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1 
Introduction to the PRO ABI 

The PRO Application Binary Interface (ABI) defin~Jhe'stQia!we of binary objects, 
systems, and the interface between them. Its Pu;N, is to de~rt,,/;binary standard 
for PA-~SC systems ~at provid~s. portabili~t'Iptil'~~rming aj,p~P,~gp~s acro~s 
conforming systems without requmng a sp~c operating system imnrem~ntabon. 

: ' ~ 

A conforming application is defined as a,~?-PJ~& object cit~~~-~ of objects thatil\,S'e.~y 
the system functionality specified by tq¢'.Pi{(Jtsi:andards,.A.rtd=access it in the m_apner 
stipulated by the standards. ' .. ,,,<. . . . .J · ·.·y"·"'""·=~~,... II'"" 

A con/ arming system is defined as an environmerifth~~;p..rovides, at a minimum, all 
of the system functionality th~ 3!lowed for use in».;!a~~.P,hfqr:rUng application. 

~ . ,,..·ff 

PRO ABI for PA·RISC Systems Introduction to the PRO ABI 1-1 
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The PRO Standards 
~-

The PRO ABI is designe_~~\Q,_be used with the PRO API. The PRO API and PRO 
ABI are referred to in-~dJd®µment as the PRO Standards. 

~·_,h ... ..v \ .\_ 

< .P. . \ \ 

The PRO.<A.:Sl/~ . 1 ht 

The PRfi.:,~pp/i:ation Progr/p~ing fnJ.e,_rface (API) is a meta-standard. It lists 
ih"q.u,ty:=and de facto stan~;hft<\f that s~lf~ the behavior of system functionality. 
Tlie:;~~O API groups !~~da.r:~po::~p major layers as well as into multiple 
optio~tha~ .. ~-~Y,-~liea o,n~4Qfihese~se layers . 

., ··. XI"' / , ) ! 
............... ;vx·.--· ~·' .. t ·" ,,. · f 

The PRO ABI , / ,, ,, ;·. ··· ... __ .- ,, , , / 
..,<. __ .,.. i , r" 

This docu~erif'~fW:e-s·'ihe ~w,,y··reptesentation of, .as well as the interf~ce to the 
standards listed itt§the PRC&i~I. It also defines details o(J!le system envrrorunent, 
such as data intercffange §-file system layout, t~«~y,f.¢~quired for binary 
ponability but are not s~ified in the PRO Al?.f:-~ds. 

~·· ., -t.£..f%..""' ,( ~ 

,,~ ~'-····· <'. ,_.~:<1~'. .' ~- /' 
';. ' '· /" . . ~ .,, "· / . "t, ... ? "'\ ... '-% ... ,, . 

) .,.· 

1-2 lnb"oduction to the PRO ABI PRO ABI for PA-RISC Systems 
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Intended Audience of the PRO ABI 
As can be seen in the overview, the majority of the info~1Jb.P.Jn this document is 
of interest to developers of conforming systems and sy~ sOfftvare (such as 
compilers). / ,;.,. . .. 

j $·.., ·. 

Elements of the PRO ABI are also relevant to appJ(¢ati~ft''Wii~rs . In particular, 
chapters 2, 7, 8 and 9 discuss specific restrictions~~ requir~~~..for application 
software. The following section contains an ~~~~~f these ;fr•,.~d others. 

· : ~J . : ' .. ~~:.,. 

While these are the primary users current):Y[jmvisioneq .. for this docun'tef!G:j i.is 
anti~ipated that the PRO ABI and its s~gP.1.faJ~ents will ~-~-~eful to a bro1aq·· -.·;.:-t 

di If;>~·"· • l / au ence. •"" .. . ~ ·.. . ~- ... ..::;~~... w 
""'· .. , ·. , ""-:· ~ 

.... . ;" 

•., 

PRO ABI for PA·RISC Systems Introduction to the PRO ABI 1·3 
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Overview of the PRO ABI 
~~ 

The PRO ABI defines ~S~~tem infrastructure that suppons the functionality 
specified in the PRO .A,Jf~il~~ll as the binary form of the values and data 
structures require94f)tJhe cor~::$ystem as defined by the PRO API layers 1 & 2. 

The. ABI u~~~t~;~ to ide~I the functionality to_ be p~ovided by the syste~. 
While th,~[:-.ldoes list all o~ supported entry pomts, it does not define their 
~ha)l~~tmie ABI does defl..d'e?inplem~tation specific functionality not included 
iif11f.e,,A:J>I. "/ < ,./ -. ·. 

Co~p~~-ce to th~~~;:Apf ~s /~;_q"-· applications and systems for 
compliaeto.~t~BQ:e*AB1 .• / ~-;,,~ VJ. ~ \ 

..... «( .... ;/"~ , . ~ ~ 

The PRO ABfp:C:,vide~"'t('iJJ~hods ~~~'taPplication developer to produce a 
confonnant bi~ary~f·P/etSfA!~and relocatable objects. Both types 
achieve portatlltitY,i'~placi9'::afl sys"trro-dependant functionality behind a library . ,, .. "F r t 
interlace. , : 1 : J .. r .' . ...h 

The library interface an~4'liccess to the systern..i: •': ··: ·."-" ality without imposing 
undu~ res~ctions on thl°Jflplementatio~,. . . "j>pli._:. · n requests ~ccess to .lib~ 
fu~ctlonality, and the sy~m rctu~tesults,~~. the convenpons s~ifi.ed m 
this document The the lib~tty po~mij,(f: · ov1de all of th3.tfµncuonality 
specified in the PRO API, bu'fiey arc allo · ~..ff · use function · .. · -" ··· . onventions 
not found in the PRO standards. :I · \ 

( r 

Incomplete (or dynamically linked~ .. , ... ~·· .. 'bles are .. _::: :··: .. rtable and 
prepared for execution. When execuf 1 ... ;~ e syste , · ... ~. 'cally prov~·'1~~ 
to the system libraries. H these librarie u ...... . 
application to use the new versions when . .. ... ecuted. AP. · .. ,, ations using .. · .. 
dynamic libraries arc smaller and use less s· : ·iem memo . /,')> 
Relocatable objects are programs in an unlinked form. They may be . . . ···· · a(;;ly 
linked to provide an incomplete executable, or statically linked tn41. ·. R· WfCl~ 
complete executable. A complete executable is fully bound an . .. s no external 
references. It is larger in size than a dynamically link~. . . . · ~·· · as the library 
functions have been copied into the program itself. Whit't · <ling the functionality 
into the program may increase the applications performan complete executables 
arc likely to include library code that is not portable and does not conform to the 

1-4 Introduction to the PRO ADI PRO ABI ror PA-RISC Systems 
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PRO ABI. Conforming applications are allowed to statically link to any library that 
conforms to all of the portability requirements of the PRO ABI. 

Structure of the PRO ABI / 
/. 

The information in the ABI is grouped into chapters_1'a~ith ~eal with a particular 
aspect of application portability. ! r 

~4'' 
Chapter 1 - Introduction to the PRO~~},,· .. :~ , 

This chapter defines the goals, fo~t, and corf~t of the PRO .. N~J.:· "· .... 4· 
,, ·. ._ 

PRO ABI for PA-RISC Systems Introduction to the PRO ABI 1-5 
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Chapter 7 - Standard Libraries 

Chapter 7 lists th~,,standard system libraries, as well as the entry points 
contained in each) 

/ " 

Chapter 8 - E~e:¢.\ttion ~-~~fr .. onment 
,{ .. / .·~·. _,... ': ·~. 

Th!.M~Jl.jpter defines thf.\~andard shell commands, the system environment 
. •1-~pnf methods a c~µfQ.prung f plication may use to modify its 

"~·--- ~,,.· envrronment .., • .._ 
. y f •, 

·-:; ~. :" /' . ,/' _,,.J . .... ....... "·., 
' / . ~ F ~ 

Chapier 9 - Termiriat=and wrnao·w1ngi.bterfaces 
"<ic~. • ............. ,..YX' · · ' •••• • • ••• ?;· ,...... . .. -.y· : .. ·~ 

In"g-eneftil;the de~··lhe te~d windowing options of the PRO 
API will be do,.nttl~m. sup.pJ{...,nts to this ABI. Certain details that 
must 1'·~p.~o "'o~m-e layers are defined in this chapter. 

·· .. . ~ ) ,/ 
. " J. . 

Chapter 1 O - Re'lOcat,P,J'*:iObjects _ ~- . 

Chapter 10 de~:· ·\. e additional S ·. tin .. · - ·wty that is required to 
support relocata ' objects a , ~ ·es. . .· · · 'e functionality also may 
apply to incomple ~Q.; e . ,t it · ;. . · t rcquiml.) 

~ ' , .,... _., 

Appendix A - Glossary ) / 

Defines terms used in the Pl4p4',f.·' . /' 

Appendix B - Data Structures an'/r;~pa-· ~~Y ~~ \ 
\ ., j .;r 41 .. . 

The s~dards ref~r to many data sthtd0rcs, flags: afi~ values. Thi~IJteb~\ ._ 
organizes them using header files and\cfines theu binary re~re~~fton. "'· > 

Appendix C • Index 

A useful cross-reference. 

1-6 IDtroduction to the PRO ABI PRO ABI for PA·RISC Systems 
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Conventions 
The PRO ABI uses several conventions internally to rep~e.~f infonnation. These 
conventions are listed in the sections that follow. ,.; ,. ·-==~~::~,. 

·-:·. 

Code Examples (~,./ ~-.. ..... ,_:·,·,. ~,, . · 
./.".·. . . ' • 

The PRO ABI is intended to be language ind~-4~~4However~=~i?bW,,!hod is 
required to represent the infonnation contatn~. Often;·, a code exampW\$.. .. used to 
describe a data structure or convention. 'W=re code s~P.les are give~~'in:~~~~r .. 

9 
ANSI-C or PA-RISC assembly as defi~~YP¥--t~e HP 90'f!O:=;f..omputer Syste~ 
Assembly Language Reference Manudf. C~~t.~pl~sf~ilHx; listed using gt~ 
Courier font. ,.,_ " 

The code contained in the PRO ABI is listed as a de~.ve tool. Conforming 
systems and applications are n~~y.~ed to use any ex"ailJ~l~s.. as they appear, but 
all functional requirements musf~'.~ .. .... . -~ ...... ·?· 

Numeric and Character C~t~~~.~:"'~~ · , )V 
The ABI s~:~. in many loc~s.' Numeri~·$alues that are preceded 
by the characZ0~X'l'~decimal val~: All other numeric values are listed 
in decimal Ul').. '" .... ,,~therwise~1Pn. ,..., ._ k; 

; '"- ,. •. ~- ' ..... .,...# 

ASCII ~haricterh4f~tring . -.·~~~~ed withii\J~hgle ~d. double quotes, 
respectively. Any s · =;. . . . . • · ih~~-wlfi be exphc1tly defined and should 
not. be )~·~·$.Jn.U~:,,from tiit~~ntati<5tt=(u~ with a code example). /,,,, .. .... .............. ''· -.. , .. . 

. ' /"' ............... "·,.. " "· 
jiegisters ~-. .,,., . ', ... ,..., 

~[)·~are often~ to ~ ~e following abbreviations: 

"' ·· "·~ \ ~ontrol Register 
'f,m~. } floating Point Register I 

o~· ""· "'?. _/ / General Register 
SR '\"k.. / · Space Register 

y 
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Symbols 

When referring to a code 9~ data symbol outside of a code example, the symbol will 
be presented in italic foIJili.:.,;..,, 

/ \ 
.. ~· ,,,..··· ··"J'\ ·~ 

/. .. {... _,. \ \ 
Reserved antli!Undefined Values 

When the . .J.,\'i:i'ef:~ to some~g as reserved, it must not be used by conforming 
~pli9~~p,·~r systems. Wh.~~f c AB~~fers to a data structure as reserved, the 
srtg~-e"inust be initial~~1J1th nulJ&~s unless otherwise stated by the ABI. 

wh~f!itlie ABI refer~~Jiti~thing~U'1de~d. it must not be used by conforming 
applica(g,n~f<Qf.:~~Whe'!i.,,..(I:J1 ref~10 a data structure as undefined, the 
structure Ha~;=fitf<'.feiined __ ~.~(c's and ~~¥~~ initialized with any value. 

//};:~/ ' 
! ! I ,/ +.d:fll' . ,, ~~zr 

/ J ~'ffJfr"A"?· -.;,.~, { { , ;·;//?' 

'i "" ,'/,,. "" ~~~!;;' ·-~~~ A.it" 
~-4 "\,t:~·'' 

.:~. 
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Related Documents 
The PRO ABI was built from, and refers to several standadfS'~:Jbese standards 
include the following; / -_-,-, ;;-;»>:::'-

,,,. / 

• The PRO Application Programming Interface for Hh~l?.C systems 
'I' °\ " 

•PA-RISC 1.1 Architecture and Instruction Set~~enci!""M..l{,_'liwJ.~~ second edition 

• TheANSIXJ.159-1989 Programming Lan§1if~' "· .... .... ·, ... . 

•ISO/IEC 9945-1:1990 Information Tech1J.g}ogy-Portab/e Operatlhtii$J!{em 
Interface (POSIX) - Part 1: System Appflfation Pro'ff\W'! Interface (Xfil~lf:.·u~-? 
Language/ 4};·-··. .. .' · ·,,.. ' ! . 

. . ~::~-:-. .-:;:,. ·~ ..... "'•.·.;.;~~~. tJ. .. ' 
• ISOllEC 646: 19911 nformation Technology -... i[Qf). .. 7.iljit coded character set for 

information interchange. -~- .,,,_ :· 

•ISO 9660: 1988-09-01 Inforrif.[JJiqn Processing - V;;liliftf_?t.mli:file structure of CD-
ROM for information exchang~, ·· · · .. · "--... ·. ... ··=tr 

"~ ' •• . : . .. . • ·· ~ ·-!~ ;.... . ... • .... . 

•European Computer Manufacture1f. Asfoc4fJJb.n.,,(e._q_MA) 13~,..,~June 1990 

•Unix System Laboratories, System ~4JlPliCJt.fJoli''l1i~~fy,'rl~eface 
•System Interface I>.l!/f.~YiQns, /ssiu 4 o~~Open C~'"~ipecification 
•HP 9000 Co~te;SySt~::(issembly i,;;-rik.µ~ge Refer;~ce Manual, 4th edition 

• The X w;,J,~'?tJY.:f._!em TM ~~hical user int~tf~~~pecification 
•The Precision f& .. ~~Lt.ilr!_, i. 

.................... _ .• 

PRO ABI for PA-RISC Systems Introduction to the PRO ABI 1·9 



DRAFT 10/7/93 ·For review purposes only· CONFIDENTIAL 

Modifications to the PRO ABI 
The PRO standards are 4.1~-~oped under the authority of the PRO Technology 
Council and approve4J$z;lheJ,:~RO Board of Directors. Proposals to modify these 
standards should P.fl{PM~nte<hb.o.the Technology Council directly or through one of 
the Special In.!~~§_t':Cfroups. C<~~ult the Precision Rise Organization By-Laws for 
more info~t;ibtl. J } 
'~~@'~(.~{~~s of this docu~f will lJ~t all changes from previous editions. 

··., . ,,_,, ·' 

····· ~ · 

•.· . .,,~····· · . 

,~ . 
:t-·=-· 
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2 
Software Distribution & lnstall~t-tbhi~, 

;,, .. . 

Without the ability to load an application onto a sy_+,'l~is .. po reason to ensure 
the two are compatible. The ABI does not spec!ff:Q,ecific u·~~~ctions to be 
used for the installation of conforming applic~.µ;{.),ttS,~~h applica~tf~,~sponsible 
for documenting the procedures for its ow~{i.tls.tallation. Any autoniatl.qnn~Fovided 
to aid installation (programs, shell scrip1$.)~{nust confotq.) to the PRO S'ta,..,4~, .. 1" 

;:..= • ,. "'\. ,. 

This chapter defines the distribution nw~ila:tfi,p,~-~~sed b~ta1~R[~rming applit~\i'bn, 
as well as the file system structure provided tb~:§UJlROil~~pphcahons. Q' 
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Software Installation and Packaging 

Currently, a wide variety.lt:'lpedia types are in general usage. This is an inhibitor to 
software portability dde'ltb···ffi~:cost of supporting all types for applications or 
systems. The Pl)~9fd.oes ¥.•~intend to restrict the use of these formats, but has 
selected two Jo.tbtH'equired forJtf4ts. ///:,,:: ... ~' / · 1 
ln~altatlon Utilities/ .. / 1-~ 
'\ r· / r ; ' 

OnlY.;:tl utilities for ~pristall~~~.es are supported for use on 
confcf~g sys.t.~''f4ir cpio _d1ptu. A C04forming application is allowed to 
Provide ~Ntiaf~1&afrnfifi~· es -~efsed fo~r· . .. ~ ation with the restrictions: 

Note 

~'-'-.. '~. -~ ' "if 
• All utilitiC?,.~: . -:;·· ~'1ir.~!~P:~,: . · -ii¢6nfonning to the PRO standards. 
• Thi.~~.ili(,;mus~YNIUJJb1lsing tar, cpio, or pax. 
• Any''tSP·orary 9ge conforms to the requirements of the next section. 

Of the listed utilities, pax is recommended for use. Both tar and 
cpio are currently marked for withdrawal by the PRO API. 

.7 /7' 
Media Formats , .. ~1 L!{;. ::-' 
Conforming appli~ations must be ava'1~~1e on ~8f0M~P~Jap .. 
below. A confomung system must be ao~~l'~6rt deviccJFt' can ork w . 
either formats. A conforming application ~use at lcas\,dlle of these ~"\'\ 

CD-ROM h /. /" 
CD-ROM must conform to ISO 9660: 1988, as specified in Infi n Processing-
Volume and File Structure of CD-ROM for I nformatio~ ge, and a 
conf onning system must support the level 1 implemen , and the level 2 
interchange of the ISO 9660 standard. A CD-ROM may 
device. or mounted as a file system to be accessed directly. 
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DDS Tape 

Digital Audio Tape (DAT) must confonn to the European Computer Manufacturers 
Association (ECMA) Digital Data Storage (DDS) ECMA.4139.June 1990 standard. 

//,:. /"""'"' 
Data Formats ~ , ·· ... 

, .. · .. , '•, . 

Conforming systems must support both the Exte:.~~ tar artdz~~~-~ded cpio 
fonnats, as defined by ISO/IEC 9945-1 :1990 (~.~wn as ANQf!.fEf,E POSIX 

Standard 1003.1-1990). _,/ ~ -...;~ • , < ',_, 
'" "\ /'' Jr / 
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Directory Structure for Application Use 
~ 

Certain sections of the ~tory structure have been allocated for use by 
conforming applica~~;:J=h+::$,truCture selected is based on the layout specified in 
the System V Ap~{:{~~~tfBindf=(nteiface. !he file system is organized in a manner 
that separates .~pppcations frorJ:iq-te operating system. 

This secti9(~~prlmarily conc.l~ with the file system as used by an application 
'!~2~::f~§fallation. Additio~[tformatj.pn reg~ding the .file system found on a 
cOijfQ9lling system is p~9vid~ in "~~·~ Files and Directories" on page 8-3 

In th~&[~tories d~&~~~below.~-;;teici'fqpplication> is used as a marker. Each 
applicatigp..:~~h:9~tJm>lace t~,if,:;,~er withJ.!::¥nique name that is associated with 
the applicaUbtrano a Jeg~.l~OSIX directQnrqame. 

,../. . .• . //\ .... -· -~ ...... · ... " :"'; 
.L • •• 

/etc/opt! <SPJ?Jlpstio~. . -,,. ······ ., .. , 
~ . 

This direc"'«b:Y is u;~t~ hold machine-speci~~ .. ~Q3pfiguration files used by 
the conforming ?P.JCation. ...&. ... -;:::·.~;,;t " 

: ·' ··· J:>r"' / . \. r ·<"· · , · 
/etc/opt/profile.d ~1.· ,. ..•• - .. ~:~JJJ;·::;~ ... -.·~-. j/, 1~-. 

v , ~ ~ .· . 
/etc/optlcsh.login.d \~ ~~· ·" . ~· ,,.A_,,,,.··,.'· 

These ~~ries h~ld s!mbolic ~~(~·shell ini~~~~~·;crl~~cated in 
the applications mam direct9!}'.¢.F9'f a full deJc-(~oh, see "U ser~ll 
Initialization" on page 8-13.'\ . _: ..( ~./~'\'(~ ':41:~·\"' 

~ .. ~~;w \'·~ ~h ' \ \ . 

loptl<application> ~. . (¥ ~/" /p.-:·,. \ .. 
This. ~tory is intended to hol~ ~ l the static files used by ~~~" )~) 
appli~atton. The value of <application> should reflect the ...... non m, 
quesnon. , / 

Y• .- 9'/ 
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/optl<applicatio11>/bin 

This directory is intended to hold all executables pr2vided with the 
application. If present, it should be added to the PA;.W;JJ.st in the shell 
initialization scripts. The use of this directory is.'ftetorniriended, but not 

required. ; · .. · ··--... 
! .. ~ ... ····~.. . 

/optl<applicatio11>/lib ;-,~\. r. .."'. . . 
. i~ ...... ~;.).;. .. ~l&, ... ,_ ~. . ~~-

This directory is intended to hold anli.1ibraril!s provided with:J'I;~:-,. 
application. The use of this direct9~Wfs recomm,~nded, but not1f.¢qW,r~p. _,,,,. 

. . ~-~ . . ··:.~~.: ... ·... -· :~ 

A· . .. 
/optl<appticatio11>/newconffg .... , .. · ·· ... 

,. 

This directory is intended to hold the d~·faultf:f:p~~guration data files 
provided with the app~ion. The use of this dk.¢.Ctpry is recommended, but 
notrequired. \ ... , .. ···~ ~ ............ "" . - ...... di'/ 

-lo ,°"'-;.~ .. 

loptl<applicatio11>/lib/nls. ,~ _,..;·, ·~-~ ........ · .. "" .. ··.,).Q. / 

This_ ~to~:~-~tended_ to ~~~1'G "·~~t~l'o~;;:ovided with ~e 
applica1'-""'ll048.{°'--0f. this directo~(lS recommerided, but not requrred. 

L.~ . ' \ ~ loptl<aplfll.,,lQ_f!>lmi,~ ~ ;f 
This directo~; · .. ,~~ . · · .,, :=: ~f::}l=~r.qg~' pages provided with the 

. :lie.ation. If ........ A .... its o11ltlibe:'"'4t&A to the MAN PATH list in the shell .,APR..,, .. , ..... ·· ~,L p .. ~~ -A;/ ~mili~Z4Qd: · (l~~· · =-~~ptt~·r ,·... \l!~ of this directory is recommended., but not 

/ , · requrre . ~\. , ·•· .. . -f 

JNaJq,ptf <applicatiO "i,.:·~.,, J~·/ 
"'( .. \ 

thii4t&t~tory is re · ::::fd for applications to use with variable data, such as 

temp~~; · · 
y 
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/var/preserve 

/var/preserve is i~~,nded to hold temporary files generated by editors. 
) \ 

/var/tmp / ,,.~.~-·.,·.~'\ 
/ . 1 

/var/trppfJ\o1d(tempo~>.files, including those generated by applications. 
,, ... ·· .. .' j '{ 

I bi~!t'~_ .. itd i i ~ '~···· .J..~~!l . / / ) . ···,_ 
1s·btn/rc#.d ;f./ ... , · ,,/ .-<·\ 

'fc (. ,.,./. / A" ,/' \ \ 

'\~.,fwq:f.4¢erorles .~jsea ~ith ~~tern initialization scripts. The scripts 
resid~4tf:fhe /sbinf·~~!;tlirectory, W}~xecution is through symbolic links 
located in the £-ftJigfiCllMirc~,~:.For more information, see "System 
Initia.lii.~tinnfSfleil S~~:)'lafre 8-10. ~-, --~ .. f l""""y- ·-.ll:£.,~«r I:> 

" / ; t 
' . ' . 

