM-based DYL OLIB.DYL uses 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 the OLIB Reference manual).

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 *DatAppi;
GLREF_D VOID *DatApp2;
GLREF_D VOID *DatApp3;
GLREF_D VOID *DatAppé;
GLREF_D VOID *DatApp5;
GLREF_D VOID *DatAppé;
GLREF_D VOID *DatApp7;

These names may be #define'd to a more descriptive name, depending on the usage, as in, for example:
#define Pagelayout DatApp1

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];
bI0I=('T*<<8)+'I'; bL11=('M'<<B)+':1; b[2]1=0;
p_open(&tcb, (TEXT *)&b(01,-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 the time 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 calling p_execc - as described in the
chapter Processes and Inter-Process Messaging. The executable may have the extension .IMG or .APP
but the loaded segment always has the extension .$SC.

The image category is not automatically dynamically linked by p_execc 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 extension .DYL) using p_toad! ib

= from a file containing multiple DYLs (normally an executable with the extension .APP) using
p_loadfilelib after having previously opened the file using p_openl ib

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.

A DYL may either be linked by the function that loads the DYL (either p_Loadl ib or p_loadfilelib) or
subsequently (if further referenced DYLs need to be loaded first) by calling p_tinklib.
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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 numbers 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:

= a word containing the number of entries in the following array ored with 0x8000
s 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 category name table instead of an external category handle table

= 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 (but not ored with 0x8000)
= the array of external category names

What happens during dynamic linkage

Dynamic linkage consists of the following:

= converting the external category name table into the external category handle table (and oring
the number of entries word with 0x8000 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)

e
Message passing

In OOP terminology, sending a message to an object means calling a method function of the class or
superclass of which that object is an instance.

Method functions are called by their method number, which 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).
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When called, the method function is passed the address of the object instance (a cell in the heap, as
returned by say p_new or p_newl ibh) as its first parameter with zero to three additional parameters,
depending on the method.

The most common way of sending a message is to use p_send, 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 called superclass chaining) fails, 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 as p_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 call to p_supersend) to the method being

replaced.

p_entersend which works like a p_send that has been called with a p_enter - 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 functions (p_send etc) represent the only mechanism for calling methods when:

®  the method is polymorphic (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 call to p_supersend

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
= the target method is monomorphic
= there are no calls to p_supersend in the target method

If the target monomorphic method function is in the same category as all actual 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 such as p_send) 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 functions (eg p_send, p_supersend or
p_entersend) must use one of the following two calling conventions:

CDECL where the generated code will take the parameters off the stack
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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 the Error Handling chapter that the target of a p_enter 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 the ENTER_CALL convention is different from the METHOD_CALL convention, a method function that is a
target of both p_send (or any other message sending function, including p_entersend) and p_enter must be
declared as cpecL.

Performance of message sending
Message sending using p_send takes longer than a direct call for the following reasons:
®  there is a far call via an 8086 software interrupt to get to the message sending code in the ROM

® jt has to find 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 call to p_send 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 SMHz.

Empty LlOoOP..c.vcesvsccocconscns 8
p_dummy........ ceeeeseeasrnees 13
P_OSAUMMY..cvvveevcasccncnssns 24
p_isprint(*A')..civeccnnnan ceese G4
pslen(")..ciieeecernnnnncanne 74
(o3 £107e 48 e o S I P PR S 134
PSeNdS.ccrecsscanaccnscanssene 145
p_send2 (subclass)............ 152
p_ioyield...coeirencennnnnne 165
p_iosignal+p_iowWwait.....ce.... 230

The following code segment indicates the basic mechanism that was used to obtain the above numbers.

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 */
ti=p_date();

(*cal1)();

t2=p_date();

p_printf("44ld", t2-t1);

3

GLDEF_C VOID z_dummy(VOID)
{
ULONG c;

for (c=c1;c--;p_dummy());
b

where main contained calls of the form:

Time(z_dummy, "p_dummy");
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The function p_dummy consists only of a return. The 13 second result includes the 8 seconds for the ULONG
loop overhead to call the function a million times.

The function p_osdummy calls the minimal ROM interrupt service, which just returns. The additional 11
seconds over the time for p_dummy represents the overhead of making a far call to the ROM and handling
the return to a moveable code segment.