/tmp \' / / -:.,..f 
The /tmp direct.,i for the use of~~- M;rated temporary files and its 
contents are no~lftally pre , .. 'acr~ss_.. '.Stem reboot .. ~pplic~tions 
should use /var/ . . , .· · op ~Ii . · · n> for storage lit,, working files. 

·w . . - ,/"' ~., 

~-. ·, 

~ I' , ,/ ·..:~ 
~ .. . , ~ 
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3 
Low-level System Information , ... ,.~(;:~:;~~:~:4*<_?, 

...:·: .. . 

In order for systems and applications to be develOP,'-;~ a·'cQ,;t,\t.m,~tible manner, basic 
« •"·""'•"#'#' ";,.,·.·.~·. · ........ * 

conventions and definitions must be established w'.ltiCh deta:mtnednteractions and 
• • h- ~-:;.. ··::: ... :~ ··;;:.:;:~:;"~ ' . .. ... 

data that are shared between apphcatlons and .. ~¥:.S.~~~ ··; .. .. 
«··· w . .._.. 

This chapter specifies information that is ~1~¢,ff''below the level at whi4fi!{PQ~t 
~pplicati?n ~evelopers are expected to ~~-, but is req~t:d for portabillilff:~:+~ff' 
mfo~a~on. mclud~s the subset of the g~'t~l~-S.._ L l arcl}ittE~~e that a confo\Wmg 
application Is perrrutted to use, how data IS rtpt¢.~ptec:t~J=:the fonary level, and how 
an application interacts with a conforming syst~ \... . :· ·· 
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Machine Interface 
The PA-RISC architectur)1~ defined in the PA-RISC 1.1 Architecture and 
Instruction Set Manuq/iiind~~ PRO ABI does not attempt to reproduce its full 
content It docs d~fii~:h6w d~·.Js represented on PA-RISC systems as well as 

/,:''" :·· ~:·:·:·:~ 

describing th~,.s.uQ#f of the arobltecture that is supported for use by confonning 
applications.( . . ~ j 1i ,. y 

. ./ ; l ~. 

ffi~lttrction Set .. /.) /.f ,-r ·" .' \ .. 

Thi;'~~pg~_sg~9.i~thJ=:Pf~ce~and fl~~~f-point coprocessor instructions that 
are availa~~tt6;:;&:~nnin4.npt1cation. ) ; ~ .. ,;l«O,w§,,oe1,•· ... ,::~ A f 

While executin~ the~J~~~~,c.9~ng application must sati~fy and can 
rely on ~e re~~,~~~\$'~P~~:~~ter 4 of the PA-RISC 1.1 Architecture and 
Instruction Setft#ff!ence fl1.«flffell: 

.,, . l 
• "Atomicit~f Sto~~v Accesses" /4 
• "Ordering of Alc,~ .• s" ~ -jf(; f 
• "Completion ot: ·f: .... esses" .. r-~/I / 
• "Instruction Pipe ing" 4-·~ ,( -,.1 1;· 
• "Branching" ..--7·· ' / / ·-.,_ \"""' ~- / ,/ .,,. , ~ ' "° ; /' ~~ •. . ' /' ·. 

Processor Architecture ; ·· / / . / ""-:,> ·, 
,. . / \ "'""°'· 

~ .... ,,/ . . r I,.> 
The processor instruction set is defuf · ::: .... Chapte · .=' · .... ... , 'A-RISC 1 ),r' J"'·,· .. 

to a co~onning applic~tion ~ listed ~ ~1, _ , ~< ·· • ~e systfM developer m,J . \ ., 
detcmnne whether the instructions are unp~ted m so"-are or :<7 ~\. 

Note The effect, on a confonning application, of executing anfothcr , 
Oro> processor instruction (other than the floating-point coprocessor 
~ instructions described in the next section) is undefined. 

~ 
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Table 3-1: Processor Instructions Available to Conforming Applications 

ADD 
ADDI 
ADD IT 

AND CM 
BLR 
COMBT 

DCOR 
EXTRU 
LOBS 
LDHS 
LDW 
MFSP1 

ADD BF 
ADDIBF 
AD DITO 
BB 
BREAK 
COMCLR 

DEP 
FDC 
LDBX 
LDHX 
LDWM 
MOVB 

~~·~ ......... 

ADD BT 
ADDIBT 
ADDL 

BE 
BV 

COMIBF 

ADDCO 
ADD IO 

AND 

ZVDEP 

1. These imbucti · : ~;;;;:~I registers or space registers. Follow the appropriate register re­
slricboos described in T' "Processor Resourccs" ln!er in this clulpler. 
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Floating-Point Coprocessor Instructions 

Floating-point coprocessqr instructions are implementations of the basic 
coprocessor instructions '-!t~ the uid value restricted to 0 or 1. The floating-point 
coprocessor instructionf~tfi'srrlefined in Chapter 6 of the PA-RISC 1.1 Architecture 
and Instruction S~NJf¢jif;~c~l~,anual. 
A conformin!k;;i;~gllc~tion mai;u~e any of the floating-point coprocessor 

,{:"·"•• , .. ,... ~- . 
instructions:1Sllo\vn in Table 3-;2~ .' 

..«-:.:~-=~--,.(.;-:{'" ~;yV;-... > 

Note Support for quad precision operations is provided by the library 
routines defined in "Quad-precision Emulation Routines" on 
page 7-9. 

COPR,0,0 FABS f --n:.·~~AD :,:··· . .. , .""'./FCMP Y--..FCNVFF 
'-1.. " . / • 

FCNVFX 1 FCNVFXf' F ···. ·· . r' FCPY 1 ~·"nl 1 

FLDDS FLDDX FLD ,: : ; 

FMPYADD1 

FSTDX 

XMPYU2 

FMPYSUB1 

FS1WS 

1. These instructions must follow the restrictions for acccsnng the fioating-point 
described in the .. Processor R~es" section below. In a confmning a · 
imtructions must operate only on single and double precision fioaling- .. : . . , 

2. These instructions must follow the restrictions for accessing the fl · '"int rcgistcn as 
desaibed in die .. Proces.wr R~es"' section below. In a c~f.... . application, lhese 
imtructims must operale on integer data only. 
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Processor Resources 
The general, control, and space registers are described in C~~pter 2 and the floating­
point coprocessor registers are described in Chapter 6 o~J;U~:'.'1{4,~RISC 1.1 
Architecture and Instruction Set Reference Manual. Th~f.rollowillg restrictions 
apply to their use by a confonning application. ./· 

l ''vy;~ 

General Registers -·'- , =:~. '·, 
,.f. • ·• ... ~:;.; •. ~~. ..... '··:'.:·. 

A conforming application can load into, sto~Fiifom, or operate on an}\~f:t~~,.general 
registers (GR 0 through GR 31) subject t9Jtfne conventig~s specified iri"t~pwr_1J· 

: ... 
' 

Space Registers 
· .. ·· 

A conforming application can move to and from ~~~~~gisters 0 through 3 (SR 0-
3) using the MOVE TO SPAQi,R£GISTER (MTSP);'~iY(QYE FROM SPACE 
REGISTER (MFSP) and LOAfi'P~C.E. .~DENTIFIER '(11'q;~ll2.~!2.§.tructions. 
A conforming application can mov~t~,~gisters 4 t.htQ9.~ir7, but must not 
move to space registers 4 through 7.~acevr~g"f'~4d~;,~,~privUeged, but must not 

~c:=~~!o:~~:;=~·~:~=~~:~~rs 5 through 7 
...,.,..-..._ '. • . .,y 

Control R •!s . \\ . '~> - --.,,& 7 -· ·\ \: 

A confonnin~ applflt;~n m '. .. :"_ ~ .·.ye~ ~d mov~6~ control register 11 (the Shift 
Amount Register) ~f6: · ·'' --!iJlOL REGISTER (MTCTL) and 
MO~~·i:'~NfRll~~aea1sTE~~) instructions. 
E~~1n~gh contr~L · stei1~ ln~rval TI~er). is unprivileged and can be read 
)f~n the PSW S-bIB · ':: .. ,: .... , a c(m(~ application must never move from 

Jie~~l.register 16. Con ...... _,, __ gisteci,.gf~d27 are currently reserved for future use. 

Cori!.f..,,. applications rlt~~not acfess any other control regi~~rs, nor move to 

control'te(Ster.~. ,~~:~:yes can only be performed by pnvtlegcd software. 

' f ,. 
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Floating-Point Coprocessor Registers 

A conforming applicatiol\f.an load or store single-words into or from floating-point 
registers 4L through 31LJil.Ki 4R through 31R. A conforming application can also 
load or store doublew,P.4isfintP.. floating-point registers 4 through 31. 

,.;' '(Y "'. ·:. 

A confonning app~~on cad'!pftd or store a single word or doubleword into or 
from floatingJ>.P'iijt;;::fegister 0 <tbt Aoating Point Status Register). Bits 32 through 
63 of the J¢s.tb..'bof a double-w&rdl store are not specified. When used as a source 
operal}q?qf[:~fBoating-point q~tion, .ijf.R 0 provides the value 0.0 of type double. 
~fg~ng applicatiori,,tf1q$lnot loadb),; .. store single-words or doublewords into 
any"\lber floating-pomt.fk.g~ter. ,..- · ,.. · , . 

~1~:~~~~"1ra:; ~~s~~~~~~i:~~:a~~ ~~;,.!.i:~~gh 
operation ins~;., ·· / · . _ -~ ' 

,, 
\J .. 
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Data Representation 
The PRO ABI does not attempt to define the rules for all ~-~ng languages. 
The PRO ABI uses ANSI C to describe the data struct~seC!"When interacting 
with conforming systems. The following sections ~t~m to define ANSI C 
sufficiently to support its use as a descriptive tool. // .. ''-... 

, '· .. t ~., 

""•. 
,/~ '(' .. 

Character Representations ,. =·· .. ,'··" ' ·· ' · 

'" · ... 
Exchanges betw~en conforming applica~1BV'~ and the s~~'~em. shall inte~~~~)».,.,..,$ 
character values m the range 0 throug~1;Jffe.1:i'Mlaccordan9s==w,~th the 7-bit IS{1f.19C 
646: 1991 standard International Reference=~~¢.t$.Wn em;;4f.Jift·gh;;fhese exchanges 

:::;: ,.. , . 
include all external references and file names. ...... · · · 

The Precision Rise Organization will publish lo;~t74tl,Q.p standards in the form of 
separate documents as they ar%;p.ev.~loped. ·~= 

. . 
'!·'· ?' 

Byte Ordering ..... ·~~~: ·v ... .. . . "' ... . .. . • , 

~~;~• :•. "#;. •,. . .,,, 7N ~ <{_~-' 
Confonning applications must use Big·~.di~p;{Pyte .. bt~~lf.'nytes are numbered 
from left to right i~~,~alfwords, woNt~ier doublewQsds. Bits are also 
numbered from · ··(f·ri'Bl4t~ each of thesJitl~ments. The most significant byte or 
bit in one of · lementS'- · · the lowest ad~ss, and the least significant bit or 
byte has th .. :.c dress. : . following figUt~ls}fows the numbering of bits and 

bytesinawordo ,:,> ,....:....._~// 
,.· ,•.·.;.:· .. · ~ . ' ..... 

J.u~asing"'b~~ss "' :·:.f·:... ~ 
,~ ~ 0 . ..,. _. ,, . ~ .... >~~2 3 ,, : ,,,,... 1; '\ % ·"' 'P I I LSB I "'·· ~ i ... .. MSB '\ \ rt 

"'"4i( : . .•. ?~. \. ....... \ b 
"'Y..·: .· .. ·..... . ( ....... . 

0 ~'='!'t2f">l. 4 5 6 7 .~9 '"!:lilt 12 13 14 15 16 17 18 19 20 21 22 23 2t 25 26 27 28 29 JO 31 . ;._.-"'\., ., 
' MSB - M .: .·, significant byte 

...... ~ - ,.: · 't significant byte 

........ . .... .. 
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Primitive Data Types 
Table 3-3 shows the corr~pondence between processor primitive data types and 
ANSI C scalar types. Da~es for other languages will be defined relative to the 
ANSI C types. WheJJ,;f~hfilqj,ect of a given primitive type is stored in memory, it 
is expected that itwtii' aligd"::= "as specified in the table. If it is not aligned and the 
conf onning sysf~:'d.oes not h ~---.·~ e the trap in a manner transparent to the 
applica69.nt:~.,the confo ,:Jf application receives a SIGBUS signal . 

... • • • / ! 'th. 
~ .. ? ' . 

;'161~ 3-3: Primit~f{QJ"lii.Ty11t!~a~t.ble to a Conforming Application · ~~•>·
1 

/',~a}': Byt ' ·· 'i Alignment in 
~~p- . .· ,/ """ em .. f Bytes 

byte 

unsigned byte 

halfword 

unsigned halfword 

word 

unsigned word 

single binary .floating-point 

double binary floating-point 

quad precision floating-point 

4 

4 

8 

16 

1 

l 

16 

ANSICTypc 

signed char 
char 

unsigned char 

short 
signed short 

unsigned short 

long double 
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Alignment of Data Elements 

This section specifies the alignment of the data elements ot''~. conforming 
application. If a pointer is described as pointing to a p~lii;Q~.ta type, the 
implications are that the value of the pointer is an add~· that is-'1 multiple of the 
size of that data type, and that storage of sufficient ~~e;!,-v..~lable at that address. 

; .. " : ....... ~ .. .... ~ 
/ '· .. ·· .. 

~- \ ~'IC .... , 

Aggregates and Unions _ / _,,.._ :;~~ ······~- ·,.._ .. , 

The allocation of aggregates (structures andj~ays) ind unions and'~:'!i\ignment 
of their components are subject to the foUPp/ing rules:S'<~1,,. ·····-.. . ... · "···-·1' 

. . ~ 

• Aggregates and unions are aligped.,;9@I~l.:.boundar)t=!h.!t.is a multiple df,/ 
the alignment for their most strictly -~igµ'e~t_c9mponent. , .. 

• The components of a structure are arrang~d;~iiitb:eir order of appearance 
in the structure declar~t.ion. "'· .. --.. ·. . 

• Each component of a s~t~re.i.~.,~ligned on a botl~ .. f!:tat i~ a multiple 
of the component's alignm~~d!!~~Lpadding bytes:~fe;;,fded after a 
component, if necessary, to Pt~serV'e~~;~~gn.ment of tlj~=:f ollowing 
component '\~- . :v· . ·-~,,,,., .. ..... , .... ,,.,;;:--

• The size of a structure, union, otw~~ a ~ulfip{e.::pf' the strictest 
alignmen · · · ···::,~~.~~- .t Qf its compon~~fs. h' 

• ~addin ~.:· tes. are·= .,. • . ., , if necessary~~~- the end of a structure to make 
it the ,..:·· r s1u. i \~·· ,,,d3 

• The on ef!,~l>.( any ~.Jc!!_~~ bytes are u~~ified. 
"'~ '\..),_,--.._:._-···---,,., .. 

Bit Feftf§t''·~-. .... .... "- ·, .. _ ----.._4 

#~~~~"'c~·;U:.~nitions may have bit fields defining integral 
_a~!S with a specifiet\q}lw.ber ot1>~t fields always have non-negative values 

~J.1~t,'--~.signed" is specifi1"n,;{13it fielrf~~obey the same size and alignment rules as 
·~- ~- -~ ~ V" 

other''U.e.gate and union C.1).ttlponents with the following additions. 
"%""" ·, "'\ ;.... l·.~:1 

• Bit~'=~ allocate.4.Jfrom left to right (most to least significant bit). 
• A bit fiet(t~ beg}.~~n a bit boundary within a storage unit, but it must 

re~ide entii'Cl~!,gin its b~e type. Thus, .a bit field never crosses the 
urut boundary -,rs allocation type. Padding may be added before the 

PRO ABI ror PA-~SC Systems Low-level System Information 3-9 
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bit field to preserve this alignment restriction. ANSI C allows the base 
type to be int, unsigned int, or signed int. 

• Bit fields may sh~ a storage unit with as many other "s truct" 
components ~ ®.'.6i~. room to accommodate. 

• The size of.ll::·f~ntaining bit fields is a multiple of the alignment 
size of theftJp~t with th'-';~trictest requirements. Padding bits and bytes 
are -~q~~tthi'f the end of);,tructure to make it the proper size. 

• ,AJi.i!lield of zero len!ftb:~~cifies that no additional bit fields may share 
~-... ,d -"':§)ace in any prec~\9.'JJlorage :lm~t. 
'''4' '", ·The type of a b~t1iit~has nQ4,.cffects on the alignment of a 

--y;,·.structure or union.., ' ,,;/ . ..-- ~ '-
'<.. .• .• 'ii>' . , ) ' 

<-.v • ._ w"'-"'* • • • ~ ~ •' . .' ,{-/ _, ,' '! 

Fi·~-3~fsh~w,~17··*~ f~~t of ~~structure of type s truct a as 
defined in Fig~;!-r.'2. '-·-.# / 

~ ... ~ J 'r J> --·~ _,,,,,,, 

-~- -~ ./ . : ..__ _ __....,. 
\ ._ ,,,. ' . 
\ r I' -=' 

I '.' .... • , ... "r ..... . 
struct t { I ,' ~4 . 

c1' ,/ u[3J: +...P / ,r b:4; 
int'\l v: 10· ~ S · ~ v1f chm' c; 
int ~-"' "\\'\ / / chm' 
int )ii2; tf / int 
int y:2; / 

double z; 

Figure 3-1: Exampl't~fa structu 
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word 
addr 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

byteO 

b pad1 

f 

u[OJ 

v 

y 
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byte 1 byte 2 byte3 

.~:·. 

x 
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Operating System Interface 
1~;., 

Vinual Addres/~,,,$pad~7 . ., 
The processor ·~.,v~at'memo·t¥:~~s a set of linear spaces. Each space is four 
gigabytes (4~~;tes) in size an~;; divided into four equal portions of one gigabyte 
(230 byte.se®HJ, known as quiiaf.mts. The four quadrants in a space are numbered 
Q~J.,,.#.x#.ffef*3, from low me.~ to higfb:nemory. 

'\ .<'" .{ ,, . ~ 

Ecf~i;\onforming appl!~9¥~prh~s i_t,~~~i{}:~rt address spa~e composed ?f four 
qua~t~~- the f?,~1~;&J1ow~,,W:~ 3-,ff'or more detail on short pomters and 
addressirtgt,~~$fiM>ter 3 of:,~PA·RISC IJlJfirchitecture and Instruction Set 
Reference Manual. ....-/'" , <:~ . _L !. 

~a"::.';:~#~::::.,"::~~?:".! :~"t:;1!~ 
confonning appli~tion~\.\Jext is readable and exei:u~,,., , but not writable and 
must begin at a page bo . ·:··' (a page is defined .. .. '·· · bytes in size). A 
confonning application . · · ... : t not change th · · .9'-r SR 4. 

The second quadrant of y ~ho~ ~ . ~ce i.. 'J,ed by spacl register? to. the 
second quadrant of a space · ·~¥ rung nv ;t ta of a confo•g application. 
All allocated space in the sec ..... d quadrant '::._" · ·· ble, writabl ,,.... ·e.cutable and 
must begin at a page boundary. The priv ~- includes · ta, the 
uninitialized data (BSS), the heap d . :·' · er stack. Q.~. m· ·jffilm 
support a minimum of 8Mbytes for stack. 

In a SHARE_MAGIC executable, the · 
I as the guard page. This requires that the d1''3ilnl 

Ox40001000. 
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The first page of the fourth quadrant is called the Gateway Page. It contains the code 
used to perform the supported system calls. It must be both readable and executable 
by conforming applications. , ~' ... 

A DEMAND_MAGIC file is identical in layout to file~.-4'lhe .. :SHARE_MAGIC 
type. They differ in how they are loaded at run-time. l.i>ft~ in a SHARE_MAGIC 

A·< ...... ;,.. 

file is loaded completely when executed, while codO., it''ai.l'EMAND_MAGIC file f 
is loaded as needed during execution. 4 • f "'"'·,, · »' ' ···, · .. 
Confonning systems may use _space in any qtl~~t has not::;~·-l?reviously 
reserved for use by a conforming system. , ".... · 

An EXEC_MAGIC executable differs ~~·•:3~ SHARE:2¥.~GIC fil~ in ·th~tJ.,i~ 
two quadrants (quadrants 0 & I) must~t'qe:':W)he sam~:~tw-~· This allows ~~ to 
cross the quadrant boundary and begn; at tlle·'·~t:fµll/.~ge.lohowing the pntiram 
text (code). .., · . :~· 
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OxOOOOOOOO 

Reserved for Shared 
Memory and System 

0 

I 
Direction of 

growth for st.a.ck 
and heap 

Figure 3-4: Short Address Space ofa SHARE_MAGIC Executable 
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TEXT 

DATNBSS 

HEAP/STACK 

OxOOOOOOOO 

OxFFFFFFFF 

·:·-· ·····-:..:. .. , 

Direction of 
growth for stack 

and heap 

Figure 3-5: Sh . .-·Add~ Space of an EXEC_MAGIC Executable 

PRO ABI for PA-RISC Systems Low-level System Information 3-15 



DRAFf 10/7/93 ·For review purposes only· CONFIDENTIAL 

Processor Execution Modes 

The PA-RISC 1.1 Architecture and Instruction Set Reference Manual states that 
there are 4 privil~ge leve~::{p)) at which code may be executed. Applications may 
only run at privilege.J~)~j''l((he lowest level). 

A conforming aJ!p.U9J.iti'b~ is ~gi:;~llowed use of the GATEWAY instruction. 
~/ . i \ 

,/'" .. ,· ,.., j } 

Exce:p..tl~rt ·interface /~ _/ t-. 
~· 0. ~ J ., 

'"'~~tern may detect f~U.~~jfhat ~~~·~execution of an application. These 
inte~ptions and th_:.~~~if!S''that c.~JF.~t11eroN¥'e discussed in Chapter 4 of the PA­
RISC ¥::ft:~A.r9.hite,4Ji#f!.i_and I~Jion Set Rlf~rence Manual. 
If an interruptlbtr6ccurs ~f'lhe executil.A;of a conforming application, the 
system software can !.~7:·.,,~, ... ne..PJ~~~~ays: 

• A si nalis,~"~''to th £<iifi . .. r.battblf7 g ~ .... -'-~~ ~"'P : ~= ;~~:ni~#~ ~ :nw:~::;~ ;;~ ::e::!c:.on 
temunatJ.on of th~~fifomung ap~hca ) ,/ 

The eff ccts of interrupti~ on a co · . g a~ ... 'ifon are sho\V,__n in Table 3-4. 
Interruptions other than th~ . · · · ·· ha · · ~ ?~, · on a conformii~,~pplication. 

. . » '>, 

~', l<. 

./~/ ~,\. 

~ 
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Table 3-4: Effects of Interruptions of Conforming Applications 
.~ ..• 

High-priority machine check Effet{('iigi specified 
Y· · ._ 

Power failure interrupt s((:f P~::gftffect not 

Instruction 1LB miss fault/Instruction pa~ -~:::~:~et--
fault / , .. 

Instruction memol)' protection trap 4~----_ ·. 
· ..... \. 

Overflow trap '···· 

Conditional trap 

PRO ABI ror PA-RISC Systems 

Effect not specified 

SIGFPE4 
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Signaling a Conforming Application 
Signals may be generated by the system, or applications may use functions such as 
killQ and raiseQ to prograrrunatically send a signal. For th~4:i1$.nals to be 
recognized by conforming applications, a standard con.v~lion"f'8r signal passing 
must be defined. ,J , 

A signal handler is called with three parameters; ~:slgiial.;#'Jlm!;>er, a code field 
(usually provided by hardware), and a pointer ~?~'~igcontt!X(i;ttuP_ture. These 
parameters will be passed as shown in Table -~;~,. .. , '\. · ··,.. · ... ,_ 
The signals that are currently defined for u.~:,on conforming PA-RISG~i:te.ms are ( 
specified in "<signal.h>" on page B-25.,/ ' ~ y '\-. _ ··<,. '··· ·-··1' 

j :-. ·, :::... "-...... .· 

The code field is _alwa~s zero, except f pr'tl~:r?I.q,~L ~d::§Iw~(P~ signals. 'l)J~Se 
code values are listed m Table 3-6 and shall ~::~tJ;>y,~r~onfortrung system when 
processing an interruption. In all other cases, thb«~~J.f:ield shall be set to 0. 

'>.\ •. 

The sigcontext structure musLge __ defined by the systertf~~~n a signal is sent. The 
pointer to this structure is valid'·Qtn~:dyring the context df;Jf~~$.~gnaj handler. 

~:L ' ·fu ~, • ·v· 
· Table 3-5: Re ister U&l" ~:Si alin a''Pn/3

"--·' m g ~,._g v:.;~:n:=:::::.::::}:::f.~,,~ g --,;:=JP'a 

GR2 

GR24 

GR25 

GR26 

PRO ABI for PA-RISC Systems 

Id are not defined by the PRO API signal routines. 
· · ted by a confonning system. 
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Table 3-6: Defined Values for Signal Codes 

Signal ~- Code Value 
· .. ~ .. 

3-20 Low-level System Information 

Description 

illegal instruction trap 

break instruction trap 

privileged operation trap 
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System Calls 
The system call interface is implementation-specific and is tptended to be obscured 
by the library interface, however, a small set is required t~A~j\~~ dynamic linking. 
Conforming applications may not use direct system cajl~;other ffian as required to 
support program loading. . /_, '· ' 11<. 

.4 ; .. ..., f·:> 

Table 3-7 lists all supported system calls and the ~d.e:t;ails foti~l! call. 

Invoking a System Call . · .~ ''··~·-., .. 
The following three steps must b~if~1iowed to t11~oke one of ~e-'-S\t~P~l.n~ 
system calls: 4.. . J ·· ,... '. : · 
1. Place any arguments in the.propet~l.§~tion.it:r , ... __ ,,~;;~ ~ 
2. Place the system call number in Gli";2~i · ._1 

3. Branch to the gate"t;.~Y location (addressy'6~~90004 in the 
space identified by S,fl!~i)*.J.~aving the retuni'<Pat~~[ in GR 31. 

' '· ' ""'- ····.,, .. ' ··· 4;· 't. ........... · .... . 
Values Returned by a System .'t..11~ -... _~ .. ·~ .... , ..... _ .. ..) ...... 

~ .. "' ' • " "" All system calls return a status. 11\ic.'-:u?fi in gertq,(Jlgister GR 22. When 
the value r~~ill,. GR 22 is the 11¥{!-~er value 0, ~e system call completed 
successudf~· ., rtk,.:'alue return~ GR 22 is a value other than 0, the 
syste!D~ failed. -l \ \ . 
H thfr. sy~~J~all co ".feted successfully~- the returned value is located 
in general r ... · · ·· · ' .,:;/:,,~,;;"' :9-les th.(-ippear below specify particular 

"*g~. U: th , :re~ ci · ··· mrel~;the external variable errno may 
rt>~tmmonal ~~;ttion a~c cause of the failure. In all the cases 
whe~ the ~" sys~~. ntation specifies that error information is 
roVJded, the · · ·: or e~ _ocatcd in GR 28., Values for errno are I 

);/ 
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Table 3-7: System Calls 

Call 
Name 

rmnap 

open 

read 

write 

Call 
No. 

5 

3 

4 

' . . ~ \, 

A . ~ 

GR26 
GR2S 
GR24 

3-22 Low-level System Information 

Arguments 

Type 
Variable 

Name 

f ildes 

status 

f iledes 
off set 
whence 

Returned 
Value 

Type 

int 

void 

of f_t 

caddr_t 
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4 
Function Calling Conventions L/>~ 

/ • . 

It is the goal of the PRO ABI to enable applicatio ,,lfi be~~~le across different 
implementations of PA-RISC systems without t;~ · :i~ive ~sll{§th:U:lS on the 
implementation of those systems. To achieve.ti.ff''' -~ s to sys1et'Q';:(no.~tionality is 
only allowed through libraries local to eacli,~~fiiplementation. ~'- . , ' ·,·,,. 

System libraries are not intended to be po~ble, and codv.Jocal to an applieab\n,.~ 
··<~·:·:·:· \. ~·: ·::;.: -..::-:·:·:·:·:·:·:·:-:·:·:·:·:-:-· 

be structured in any way that does not ¥i'cil.~te,,Jee restricpQ~~,,,.?f the PRO ABff?11e 
interface between applications and the systerqJiP.r¢e$fp-t'us(be consistent across 
systems and applications. This section defines·l~~~:~rements of this interface. 

'· 
""'-. 

...... . ' ; , 
............. .,<'}. J>·· 

4~':;"? 
'\\ 
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Stack Usage 

"· Because no explicit pr~pi;t~e call stack exists in the PA-RISC processor 
architecture, the .sta5~j~~~fi~ and m~ipulated entire~y by software conv~ntion. 
When a process,!S:rtigtited bi\'~ operatmg system, a vrrtual address range is 
allocated to ~{Jp..roCess to 1]td for the call stack. Conforming systems must 
all?w a .~.P.1.Wmn stack si~ o · · f1byte~. The stack pointer (GR 30) is ini~ali~ to 
~g:~JJO.:§t~low end of this_JA\r . As ~~cedures are ~alled, the stack pointer is 
irr97~ented to allow the~~~· proc~.~rame to exist at the addresses below the 
stac~~~inter. As pro. arc ~~~-~ck pointer is decremented by the 
same ·~uo.J ... I,h~i~po~~wtYs po19., to the first word above the current 
frame ..... . ~/" ) • - ,,. .. ,..N,...... .~ ·~ .' 

.. / ,, ' "' ~~ ; 
. ~/. ... I '-.......... 4~- ,r? 

L , ~ ·' Leaf and Nqt;r~~af P '·· .: .. :cedure-s • .., , r 
All procedures cat(bc cl~¢(1 in one of two categorie.~#;Jeaf or non-leaf. A leaf 
procedure is one th~~ ma.~no additional c_alls, ,~l/f?n-l~af ¥roced~ is one 
that docs make additior6'Ws. Although . a~• ~psttnction IS essenUal 
because the two cases eJRtl consid . ff ere . ::~uirements 1igarding (among 
other things) stack allocati°{t:,, . . sage. . v~., .. ... -leaf procedur~~quires the 
allocation of an additional s · .. · frame in~·-· ··~~4 "' preserve the ~-!P' execution 
values and arguments. A stack ftame is n ,, w • ays necess.-~a Ieltj.~cedure. 
The recognition of a procedure as fitting ... . :.:" veither the ·~petfon-leaf ca~.ory and 
the detennination of the necessary~· .. :.·: ., 1ze~·s do . ~~pile~-}:.~\ . 

. :v \ ~~ '4-h-. ~ / ' -~ ,, , , 

Storage Areas Required for a ~J~/ } · },._ ~,-~\ 
It is often the case that much of a procedurel tate information is sav~~r' " \ 
caller's frame. This helps to avoid unnecessary stack usage. A ge~era"J1.tetm'e of the . , 
top of the stack for one call, including the frames belonging to the< .. :,.:_'_': · ". {(previoui 
and callee (new) is shown in Figure 4-1. · . - ./.. 
The elements of a single stack frame that must be pre(dpi. ffer for a procedure 
call to occur are shown in Table 4-1. The stack addresses tt~iii given as byte offsets 
from the actual SP (stack pointer) value; for example, 'SP~6' designates the 
address 36 bytes below the current SP value. 
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Frame One 
(previous) 

Frame Two 
(new) 

Formal 
Arguments 

./ 
' .,,., " 

. < ,. The rerun?~:a.ctdress from the 
Frame Marker : ... .. ~::.:~~aJlee (F~lrfi~''g).,to the caller 

(inc. RP) ,& f ~~(Frame 1), if'sfo.tcl:No 
________ .L_Jf' m~~ory will be ~to~tlth~r~ 

....._ _____ ....,.....A.,...i"{ftiN'?:·....,,.... ·~ .,,,~? c{ / 

i-~<. .·~.. ,4m 
r--------""~,. ·. ·... /_ 

Register Save 
~~., -~~.,..,... .. 

. -....... ... 
..... ... . "~··· .. "" .. . 

·........... . . 

L. •. i, 
addresses 

· increasing ,. ··, 

·.·gure 4-1: General Stack Layout 

PRO ABI for PA-RISC Systems Function Calling Conventions 4-3 



I 

I 

I 

I 

DRAFf 10/7/93 ·For review purposes only· CONFIDENTIAL 

The size of a stack frame is required to be a multiple of 64 bytes so that the stack 
pointer is always kept 64-byte aligned. Since cache-lines on PA-RISC can be no 
larger than 64 bytes, this ~uirement allows compilers to know when data 
structures allocated on ~~ib.lck are cache-line aligned. Knowledge of this 
alignment allows m.,~~qmpif~=(o use cache hints on memory references to those 
structures. ;.. ·· \ 

1 

~ 
_,,,.. ........ 1· ' 

. ~ .~ ~ 
~ . t : 

Fram.eftJ'atker Area /, / ~. 
'¢:.%:::-,,::»{ / . J / . : • ... 

Th{~::~ght-word area is -~~~ed b~~r~~'.:~-leaf routine prior to a call. The exact 
size ~qftt.his area is d~l>eca~~r.~:·· : · alJ.B'f.~ses it to locate the formal arguments 

q ..... ~ ~,.., .,..i.:> ~ .~· ;.· t_ > 

from ihe'.~jWf:~e. (A!.J~!i~:dard p~ure can iden~y the ooi:om of its 
own frame/ati~·=can theiy~1'.filfe'ntify th~~mflal .arg_umen.ts m the.previous frame, 
because they will ~'?'~J.~1qt.~ •. d.u:.<r~begmrung with the nmth word below 
the top of the pp:.widu.lffamc;_.;'J :,..,,_·-·-·/ 
Previous SP: Cd)\,.~s the 9{4;(1Srocedure entry) value of the Stack Pointer. It is only 
required that this ward be ,se~;t the current frame is no. ~guous with the previous 
frame, has a variable sidi :Ot is used with the · · · ···. ·· 

Relocation Stub RP (~1frReserved fg.... . y a,.4~~ation stub that must store a 
Return Pointer (RP) value'!JQJ».- .... ~ ·:. ex .. .. " after the ex~m the callee, 
but before return to the call~ "P ·· J~.m:. ,: ~sing and Fune ."fut~esults" on 
page 4-14. for detailed discuslion of P . · · · elocation s ~ '\. '· , 

Clean Up: Area re.serv~ for use by Ian.·:.:.· processor 1
· .. :·· I~ for i~, .· inter to 

any extra information (1.e. on the h~~- · may othe ., . , lost m the · of an 

abnormal interrupt -·-~ / r ~ ... 
Static Link: Used to communicate static ~Qp,i.irtf~rmatio~ c ee tha · 
necessary for data access. It may also be ti~)in conjuncti#with the SL re .. : .. . ... 
or to pass a display pointer rather than a staff4.link. or it may remain un .. .. . : ' 
Current RP: Reserved for use by the called procedure; this is where . ~nt 
return address must be stored to support stack unwinding if the .,. · Ure uses 
(GR2) for any other pwpose. 
External/Stub RP (RP'), External SR4/LTP', an.d Exte , _. · ... - TP: All three of 
these words arc reserved for use by the inter·modular (ex ~-- · ill) calling mechanism 
See "External Calls" on page 4-19. for more details. 
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Table 4-1: Elements of Single Stack Frame Necessary for a Procedure Call 

Offset Contents 

Variable Arguments (optional; any number ~y"''lfe':ajlocated) 
SP-(4*(N+9)) arg word N 

SP-56 

SP-52 

SP-48 

SP-44 

SP-40 

SP-36 

SP-32 

SP-28 

SP-24 

·..-...... 
·· ........ '"'·· ' · ··,,. arg word 5 ·--. .. "' •. 

arg word 4 '~- "',,,<'· ··~ < · 

Fixed Arguments (must4t~ aft4't~.d: '1fY.· e'1.nused) ~/ 
arg word 3 "'-

arg word'~~., ... , 
·~ ·. 

ro 1 '% arg WO \:<:·· .. , ... 

argwordO Y 
'· · . 

............ ~ 

jo..,).. . Top of Frame 

(set before Call) 

(set after Call) 

(set after Call) 

(set after Entry) 

(set before Call) 

(set before Call) 

(set after Call) 

(set before Call) 

SP- 0 '· .. ;µ ...... :'· . ointer (points to next available address) 
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Fixed Arguments Area 
These four words are rese;t.Ved for holding the argument registers, should the callee 
wish to store them back,tp;;i.nemory so that they will be contiguous with the 
memory-based param¢f~.$n~)l.four words must be allocated for a non-leaf routine, 
but may be unus~d( . · , ..=- \ ". 

./• . ~ \ 

VariaJ:»~;rguments ~rfa + 
Ttt~~;;}Vbrds are reservect.~~l;l6fd any ~en ts that can not be contained in the 
fotif~l§ument regist~$f§,lilfough ... Qfi{~d'''t\f., words are shown in this area in the 
diagr~Jh~E~)P.a1'~atly b~4tbj,Urtlimiteq\'qumber of arguments stored on the 
stack, c?rttih~ihg~'~bwnw~~~hccessio~th addres~s ~at c~rrespond to the 
expression given m the.4.j.~gr.atb-): Any _ri~ary allocation m this area must be 
made by the qller. _,.. ,... /;,.. I .. · ........ -·· _ / 

-¥..<-... /. .• I ,. ..... ~ """" .... 
"«""~· • • ...... 

\. ,,. / ." 
;,"~' .~ .· " 
...... / ,f .d·f~<~ ; / -1'fri,,, 

.,,,~:'1/ft1•• /, ·:\: .· 

#.ifJ#J?f''~ .·' 

~<"/'' 

4-fi Function Calling Conventions PRO ABI ror PA-RISC Systems 



DRAFf 1017/93 - For review purposes only - CONFIDENTIAL 

Register Usage and Parameter Passing 

The PA-RISC processor architecture does not have ins~d~:~}.Vhich specify how 
registers should be used or how parameter lists shoul~-~~uilt f~'f procedure calls. 
Instead, the software procedure calling convention pr~J.ql.'b.e.$ the register usage and 
parameter passing guidelines. ~/" { '·"° · '~ . \ ... , ~ 

/'fo,~: ... 1,,~ ""-.... ' -· 
Register Partitioning · · -~ ' ...... _ . 

' . ' ~ In order to reduce the number of regi~te~f.$ayes requirecl:f~! typical proc~~;U,}'· 
the PA-RISC general and floating-p011Jfii:~$te~ files haycT:'lF.en divided into·i / 
partitions designated as ca11ee-saves and ca1lett~4v.~~· I~'riames of these partfiions 
indicate which procedure takes responsibility f ot;;pte.$.¢tving the contents of the 
register when a call is made. .., . · , .. 

If a procedure uses a register ~~·GaJlee-saves partiti'Oh;4f\W,,µst save the contents 
of that register inunediately after p~~~J1.try and restoie4ij.J.~~}tfents before the 
exit. Thus, the contents of all callee ve-s·~aJtte.r~ .. ¥e guaranJO to be preserved 
across procedure calls. ~ , """ ~·.,,, .. ... _.,;· 

., ~vv -v"',!> 

A procedure is free to use the caller-save : rs with"ij\lf.ii$!Ving their contents on 
entry. However, . . ... , of the caller- s registers Ate not guaranteed to be 
preserved aero . . ~cdure has pl a needed value in a caller-saves 
regi~ter, it m ...... '~- ... s~ored to~ory or copi '; ·~~yallee-saves register before 
making ac . , . i L. ..,. 
The register layou'ts-!Qd~igure 4-3. I 

Note 
In Figure 4-3, the conventions listed apply to both the single- and 
double-word floating point registers. 
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:···\. 
GRO Value (zero) 

·' 
~········~" ···;···, 

GR.Jr~ : . ·"' \ \ Scratch * .. --~· ··:; : .... · ... ,. .~ .. 
,.;'{ . . ..... : ·.;.:-:-:-:} 

-<·Q.pif:2' J\lii(Return Pointer/Address) .. . ... 
,. 

GR3 
,· 

't7· ..• 

GR26 
.-~~,.._~___;~~~;,__~~~-_ii 

GR27 

GR28 
.-~~~~~~~:.-.-~~~~~ 

GR29 

Figure 4-2: General Register Pa 
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FPRO 

FPR3 

FPR4 

.... ~ · -. .. .. 
.. 

J I 

Floating-Point Status and E~.P.~Jon 
. '· 

I ....... · ... 
, ' ' 

4. .. ./ ", .. ... ··~,. 

··--·rt of the caller-saves partition 

~-· 
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Other Register Conventions 
The following are guaran,* ed to be preserved across calls: 
• The procedure entry Y.~fde.,of SP. 
• The value of DP . ., · ./'·. ,\ 

• Space registe~s&(t;r-3·~ SR 4,'~k 5, SR 6, and SR 7. 
The follo~m,f.te ~ot necessap~i- preserved across calls: 
• Aoatirtgfpoint registers FP,W~f-~ FPR*-, and FPR 3. 
.(~.. ...f . .••• .•..• .,.~·· • S A: .,,: d SR 2""r·· ··=B§J?.a.9• ;:yegisters SR 0, J~~=~~van . .-:~ 1.. 

• ~~Processor Statq~·:W:¢.t(f (PS\W, ,, ~·,, \ 
• Th&~~ft.~~mwin.tftwg.ist~~ (~),·-~ any-~C.Qptrol registers that arc modified by 

privileged:;smtwate (e.~~tion IDji .. : 
• The state, includin.g,~!f(Upriai!.~ii~J~-@~~Y special function units accessed by 

the architects~g,S~'opei:a{~&..... ..... -. -~ ·· 
"1,, . . - .1 / 

The Floatin~,~oinli~b~rocessor Staty,~;f~gister , ,~ ~~ ~,ri 

Wi~ the floatin~-poi~processor ~~·~gI~~~-R O),_ the state of the 
rounding mode (bits 21~ and ,e~p'~ trap e_Jlle bi~ (bits 2~~1) ~ 
guaranteed to be preserved ·~alls. ~~~~x~fyon to this conv~ti..~n 1s made for 
any routine whic~ is defined ttt explicitly ~y the state of th~f:J,~~g mode or 
the trap enable bits on behalf of the caller~/ ,.'f .<-/,~r \~ . 
The states o~ the compare bit (bit 5)it ~r~iyed trap b~~4ti:25), and the"'~~eption 
trap flags (b1ts 0-4) are not guarante~t~ibe prese~~~ calls. ?£ .. 

~ / ,r 'Y ,,_--~ \ 
Summary of Dedicated Regis~sli~e ) / ) ~·, 
Table 4-2, Table 4-3, and Table 4-4 show th~equired conventions reg~~.;;'\·\.~ 
argument and return value passing. Confonning applications must cq~" • ~· · · to all · " 
procedure calling conventions specified in the PRO ABI. 
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Note 

If the routine in question is a non-leaf routine.-;,OR 2 must be stored 
bec~use subsequent calls will modif~ it i:lJc·e''~{..~· it is 
available to be used as a scratch reg1ste,t{:~y the code generators. 

(,,., · • •• ~4.·. 

Although common, it is not absolutRJy.rrt~cy that GR 2 be 
res~ored.before exit; a branch (BV,;~f:QSing a1rei.~~"~-~er-saves 
register is allowed. /~ · .... ,, · ·-~. 

,J, ~~ ""· . .. ·:i,,._ 

Register Other 
.,~·········- _.- ···v 

usa·~nvention 
Name Names 

~..... "·,~ ... .... ~--~::-.. 
SRO 

SR 1 sarg sret 

SR2 

SR3 

SR4 
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Table 4-3: General Register Usage 

Register Name 
Other 
N~ Usage Convention 

.... ·.·.~.·.·.·.> • . :·:·:·:·:~·:·:>:<<-

GRO 

...... . : ~··/ 

I GR22 
GR23 

GR24 

GR25 

GR26 

GR27 DP 

GR28 rctO 

GR29 SL retl 

GR30 SP 

GR31 
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Register Name 

FPRO 

FPR 1-FPR3 

FPR4 

FPR5 

FPR6 

FPR 7 

Table 4-4: Floating-Point Usage 

Other 
Names 

&empty; 

fret fargO 

fargl 

Usage C9.P._vention 
i· ........ ::_ ,,,, 

Floating-point cqpfocessO'f status. See 
discussion i~Jf~~,, .. of this chapter. 

Floating-P,~t~t exceP.~at:J.~giste~. 
Cannot,Wh~~fied b~f.pde. 
Floatiiigt"pofftt.tctum regis"iEi'JJiingle­
p~qf fon argurq~nt register o:bi~~~tj:°g-
~\,,faller-save~n.gister. ""· .. ~:·:-f 
Sm~~fisio ·;Mff~nt register 1,J;·· 
double-Ptf~i~if argument register 0 or 
floating-poifitJ&?:!l,.er-saves register. 

farg2~'~ ·· ·~ ... . Single-precisiori'~Upient register 2,or 
"\ . -"fl . . all .v. ~ • 
\ , .... : ' .... ,:;J¥lt!l'.lg-pomt c et~Y,M,J,,~Ister. 

farg3 

.:~, Fl<faijpg-point calltr-saves registers. 