The test for p_iosignal also includes a call to p_iowait. The functions p_isprint, p_slen, p_ioyield,
p_iosignal and p_iowait are all described in this manual. Note that the time taken by a p_ioyield 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 for p_send2 (which has no additional parameters) and the time for p_sends (which has the maximum
of three additional parameters) shows that there is little overhead to passing more parameters.

The test labelled p_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 3 to 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 performance is
key2, speed critical sections of code should clearly avoid using p_send 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 above timings show that a program which bumbles along will go a lot slower using p_send rather than
direct function calls.

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 (such as p_send) does
no harm to the design and can only improve performance.

The correct approach is to consider performance where it is specified to be important in the original
design. The above timings are provided to guide that consideration.

(e
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
= there is only one copy of the DLL in memory at a time however many processes are accessing it
DLLs may be loaded and linked using p_loadlib and p_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 may be called (without having to create an object instance)
using p_exactsend (where the object instance parameter has no special significance).

2In a professional development environment, this should be stated in a Software Requirements
Specification.
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L
Category functions

This section describes the following functions:

p_loadlib which loads a DYL from a file (which normally has the extension .DYL).

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_untoadlib 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 should call p_unload! ib as soon as it
has finished using it so that the memory is returned to the system.

Image categories are loaded by calling p_execc - described in the chapter Processes and Inter-Process
Messaging.

An application process must connect to the file server before calling p_toadl ib, p_openlib or
p_loadfilelib. However, this is normally taken care of by the C startup module (the code that precedes
main) supplied as standard for use with the PLIB library.

INT p_loadlib(TEXT *pName, HANDLE *pCatHandle, INT link);

Load (and optionally link) the DYL with the zero terminated file specification pName and, if successful,
write the category handle to *pCatHandle and return zero.

If Link is TRUE, the DYL is automatically linked after loading. In this case, all externally referenced
categories must already have been loaded (otherwise p_panic is called).

You would normally only set Link to FALSE if the DYL externally references another DYL which you
have yet to load (where the DYL would be linked subsequently by calling p_Linklib).

The file specification pName is parsed with a related name of ».pyL». The name component from pName is
used to name the category segment - the segment name has the extension ».pyYL» regardless of pName.

If the parse fails, p_loadtib returns with one of the negative error numbers returned by p_fparse. Other
possible error returns are:

E_FILE_NXISTS pName does not exist

E_GEN_IMAGE pName is not a valid DYL

E_GEN_OPEN pName has already been loaded by the caller

E_FILE_EXIST a Qifferem 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_unloadlib.

Note that DYLs that are in the ROM are deemed to be loaded by default. There is therefore never any
need to call p_loadlib for such a DYL.
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INT p_openlib(VOID **pfcb, TEXT *pName);

Open a channel to the file containing multiple DYLs as specified by the zero terminated pName and, if
successful, write the file channel to *pfcb and return zero.

The file specification pName is parsed with a related name of ». Mg If the parse fails, p_opent ib returns
with one of the negative error numbers returned by p_fparse.

Most commonly pName is an image file to which the multiple DYLs have been added using the emake
program. If the file is not a valid multiple DYL file, the error E_GEN_IMAGE is returned.

The returned *pfeb is passed to subsequent calls to p_loadfilelib, described next, to load the DYLs.

The file channel *pfeb is obtained by an internal call to p_open and when access to the file is no longer
required, it should be closed by calling p_close.

The fact that *pfcb is a regular binary file handle (opened with P_FRANDOM but not p_FUPDATE) may be
exploited to read any other data from the file.

Any error that may be returned by p_open may also be returned by p_opentib.

INT p_loadfilelib(VOID *fcb, UINT n, HANDLE *pCatHandle, INT link);

Load (and optionally link) the nth DYL from the multiple DYL file channel fcb and, if successful, write
the category handle to *pCatHandle and return zero.

The number n 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 file, n should be zero.

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_loadl ib.

If Link is TRUE, the DYL is automatically linked after loading. In this case, all externally referenced
categories must already have been loaded (otherwise p_panic is called).

You would normally only set Link to FALSE if the DYL externally references another DYL which you
have yet to load (where the DYL would subsequently be linked by calling p_Linklib).

The file channel fcb is obtained by previously opening a multiple DYL file using p_opent ib, 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 caller, p_loadfilelib fails and returns the negative E_GEN_OPEN.

A loaded DYL remains in memory until the process terminates or until the process unloads the DYL by
calling p_unloadl ib.

INT p_unloadl ib(HANDLE catHandle);
Unload DYL catHandle from memory and return zero if successful.
If the caller has not loaded the DYL, the negative error number E_GEN_NOTOPEN is returned.

A loaded DYL may be shared by multiple processes. Each time a process loads a particular DYL an
access 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.

tegory

VOID p_Linklib(HANDLE catHandle);

Link the loaded image category or DYL with handle catHandle or, if cathandle is zero, link the image
category containing the call to p_Llinktib.

All externally referenced categories must already have been loaded (otherwise p_panic is called).
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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 must call p_linklib(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_linktib¢0) as the first line of their main¢) function.

In many cases, DYLs can be linked by the call to p_loadlib or p_loadfilel ib that loads them - you only
need to use p_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.

INT p_findlib(TEXT *pName, HANDLE *pHandle);

Write the category handle of the loaded category segment with the zero terminated name pName to
*pHandle and return zero or, if no such category exists, return the negative error E_FILE_NXISTS.

The category may be in the ROM or in a RAM memory segment.

The name pointed to by pName is a category segment name, not a file specification. Thus form.dyl is a
valid name, but rom::form.dyl is not. The name should include an extension - image categories have the
extension . §sc and DYLs have the extension .dyl.

Although p_findlib will find a RAM-based DYL, it does not do anything to keep the DYL loaded.
Normally, you would only use p_findlib to get the handle of a ROM-based DYL. To get the handle of a
RAM-based DYL, you should use p_Loadlib 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 program calls p_unloadlib
(or until the program exits).

.9

HANDLE p_getlibh(INT catNum);

Return the handle of the external category specified by the category number catNum.
If catNum is zero, p_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 calls p_panic if catNum is outside the range of the external category table or if the local
category has not been linked.

gt

VOID p_cpycat(UINT catNum, VOID *pTarget, VOID *pSource, UINT count);

Copy count bytes of data from offset psource in the segment of the category specified by the category
number catNum, to pTarget in the caller's data segment.

Calls p_panic if catNum is outside the range of the external category table or if the local category has not
been linked.

VOID p_ccpy(VOID *pTarget, VOID *pSource, UINT count);

Copy count bytes of data from offset psource in the code segment containing the call to p_ccpy, to pTarget
in the caller's data segment.
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D EEE——————————————————,— -

Object functions

This section describes the following functions:

p_new, f_new, which create an instance of an object, given its class

p_newl ibh,

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_newl ibhsend

p_reclass, which change the class of an instance
p_reclassbyhandle

VOID *p_new(INT catNum, INT classNum);
VOID *f new(INT catNum, INT classNum);

Create an instance of class classNum from the category specified by the category number catNum, returning
the address of the object, or NULL if there is insufficient memory to allocate the instance from the heap.

This function converts catNum to a category handle by calling p_get!ibh and then calls p_newlibh
(described next).

The class number classNum specifies the class by indexing the class table in the category catNum.

Except for the instance header (which points to the specified class descriptor), the rest of the property is
initialised to zero.

Calls p_panic if catNum is outside the range of the external category table, if the local category has not
been linked or if classNum is outside the range of the class table.

The function f_new is identical except that it calls p_leave(E_GEN_NOMEMORY) rather than return NULL.

VOID *p_newlibh(HANDLE catHandle, INT classNum);
VOID *f_newlibh(HANDLE catHandle, INT classNum);

Create an instance of class classNum from the category specified by the category handle catHandle,
returning the address of the object, or NuLL if there is insufficient memory to allocate the instance from
the heap.

The class number classNum specifies the class by indexing the class table in the category catHandle.

Except for the instance header (which points to the specified class descriptor), the rest of the property is
initialised to zero.

Calls p_panic if catHandle is not the handle of a valid external category or if classNum is outside the range
of the class table.

The function f_newl ibh is identical except that it calls p_leave(E_GEN_NOMEMORY) rather than return NULL.
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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 *p1);

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 corresponding to methodNum of the object instance pobject, 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 use p_send, which presents the stack-based coecL calling convention, or one of the p_send?
variants, which use a more efficient register calling convention. Each f_ variant is identical to the
corresponding p_ variant except that, if the method returns a negative value err, it calls p_leavecerr)
rather than returning err.