~ Floaiing-point caller-saves registe~, only 
~~~ a~ailableon PA-RISC version 1.1 orlater 

'<...) ,J_focesso~. 
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Parameter Passing and Function Results 

VI P ~-a ue arameters / ·, . 

Value parameters ar.e'~c;i$.i,a sequential list of argument words with successive 
parameters map:R~Jitt{succes~t.e argument words, except 64-bit parameters, 
which must..J$l~gned on 64-bf.(}mundaries. Irregularly sized data items must be 
~xtend;;e=~:wz·or 64 bits, by ~f justi~ing !11e va~ue itself, and.then left-extending 
~'i~~~dard ~ength p~,rs that~ signed mtegers are sign-extended to the 
left::t-oi32 or 64 bits. .· . ·· '· ·"'···· A / J , 

Tabi~~~,,~s~ ~~J~:to~·r~~ .. ~~,'lfnguage paramet.er da~ types. :ne 
form colum1nmJlil.l4#$''~hic . #«-... 1 ?-thP.. · fo~rm· .. -:~ce ID, nonfloatmg-pomt, floating-"*""~ j>,. ,,,.. , ,.,,.Jw··-: ... ·.m 
point, or any)'lrie.data .. ··· ::"~,_nsidered .~: .ilF· 

ti' . < ......... ......,...,...,. ..r 

~:::•$e'4-S~f}amet~f1>ata Types and Sizes. 

\'Type ; · / Size (bits ,,..,, Form 
,... . 

ASCII character (in bfWf~rder 8 bits) 1¢·~:·· .l Nonfloating-Pt. 

Integer \J ~,. t / ... 
~- ' . / 

Short Pointer ~ . -~/, 32 

Long Pointer ; / 64 

Routine Reference (see below f~:·,... .!~ 
details of Routine Reference) 't 
Long Integer 

Real (single-precision) 

Long Real (double-precision) 64 

Quad Precision 128 
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Inter-Language Parameter Data Types and Sizes 

• Space Identifier (SID) (32 Bits): One arg word, callee cany?t assume a valid SID. 

• Non-Floating-Point (32 Bits): One arg word. L>~ 
•Non-Floating-Point (64 Bits): Two words, double w_9ftf"":aligneQ,high order word 

in an odd arg word. This may create a void in th~Jlf~~! list (i.e. an unused 
register and/or an unused word on the stack.) / : ··- ~ · .. 

• Floating-Point (32 Bits, single-precision): qne.,.w.(ip, callee<et,t9QJ assume a 
valid floating-point number. _/_. -~' ·. ,, .. -.... 

4" . ' ' 

• Floating-Point (64 Bits, double-precisiq@f'Two wotcfs, double worefi:@.ffgq¢ 
(high order word in odd arg word). Tb.fk~may create ~~Qid in the arguifi~~? 
64-bit floating-point value paramet~·ma(~,.~o th~l!J.~ second dou'~~~­
words of the argument list should~ pas~ed'itt;f,~;1~ farg:f, respectively:'fargO 
and farg2 ar~ never ~sed f~r 64-bit floating-ptifntp~!11eters. Callee cannot 

assume a valid float1ng-po11'n.~.~ber. ~- .. ,'·~·· ···-... 

\ ....... >~. ·"'· -~'"& ., 
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Reference Parameters 
A short pointer to the referenced data item (using SR 4-SR 7) is passed as a 
nonfloating-point 32-bit "1µe parameter. The alignment requirements for the short 
pointer are the same a.s.<Ul~Ulentioned for value parameters larger than 64 bits . .,,;'- ,. .. ''I'\ 

/ · ' . \ 
, ./ / ' ~ \ 

Routine Re_f@:t~ees 1\ \ 
"·«,<· I 

This coox,pb~· requires tha1:®tine references (i.e. procedure parameters, 
t:~RP.tttfw;r;ti'fnters, extemal#.~aR¢'utines$J~ passed as 32-bit nonfloating-point 
pf~~: See "ProcedureJ:j:~ls an~,Pjn~~ Calls" on page 4-26. 

. ·. ,.......- .-' / ./' \ >.. 
\ . ..... . ~/ ,., ""' ../ 1 ~. 

Ar umenti~ffi~t~ft"Usa ~oohventlonl g ""N(<-'NX«~· ; • • t!J .. ..,.,. ,. ... , .. ·~ 

Parameters to routine~:a!ioot~~QC.~ the argument list When a call is 
made, the first-t.{.?Hr .. prdS o~~at~list are passed in registers (as shown in 
Table 4-3), depeqtJ.Vtg on ti;e=~ge and number of the argument The first four 
words of the ~ctua\argum.fst on the stac~ are.resc~.rs spill l.ocations for the 
argument :eg1sters. The~ .. ·ifnum argument list~·" · 4. 'bytes. This space must be 
allocated m the frame · ·-.:, on-leaf proc , u . , remain unused. 
The standard argument · ster u . · .. ntion · · · hown in Table 4-6. When 
making an indirect call, the~g poin ·· · .. : ... · ments cann~ used. In this 
~ituation floating-point argu~ts must be ,.. ... in general -~~1l~ is shown 
m Table 4-6 I ./ W " ., . I ,w \~ 

~;· ;v~ l) 
Fune.lion Return Values . ~ . ~>:.,~ ~. 'h\. 
Function result values are placed m regi~ _, · '' scnbed uf;nlb1e 4-8. As witfi, .. , 
value parameters, irregularly sized function'.lfitlts must t>e.Afended to 32 %;~'1~\b 
by right-justifying the value itself, and then l!ft-extending it. Non-stanqpMmgth 1;· 
function results that are signed integers are sign-extended left to ~-2 ... '6=,· ' ~fits. ./ .> 
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Table 4-6: Argument Register Use 

void SID nonFP FP32 FP64 

arg word 0 no reg sarg argO fargO farg 1 { 32 .. 63} 

arg word 1 no reg argl argl fargl fargl (0 . .31} 

arg word 2 no reg arg2 arg2 farg2 farg3 { 32 .. 63} 

arg word 3 no reg arg3 arg3 farg3 farg3 { 0 .. 31} 

Table 4-7: Argument Register Use for Indirect Calls 

void 

arg word 0 no reg 

arg word 1 no reg 

arg word2 no reg 

arg word 3 no reg 

definitions: 
void 
SID 
nonFP 
FP32 
FP64 

SID nonFP FP32 FP64 

sarg argO argO arg 1 { 32 .. 63} 

argl argl argl argl {0 .. 31} 

arg2 arg2 arg2 arg3 { 32 .. 63} 

arg3 arg3 arg3 arg3 {0 .. 31} 

- arg word not used in this call 
- space identifier value 
- any 32-bit or 64-bit nonfloating-point 
- 32-bit floating-point (single-precision) 
- 64-bit floating-point (double-precision) 
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When calling functions that return results larger than 64 bits, the caller passes a 
short pointer (using SR 4 - SR 7) in GR 28 (retO) which describes the memory 
location for the function result The caller is responsible for ensuring that the space 
for the result has been allocated. The address given should be the address for the 
high-order byte of the result. The function may assume that the result address will 
be aligned to the natural boundary for a data item of the result's type. It should be 
noted that some compilers support options which allow data structures to be aligned 
on non-natural boundaries. The instruction sequence used to store a function result 
should be consistent with the data alignment assumptions made by potential callers 
of that function. 

Table 4-8: Return Values. 

Type of Return Value Return Register 

signed byte retO (GR 28) - low order 8 bits 

Non.floating-Pt. (32-bit) retO (GR 28) 

Nonfloating-Pt. (64-bit) rctO (GR 28) - high order word 

retl (GR 29) - low order word 

Floating-Pt. (32-bit) frct(FPR4) 

Floating-Pt. (64-bit) fret (FPR 4) 

Space Identifier (32-bit) srct (SR 1) 

Any Larger Than 64-bit result is stored to memory at 
location described by a short pointer 
passed by caller in GR 281 

1. The caller may not assume that the result's addlcss is still in GR 28 on ~um 
from the function. 
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External Calls 

External calls occur in both dynamic libraries and the pr~~,~hich use them. A 
dynamic library is also referred to as a shared library, ajftontaf:i} subroutines that 
can be shared by all programs that use them. Dyn~}~'-t'¢.es are attached to the 
program at run time rather than copied into the pr~ ~{beJinker. Since the 
dynamic library code is not copied into the pros.t...M1;ple and'"~be._shared among 
several programs as a separate load module, ~tbi~aj call meeh(9.}iQJ. is needed. 
In order for the object code in a dynamic IJ:up:iy to be ~ully sharabl~;·<ittfflM:~! be 
c?mpiled and I.inked in such a way. that f~f~~s not depe~?i_on its position4Ji1~i,1 
virtual addressmg space of any parncu~:p~~~_. In oth<;r==1f:i9o{~s, the same phptcal 
copy of the code must work correctly m each::p,t~~ss; ~ · -· ~ '¥' 

Position independence is achieved by two mechrutj;- ,: First, PC-relative 
ad~essing is used whei:ev~r p~~~~le f~r branches wltfil~im~~ules .and for acce~ses 
to literal data. Second, mdirect~.$.mg through a pet;;.p;n·ii~$S linkage table 1s 
used for all ac~esses to global v~f~1"-:~!er-modul~ p~~$l.n.9'calls and other 
branches and literal accesses where~-reta~~J:.~~~~mg canlJ,Pt be used. Global 
variables must be accessed indirectly ~-ce th~a.Y,&,.~pCJlled in the main 
program's address space, and even the ·:'-4)1"ositionbfftlle·'global variables may 
vary from one p · =~mL .. ther. ," :· .~r' 

Position-inde ent c , ) implies th--e object code contains no absolute 
addresses. S , can bC ded at any ad~,without relocation, and can be 
shared by seve · xg··· ·. . sses ose data segmen~ allocated uniquely. This 
requirementextend .·;=:. =,·~~'WI· ·, : ~ .... ~rta. I~posi~on:indepen~en!code 
all ref~~,·-~~e ·. '; .IQa. must · ·-eftllatlPC-relauve or mdrrecL All indirect 
refiz:.'& tes ·a:re·-enltf..~."".,..t in ~--~ linkage table that can be initialized on a per-

.@i -~r~ , 
!~~ ess basis. " -~~- "--:-! 
~~L~nkagc Table (Lf)\tJ! is ~fed in a position-independent manner by 
usingt~JJ!cated re~ste!, -,~,19, asTpointer to the Li~age Table. The link~r must 
generaf~l~p:qrt (calling) an'=(e.xport (called) stubs which set GR 19 to the Linkage 
Table poirif&Y:ti~e for the taf,_fet routine, and handle the inter-space calls needed to 

branch bctw~~ 
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The code in the program file itself does not need to be position independent, but it 
must access all external procedures through its own linkage table by using import 
stubs. The Linkage Table !h,pynamic libraries is accessed using a dedicated Linkage 
Table pointer (LTP), w.~($. .. ~he program file accesses the Linkage Table through 
th DP 

. / ~". -~ 
e regtster. ··"' · ./ \ ·1 

Code which is . v..~ln' a dynan{it~brary must be compiled as position-independent 
code. Ref~f.-.~V)\Ofilpiler docu~tation for specific instructions. Code in the 
pro~:::i~ffs not PIC and ~~er ~~ces the import/export stubs into the 
P{Qgm;:~ffie to handle ext_~mlJ~alls. ) "\ 

·~ J ,/ "'· ;A.JI,. ' ·. .. : ,"' . . .. , · .. 
,. rt' L ,..,.,- ·~ .. ' 

Con·tt.p.1.Ftow-"O..tffi'lt E~.terpal CarJ: \ 
The cod~· geiferate(fby ~5'.~~-!l!~e~ to perf~ a procedure call is_the same w~et~er 
the call is external or.J®'!lf Jl!J:~~·tes the procedure being called within 
~e program filtfrj~st' m j9f ev01lJMocal by patching ~e BL instru~tion to 
directly referen~llte en~. · t of the procedure. If the hnker detenrunes that the 
called procedure iSiloutsid~. the program file, it musi4e the call external by 
inserting an import stuib-...... ing stub) into thee.=~, and patching the BL 
instruction to branch to .,.. ·tub. For an ~e in . · ·· "rogram file which the linker 
detects is called from ou de of · · ~ fi . , export stub<f_alled stub) is 
inserted into the program · ·> ·Ode. "'\, / / / ., .. 

' 'L I L ' 
When building a dyn~mic lib , the linke ,: · ~ generate i~P=tt:art~~port stubs 
for all procedures which can be called fr ·~uts1de of ~~ffeJlfmic hb~ 
Figure 4-4 below shows the contro ·' --.' an extem!J~l 1>A 

~/~~ ~.r ' -., 

Callin~ Cod~ . 0 / ~...,.... ~~ 
The calling code m program files is responsd>Je for perfort«ing the stand~~~~\ 
procedure call steps reganlless of whether the call is external or locaL~er )~ 
generates an import stub to perform the additional steps requmd ~nf'~mal call, 
The import stub (calling stub) of an external call pc:rlonns ~"Wmg steps: 

• Loads the target (export stub) address of the proced~re Linkage Table 
• Loads into GR 19 the LTP (Linkage Table Pointer) v:f\!w'~f the target load 

module. "'\ 

• Saves the return pointer (RP'), since the export stub will overwrite RP with the 
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Program File 

Caller 
1 

Import Stub 

2 

'·, 
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The code sequence of the impon (calling) stub used in a dynamic library is shown 
below: 

-~;:,., 
;Import Stub (Dyn~c Library) 
X': ADDIL 4.f:i:fa~tf,rl9 ;load target (export stub) address 

LOW ./i;~f;ftdfJU rl) r21 
··~ ... :,:y..,.:;. <·=:~:;:: , 

LOW ,.,'" R'ltoffJM(rl) ,r19 ;load new GR 19 (LTP) value 
,./.[:. '... ~:::~:~ .. 

LDS:!fi,. (r21) ~!A _,:;;:!: ~:{;:;:;:;;::: ·.. I i ~ ... t : 

,, L-flF. rl, sr~. ~ 
$E 0(sr0~).t~1) ,.. .« .......... '?;' 

STW rp, ~~A~~p) 

;load space id of target address 
;move space id to space register 

'f.. ;branch to target 
; ''.{save RP' 

,/'m..I •.\, 

\ •"' _,AS· ....... -· ··,, ··~ 
Calfe:a,,,.Cod.e.-" .. · · _,,..,. ,. · ''

1
· ·~ 

v"*t "«""<- ,( • • J 

The called' cooe· fr{ d~n~~~ filesJ~(~onsi.ble for performing the standard 
procedure call .steps J.l$~eS,$'.:df~bq9'1e call is external or local. 
The linker geri~~;.an· ex~t~~1r1tY't)erfonn the additional steps required for 
dynamic library··.,jemal c . · .. · ti·The expon stub is used to trap the return from the 
procedure and perl't>rm ~s nece~JP"!f!lce branch. 
The ex?on stub (calledi ~ of a dynamic r . ~al call performs the 
following steps: \"''T' ..,..;:· _,, _.l,.~~ 
• B~c~es to the target pf~:FThe~ue" in RP at this &l!,?t is the return 

point into the export stub.'-' ~V / /" ... l' 
• Upon return from the procedure, reiso . . =t;{ return poi_9:t~-). ""'"\'\~ 
• Perfonns an interspace branch to re . , . , · ·the caller ,,/:=rfrr '7~~ 
The code sequence of the export stu~; o~n be, o .. \\' b \ 

X': BL,N X,rp 'l; t · .. { . ~fie re~t· . . ~"-"'\.,_ 
NOP ~ ·<-:>"?' . ~'.-'·· ' • >, 

LOW -24(sp),rp ; ·~store the ~riginal RP ... ~~·'\ ~ ... 
LDSID (rp), rl ; ~d space id of ret':SP .. . "ress'\., \. 
MTSP rl, srO ; ~Ve SID frOill GR to~vr ),""> 
BE,N O(srO,rp) ; inter-space retur ... .,Y' ,.. 

p" 
.(;' 
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PIC Requirements for Compilers and Assembly 
Code ~. 

i ···, 

Any code which is PIC or which makes calls to PIC m~'f~n~)the standard 
procedure call mechanism. In addition, register GR 19,j{.~.tinkage table pointer 
register) must be stored at SP-32 by all PIC routin~"f-bis"S~~}J.14.pe done once upon 
procedure entry. Register GR 19 must also be ~e.S!~ upon ~f'e~1l\drom each 
procedure call, even if GR 19 is not referencep~P:~ before ~;~~t procedure 
call. The LTP register, GR 19, is used by t!i~Jiifnport stubs and must'~t.illl.~ at all 
procedure call points in position indepe~q,~.r code. If tli~i\!C routine m~~v.~fPI 
proc~ure calls, it may be wise to cop~~°:~{l2~!_nto a caµe~~i:!ves register ~'~'Yell, 
to avoid a memory reference when restonng~(l}lt4.9 up.4P··retum from each ~­
procedure call. As with GR 27 (DP), the compiiet~mf!st treat GR 19 as a reserved 
register whenever position-independent code is l>Cihg=;:g¢nerated. 

'·'°'·~. . ... ..v.:~ 

Long Calls 

PRO ABI ror PA-RISC Systems 

• .. ,""< 

........ 

; get PC into RP 
4, rp; add PC-rel offset 
8(rl}, rl 
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Long Branches and Switch Tables 
Long branches are simila;. .. to long calls, but are only two instructions because the 
return pointer is not neeg¢.d}-.. , 

LDIL ,.; "~~)i:=ar-9'.~,t, trl 
BE W;targijh.(%sr4, %rl) 

. .// .. · : .. ··. 
For PIC, th~~fiw.~finstruction~:,l\)ust be transformed into four instructions, similar 

;':: ·=..:~·= •".l' • : 

to the 1~1;1f:'¥1' .. sequence: ,.i. / 
,. '~·· 11. .. .,. 

~.. ._,I · BL . +B ~··~t:~? Jt \. get pc into rl 
< •• ;,·.·· · · ·" ADDIL LI " ... , ... t L ~ .. ., dd 1 t. f f t · ,,,~·;;~te - , .~: .. / ... ' ·,,_ a pc-re a l. ve o se 

·k~· LOO A~~J:~fget~1-~!'" ... '\ \ add pc-relative offset "i .. ' ~·:;: · ~» ... .. ·. ~~ \ ... 
· ..... , BV N,,.,...~ ·~if.%rl)...t . ..-- ) \ · and branch 

The oniy-,p;t:1~~tnvith th~:.: · urnce is w~4he
1

long· branch is to a switch' table, 
where each switch ta]?J#~: ·· : ·~ .. reg~1J9~two words. A long branch within a 
switch table JlllJ~l. .':'"1.~~te a . . : ·~ventry and make an indirect branch: "{'·~' ~ 

Low'\. / T' t ... Jtf(t (%r19), %rl ; load LT entry 
BV, n ''4 0 ( .. 'f$,f ; b:z::~ indirect 

Here, the T ' operator inc;d~l(~s request to the .~;rbLT_REL fixup (See 
"Fixup Requests,, on pJ"f 0-30.) ~~"fl'"',,/ l / 

~ .. -. .,_ I t ? \ 
Assigned GOTO Stat~ents ~ ,/ ./'/f'' ·,..~:~ •. 

,,,, c~ '\,,lli 
ASSIGN statements in FORTRAN must . . ~. · nverted to .. ; ,~~1_ative ~~· For 

non-PIC~~~e~;::t. i~ ·s~thy~IJ>thev~' 

This be
LDO & Red't~rgetht(:rnpll) : . ;·7 4· h~. ~, 

must trans1onn mto e J.O ow · -mstructi,sequence: . ..... "'Jr::\, 

BL • +8, tmp ; get rp into tmp , .vrr \ · ·~ 
DEPI O, 31, 2, tmp clear low-ord~·e;s ).;JI 
ADDIL L'target-L,tmp get pc-rel~ .. t;A~.~~~~. ffset ~ 
LOO R'target-L(lrl),tmp , "JP .. 

L: 

Literal References 
References to literals in the text space are handled exactly e ASSIGN statements 
(shown above). The LOO instruction can be replaced with LDW as appropriate. 
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Global and Static Variable References 

References to global or static variables require two instructions either to fonn the 
address of a variable, or to load or store the contents of tbe~Jlh.:i.able: 

)• ··}-;,:..•··"·v~::~;~ 

; to form the address of a variabl_~: 

ADDIL L'var- $global$+x, %dp . ; '· 
LOO R • var-$global$+x ( %rl) , ... · ., ., 
; to load the contents of a v~4~ble · .... 
ADDIL L'var-$global$+x, %dl't< ·-A,, ····-;,., 
Low R'var-$global$+xc ttitr;·~~Ji¢ 

f"' ~..: . 7. ·."?. ... 

For position-independence, this sequence n{U:st be conv,~rted to use the'lfi(~g~_tab\~ 
pointer (GR19): " "\'' v, ·• · '··<~ 

; to 
LDW 
LOO 
; to 

PRO ABI ror PA-RISC Systems 

f· .. ,<=~%t. if X==O 
the var'i:aS.le. 

·~ .. .,,' ....... ~ .. . 

if x::::::O 
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Procedure Labels and Dynamic Calls 

PA-RISC compilers must;~n~rate the code sequence required for proper handling 
of procedure labels and dyp~c procedure calls. Assembler programmers must use 
the same code sequ~,n~:c;VIped below, in order to insure proper handling of 
procedure label~Jtn4}~ynamic\,pr~edure calls. 

A procedure.*~):;~ a speciallf~onnatted variable that is used to.link dynamic 
procedur~~4.&J,_ls~·The format ofi:d;procedure label is shown below m Figure 4-5. 

/.-:~~ ........ , J~ .. .. J ~-

\ ... ?' Figu,(t':,~s: Procedure Label Layout 
... . ! 

The X field in the 8':fdrei!>~;:.·· · ·on of the proced t'· reserved and must be set 
to 0. The L field is use~td-' ag whether th · bel is a pointer to an LT 
entry (L-field is on) or · · e entry . ~ -· the p .. ·:_ · ure. 

The plabel calculation p ' y the p • . : ·~ both dynami ··· "braries and 
incomplete executables is m ' · ed by the · .. · . ·, when buildi . · c libraries 
and incomplete executables, to load the c · ts of an LT . hie ·" built for 
each symbol associated with a CODE -:·... ~ EL fixup 
In dynamic libraries and incomplet~~~tables, ~: :···'· .. · uc is the ·· of a 
PLT (Procedure Linkage Table) en~ 10s the . tine, ' an~ · 
address. The linker sets the L field (secon~ .· .. - it) in the edure label to .. 

determine which type of procedure label has n passed, and call the .. . · ' 
procedure accordingly. The X field is always 0 in a conforming ap J ·: n. 
The following pseudo-code sequences show the process used t .,.;:: . ~._. · im dyn · 
c~: . 

4-.U FunctJon Calling Conventions PRO ABI for PA-RISC Systems 



DRAFf 10/7/93- For review purposes only- CONFIDENTIAL 

< dynamic library address load > 
Clear L-field; 
Load new LTP value into GR 19; 
Load address of target; 

< perform dynamic calls > / 
IF (L-field in Plabel) = 0 THEN ./ ., "· · .. 

Perform interspace branch using:.''l?iab e1 ... ,;~$=•-!:arget address; 
ELSE BEGIN . ./··.:>"\ ,, -t..... .. , 

Perform < dynamic library a§.®~~§-~f.J,,oad > ··. 
Y.·: :-· '"<•:.. •. ~ ... ··;:. 

Perform inter space branch .. ,~p-· tar!;iet address; · ·~ 

/ / '"'"'·· . ... (.:..:.. ·· ... ~. 
'.(.... \ · ·l' •• ... 

END. 
.. ···"' 

In order to generate a procedure labelthat·e¢g~.-~sedJ~-'~~c libraries~\md 
incomplete executables, assembly code must sP@ify.<@at a procedure address is 
being taken (and that a plabel is wanted) by using"~J.P\a.~sembler fixup mode. For 
example, to generate an asseni~!y,,.,g~_abel, the followfog;j~\t-~nce must be used: 

; Take the address of L,turl~t+ion 
>.."':·:<·:·::;...: : ~-=··,.· · . 'l! 

LDIL LP' functiah.~ t<i. · .. , . 'l<'' • , .... 
LOO RP' functiorf{~l) · ; ·--."t~g; ·,."··· ... , ; . 

~ . , W.;;· 41' 

This code sequence will generate the ~~ss~~cAll~1:~}'PS that the linker 
needs in order to g;_.n.ctale..,the proper pro~,4~ label. '·· · 

~:~g:~=i~:i";;.";.:::':.;'~~~e . 
. ~-

\... 
'"" ·'""'··~·--? 
~/· 
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Stack Unwinding 
~!\ 

Stack unwinding refers ui?.~~ processes of procedure trace-back and ~ontext 
restoration, both o~)":~q.fiatf~ever~ p~ssible system and user-level appli~ations. 
A software staclq·tftW.Htding cq.nyentlon is necessary on PA-RISC because m the 
event of an iom'.WtPtlon of exetqlion, there is insufficient information directly 
availabl?,.t4.~ffonn a comp~sive stack trace. The stack trace is the basic 
qr,e~~tt.Ui;peiionned in co~~~estora~_n. 

~(~-~·· · .'/'· ." , ..... ,.' ~ \ 

,/ . ,,~ •• .r: .,.,;v· .. ,\\, 

Ovetv..iew .. / · , . .,, ,/ \-.., 
The s~~k;~*''irtlonnaµ.4\~g~~erate4hJ:e at compile time via fixups and 
stored in a static data ~~led t~f.!Jtind table. An unwind table is 
automatically ~unµ(.~ef~Jt.q~~Y the linker. 

Each entry in tfr;i4P-4d ta&rfontains two addresses which describe a region of 
code, typically the~tarting.{an-d ending address of a p~. Each entry also 
contains an unwind de!fc1<''..: ... ~ i- which holds info;f.. · · .~1~lrout the frame and register 
usage of that region. · ::· an u;;:;;~n i . · · ·· iicd, the unwind table is 
searched to find the regi · conta· · ; . iinstru .. · . · where the ~eption or 
interrupt occurred. ~'l ,, \, / . r ". ..... , .. , / 

"\. l 

Requirements for Stack Unwlndlns(,,1 

Unwind depends crucially on the ab~=-)de 
state of the stack and whether that ~on · 
sequence. In particular, instructions that 
the unwind routines. Furthennore, it is necflliCt011"' 
be saved at the dedicated locations on the s 
conventions. 

To guarantee that a routine is unwindable, the assembly pro ., ... '·· should strictly 
adhere to the stack and register usage conventions dese{i~l# e PRO ABI. It is 
11Wldatory that the procedure entry and exit sequences C{'JtWO'nn to the standard 

specifications. ' 
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To successfully perform a stack trace from any given instruction in a program, the 
following requirements must be met: 

• The instruction must lie within a standard code sequenc;l.i:.~.specified above. 
i __,..,,..,, :-. 

• Caller-save registers must be saved and restored acro~p;ca1rrif.their contents are 
live across a call). ./ ·~ .._ 

• Unwind table entries must be generated for eac!J;l.bii"tin:e-(i«m!,for any 
discontinuous reg~ons of code. .,_..,, r'- • .•. ,, · .. 

• The frame size for each routine must be th,Y«~\Js stated.1n:(f.a,,u.~wind 
descriptor for that routine. . ¥ .· • '·..._ -. ... ',. 

~ ,,,., ... ~::>.. 

• The use of RP (or MRP) in each routine'l'iiust confonn:.to the specificati6J;J.~:;$taJ.dH ;,::: .. ·:,.. >:···.,, ~ .. .. '"'" 

in the unwind descriptor for the speC,µ'fowd~R~ stated irj;Jfi~,,µnwind descriptp.tlor 
• y '<o:,, •• ,I ~,,,...·· ~<~*" ~,. 

that routme. · .. "" . ; .,,,_ 

The minimum requirements for a successful co.rite'%t~fe$toration are: 

• All requirements for a stac~~~- (as above) mus~··f5effn.m. .. . 
• The ~se o~ the ~allee~saves re~in,.-~~h routine mti'str~qhlo~ to the 

specifi.cauons given 10 the unw1mt.a~~.Q~ that routut<t .' 
•. , ~-, : .. . 

Fixup n:<luests m~st be provided.to i~er,~pv~Jpi~~-Y...ipformation t~ build 
the unwmd descnptors. The unwmd de ·. pto.f.fdescn:ue-<stack and register l :> ~ y 

;:~:=~\i:>'f~~~~~o, ... ·g~o~de~:~;:~~:~~ef:~t3;h~~~t 
10 Figure 4-6 '· ' \. I 

""~-"'~ •. ..~ 
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Unwinding from Millicode 

The one type of standard 1;fll.l from which unwindability cannot be guaranteed is the 
millicode call. This is be9.liu.$e the assembler cannot automatically generate the 
standard entry and exit:~wnces for millicode routines that allocate additional 
stack space. Fort4m.!ti.iy·;·~el~t~*¢ly few millicode routines require the creation of a 
stack frame. ItJ~!{ws~lble, hovJt~,er, to support unwinding from such routines (i.e., 

... -::::;::.::.:-:.- ·.·':I' v·v :< 

nested milliCQd.e--calls), provid¢d':that the millicode routine which allocates the stack 
space .i§~"t~f~~ so that it us~~t~ corrct~ entry and exit sequences. It is the 
~~611ity of the authq,p$fjl'he spec;ui.tvoutine to incorporate these provisions 
int6;itb~ actual code. . ' .. / ~, \ 

·'<i::····· ..,,. r'' /~' ', \ ., . ..~ / .,, \ .. 
.. ,~·: .. ,., .... ~···:~,,. ,~:·::·"·-~~ , // • ••• • J t :\ 

lnstances::::in'~WhiCh ~!'.l~fl~lng May,F' 
A successful stack ~.ptay~>h~'1~· in the following situations: 

~.. ..~ ,">L .Y ;~;'-.¥. ,. ~-.. 

• Procedures i~fJ~e mul.!f.Ji (secondary) entry points. 
• Code sequences4Ji whic){ilF (GR 27) is modified. NQ~hat DP should never be 

altered by user code, oJilWT>y system code as i .. · .... ly necessary. 

(; -/,/ 
The Unwind Desc~r. ~ ·~ / ~ 
Using the information in th~up reques ... , · ~ er builds .. .. ' ... ·~ ·,unwind 
descriptor for each unwind region. These riptors mofl.\, .. ,:.: · · · 'artic code 
address range, typically an entire p . The unwi . ~' .'' riptors p 
information about the stack size, re usage, .. ,.,; ,, , gths of the 
exit sequences. The linker sons these ··c~,a;,;:;;.~fl ere 
address~s and pl~ces ~em in th~ $i:~lAAT$ subs · .. 
an unwmd descnptor is shown m Figure ~1'\ 
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struct unwind_table_entry ( 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

int 

int 

int 

int 

int 

int 

int 

int 

region_start; 

region_end; 

Cannot_unwind : l ; 

Millicode: 1; 

Millicode_save_srO:l; 

Region_description: 2 ~. 

reservedl:l; 

Entry_SR:l; 

unsigned int Entry_FR:4; 

unsigned int Entry_GR:S; , 
unsigned int Args_stored: £'';·· .... '•. ·, 
unsigned int Variable_Frame:l; ~,~ ... 
unsigned int Separate_Package_Body:'1~t 

unsigned int Frame_~.~-~J:sion_Millicod~··~<~,( · 
unsigned int Stack_o~~t.ll*>w,....c;:heck: 1; "..., · .. ....... ~, 
unsigned int Two_Inst;lit;ti~~@~,9.crernent: 1} ·"':. , 

• ~1~ :.-« ..... ·· ~ 1 . 
unsigned int Ada_Region: ~~· ··· ·;i: "'- F 
unsigned int. res.erved2: 4; '1· . /',~~· $ 

">.·-:: ~ .r ~ 

uns~~ned ~~·~v~,:--SP: 1; ~· · . , $ · 
unsigneq:~'ff~.~P:l; . ··. 

unsign.~int Save~_in_fraine : °$~\,, . 
unsi~j:~~t reser .;.'33: 1; ~ · 
unsi~ned~4,~ea · =··· .~J.p.ed: 1; ,t, 

1 * / 

2. * / 

3. * I 

unsigned in1'~~~.. ·' .,.,.:·r·. --.....____~ / * Word 4 * / . . .,., . k---~ ., .: , ... t In · ·· t_mar er : "'• 
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Unwind Descriptor Fields 

region_start 
j .,, 

This is the ~~:g··aa~ss of the unwind region. 
. : . 

. .,,. 
.f • . . 

region_~o.d'.,. / 

·~-··,,~··,(, .<lJnS' i~ the end addre$$::9f the u~~ind region. 
~v • .-: _. • ', 

\\ i~ .. -t ' ,/': ,....'~'~'·-... 
Can·np.,t._unwin~ . · ... .J ." 'I \ ' . . ...... ..,,,,, ... , .. ,~ ,. / . ) \ 

bnedf:t:mts;tegion d~'=noi follow unwind conventions and is therefore not 
unwindable; z;i.:d~lh~.ise. (1'J.on1~indable code is discouraged.) 

~~\>--' . .... --~--~· . :v·· ./ . ·: ,.:~::~.:~:·:>/ 
Mlllicode \ , ·· / ,. 

,, <I ! ,.~ .y.~· 

One if this regiorui)1'' millicode routine; ~-twise. 
/ / .A'_~ /' r' . , r ....... p,... , ,,. 

Mllllcode_save_srO ~ ~~~\ ;,,",r/ to 

~ ~!~~odli(<>utinc sa~m iu frame (a /~P- 16); 

Reglon_~escrlptlon. ~!" .. ~~(,? ~ . 
This field descnbes the code ~ccn . ~lflrti.ng an ,~g o ts of· 
region. The values for this field ' .. " tf"ed in Tabl f!9. \ 
One unwind table entry is generated pfi: routine. plus one for each ... · bfu):' '\, 
entry point. ex.it point, and discontinuous region. Normally. d ) 
descriptors arc identical except for the Region_descriptioxk: 

reserved1 ~ 
This bit is reserved for future use. It must be se~ confonning 
applications. 
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00 

01 
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11 
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Table 4-9: Region_description Usage 

Context 

Nonnal 

Entry point 
only 

Exit point 
only 

Descriptio,n 
A. ~~-. 

Normal context is code ~~Jml'~~een the last 
entry point and first exi~;;tldfr1t of a routine. 

Entry point only co~~t i's .. ~===tlJ ... at makes up an 
alternate entry poi,o!41.~onsis6="j~~ code 

~=~::.YI~~~~~~:~~i~~t .. ~ell as 
Exit pointpd'fY.._~ontext i;-<;~99.~ that make~"i1p~~-.... ·1 
altemate~#Xft;@l,nt. It con§i*~~A~f. exit code insegta 
by the assembfot,trf't.o.!TI.ffi.Jer as well as user code. It 

• <':• • ..,_, !·-,.~·:·:-!·:·· 

does not contain enft¥=::CQ'qe. 

Discontinuous D..iscontinuous conte~~'is=·®ae.,within an assembled 
~:::'' . ":-'.-• \.!:-;;:::::::::::~:: .. ...... 

or ~mP.il«l..,routine that is eitQ:,¢.r==p~o.t2receded by 
" .. '\.;.' .::W.<., <.... .•.. • ..... 

some~tfylftfilt==ot ~-ot f. ollowe<l=~p~s'ome exit 
point '\:~=. ......... --- · ·~?. 4,} .. 

~A ,& " ., .. ""' ... .<:'l!<oo... • 
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Args_stored 

One if this regiori~:S prologue includes storing any arguments to the routine 
in ~er:iory in th;,..~~itected locations; zero otherwise. May be incorrect in 
optmuzed c~;· .r .~.._ · \ 

Variable F,r•> , \\ 
- . :; 1 ! 

_,J($,¢at~s that this regit>ttls.~ may be expanded during the region's 
,;, .••• ••• <9· ,:~xicution (using tho.~lii dymu.Bk..,frame facility). Such frames require 

·. .. , ·different unwif!~!~technia'.~· .-··· \ 
' • '>' -~~ "'\ . 
·\.' . _,. . ./· ,..,, ,;· ;('/ . ,-· ·, \ 

'<;, ··.,-m•·•···· · " ,/ . } 

Separat&·~~a~e Bodf ·"'° ~ i t - .- .... · .. . · : / i 

Indicates _th~_.;Js$9,¢tat~~Q.{t~lp·Ada separate package body. It ~as no 
frame Of-Jtf.~~. but.-~s·-s~-in a parent frame to save RP and spill any 
entry sav~~gisters/ / 

.• J .,· _,,..,.,.·/1 
Frame_Extenslon_Nld,'ltode --·""'\.'.~~ ~; / / 

~dicates the as~c$ated ... ~t&~pcci~;~icode rourlP.e which 

unplements the A~ exien~rtton. ,,.,;J\\ 
Stack_Overflow_Check ~ y \\_ 

Indicates the associated rcgi an Ada§.-· .-.... tb~~ow chec~· ·'.i\ :-~ntry 
sequence(s). / ~r" ' ··. . _.,,, 

Two_lnstructlon_SP _Increment ~ F ,L,,,,,.· · ~,-/"°' t .Y /,.A.\.._ 

Indicates the associated (Ada) region had a large frame su~~o 
instructions were necessary to produce that portion of thrP." ~creme 
which cannot be deduced from the frame sizer~ descriptor. 
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Ada_ Region 

One if the associated region should be treated as an Ada routine. This bit is 
intended for use by Ada exception handlers. 

reserved2 . j . ', .... , . . . 
These bits are reseived for future use. T~~frt;nust l:ie~~Q._9 m confomung 
applications. ,., . __ :_,~;~~ -.,:, .. 

ye>~ ' -.....<-.. 

Save_SP ~~~S-:.. \·.:.., .,_ . . ...... ~.} 
' ., 
' 

One if the entry value of SP is ·~~ve<f.f:fs.y.., . .this regih.o:f:si, _ntry sequence"vnhe 
current frame marker (current_SP - 4)~\~f.Q,otl1)h¥ise·~-:~ t-

1 

.. , 
Save_RP 

•. •. • '.'<-.-. • .• , !-' •S:·, 

For non-millicode, one if 'tij~~p;y:::yajµe of RP is sa\i~t}.yfthe entry 
sequence in the previous fr~ (it"P~){f~µ~ ... ~p - 20); i;y,ro otherwise. For 
millicode, one if the entry var~,, of MjjMt' . ., .. ,:.,,~-':at;'.~:fpved by the entry 
sequen~e in the current ~e (at~R1}.~-SP - 20.,ia current_S_P - 16, 
respecb~ .. : ,,, · ,· «tn~erwtse. If tH1~rit 1.s one, th~5Save_MRP _m_frame 
and Mi · e_sa~.Q.q bits are ignot~ 

~ ~ ~'! .. 
/ ) l '(.,., 

Save_MRP _ln'fr$.:l'pl L~-. v 
~D~<if-·tb~~n~t,:?!'~Ml~P>-l~~JY the entry code in the current frame 

/j(at'etittt'.9.L~~ -20);~·'· ·:."IQ... otherwise. Applies only to millicodc. 
'~V "'"~ - ...,_ ., 
/ "O....... ··~· ...... " 

~'v,,._, ;\ ~ ... H,.,, 
. d3 '\ . ' ,' se.rye " " , ., 

~ -~ "> :\ k.' 
'·•$.,~it is reserved·~ must be set to 0 in confonning applications. 

'~·~~- t! Cleanup deflf.f&li~ J ! - ,, . . . ,( / 

Th~ interp~,.)f' thi~ field is dependent upon the language processor 
which compde3;~tfie routine. v 
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reserved4 

This bit is reserv~ and must be set to 0 in confonning applications: 
<'" 
~ . 

lnterrupt_marke_r · 
. • . . \ 
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5 
.,, 

Object File and Library Format~;_ .·· · J~<>Q 

The Standard Object Module (SOM) format defin~g(i,'n this:,~b.cµment is intended to 
be a common representation of code and data f~t:ri,ff_RISC '6a~~t~ystems. A SOM 
may exist as a single entity or as part of a co~J.~tit?,P.~~l library .... _ · 
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I 

DRAFT 10/7/93 • For review purposes only· CONF1DENTIAL 

SOM Format 
~-

The SOM consists of a ~.QM header record, an auxiliary header record, and other 
optional component~4'P,l.lo'(4pon and size of the auxiliary header record and all 
other compone~}~"::ddined ~,the main header record. Each location is given by 
a byte offsek(¢'f~ve to the fir,~~yte of the header), and the size is given either by 
the num~¢'~,Cntries (records)!~the component, or the total number of bytes in the 
com . t(~t;· ."¥' " I t, ~ p.ou~!i / , . , 

'>!;%g··A • ' •>"i .• ( "' ,.: ). ":. 

Tfi~jf.St word of t?e h~~r.cordA~,~~f:P.e first word of the s.oM. It contains a 
magz~'JJ.~:!'lber w~.!£~4l:p'guis4~~:tpe'S01'•'{rom any other enuty. The header 
defines~t~T~~~!#.1a,]j0Catio~.,Q.fi:U}e''other cotnJonents of the SOM. 

The auxili';:cy·'h'e~;r re~,4 · ~J .. dcsign~4J'5e used by different systems in 
different ways. The_Jj(~;r:A:u · .. , ... .", .. = ,,,~··is a specific implementation for PRO 
ABI complianf:t1d~s:· All . :d)er'~·o·tfipf;°nents are independent of the 
implementation:=... ,~ • / ·-1" 

The contents of the so~ consist of ;o~~ponents: 
• SOM Heade.f~ord / I/ 
• Auxiliary Heiler AreaA . j/ p 
• Space Diction~,:· ~ '\ . . / ,.l 

Sb D .. ( ~ • u space icbon- ' ~· 

• S~~c~Su~space.Dictionary S .. ,~·· ~a 

• lnibalizatlon Pointer~ ,,/ // 
• Compilati?n .Unit Dictio ' · ·, ( , · . , , j:}.,.. "' 
• Symbol D1cnonary ..... .. / / ~. ~ ·~ 4#;.~., ~.\, 
• Fix up Request Array '*",.....-r? · l.~ .. > ~~ ~-. \ 
• Compilation Unit/Symbol Dictl' ary String ~a -~ · · ,.,. \ -. 

A block diagram of the SOM fonnat is shown in Figun: S-1. ~ } ) 
Fi~ 5-2 shows a suggested layout of records in a SOM. The SO,f,Jiead~ mus, 
be the first record in the SOM, and the Auxiliary hcad~area~·-~···· ·· ;;f6llow. The 
relative ordering of the remaining areas is not defined Y.,, 

I 
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SOM 
Header 
Record 

• 

Auxiliary 
Header 

Area 

'i .~- · 

"-"'-..,, ··, .. , 
' , ~, . ______ __, 

"· .... , : : ...... .. '-.,, 

Comp. Unit 
Symbol Diet. 
String Area 

Initialization 
Pointer 
Array 

Figure.5-1: Block Diagram of the SOM Format 
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Figure 5-2: Suggested Record Layout of a SOM 

Header Record 

/ · ·\~uxiliary Header Record 
.•'1:. ., : .. ·:·'· 

~.. i ... J?ata for Loadable Space~ 

SOM Header \1.--:Y~,~:~~~~~>·:.r 
' '0 ~ 

The SOM header is a single ;eConi definin~C 'f , ation ands· . ~ · >-·· ' },.: .omponents 
of the SOM. The location of each compo~jJ-ts given as a .. ,:..: .· .... set~ the first 
byte of the header reconi, which is !!~~~mst byte of~ :SB M. The si~~f each 

~:~.onent will be given as either tff~ber -~~ ~Q~,.~- . the total ~~f 
In addi . th 'd "fi . ~/head ·~ . non to e component 1 entI canoniw;-~11e er · ttf contams a v .. 
ID and the main entry point of the code rep1ti~nted by th SOM. 

Auxiliary Header Area / /. 

!"• au~ he~ area is an optional ~nil)' in ~e S~ f9 ' • · ~g "":'litional 
infonnation pertaming to the SOM. The information in ~~ea JS broken into one 
or more free format auxiliary headers, each identified by ~o word auxiliary 
header identifier. 
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Space Dictionary 

The space dictionary is an array of entries which define eacJ_l space defined by the 
SOM. In addition to the space name, the entry record sp~g{lm~Jhe subspace 
dictionary entries, the space reference entries, and the iri!lfalizaTitm pointer entries 
for that space. . "· . 

The space dictionary may contain definitions of sg4~s ~ntG'.f;~~ not loaded at run 
time. Subspaces within such spaces may contai~l1]fl9J,.mation\v.qi'QlHpust be carried 
~ong wi~ the actual program, such as debu&.~rtg~lu!,~~tnodule intet~ .. , 
information. .. .. · 

/ ~~,~~-- '·-. . .... •.\,. . -f 

Subspace Dl.ct1"onary 4--· -~."' . ·;,·r_,·_. · t ~ ( .~ · ..... =~:~;::;. ...;; : 

The subspace dictionary is an array of entries ~fti~r~fine each subspace in each 
space of the SOM. Subspace ~~records are gro~~~t_ording to the space in 
which the subspace resides, an'lf~~~~~tain informatiop:(f.lt)wing the subspace to 
be relocated within the given spat:9~ ., ., ··· .... '·~ .. , .... ·:>? 

Each subspace record will contain -~~~~bspae~ftf.am.9~_,~ccess ~1l~s. alignment 
requirements, and fixup infonnation. ~ subsS:at&-~W:ith"b.e.::the· smallest unit which 

«;:;;-... .~':j:~ ··~:-:;;;::::::; ·· ·· ··· ;:· 

may be relocated, ~-~Lw_µ1 also be the oH!y, wpf to whicfr~wess rights will be 
assigned. ;;r-"'' ..... · ·~ ... \ . t:l 

. \ \:.. 
\ '«'· . .1. .. t \ '. 

String Ar& .... P. .. ,_ <~ · ·1 

Th . ~ . ' =t;; . th . ed. ' th ere arc two stnn . · · · ''.. .$. . . . • contains e stnngs us m e 
space a. .. mk, ..... ., ,, . e die ·:·:· .... __ : .· s, an"'<ihe<()' ... :. ontains the strings used in the 
co~fatl'on" ... '~•;' :-- ·. . · ~- . ... ·. naries. Each string begins on a word boundary, 
mfif?"consists of ah ....... '"<.. ord, · ·. -~the total number of characters in the 

J.i/.~ followed by thc.cter c1af§;,t the string. Each string is tenninated by a 
byr . .':~~g zero, and' ... ~bytesksiding between the zero byte and the word 

bound~~~ }i 
., J , l 

r' 
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Initialization Pointers and Initialization Data Areas 
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SOM Object Files 
The SOM header is a single record which defines the location and size of all other 
components of the SOM. The location of each component is given as a pointer 
relative to the first byte of the header record, and the size of each component is 
given either as the number of entries or as the total size in bytes of the component. 

The first halfword of the header record contains a 'system id' number, identifying 
the target architecture of the SOM. The second halfword of the header record 
contains a 'magic number', identifying the type of this SOM. Following this, a 
character array will contain the version ID of the SOM format. 

The remaining fields in the header record define the other components of the SOM. 
These fields provide a means to do bounds checking when there is a reference to a 
particular component. 

The SOM header is required in any executable or relocatable object 

The C language definition of the SOM header is shown in Figure 5-3. 

Note This chapter specifies the SOM format as it is required for 
incomplete executables and dynamic libraries. Additional 
information covering functionality that is optional in these files is 
given in chapter 10. 

PRO ADI ror PA-RISC Systems Object File and Library Formats 5-7 

I 



struct header 
short int 
short int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 

} ; 

system_id; 
a_magic; 
version_id; 
file_time[2); 
reservedl; e"'~-)pa.t<­
reserved2; e"-""'1- c;:.._~srttc..-C 
entry_offset; 
aux_header_location; 
aux_header_size; 
som_length; 
presumed_dp; 
space_location; 
space_total; 
subspace_location; 
subspace_total; 
loader_fixup_location; 
loader_fixup_total; 
space_strings_location; 
space_strings_size; 
init_array_location; 
init_array_size; 
cornpiler_location; 
cornpiler_total; 
symbol_location; 
symbol_total; 
fixup_request_location; 
fixup_request_total; 
syrnbol_strings_location; 
symbol_strings_size; 
unloadable_sp_location; 
unloadable_sp_size; 
checksum; 

Figure 5-3: Definition of SOM Header Fields 
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SOM Header Fields 

system_ld 

This field is used to identify the architecture that this object module is 
targeted for. The system ID for PA-RISC 1.1 systems is 210 (hexadecimal). 

Binaries built for PA-RISC 1.0 systems have a system ID of 20B. PA-RISC 
1.0 applications are supported by the PRO ABI, but conforming systems 
must support the PA-RISC 1.1 architecture. 

a_maglc 

This is a number that indicates certain characteristics about the internal 
format of the object module. The magic numbers that are currently defined 
for use with SOMs on PA-RISC systems are listed in Table 5-1. 

Magic Number 

Ox106 

Oxl07 

Ox108 

OxlOB 

OxlOE 

verslon_ld 

Table 5-1: Magic Number Values 

SOM Type 

Relocatable SOM 

Non-sharable, executable SOM (EXEC_MAGIC) 

Sharable, executable SOM (SHARE_MAGIC) 

Sharable, demand-loadable executable SOM 
(DEMAND_MAGIC) 

Dynamic Library 

This field represents the version of the SOM format used, represented by the 
date the SOM version was defined. The only version_id that is currently 
defined for executables and dynamic libraries is 85082112. Relocatable 
objects use 87102412 (see chapter 10, "'Relocatable Objects".) The version 
ID can be interpreted by viewing it in its decimal form and separating it into 
character packets of YYMMDDilli. 
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file_time 

The file time is a 64 bit value that represents the time the file was last 
modified. The file time is actually composed of two 32 bit quantities where 
the first 32 bits is the number of seconds that have elapsed since January l, 
1970 (at 0:00 GMT), and the second 32 bits is the nano second of the second 
(which requires 30 bits to represent). 

This value is independent of any modification time maintained by other 
subsystems (e.g. the file system). The use of this field is optional, but if it is 
not used it will be set to zero. 

reserved1 - reserved2 

These fields are reserved by the PRO ABI for future use. They must be set 
to 0 in conf onning applications. 

entry_ offset 

This is the byte offset of the main entry point of the SOM relative to the first 
byte of the space. The two low-order bits specify the minimum privilege 
level required. 

aux_header _locatlon 

This is a byte offset relative to the first byte of the SOM header that points 
to the first byte of the auxiliary header area. Setting all bits to zero indicates 
that the auxiliary header record is not defined in a SOM. The auxiliary 
header must start on a word boundary. Aux_ header _location must have a 

I value in the range 0 to 231-1. See ••Auxiliary Header Area" on page 5-4. for 
restrictions on auxiliary headers. 
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aux_header _size 

This field contains the byte length of the auxiliary header area. If the number 
of bytes is zero it indicates that no auxiliary header,s.r?.:f.»,,pefined in the SOM. 
The size must be a multiple of 4 bytes. The field q/¢} ieader _size must have 
a value in the range 0 to 231-1. ·· 

som_length _,., .. J.: ~"' ··. ',.. v • 

: · .. _,1-~. • .. , . 
This field contains the length in byt~si'..of ih~,f~nlire SOM. ~:il~lq 
som length must be in the range 049~231-1. .. , .... , 

- . ;. ~ .. :;:;~~"·· .. . . --~~· 

presumed_dp 
.t?· ·· .. 
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subspace_locatlon 

This is a byte off~,t relative to the first byte of the SOM header that points 
to the first byte o.~Ytbe,, subspace dictionary. Setting all bits to zero in 
subspace _lo_;~~~tes that the subspace dictionary is not defined in a 
SOM. Thc;,~O§Jtrace df8.tj.onary must start on a word boundary. 
Subspf'<~+"foiation mu~~~ave a value in the range Oto 231-1. 

,~ . ) ; 
" . J J 

~~.~~~;¢e~total / / J- . 
·,~ °' '· ··Tius field con~,~q..e 'nu~~~ff~~QSpace records in the subspace 

\~'.:-Ojctionary:,,.S~fimg· ·a.II th.~~6.!tJ!.to zefq~in subspace _total means that the 
·snbsbace\IDctionaryr aft..t·defined id]llSOM. Subspace total must have a 

w~;,:·.·.,·.·.•.w.<<" .E:;""' .... '."3 l ,, .) -
value Trtihe rango.r0fjA::2. -1. ,/~ / 

ti • """'" _:'··~- · · "'.; 

~,;,, ~-1. - ' ····-·"' 

,, .• /A" " / ' tL.,..._4J ..,.. .• • 

loader _fixup31fp. :q.atton / 
~ ' ' 

This is a bfte off~;:~lative to the first byte ,?~~M header .that points 
to the first byte - loader fixup ~all bits to :zero m 
loader faup _ltlf!lllon ~~··fixup array is not defined in 
a SOM. The load~ ft~Jm,· bJ!!,st stq(:9p a word boun~!![Y· 
wader _fixup _localfo.afs not use~f • ... 4'PRO ABI, and..,i£$:?.V,~ue is 

undefined. ' /;- d~/'"\~\ 
~~ 

loader_ll~up_total . / . .. . "\'. . • j~ 
This field ~ontams. the num~r '8f loa1~~p reco~")::~~fie l~ef filt'.~~:·. 
anay. Setting all bits to 7.Cro m /o~ffjfxup _total f9$BhS that the loa~~ '· 
fixup array is not defined in a SOM":f!bader _fixup~otal is not usaj.Jf~·'\?~) 
PRO AB!, and its value must be set W'n. //JY } \ 

space_strlngs_locatlon V _ .. L 

This field points to a string area that contains ~;,.«·:·,..'~ e and subspace 
names. It is a byte offset relative to the first byte ~(Me SOM header. Setting 
all bits to 7.Cro indicates that this area is not define&The string area must 
start on a word boundary with a value in the range 0 to 231-1. 
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space_strings_slze 

This field contains the byte length of the space subsf!ace string area. Setting 
all bits to zero in space _strings _size indicates tha}.1-~ping area is not 
defined in a SOM. srace _strings _size must be J..Ultip~()f 4 bytes and be 
in the range 0 to 23 -1. _. '-·, 

,../ ,..., .... , ....... 

lnlt_array_locatlon :'{\, '" <.,_' '·~ 
This is a byte offset relative to the ~('f\byie~lhe SOM he·aqr:19,~t points 
to the first byte of the initializatimy~'inter arr~y. Setting all bits~m1~ro h1 
init_array_location indicates tha.f~._initializatf~.,pointer array i's--twi'~.'t 
defined. The initialization poin~ef'·~gpnpst s~~;.dn:::~"'word boundaf;/ 
Init_array_location must have a value'r:lfl\~-~ge 0 to 231-1. 

"'q. ~ 

.......... ··a. . 

.... 
lnlt_array_total ':'.- '····-._.. ··· ·~. ~ .. 

·.". ~;~ "'•.. -<·,~· ->!» 

This field contains the nuiii~~~~if,i~lization poinfet:t~tfras in the init 
pointer array. Setting all bi~ ~ertrib= }array totafatreans that the 
initialization pointer array is ~·>:.defin . 'jl~~«wilarray total must 
have a value jJLt!te range 0 to 21'1 ... I> ·"··. .... ./ - -

/ ~-.. , ~· / tr' 
J., r-, .,\ ~-

compller_1091t~.on .. , \ ~·\. 

~!" ,·;~ . ffsct ~the first ~tf the SOM header that points 
to the first B . - . -,..t · · · · .... ; .:~QA.)Udi:~onary. Setting all bits to zero in 
-~" ~·#,"';,i{q.. locati · ·=. 'cares~al'~pilation unit dictionary is not 

. mnne&, .. :~RM. , ~g_ipilation unit dictionary must start on a word 
(.~ rr" boundary. '(Jalfjpi,l.er /omf~~~t have a value in the range 0 to 231-1. 

,t ""<#.\. " - -~ -~ 7 
~' ~~ ', \ ,,_ 'v_ / 
com?!ler~total ';;, Ii 

Tn~l~lp contains t~~umber of compilation unit records in the 
comPfi~¥-·µnit dic~!fnary. Setting all bits to zero in compiler _total means 
that the cbm.$.q&*191'1~it dictionary is not defined in a SOM. Compiler _total 
must have a va1®hn the range Oto 231-1. 

~/ 
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symbol_ location 

This is a byte off~t relative to the first byte of the SOM header that points 
to the first byte o.d~ symbol dictionary. Setting all bits to zero in 
symbol _loca!fp.Aµl«~~!es that the symbol dictionary is not defined in a 
SOM. Th~,::$£g.lbol dict!O.~ary must start on a word boundary. 
Sym~9Jf!l~piition must ~ea value in the range 0 to 231-1. 

,: , , i / 

'"" ·' <. 

flxup_request_total 

I This field contains the num 
Setting all bits to zero injixup 
dictionary is not defined in a SOn1'fll1&U 
the range 0 to 231-1. 

symbol_strlngs_locatlon 

This field is a pointer to an area that contains symbol d compilation 
unit names. It is a byte offset relative to the fir!t . : the SOM header. 