The method function is called with the same parameters as passed in the p_send except that the methodNum
parameter is removed. The method function must use either the stack-based cpecL or the more efficient
register-based METHOD_CALL calling convention.

The following example illustrates the form of a method function declaration, using the METHOD_CALL
calling convention, together with the corresponding p_send? 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);

b

#pragma restore

The symbol o_MYMETHOD_ONE, representing 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 corresponding to methodNum, 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 class), p_send calls p_panic.

age

INT p_supersend(VOID *pObject, INT methodNum, ...);

INT p_supersend2(VOID *pObject, INT methodNum);

INT p_supersend3(VOID *pObject, INT methodNum, VOID *p1);

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 for p_send except that the search for a method function corresponding to methodNum
starts at the superclass of the class of the method containing the call to p_supersend (ignoring the object
header of pobject).

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 to p_supersend. 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
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using p_exactsend as an alternative to p_supersend or, if possible, a direct function call (which is, in any
case, better for performance).

Within reason, pobject must be the same as that passed to the method calling the p_supersend. In nearly
all cases, methodNum 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 same methodNum 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.

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 for p_send except that the method function called is entered as if it had been called
with p_enter.

Note that, as for p_send, the target method function must use either CDECL or METHOD_CALL calling
convention (and not ENTER_CALL as for functions entered via p_enter).

If p_Leave(err) is called before the entered method function returns, the stack is unwound and the call to
p_entersend returns err. The call to p_leave may occur in the entered function or in a sub-function and so
on.

The enter and leave mechanism (which is commonly used to implement structured error recovery) is
described in the chapter Error Handling.

INT p_exactsend(HANDLE catHandle, INT classNum, VOID *pObject, INT methodNum, ...);

Behaves as for p_send except that the search for a method function corresponding to methodNum starts at
the class specified by catHandle and classhum (ignoring the object header of pobject).

Like p_supersend, this function is typically used to access a superclass method corresponding to the same
methodNum. 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

VOID *f_newsend(INT catNum, INT classNum, INT methodNum, ...);

Create and initialise an object by:
=  creating an instance of class classNum from the category specified by the category number catNum

® calling the method function corresponding to methodNum of the created object, passing the
function from zero to three additional parameters

The function returns the address of the created object.

Behaves as for f_new followed by a p_send of methodNum to the created object where methodNum is typically
an initialisation method that calls p_leave if an error occurs.

If there was insufficient memory to create the object, it calls p_leave(E_GEN_NOMEMORY) - just like f_new.

What makes f_newsend more valuable than an apparently equivalent call to f_new followed by a p_send is
its error handling following a successful f_new: if there is a call to p_leave with a negative parameter
before methodNum returns, the partially initialised object is sent a destroy message and the call to p_Leave 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.
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There is no requirement for the method function methodNum to return zero (as there normally is for entered
functions) and the method function may be declared as a voip or otherwise (any value returned by the
method function is lost).

Calls p_panic if cathum is outside the range of the external category table, if the local category has not
been linked or if classNum is outside the range of the class table.

VOID *f_newl ibhsend(HANDLE catHandle, INT classNum, INT methodNum, ...);

Behaves exactly as for f_newsend, described above, except that the category containing 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 than f_newsend (which calls p_getlibh to convert the category
number to a category handle before calling f_newlibhsend).

VOID p_reclass(INT catNum, INT classNum, VOID *pObject);

Change the class of which pobject is an instance to that specified by the category number catum and
classNum.

Within reason, the new class is a subclass or a superclass of the original class, with the same property.
The function calls p_panic if you attempt to reclass to a class with a different property length.

Calls p_panic if cathum is outside the range of the external category table; if the local category has not
been linked or if classnum is outside the range of the class table.

VOID p_reclassbyhandle(HANDLE catHandle, INT classNum, VOID *pObject);

Change the class of which pobject is an instance to that specified by the category handle catHandle and
classNum.

Within reason, the new class is a subclass or a superclass of the original class, with the same property.
The function calls p_panic if you attempt to reclass to a class with a different property length.

Calls p_panic if cathandle is not the handle of a valid external category or if classNum is outside the range
of the class table.
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