Setting all bits to zero in symbol _strings _location · catcs that there are no 
symbol or compilation unit names in a SOM. The bol strinp area must 
stan on a word boundary and have a value in the range 0 to 23 -1. 
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symbol_strings_size 

This field contains the byte length of the symbol dic.tionary string area. 
Setting all bits to zero in symbol strings size indi,~l~. ~hat the symbol 
string area is not defined in a SOM. Symbol_stri11~s']iztfnust be a multiple 
of 4 bytes and be in the range 0 to 231-1. / / · 

' .. / ,. ... 

unloadable_sp_locatlon ./.( ( '"'·'s. ""'"·-.. . .. _ 

This is a byte off set. relative to the s~'of:~OM head~i,vtif:~,,,prst byte 
of the data for unloadable spaces. ,S4tting all bi~ to zero indica~•tthei:;~ 
are no unloadable spaces define4;:¥r~ .. ~OM. The~~;.~ for unloadabl~#~ 
must be double-word aligned afiff'li&.~~:~..value.ibifi~,~~nge 0 to 231-q.. · 

•.,, .. . 

unloadable_sp_srze ' _ 
~·., ~ ' 

This field contains the by{$;.m~Jh,of the data for'unJ£~-O~ble.,~paces. Setting 
all bits to zero in un/oada8{k~-ip4'-t:~J.n.~cates that ih4Jp~pffor unloadable 
spaces is not defined in a SO\'J: t!ntmiiiflflf<t$&.~P-size m)lsi be a multiple of 

" ~, .. :' 31 . 7 
.... ., ~-~. ·V 

8 bytes and be m the range 0 t<l~-? -1..,.,: ·........ .. .. }. 
-··· , _/. ,. .,._ ·, .. 

//_,,.,.. "· '"" <~- ~ ;;.~--
checksum ,J. / r-· ., ,.._ •. \ \> w 

' ... \~~· 

' ..._,, ~-----.-. . 
-....... _ _,,,.,..,,. 

. •. 
. ..., 

~'-? 
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Auxiliary Header Areas 
~-

A SOM object module orl~~OM library file may optionally contain an auxiliary 
area ~o hold ~ormatjoA1~~ to a particul.ar imp~eme~tation or application. The 
locauon and s1ze,Qf.l~;4uxil1~~peader area is specified m the SOM or LST header. 
(See "LST H~~'tin page 1~5.) /' ;.· 1 ~i 

ff the au~~'area is presen~i~ill contain one or more auxiliary header records. 
1P~ ~r$.f~JW6 words of every!~liary ~-ader record will identify the type and 
ic!Jtll~m the auxiliary h~,~~f.i'A proy,il.i~~,,~as been made to allow user defined 
aux.Ut~ header rec<?Jg(,)Owev~r~,~-i~ no centralized control over the 

• « .. ,,,. f y:t~ ... ~d ,..,;;1f:o'Plr1t d r:~ 
ass1~qt...o. .v.µse.f.~1 au~/"7 ea e ~rd'"'s. 
A confo~rtg'ttp·ptrc;tioru.d:i.rmot contail\~~plementation-specific header. This 
type is listed in the ~9Ud,Jtrg~tion.,QR,~~p:;1rcserve the use of the type. 

The structure of4he~¢ili8l)f1ffacter=itf''i1efined below in Figure 5-4. 
' .· 

'\ .... i . i .. l 
I' ,.~ ~- ' "i"' 

struct aux id { J r ~ ·"' 
unsigned int ~~ined:l6; - ;;, · / , 

unsigned int t~:l6; .,.....,... , / 
· a · i ~ .... v · "\ I unsigne int en . 7 _,. \ \. / 

); . , 
4. ,. .. ./ 

Figure 5-4: Definition.4f( e Auxiliar 
~ ;I 

\f 
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Auxiliary Header Fields 

undefined · ,../~::.~. 
4 . . , 

These bits are not defined by the ABI. They ar~:merved for application use 
and must be ignored by the loader. / .,...., ··. 

( ( ··~, ..... ~ . 

type / .. :·.>·.·~~ '·~.'-··; ·· ... · .. _ 
L<. :.s-... • ...... , ... ~ ... :-. 

This field is a numeric value that defives the contents of the alfxijjfuy_header. 
;. . .- ...;e.::..;:. ~-... ·~ h 

Values less than or equal to 327_p'.1i:0¢.:,~ reserved ·YP.f,,.~RO defined ab~~- I 
header record types. TYPE value'S''gfei!~r than '.iz.1li7~.pe user definib.Je. 
The currently defined auxiliary head.~t=:-,,y~U,es areylisted in Table£':S-2 . 

• '<i:i r 
Table S-2: Auxiliary Headef'1l.).pes 

.I"... -«.::~ ::: ::::::·: =:~·: ·. 

-~ ... ·-.. ""(· ·········· . 
Value .,. ·-.... Usage ··,, ' · . 

~ .... .. ~., ...... ,,t' 

,,,. .......... '" -.~.·~ . ····""? 

~~lh.,-._, "'·· " ~~ 
~ \ .... ·~This is the len · :. ~:~'-1~ a~fj;(header in bytes. This value does not 
'7~~-lude the ~ow ~~enti~et at the front of the headc:r. An auxiliary header 

~&·f.~nstrained to~ an integral n~z:nber of words m l~ngth, but th~ next 
auXflDib~eader or tJP.fnd of the aux1hary header area will be word aligned. 
The vaUi~~~d b~. 81: not defined. H two ~uxiliary headers are merged 
and the firs~rd aligned, the next one will start on the very next byte. 
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Exec Auxiliary Header 
The exec auxiliary header.~ (also known as the 'HP-UX' auxiliary header within 
Hewlett-Packard) is usecktd'~ontain run-time information for executable SOM files 
which conform to the,,r@tJart:~f a 32-bit local address space. This header is filled in 
by the linker and.)S.')q~d'''by th¢tsystem loader. The exec auxiliary header must 
immediately fo~gw·the SOM 11.e~der record. This auxiliary header contains all the 
informati..w.tfQ.~ed by the sys¢ni loader to perform fast and efficient program load 

.,;(. ~-·~· ~··-t-"·9-. .... 

<!.~ ~~B~~ble SOM. All M.1' are m;ndatory and are expected to be filled in by 
t~f~et / . · ~ ,· \ 
The.''lft~~ Auxiliary. H~~pr{s regijtfs~rtn'afi~complete executables and dynamic 
l.b l<~t:>-. , . ~-~ / ,)' f ~ 
1 ran..,'>!~., · · ·· .. ... .,,/ · ... / .. . ; i 

• wv,,,,_,.., ·· • / , / ./ i 
.. ., . ~/ ;' 

~ • • .,. .... \ '• .I' ,, 

4. 
~ ... ~:. . , · •• ·.~ •• ""•"?' ~· ••• 

struct som ""'g:Xeo.:·auxhcli ,( ~ 
struct ~~°k~d soJt4..~dr; /* som au@iary header */ 

long exec_t~~~,; /* ~e in bytes * / 

long exec_~; -~~'t . · ff set in memory * / 
long exec_~t('le; ~~i* :·:~ location of tex t * / 

long exec_dsi'~~ '\~\ .. I.. itialized d · */ 
long exec_dmem)." ). ~data offset cry * / 
long exec_dfile; f fi~e. loc ,. of .ta * / 
long exec_bsize; . / /* unini. : .... ;'' ed data~ 
long exec_entry; Y / /* of~~:of entrypoi~ 
long exec_flags; "i' /~~ ' s * ~ \'\ 
long exec_bfill; ~-,~~~ init '. ... e •/ ' \ }; ., r 

Figure 5·5: Definition of Exec Auxiliary Header 

5-18 Object F"lle and Library Formals PRO ABI for PA-RISC Systems 



DRAFf 10/7/93 - For review purposes only· CONFIDENTIAL 

Exec Auxiliary Header Fields 

&.. 

som auxheader ;,.i ,... .-~~,.}.,_ 
~ .. l " 

This field contains the auxiliary header identifi¢.t.tf.or an exec auxiliary 
' ' • • " "A: :ii"'''1' header. See 'Aux1hary Header Fields on p~~,,~t;(i,-. .. 

/ { ''l . • 

A , ' . 
''A t '~ 

exec_tslze ./ ': __ :;~ '-. ., .... 
. "- .. ,~)~~ -..,.. . ·~ 

This field specifies the text (code) -~~ .. in byte~ .. (does not have::1P1be: 
multiple of 4 Kbytes). The actuaJ~stt.~ of the td'::$.~Ction in the fil~~,,~ 
a multiple of 4 Kbytes and can.~~'Pe~~ wi~ z;~~§:~,!-~ make it a ni~!PiJle 
of 4 Kbytes. The value of exec tsrze mU.i:~tb,~ uy:tff6 range (OxO S exef!!i tsize 
< Ox40000000). - '~< . ,,. -

~- ... 

exec tmem ~- . .;.: .. 
- ·., .. ""o. • ·· -'II.ii ·._ ··~ • •• /.~:;;. 

This field specifies the spac~e1ati¥.~j§y~,~e.~set of teXf~(96de) in memory. 
The address must be page alig~. TI1e'.:~tY:r~9.f<:?.r!!~~tMem must be in the 
range (OxlOOO S exec_tmem <0\400.Jl9000):----· .. . ~---....... .: 

Note The total value of exec tsize + exec tmem must be less than - -
Ox40000000 bytes. 

rp- ""'---···· ,, .. ~,,,,,. 
•' ~ ~ f".. ..... & 

i/· "· -, . , 
~e· . ..,;z,;hf.:,.file ... "<!(. ""\ .,.._\ f .. 
"'~~- \_ \ bf -:1~t.'P-~ld contains t~Jocation of the text (code) in the file. The value will 

be 11.)":~~setrela)tilf to the first byte of the SOM and must be aligned on 
a page l".f."~~....... -"4 ;W.~] 2 f 

~-A"./ 

./ } 
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exec_dslze 

This field specifie§ .. the size in bytes of the initialized data (does not have to 
be a multiple of 4.iP.ytes). The actual size of the data section in the file must 
be a multiple qf.W~:[fi(6~1es and can be padded with zeroes to make it a 
multiple ~f:=§Tibytes. ·1.h~ value must be in the range (OxO S exec dsize < 
Ox400JXru90Ytor SHA.IfE_MAGIC and DEMAND_MAGIC files-:- In 
E~Ja'1~MAGIC files, Jb¢Jupper limit is Ox70000000. ·' ·'" . : • -¢;« N/ ; ,' j \, 

e~~tdinem / . \~ 
"4 "'~ ... ~· r \ -

·. · ·qpis field. ~peg$.ps.-fhe s~,-relati~~yte offset of data in memory. The 
·~-}l]ffi~t:obi 4 ~g-~itlgned. F*°~HARE_MAGIC and 
DEMA:Nb_M~Q;~Jil~s, the nJ~(~Ust be in the range (Ox4000100~ S 
exec_ dm.em .,$~~J0609~~~!-n1$pC_MAGIC files, the lower bound is the 
address:;pf'''~:iffrst ft>fi~:vage···beyond text (exec_ tmem + exec _tsize) 

'~ :~ / '( 

exec_dflle 
\. . . 

in~e value is a byte offset 
M Bl!d~st be pag~-ar ~. ed. 

·-~' ~ -1 / ·,_ ~ 
exec_bslze . ~, y · / ,./","'~~ 

This field contains the size iJl b -$.>' · 1 the unin · ./.'data in ~e. The 
value must be in the range ( · ..=- · exec bsi ·'· ··· . ) ro>_." 
SHARE_MAGIC and DEM . _MAQ1'fres. I.if · :.. . ~Misfet · , 
the upper limit is Ox70000000. '\("' ,, , \ ' 

exec_:,ryfield contains the space-relative byte offset of the II\_· ,' ·· Z,)~ 
this file. The value is restricted to (exec_tmem S exe . . < (exec_tmem 
+ exec _tsize)). 
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exec_flags 

This field contains a series of one-bit flags for use by the loader.The low­
order bit (bit 31) is defined to indicate whether nil-pointer dereferences 
should be trapped by the operating system. If the bit is set, dereferences of 
nil pointers will be trapped; if the bit is not set, dereferences of nil pointers 
will return 0. 

The remaining bits are reserved for future use. 

exec_bfill 

This field specifies the value to which uninitialized data (BSS) should be 
initialized. Conforming applications must set this field to 0, but this field 
may be ignored by conforming systems. 

PRO ABI for PA-RISC Systems Object File and Library Formau 5-21 



Linker Footprint Auxiliary Header 
The linker footprint auxiliary header is used to record the last time the linker 
modified this SOM or LST (whichever applies). The presence of the linker footprint 

I is optional. The linker footprint auxiliary header is shown in Figure 5-6. 

I 

struct linker_footprint ( 

struct aux_id header_id; 

char product_id [ 12] ; 

char version_id[l2]; 

int htirne[2]; 
} ; 

Figure 5-6: Definition of Linker Footprint Auxiliary Header 

header_ld 

This is the auxiliary header id for the linker footprint 

product_ld 

This twelve character array contains the product identification number of 
the linker that last modified this SOM or LST. 

verslon_ld 

htlme 

This eight character array contains the version number of the linker that last 
modified this SOM or LST. 

The htime is a 64 bit value that represents the time the file was last modified 
by the linker. It has the same fonn as the SOM header file time field. 
This value is independent of any modification time maintained by other 
subsystems (e.g. the file system). The use of this field is optional, but if it is 
not used it will be set to :zero. 
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Debugger Footprint Auxiliary Header 

The debugger footprint auxiliary header is used to record the. last time the debugger 
modified this SOM or LST (whichever applies). The pre.~fi~~9f the debugger 
footprint is optional. The debugger footprint auxiliary b.~:t<ler iS":Shown below in 
Figure 5-7. <4.· . . 

.J.. ... ~"'~ ... -~~ 
,,,,-... ,, ~········, .. 

struct debugger_footprint (~ ( · "'- ··,-. 
. ·. '~ '• ·. 

struct aux_id header_}4ff:.,:.,;4.$~ ·"" ...... ._ · '; ~, .. 
char debugger_produc;t;;;) id [ 12·r; ··<; ... 
cha: debu:ger_ver}ji~~~id[B]; ~- . ·-. ' · 
unsigned int deb~'~Jf:i;~e [2); : ·~. '' .. 

~~··'"«:, ··. ' /; .. - .. ~. . .. , , 
..... ,. ' q ......... ,,:~ . ..( ; 

} ; 

Figure S-7: Definition of a Debugger Foot~rm.~ _Auxiliary Header 
- '· 

~ .. · ···:•.. ' ~ 
""· • -yo . ·... .. ~ 

header Id \. .. ·........... ·....? 

This is the auxiliary heade;~i~j.~rlh~~b.u.~.~~ footprli)::it~x header. 
,x.-r'4 .< ') l' .,, ·· ................... ~Jo 

debugger_prody.cl.~Jct '\· 1,> > ·· ,.,. . . . . . ~ 

This~· .t-Cchai'ac~· ·: ·~. y con~ns'ili~ product identification number of 
the d .... ' · {~gram . · .... ast modified t,,S_~M or LST. 

~ '; l 
debugger_verslon~:i.. .. t~' 

~~cter.~.x,,contains ilieversion number of the linker that last 
~/~~"73;6'~~D.M or~} · :, , ... ,~~. .• ---._, 

Jae~ug~~''f.tlme \~\ ·' 
·~·--...... \ 

·~~~~Ltime is ai' bit value that represents the time the file w'.15 last 
m~e debilJjBer. It has the form of the SOM header file _time field 
This vahl .. :· =·:· n..4e~ent of any modification time maintained by other 
subsystems ~l,. file system). The use of this field is optional, but if it is 
not used it willjC set to uro. 
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Copyright Auxiliary Header 

The copyright auxiliary .h~der is used to embed a copyright string in an application. 
The length of the string ij':e~$.entially unbounded. The string must be null­
tenninated. The strilJS."itg~;.P.eld contains the length of the user-defined version 
string, not inclugi~gf;!Jle~ull ~- terminator. (Note that the length field in 
a~_ header _).q::i~plfides both t~string_/ength field and the padding bytes of the 

stnng.) . . ... / .. ../ ,,, 

~--· ..... . ·.~ .,_ 
.... -- .... s' ~-- ., 

struc~,·~~.fYrizht{-~_hdr ( 
s-"'~".ttt awe ... -~ _,}\a\~er id · 

\ '\:·· ..... v. ··· · ; : ' ' , .·'~,~7gn~.4''f.l;.:>·~tr~-~en~th; 
"··"- .......... · '_ ... / cha~/'9P-~right [ 1Jtt.z . ,,,.,." . ,. 

) I A.'.~ ..... / t:~~-~ ... _/ 

struct version_string_ ux_hdr 
struct aux_id header_id; 
unsigned int string_length; 
char user_string[l); 

) ; 

Figure S-9: Definition of User String Auxiliary Header 

t. ./4\ 
~, 
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String Areas 
The string area contains all symbols used in the SOM, i1!S:Jlw.Jl~ space names, 
subspace names, export names, import requests, and coJ.J!PIIatiofrbnit names. There 
will be two string areas; one for space and subspaceJl@riie.~~ and one for symbols 
and compilation unit names. /. :·«,,_ ···~ · 

/ . ""' .... 

The first word of each string contains the total 9~r of ch~~~ in the string. 
The byte immediately following the last byt~.cfith~bing will re~ . .( the null 
character). Successive strings will begin orvtjie next word boundary>,,_ ' h ·--. 

•• ~ 1 ~..., 

string header /:~. ' _ , , ) • ..._ "'·-.,~·--? 
This field contains the total number of'ch{W~~(ers contained in the string 

(does not include the t~~.nating null chaihC.tf~}~'··'~'" 

string data · ~...._.; ·~. -. · .. ~ .. ' 
Th ' • d fined b th ~ia~' Ct ~·>,,A h 

e stnng is e y e c-~~,cter" _ ~,:,:~'-...,~~~.~~~ 
'-'. • ,. ,,/ ·,,_,v_ ' fl' c-,, ~z . if 

~ L.~ ~ 
~:? 
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Initialization Pointers 
The initialization pointer.l.miy is used to detennine how to initialize virtual space 
when a file is loaded~;nfo)i·eJd..s in the initialization pointer record are very similar 
to the fields in th~ace r~~ but the initialization pointer record can be used 
to initialize I]·~Jhan one sub~ce. The initialization poi~ter i~onnation is. ~sed 
by the loaQ.@\~r subspaces b~~e been relocated and are m therr "final" pos1non 
within.~b;iee. Compilers sl}~O.ld use tll.~ fields provided in the subspace record to 
C'~~a~;frutializatio~ info]1:f8.J'n to ~/:l.m~er, since relocatable subspaces are not 
guai:gp_teed to remam ~Q1.lt.ilitlous . . · _,,. .... · .. 

Initi~~P~l.PO.in~:prtty . oc~fii?,executi's and dynamic libraries. While they 
are defin~'cffm:soof o~.~=~RP.~ications, c~inning systems are not required to 
make use ofth1s func.~~Utyii ·~ . .,.../ _.,'· 

~:~-:-•• . .#'.11.1. --~~ . . ... - ~ ' ·--..... ..... ,. ...... -- ,,. 

struct init~f~ter_/·~·rd { 
~' J." l A 

unsigned ilft sp~<;eot,index; ./_,...,;/ 

unsigned int a~s_control_bi~) / 

unsigned int t1tfidata:l; -<~ ,/ / 
unsigned int me~ry~~e~; 1../ ;/ 

unsigned int ini~y_fro~~J:J. ,, ./ 

~=;~:: ~=~ ;:~=~~~;~ty,1; :~~ 
unsigned int initializa ngth· / 

unsigned int space_offset, ,,. y 
} ; . ,., 

( 

Figure 5-10: Definition of an Iniffalization Pointer Record(~ 
y , . 
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Initialization Pointer Fields 

~·~·. · .. 
space_lndex ,& ·,. ,.~-'"' 

This field is a index into the space dictionary. Alf of the space records will 
be in contiguous records in the space d.ictioq~~;~~-index can be 
converted to a file byte offset by: 4./ / ~-.... , .. 

offset = space index * size of (~~cord) ··~ ~ ~ .... \. 
+ space_dictionary_lqftJJtto'tt(i&und in the~s~);f:,,.peader) 
+address of the firsJ~J:fyie of the SOM header:<' -._ "'··,· .. 

If a space _index is greater than tJ.d~'~ld space ::_qy,gntity in the so~~ 
record it is an error. Space indli.X:"trttisthave a vaJuedn the range 0 to-:~l--1. 

- •..;:.• •.;~ ' ' • ;I._ '•' :..:~·:·:·~·:.::¢:(~i{) J}:::~ 

"---. ... 
"· 

access_control_blts 

See "access_control_brt,·~-qn .page 10-11. ''\ ··--..... ~ ..... 
\....;..-...,..,. ~ .. ,, ,, .;._ ·~.... .........~ ···~ 

has data '· . ......... -~ ., . : - '+ ......... "'-· 4' 
If this flag is set to one, then da.\::is d~~-&Hn'~tlWfSQ:&: for this subspace. 

,/ . ! 

~-........ 1..,o • .-· ; 

memory_resJ~ilf~\ ~\ & 

H ~~-t to o~en the sub~p~~ locked~ p~ysical memory 
once the so~ .. --.. =~ g~W--Cti'~utJ.on. C~fornung apphcattons must use a 
value of 0. ... ~ ----,, 

,,,,,....,,,,.,,,,.,,~ -_c--...,..,,.. '·').... ...........___-.T • 

lni~~· 1·;~·;;;-,,..::~~ ., ... ,._ ,,, ''-,. 
/ .. r - ·,.,_ .... ' • .. , .. ~ 

/.-.. :;:;,.,,,_}f this fiag is se'f~tint then -~bspace is to be locked in physical memory 
'~"J~~;n.the operating~X.~tem isf.being booted. Confonning applications must 

'&}~!$ fla.g .to 0. J'. -~ ~-- --~ } ' ;,-. . ' ... ,__ .• : 

'V' 
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new_locallty 

This flag indicate§:~.that this initialization pointer begins a new locality set 
The loader can us~ahis bit to determine which initialization pointers belong 
to each local~!;y.~~''5*4~at it can swap entire locality sets together . 

. ~ ./· . . . ·. ,. .. - ; ~-

reserved ,. /' ·"" ) .'.1 

__ )fl~,e·bits ~ reserv~J~~ fut~.expansion. Confonning applications must 
{(« .. .. ,., ,set these bits to zer.~. } '· 

,,. ,/' ,. · .. 
... : ·' J ..a•, ~. 

• "\·~::•_•\·. ..... • ....·~l="· /J - ~-·- · ' \ ""·\ 
f1le_f0¥:t~JO.fl,}l~lu.~?-o- ,. , .· · i \ ...... ~ ... ,,,... .. /~ ' . . j J 

If the'lfa(:_data,. ~pt,~; this fie~~:~tains. a. byte off se~ relative to the first 
byte of the SQM:!iead~-,.U~l4lJ.t _loc _m1t _ va/ue points to the data used 
to initiajize.~o.e''or m,~~:st:lbspaees. 
If~ ... la_tiJ.. fi.f zero ~}this field contains a 32 b~~~uantity which is used as 
an m1tial1~on p~ for the subspace(s)_:.(· ··· / 

l .- / ., . ._.,, . 
{ / ,· ,I 

lnftlallzatlon_length \~ ... ,~ "· ; ' ~ 
If th has ,,1_ fl ~ ~""th th""''~ .. . . . th . ~-'b f th e _ uuta ag ''eL en 11s'f\~ ~~:~ntams e size _.Wt: ·,~es o e 
~~alization ~in th°l'·file. If the m_:,_}itis _data is se;Jtjtc;~~n this field 
mdicates the size of the area that .::: t>adcr must tu.Y.~ffi the s'\ attem 
contained in the fieldfi/e_/°"-i «· ' alue. //. ~·- · ,,;~ ~ 

""'" ; //~~ ~ JYA:;_ \ ... 
space_offset ~~>-," \'\~ ~ '\. 

This is a byte address relative to the'ib.Cginning of -'Pace where 
initialization is to start. ~ 
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Dynamic Library File Definition 

A dynamic library (sometimes referred to as shared libr~l;F.~ glossary for 
definitions) contains subroutines that are attached to t]J.{jprogr~at run time. 
Program files are smaller since they do not contain pri,~'91,~pies of library routines, 
and updates to a dynamic library take effect withoqt;,fiee'iil46~tq,relink existing 

. . ' i -~ · . apphcauons. /'· . .'" \ ·~.. . · .. 

The DL header appears in every dynamic Iitidif:r~~ incom;·lete.;~~.utables 
(program files linked with dynamic lib~~may coq!ain unsatisfiecf:s~mpQlS 
which will be satisfied at run time by th~::;<f'.Yriarnic loadet}~,.Jt must be at thel9¢'.juj;efn I 
indicated by exec_tmem in the exec au~!H~'.'.~;;~er (a31b,;;At.:'#J.e location ind~ted 
by exec_tfile in the disk image). It defines fiefd$.]~~ed,,bf'the dynamic loaderand . . . ·.....:::;:~:::::~: ::~ .. ::. ... ::~ : . 
vanous other tools when attachmg the dynamic lilf.«t.i¢.s at run nme. The header 
contains information on the loqa,t.ion of the expon an7fimffort lists, the module table, 
the linkage tables, as well as th6§.}Z~$; .. Qf the tables. ...,,..,_,,, .. 

'. ···.. . . ':,~ .. ,q; 
The structure of a dynamic libra.r)'i{§)'M~ft;:jo,:f_~gure 5-11. · ·.\ ~~ · ' ~ ~ ,, 

*~<·' '··-;:( . -.:~:i::' ... '·-7 .y 
..---11'--. -...,;;,. //' b/ . 

A < • .,., • •· 41"' v·< ., '~-
~ "'.. )' "{;:, " -..:· l~- ··,~ 

'1 . ..,,..___ --y7 ·-· .· ,,. ~--. .... ...,,,... 
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DL 
Header 
Record 

Hash 
Table 

Flgure S-ll: Structure of Dynamic Libra 

Data Linkage 
Table 

Procedure 
Linkage Table 

String 
Table 

Dynamic 
Relocation 
R rds 

\ 
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struct dl_header { 

) ; 

int 

int 

int 

int 

int 

int 

int 

int 
int 

int 

int 

int 
int 

int 
int 
int 

int 
int 

short 
short 

int 
int 

int 

hdr_version; 

ltptr_value; 

shlib_list_loc; 

/* header version number * / 
,,/} 

/* data offset/$.f~'~L.T p t r (R19) */ 
~ .-~-,;~:-,, .. 

/* text offs ~~=~·of sh'l-ib list * I 
shlib_list_count; /* 

import_list_loc; /* 

6 ' #of it~ -"i.P shlib list */ 

text l.~r::;~·e,,~~i=,·:~~port ~ist * / 
irnport_l is t_count; I* # of ~¢ftrns in ·..,:{;~_rt list * I 
hash_table_loc; I* t~~t;~o?~t of '}'i:!i~"~-~ble * I 
hash_table_size; /* .it' :Of ~ts in hash ~&lii>~ t 

.(.. { --==~> . : .... 
export_list_loc; /

1
*' ~t-ext off~,~ of export ~--:-:Ij· 

export_list_countj$~ :~---. ?f i temsj-.. Ji"Q .. export 1 ist"v~t_.,: 
string_table_loc/"' /*-~j:t, ... ,offs.~\:fr·:6f-'~ tring tab14~- *I 
string_table_size;/* l;ttgtID'kq.i,r,·~tring table */ v 

dreloc_loc; I* text v"'8t~~\a,t;; of dreloc recs * / 
.i: ,.,..,.. :.:,.. 

dreloc_courit'.1·.. I* # of dynaffl$.¢Hzelocatio n recs *I 
·~ . • ''•< ::: .... 

.. . '»··J.* _data offset ' ··qp .. :~:U,i'!;,.-f· / 
..... ••• • II'.•-. . .... . :=::::. ~.:.: '< .. ,, " "'··,q·:....-~~~L. off set of -,~:tiW' * I 

"%k . ., /* ~f' .... 61 ®.:~~entriesf ·in LT * / 

dlt_loc; 

plt_loc: 

dlt_count; ~~ .-:.~ . ., ....... , . ., 

plt_c.ount; ~_: # ~TPtT: .. ;~~~s in LT */ 
h. . .. ___ ... er_mark; T~ ... l@©hest verj:!'hn #- in lib * / 

""- •. :-- &,F 

M~ "\., /* "'rious flags */ 
expo~t_e~oc; /* te~-- offset of EET * / 

':···_-~ ule_l~ /* tex, __ , jtset of module _table */ 
· .,...co . __ /* nurnb~r of module entries * / 

. , ~----~rt index of elaborator * I 
itia . -_·:. .. -~ort index of initializer */ 

·· .. ". .... ¢1~~....P'~~'~ string table index to path * / 
· ""- ..-,,. (must be > 0 to be valid) */ 

initi · · , r_caur /* # of initializers declared * / 
/* reserved, initialized to 0 * / 

/* reserved, initialized to 0 * / 
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DL Header Fields 

~. 
hdr version ,,_,. ) ·\.\ 

This field is,~i;to'Cttippte the version of the DL header. It is currently set 
to the decifuaf"iiumber"&.9060912". •' ... >'' J '": 

, j 
It tr v { ·e· · .'; / p _ ... ~J:( . , 'f. 
~.. . . ~ ;~~"o/ f ' • • 

~:-; ·,- 'This field is the d11rl:~tjfative ~of the Linkage Table pointer (GR 19 for 
. '\ .. : .. ?ynamic libr~t~~R 27 .i~j~mplfte executables). The linkage table . ~f;?~~e1(:=~-~:;~~= :~s~ ~: ~~~;~~;~~~~sb~:d 

attach dynami.~4)1PTI~~<'f(~·~#rences and PIC code in a dynamic 
libraryirnu#~h~;~L.~;~tJrtfie linkage pointer. ~·-... ~_ ..... ·=f.tP WI~' N. 

·. .r I . 

shllb_llst_loc ...,~~ .. / 
1

1. .~-,.·~ 
~ fiel~ i~ the~f¥relative ~ffsc;_t.~¥4dll~ library list The dynamic 
library list is a li ·of dyn .. : · anes .~•~Jfe given file ,9.epends on for 
symbol bindings. · · .... . '·amic ., .-·' :'.~fin a dynamic ]Rf~ is present, 
the dynamic library ·~~d to "de · ,._.,~'On the librarie~J!mt.fJynamic 
library list See "Dynamic Library .:-- '· on page 5 .l\ ;'.J?~ ·· '-. .... y \,\. 

/ ,-· ,~ 
shllb llst count · • . .wJ \. · .r~~. 

- - / ~"- '\ 

.· ?'~ 
lmport_llst_loc . 1~ ) "} 

This field is ~e text-~lative ~ffset of the im~ort Ii~ The ~~floader ·· 
searches the unport list and binds each entry m the list~i~l · nrne. 

lmport_llst_count 

This field is the number of entries in the import list. 
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hash_table_loc 

This field is the text-relative offset of the hash table: .. See "Export Hash 
Table" on page 5-49. ' 

t1" ..... :/ ...•• : ~==-;$':"~? 

hash_table_size / • . ,'··, .. · ...... 
This field is the number of slots used in ~1'~!~ash ~bl~;···-.,·~., . 

. .. · .. J.... ~'·< .... ,·.'.':".':·.:·:· .... ··· 1%~ . ·-
export_list_loc -F y:r· - ·, ""· ......... ~ : 

This field is the text-relative off~of the expoif'filst. "··« .. ;""· · ... ,. f 
~v -. .... ..C. ~-~ • 1· ... •· : .. 

.. l ; ·.· , ~ .... ·-<-;:~~>.) 
/ 

.Jr·: 
export_list_count 

This field is the number. of export entries. 
<:;_: .. "~· ..• 

··· .. 
"I; . • .... ... ·:~;:. 

\ - ' string_table_loc · 'i;~ .... . .... ··.. . .. . 

This field is the text-relative ~$..~t· ·~i "tf.~~tiYn?fuW-JH?Jj.1~ string table. 
"<._.'· ' 1· .. ..... 
~- / . ... ..........--..... \ {· . :/" 

strlng_ta~be ~I --~.. "··~ . ,·~ .. < h' 

This · · s the lej·· ··~r the string tablt • . .. . '"" ... , \ "···-4 . ) 
~ ~/ 

dreloc_loc , . ,- ' ....,._~ r 

~l\a'l~-t~e tex~~t&hhe dynamic relocation records. 
wDynamit"i'e~~!?n ~- : · ... : ...... are built for each data location initialized with 

the address of>-a:e.un.~tion · iWem. 
~-..~"''.,,),. -~\ '1 ... 

d 1
,,.$.. ~ t • re o·c~:;,~,un . \ 

~ ~ ·· ·:m,~i~ the nu t~:} of dynamic relocation records generated . 

. ~~-... "'"-J.: i 
"i;i/ . r 
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dlt_loc 

This field is the ofJ_set in the $DATA$ space of the Data Linkage Table. The 
Data Linkage Ta,~fF==~pnsists of one word entries for each static data item 
that is referen~«l!:JlY~~sition Independent Code (PIC). 

, t;it/ _, .. ~ \ 
J l \ 

pit loc . · ... ··· ~' \ 
- <",1- • J 

.f:)~~;;ffoid is the offse~. ·~ · ':ifie $D ~!A$ space of the Procedure Linkage Table. 
'%v· •.. · ;J11e PLT contains ~Ws for eaCh,..unresolved procedure call in a dynamic 

., , . . ."'library or for c'J.l$1tp;:expo~e.4f~ure symbols. The dynamic loader 
"'. ·:.binds procedur~~Wffibols~uHui'i tirri~ .. :« 

'·· .:~·· · ............ · ~ ~. · .. ;.r /,.,. .. "f' / l 
.,, ·..• ........ .. .. ,,/" ,i i 

dlt count ,..- ,.··'\ / / 
·"' I" / _.,# _,r 

This fi~!ft.i£.'tp'n~mt4rj6f'tmtties fu the DLT. 
~~ _.. I ·.r 

plt_count \~ / / . 1f1¢f"f 
· · inn< · · .,<(~.':'~ "'' · 

This field is the~.bcr ~~.~~~J.~~~e,,,~'/ 
....... ,·: ,. \"'~ / ;: t ' 

hlghwater_mark \""',· .:-- ·,. · / \ 

Th hi h . ~ ber . th .4. . .. ./ ,. . lib ,..,,.....\.,\.. fil 
e g est version num in C:&f;.\'£nanuc raI); , ·-pro ·· e, a 

highwater version of each libr~Uilced with tb<; . ·"vgr&m is rec : .: .ed. 
highwater _mark is used by ~ly.fiamic lo~J;.l '· n time to d ~ · e 
which dynamic library symbol'iii to ~('jr b. p · ·· . 
symbol reference. ,... .? ;.. 

flags '( . . ,.,V'~ 
These; llag bits~ ~to i?en~y the scan;~ ~th ·~to. Blffe ~ynJ 
libraries at run nrne. Libraries m the dynarruc~brary .... ~ if specify that 
these path lists are used rather than the absolu · , ·.· - ·.· ordcd at link time. 
See "Dynamic Library List" on page 5-42. , 
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Table 5-3: DL Header Flag Types 

Flag 

ELAB_DEFINED 

Value 
(hex) 

Oxl 

DeJ.io.ition 
/ t·,._ _ 

_&. . ..• ~~ 

The e/abor9d.Jliield is defined. 

INIT _DEFINED Ox2 The initi4ffteffi.J.~,is. defined . 
.. ,,, ' ' 

SHLIB_PAIB_ENABLE Ox4 Seru:~!J't~~e lib~;~~m,g~thc . 
SH,PJB::t>t\T-H environ~~~Y4.flable 

s ~ 

EMBED_PATH_ENABLE Ox8 .. S~drch forthc;,4:t~brary usin~·the;~~UlJ~~~f~ 
.tL ... Je'.f.erenced by ~in/:J.edded _path "-i . , ~ 

SHLIB_PAIB_FIRST OxlO ... ift;Q,t~P-l~.IJ.fl:irrt~~!tte available, tli~ 
path ief\9.C~d by SHLIB_PATII is 

~-·· searched fir$J.;'.¥.€~is bit is set. 
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Initializer 

This field holds ~index into the import table if the !NIT _DEFINED bit in 
the flags field is set:and the initializer count field is zero. If initializer count 
is non-zero, tl)~iji1slJield is the adckess of a word-aligned array of text­
relative indi&sm{to tht:funport list for each initializer. 

,.A ··· ·····; ·p· ~ .. :~ 

~/i i ; 
.. ( .. ,, · / ; 

embe~9~~ath / / 
• ,1111 ·,(..· ., • .-q··· • • -:<.&. r ~> • • • 

'II··· . .,..,., }Riis field is an md~J.pto the d~c library stnng table. 
\ ...... ~- ' 

,; ... - ; .. 
"x .. }~ _ _,· .~ ·' ·. \ 

initliil~~:::~· of,~ih: initi,;11~ import JisL 
,. .. J /~·/' J ..... .._--<' / . 

• / ' ii' J' Y" 

reserved1 -~d2 JI//'"······--· · 

These field$ are re.$.~~d for future use ( curremJ__x~jfa to 0). 

<i~ ~<;;~ ~ 
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Dynamic Relocation 

Dynamic relocation records (loader fix.ups) are used by the 9:x.namic loader to apply 
run-time patches to the data area of dynamic libraries an""~~b~lete executables. 
Dynamic relocation records are built for each dynami;!:ll~~ary data !tern initialized 
to the address of a function or variable. These records:::ate:'needed smce the final 4 ·· -,, .... , .,. ,, ····· ··~ 

addresses of the library code and data are not knqW.l'f untlf:::ljJp'itj.rie. 
<ti. ' ... ., 

~~ "'• ": ..... , "'· .,. 
. .:~ .. -~·.''OJ~.·-~- .... . . . . . . . . ~:~ ... 

struct dreloc_record ( ./ .,~~' ·~,:· ·-.,·.,,. 
' - ~ ~ 

int obj ect_type; I ~ "'.lncornpleb~ executable'··~, ti .. * I 
., ' ~ '"\. ... ..... '4f 

int symbol; fl..+-· index into'._.~i:mport table '*'~' .1' ,,ti:" . .. ~ ..... ' . 
location; ~}';·*'··<¢\f~:l}.e;,t toet:.&b~ (data-rel) ')fl 
value; /* tek~.:{.~~~ffset for patch */ 

·:1 
unsigned char type; I* type · ·~ d:;-~_loc record * I 

reservedf."· .. /* reserved.~'{"" . 
,, ~ ... ..... ,. . ..h 

rnodule_iri'd.P~f'- ,/.~ index into -~'1~. ~ible * I 
-;. ~ ·~. .. .. .-.: ·---·r 
~ ..--~ .. , .. -.... ~... .··~ '-.\ ,/ . 

int 

int 

char 

short 

) i 
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Dynamic Relocation Record Fields 

~ .. 
object_ type v · 

Initialized ~q:i(ft)~tf a'tf~pamic library, 0 if an incomplete executable. 
,· ~ ': 

J :~ symbol __ .,/ ,.,..-· 
._.{ •'' • :' :' . 

"''·· . · _,.WJJe· symbol field is ~~itptlex intJ>:Jhe import table if the relocation is an 
,, ., ,. txternal type. _,.. · y ' · 

....... > 

\ . . . .: / ··, 

locatiort" -.. . ... -··"'·· . . / ./, . ,, J 1 
··-~-......... .,;.. ... L/ 1 

The location fieldii.~~~ ... ta-relatr. ~ff set of the data item the dreloc record 
refers to. -~ ·· '?'-;··~~ ·-··· ··: y 

~{ .. ,,.# .. ._ ,.,.... 
.. 

value ,: 

type 

reserved 

These bits arc reserved for future expansion (currently initialized to 0). 
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module_lndex 

This field is an index into the module_table of the module associated with 
this relocation record. For DR PROPAGATE drelocltecords, this field is set - , • • :,;:· .;.;.·.·~·~-;., 

to (-1). /. -· .. "'<-t-;t, 
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Linkage Table 

The Linkage Table is locllf.ed in the $DATA$ space of a dynamic library and/or 
program file. It is divide.q1¥.!Lo two parts: a Data Linkage Table for data references 
and a Procedure Li~g$fa1l~ ... for procedure calls. The linkage table is used as a 
branch table ~ .h.~direc,\cedurc and data references. 

Data LlnR1i· ·e Table J J <;<' ... . ,,)9 / ... ~ 
th~:;JSatrLinkage Table cPdWhs a one~W.ord entry for each data item that is 
refe~~·~ed by PIC. It ~i-~,,«tMhe~,.,~{:1jie,·4~namic loader once the addresses of all 
dynatn'ID.Jibrary d.~tif~?:lilowp;:~tnjiS'"w.ble i§\usually only in dynamic libraries. 

~' .. ·· ··-~~~:·.·.:::::~., ..- ,/. ,1·" ./ , " .... / ~ 
Procedure Llnkag~.,;,f,)>le1·, ··, .. ~.....//,,_,,. .. I 

.- . • ,.r' 

The Procedur~~yf19ig{ Tab}~J1l~yreside in a program file and/or dynamic library. 
In a dynamic librlif. it COQ~S entries for each unreso~jsP p!ocedW: call ~d/or 
each call to an exported ~ure symbol. In a p~Jfile, 1t cont.ams entnes for 
each dynamic library Pf~ure call. / J '. ,..· 
The PLT is initialized b:'-'Le dyn"rn•ifff~der. / ,. ' . 

,~~~~~~· ... 
struct PLT_entry { 

) ; 

int 
int 

'<?. ').;; 
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Procedure Linkage Table Fields 

.. ,. 
proc addr .:' ... ·: .... 

- ." "'···*.~.:~ 

This field contains the address of the procedw:ef~Q .. be branched to, taken 
from the export table of a dynamic library qrfr<lgf4ID. file. It can also be 
initialized to the address of the bind on n~f.#.f #nce vtB~R.). .. ~ynamic loader 
routine that will bind the procedure upoit'.ffr~treference~, ·.. .. 

·"'. _, ... ,__ .. ,"$~-;]?,_,., v, °' -.. 

I I / tptr _ va ue / -tl .. 

If proc _addr points to the B0&4o:qdm.; ... and on~~~;ib~. actual destinailgtr 
address has been calculated and stotetiI~ih.::proc:/~d;~--this field holds ~the 
Linkage Table pointer value for the caiiedllP-qtffie. 

' ·v "··, 
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Dynamic Library List 

The dynamic library list 1~~.puilt for both dynamic libraries and incomplete 
executables. It is alloca~:ilt:Jhe $TEXT$ space. The list contains an entry for each 
dynamic library sp5c.i~~"at;.~c link time. 

A.. ·" . • 
The first e~tl?,').Yil~pe'th~ ab_solip,, ~ath name at link time of the executable or library 
that conta.Ins'lbe,dynanuc lib~lisl 

,.<"'' . ., _.;;w l"W 
/. 1 ...... ./ '1:'., 
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Dynamic Library List Fields 

shlib_name 1<~~~~ 
A ·' ., 

This field contains an index into the dynamic li§@.ly string table of the I 
absolute path name of the dynamic library ~•==~~,_static link time. 

dash_l_reference /.~ '' ·> '·. 
This field is a flag to denote if the ab.~lbte path ,,name of the d}'tn~Jibrary 
specified a.t link time .is to be us;,~f.t.,,~n. tim~. I~:~~~s .flag is s~t tO:~ 
the dynanuc ~oader will search g9r::ttf P.~f. .. ~.1branes ;fB$91:~,ed at link tun~!'~ng 
the path(s) given. If dash_l_reference~w.'JfRP§b.'tne a6solute path name 1s 
expected at runtime. This allows a diff erettt!P.#t!l to be searched at run time 
than what was specified at link time. See "ffag§.J~\QJl page 5-34. 

~/-.. . .. . '%. »~, 
' · 'o., • -·~~. ' \ .......... ..,,~ ~ . '"'' 

bind \+-:-, ...... -- '" ···,·... ···,_ ·. ···"}~ 
~ ....... "'-.. . . . 

This field de~cri~s the bin?i~~pr$f.9£g~~~tP~~~Ja ·at link time when 
the program is built. The bmdinl]~... ~are de~~Jh Table 5-4 . 

.... --··"' f . ' ,if".,.. '..... ( $~· 

high~~ ; lghwater :-~.)_.~the dyn~c library at link 
time and 1Sl..I) Ya:!4'yn~mic li~~~ts located m program files. ~ - ·----? 

. ----------...,' 
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Table 5-4: Defined Binding Methods 

Binding Flag ~-, Value 
l:. :::~ 

Description 

BIND IMMEDIAIB ·· ·· ·· ·· ·, _oxOO Symbols are bound at program start-up. 

BIND=DEFE~·;,..- . ···,\~-?1 Symbols are bound at first reference. 

BIND_~ ~-· · lfxp4 Insert the loaded library before all 
/ . ./ .·· · " ! ;' others in the current link order. 

? • , 'f> 

~~:'NONFATAL ~ \fl~08 _,/ AJ~ow binding of unresolved symbols. 

B'1'?.~NOSTA~- · ..... / O~J~"~r" · ta~~s.th~ dynamic loader to not call 
~ ·---~~· · ,,,, ./.,1 / • the JAttializer 

BIND~VEltB'OS-.E __ ... /'~--f;ti~o ~idynamic loader display verbose 
. ./~ ,r ·· / ~~~¢-S'sages when binding symbols. 

BIND_RES,..D j -~40~uscs the search for a symbol 
\,,. .! j definition to be .. . tricted to those 

/' ; symbols ·\_·:. ·· visible when the . ~ Ii .. •.:-. .. •ed. 
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Dynamic Library Import List 

The import list is created for both incomplete executables ~4. dynamic libraries. It 
resides in the $TEXT$ space of the object and is ·made up}pft~j.IIay of import 
entries. Each entry is a one-to-one correspondence wiUififie link~e table. There is 
an import symbol for each DLT entry in the linkage ~~,~~each PLT entry in the 
linkage table. Import entries of type ST_NULL ~~uSed 'to~~~rve this I 
correspondence for internally resolved linkage .ta..~tries. ~ ... ' .,, ', . 

. o:t~ ... ">'~"7"'""T~ ~~-... 
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Dynamic Library Import List Fields 

name i 
A( "'·• : .. 

This field CQ.J'It@lS'"an'tjffset into the string table denoting the symbol name. 
If no sy~L:rtrune is cfl,ned, this field is set to (-1 ). 

;;:"/ : ~. 

4./·!-' ; ~ 

/.·.(.. . ... · ... l / 
reserve.d,J;- · ·' ? '+ .. 
'¢·. . ,'· ,.. "/ / • \ 

' <~ .. 'This symbol is rs~¢d for ~ytjltfhJ.~. It must be initialized to (-1) in 
·-y, _" ·,,conforming ~li~adons ... ../ _ ..- ·,\· . 

..,.,r.-'.-i.-... .;t+ ·.·· .· .... fi .' • ,, 

' '"-, ···--~·· __ ,, .. , -· /'' , ' l '; 
type ....................... - ,. --__ ./'( .\ :,·' """/) 

This field snAfmes"°tlt 1.·~~L~jjilc. Valid s mbol t es are ST NULL ... ~~~···· .J.f:t. ~r~Y"-- .. y;y y yp - ' 
ST_COQ~(jS~D~J!:\wST_'STORAGE, and ST_PLABEL. See Table 10-3, 
on page f"alef 1 for -~~}.definitions of these type~:-~ 

J l -$.'+t"' / 
bypassable <, / ,~~ I . -' 

!11i5 bi~ is set to ~~jpipffti-it .. con.eel in a dynamI~~:Fbr~, and ~e 
unport 1s a code symb(' that does ~~if.~ its address 1*,~lJtJh1s dynamic 

library. / 7- ,,,;;r;w -~\ 
reserved2 ~ ~'. ~ • 

. : ;r ·;./'\ 
·r 
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Dynamic Library Exp·orts 

The export table is a hashed table of the symbols exported .. bX a dynamic library or 
incomplete executable. The dynamic loader uses this table.tpl~~}lp symbols at run 
time when establishing linkages from programs and ~~'librari1's. 
The structure of an export table entry is shown in Eibrre:§~~1 .. and the hashing 
function used with the export table is shown in ~~e 5- iK ..... , · . 

.<!' ..... ;~.~:>.-~... ' •, ·· ......... ::~ .. 
struct export_entry 

int next; 

int name; 

int value; 

union ( 
int size; 

4, ....... . 

struct misc_infdC1.W,.~c; 
• >. .•.• 

} info· \, ~ .. __ ·· . 

····~;.· 

... 

.. ... •····•. 

, -~··-~ .. ,,., . 
unsigned char type; .,,;."-' ·-......... ' ··,. ... ,,....,, 

"'\h 
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Export Entry Fields 

next 

This field cqnmln'S ari';::{b,dex to the next expon record in the hash chain . 
./" w ., . 

:.- \ · .. 
,,/' ,., 

name ./· $y } J 
/ }. .: 

¢.. . ··1;Jii~··field contains ~ol'&.f(set int~t.he string table denoting the symbol name. 
, ••• _:r ;1 ,,1 ·' '. 

·.• . ' / ., \ 
val~-&,~..... ,,,,/ /,., / ,,- .- \ .\. 

Info 

•••• .. ·y~ ... ··,,,.'"' / .~ ,.- • 

This:::fie1a:,:spiCIBes.&fi'i.:~JYfubol ad . · ·~ (subject to relocation). ·' .... ._ / 'Y 
..• 11' .. ·'") . "~-~ ..• -'°' " . 

,,.;,,. .... · ' . .,,,., 
%·~· ...... · j : ····-·" 

If the ex~otje~ sy":ld.ij~i~ of type ST _STORAG~.~J8is field specifies the size 
of the storage reqllt$fu'ea in bytes. Othe~~~i.~neld contains the version 
of the exponed ~1;·~. 'bol along with a.raJime~t~f&ation information. 

I! ~A,.{p" ' 
, .,.~' ,u• .( 

~-'· ' / !' ti> • . ~ pr ~ . ,q ~ 

type -t··--·,,,,.r· \ .'» ,1 i J ' \ 
\ ., . / ~ .~· 

This field specifies th~~ymbol typ~~afld symbol ~~·--st't!CODE, 
ST_DATA, ST_STORAGE, an~PLABEL S~dD~ 10-3~\:,~age 10-
21 for the definitions of the~,.,t ~-/· 7 ~'r J 

"ii · ~ -···~ .A <'~ . / ~,_ .. ._ ,~ ~ 
~ ./ .. ,.~ ·~ ~ ,. ""\ 

reserved1 ~4 ;~,~-~ · if , ~ \\.. 
These bits arc reserved for future ex~'°""'sion and nf(st be initi~alize. ~~. \ _ .. ·.~ ·~· " w .... ~:;};~. 

module_lndex . . /: . . · , :; 

~field contains the index into the module ta~~;'.-.,~·-"knodule defining 
this symbol. \(,.... 
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Export Hash Table 
The export hash table is used to rapidly locate entries in the c;.xport table. Each entry 
is hashed using the function in Figure 5-18. The index is pf,.9.lt\i!ed by the value of 
the hash _string function modulo the number of hash slg§i(exported symbols). The 
hash table itself consists of one word entries. Each egJf,$:~t~Jhe head of a linked list 
of export entries that hash to the same location. / " ·'' <; • ·~, ., 

The entries in each list are specified by their ind,ddlthe e~pbt(;faP.lp, with a value 
of (-1) terminating the list. These lists are notJ;~qtf~ft~ be ord~re4Jf.U:.·a..ny manner. . . \ 

s j . 

)- .. 
~ ... 

-%;; .... ···.o..i;:x: 

unsigned int hash_string(s) · ' 
register unsigned char *s; 
{ 

key = 0; 

while (*s) 
key = ((key << 5) 
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Dynamic Library Export Entry Extension 

The expon entry extensio):uable is located in the $TEXT$ space of the object in a 
dynamic libr~. The~~1~fii-~-to-one c?rre~ponden~e between the export tab~e and 
export extens1?n ~p.le~~1s ~~~~. contams infonnauon needed for data copymg 
from a dynanuc,..ll~ file to -incomplete executable. 

. ,... j •. 

A;.' ........ . · .. ..J 

•% .. ... ~.-:: ..... .. ... ... ... ............ ·- ~ 
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Export Entry Extension Fields 

size 
/)'· .... ,, 

/ ~·---~ 
This field is the size in bytes of the export syll)pbf~d is only valid for 
exports of type ST _DATA. For other exportJ~~:~~ field is initialized to 
(-1). /~· ; "-,__ ''to..,, 

~ '·~,,·~~ 
dreloc .. ~~~,,,, '· '··· ·-.. , 

' '• 

This field is the start of the drel~9''~cords for th~L~xported sy~bdl~;;:ff>::UQ#' 
relocation records exist for thi*::SYtQ.®l~._this field;J.§:j,r.~tialized to c-hJ;./ ' 

• •. ., :t. ,!if •• •• . ... ·.:::\. "'/ 

same_llst ., 

This field is a circular ~t!?f.~xports that ha~~ t~;~e value (physical 
location) in the library. Tn~~::i~!i1<t~P-~-~e that all daht~p.1bq-ls that refer to 
the same physical location 'm:Hi~~~U'.~. ~o_pied to l~~:program file . 

..,,~ .. ·.:. . ...... :... · · ........ . ...... .... , 'l;,q7 

reserved1 __ \':<.~ I" ·······-,,, :r , .... -- ........ ~.. r ~,:;'· 
This fietd~·teser\:eil'(or future expansion (curren~tly initialized to 0). 

/ .. ... \ ~ . \' 

reservedr .... ~_-.. ..__ .... ' ) 

This field~: .. ., ·,,· . . · '.- "-~-~ (currently initialized to 0). 
·-:.·-. -~ ~ 
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Dynamic Library Module Table 

The module table is locat¢. in the $TEXT$ space of a dynamic library. It provides 
information on the modaj'.¢:s),t,hat make up the dynamic library. 

The dynamic library,,,,~ute'~le is optional. 
j .. , ' \ . 

. .(.::...... . ': .... :~ 
·> •• : ···;p..- to ··~ 

struc,t;,-~le_entry C/ J 
• ,,(.?,; ,.. .'" • 

.. ~Pi~, .. ' drelocs ; : ··"-1' 
1 ~···" fr;ht imports i r 

\ : .int import .~funt·· ... .. . 
·.; , • .":'Y" , ";:» I ~ \ 

•. i~bar flqg:@ / \ • 
\~···"·· .... ·.1.: ···· .. •· .. ·.'I .• ~ \ 

U:-...J.~r'g·"'{i:£lJ: .·""'""'ort -A"1~· depend~""~1· es · n:~~;«(t;;W't<io»>-"''J'l ~;I"' -- /"'~ I 

int reserve~:( , ~, . ,/' / 
.. ·· / " .. t ~ ... _.,,.... _, 

-?."~:·.. 11:-1. ........ . • .. • "· ... .... ···•·•• .., ... ,,, 

··~jiJ'.U're S-2()i'.@lflefinilion of a Module Table Entry v" . 
/ 
\,. 
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Dynamic Library Module Table Fields 

drelocs ,(/.,~·:>~~~ 
This field is a text address (subject to relocatiq~1:9f a table of one word 
indices into the dynamic relocation table. 19f~·'ti§k:i~ terminated by an 
entry with the value (-1). / / '"•\ .. ., ' ... .... 

<. ; .... ~ ~ 

A value of (-1) for dre/ocs indicates th!$1JQ::'~amic ret~on entries are 
associated with this table. .. . ~'% "· ........... . 

-(~~:~-:-.. . ~... ~ ~~ 
Imports >-·:f _ .... , ,' .. ,~\ _, · 

4 .. .. .. ,:;,,, . . · 
This field contains a text address (suoje.~flto r~l~'ation)' of a table ofi>ne-
word indices. The table lists module_ d;petfde~iies indices into the module 
table, followed by impp(t_count indices int.o"'·t~¢::;h.nport list The modules 
and symbols indicated "ri\.,,~4~~.resolved before,,tln~tffl.P.Q.ule can be used. 

. -· ~ •· A A value of (-1) indicates th~'ffi:\~'.'.F:~Y. ~?es not exist~ .... · .. :·,y· 
\~- ~ ... -- -~;: :~ .. ~ J .. · .. 

Import count ··.,,_}, / .. ........ ;7 - '· ,. / 

This fi~ed · ,, .. ~ .... '.. .. r of impo~ Y'bol entries ih the import list required 
by this · ule. ,, · " · ~ 

. '\ , L 

J.,, '· .. \._ 2 >'I "<:.~-
~ ' ~ ...... ~. ' . 

' ' ----............ < 

'~· ~~r;-~ ~., ]J:w.¥~\!e EIA.tt~~ lU~ilf.~l~ to indicated that an elaborator was 
~ere®jl2ln,.the rit·~~-~~ ...,, 

-~ . ' 

flags 

"--.. , ...... -... , ' .. ....... _,,. 
#k.t~ le de ende~~Ji.,,. .. ' r·~·~¥1:f. - P ... -v. " }./" 
''\i~~.?eld is the nu~ of mOdules that the current module must bind before 

311~4~ own imporfr§tmbols can be bound. 
~ 'Ji 

reserved ~,.,. -...,~/ 
' ./ This field is reserved for future use and must be initialized to 0. g · 
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6 
Program Loading and Dynami~/if'fHtj~ng 

.J.. . ./ 
/~ ········· ·. ~. 

Whi~e ~ost of the dei:uls regardin? sys~m impl~~~·!ll~en from 
apphcattons, the requrrements for invoking a P~. ~ ::~.1 . must~~~i'>.ified. The 
system must .be a~le to pass ~ments. to th~,x~pl~~~n: provide"~-~~ to the 
system functionahty, and begm execution ofjfie appi1cation. ' .. " '· ... 

. · ; ·., .""' 
' ' ·,..,·-.. \ •.. ... , 

\ ." 

4'/ 
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Executable Binary File Format 
·"'" 

Both chapter 5, Object Fll~tand Library Formats, and chapter 10, Relocatable 
Objects, define the SQM~J~iJformat in detail. In this section, the specific 
requirements of an;~fuplet~:~('ecutable are discussed. 

/.(' ./ ; ~ 

An executablet{!,Waty file must::OOntain a SOM header, exec auxiliary header, text 
,:«:>: •.-,' P.i: : 

and data ,s4.ibrts. An uninitiaJf1..¥.d data section, or BSS, may optionally be 
ipcl~~t$dclitional sectioJ1$.f~y exis~within the executable binary, but the loader 
mUSi/'ofbe ex cted to in & ... ·ret the i.. • .. . . ,,,,,,JJ pc ,,,,!~ gl,.,_ .... ». 

SOM 
Header 

1 
Exec 

Auxiliary 
Header 

..... .. 

.. . 

-

Text 

Data 

·-----------·------------, 

BSS 

• . • • • . . • . 
• . 
• • . 

. Jll ··--··:····--------------! ~ ~~ 
Figure 6-1: Executable umary File Format ./.;,.~V' 1.~~> 

The. ~OM header must appear first in the ~in~, followed imrn~~~,~ ~e ex~· 
auxiliary header. These headers are descnbcd m chapter 5. 'Ill,~~~ auxiliary 
header specifies the location and si7.c of the tex~ dala ~ons. 
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Text 

The.text section c?ntains the instructions fo~ the conformi~--a~plication. The text 
sec~on must be ahgn~ on~ page boundary m both the fi~e-'~i'#~ memory. The text 
secnon must be contained m the first quadrant. / ,' ~ 

Although the size of the text section indicated by thQ.r~R~!f ~~e field does not need 
to be. a multiple of 4 Kb~tes, the actual size .of thi'~·t s~~1i~. !he file ~ust ~ a 
muluple of 4 Kbytes. This may be accomplish~,d::~y~adding 'thl~~-1\sectlon with 

zeroes. -<- - ·~' '· , /,': t Joo ·~ ..... ... 

The dynamic library header must be at the~~Jfut of the Jext area. . ... ' ..... . ... ··., 
/ ·~ '!.'it·... . .... .... ') ·~ · ... .., 

Data 
6-·. .. ..i .,.,.'.)~,~%. ',,i ' : . 

. / ~· ., 
The data section contains the initialized data f~~lh@::aonforming application. The 
data section must start at an ofVit from the start of the::.¢,,'ec,~table binary file that is 
a multiple of 4 Kbytes. It must 31~~'~.i,~ned on a page oO.\lpqW).:'. w] en loaded into 
memory. The data section must bC~~~JP.,_!:he second qli~t 

Although the size of the data sectiori·~~ dicaied~~[!l.l.tt;x.f!c _dri}.e'field of the exec 
auxiliary header does not need to be a · ... ltipldif"~FK'h-*}.nfte actual size of the 
data section must ~1J!~ltiple of 4 Kby · .... ~e data se'2tjt1~ can be padded with 

=oes to mak~~: Kbytes. '" , " 

BSS ~'- ) L 'V' 
The BSS sec_~on d~~~for the conforming application. 
The ~§~~jlte ~~past the data segment. The size of 
th~~SS sectlo.tfisJ.{1;!-~~ ~~ec_bsize field of the exec auxiliary header. 

~~i.~ the BSS sectio·nij$f&Ud to coq¥ninitialized data. it is actually required to 
~~~aj~zed with O's. '\\\ \._ }..: 

, .""t~ }\ .,,., ·f 
··.,..,....,.(:. . .f 
.,, °" J / 'M : . ,"·,....., . .! 

y / 
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Program Loading 
~h 

All programs must inclu~1~tart-up code. This code defines entry points, initializes 
program variables a?}df:~l\::{or dynamic libraries. The symbols defined by the 
initialization code .. ~!Ji'sted iri~lf.~ble 6-1. An example implementation is shown in 
Figure 6-2 an~d,l.f(~t~ 6-2. Thi~~~ersion of a st.art-up routine is built from both PA­
RISC asse_m~jJ9tfud C languag~~~Qurce . 

.fixec:uutw:tSf~s at $STAR~~1ffne gl®,al data pointer (DP/GR 27) and the stack 
P'fii!l'W.r=i(SP/GR 30) are ii;\itlhllted. :U:.~W-~Ifi dl_header is found, then the dynamic 
loa~(/usr/shlib/dl~,i?:!1~::thlled .,lffi!JilttfilffJ.t.._the linkage table and program data. 

Note There is no API-defined entry point into dld.sl. As the example 
code shows, the entry point for /usr/shlib/dld.sl is calculated from 
the SOM header and Exec Auxiliary header. 
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Table 6-1: Symbols Defined in a Conforming Executable 

__ argc_ value A variable of type int contail)iqg,ltie=:l\f,.gument count. 
/ / 

__ argv _value An array of character poip.@f.S~to the arguments 
themselves. / l / "··, , '·. -~, 

_environ An array of charact~~Pi!ers t~~tll~~ironment in 
which the prograrn~wm~)a This arra~f$~natcd 

• • b ;. v"i •. 
by a null pornteJ;;;·; ·-· ~, , 

( : -~~<....... • ... ' ~ °t"H, ·1' 
_SYSTEM_ID A variable ~jW.e .. ~.nt contaiqlng.~he system id\•~~91 

for an exectltabte::):nf(}.PTam .. ;: , ,,.,,~i~" i-
~ Q~ . ) . ~ 

$START$ Default execution sti:rrt·~~s. 
_start A ~g.~dary start-up ro~tih~lff>r:.p programs, called 

froni<i$!.Sf.AR.T$, which in turn'ca.il~r=roain,, This routine 
is conili{~all,j[~,.CJibrary rath~t:fhID}ff~ the crtO.o 
file. For ffe~pailmt!JfQMRAN prof#.~ms, this symbol 
labels the ~&nnin4pt~the~~!t~::;1?}ock (main 

-~s:P'°8:~:~:;::::!~:::::~ter. The 
-,_ p code loads~~ ~dress into GR 27. 

__ t ext_s t ~ ... '-.. ~·-.'l<'-~nning addreSft1l the program's text area. 1 

__ da ~..2.~~~;t ~"-, "4~-~s of the program's data area.1 

~------~.-~~---.. . .,. '~·~ss above the uninitialized data region.1 

6.w.~text ...,, ',fll'St a~~ove the :r~~ text 
1 

. 

~~~ - · ) ·:: . t ad. above the 1mnalize data region.1 
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Process Initialization 
When the system activat~ a conforming application using exec, the register state 
must be set as defined in.,,faple 6-2. 

Additionally, the fo~l~\°(wg·11~P.Iy: 
• The value ofi1Uf~JJie{gener1#fl;egisters is unspecified. 

1·}1 .. .. 7 • . 

• Space re~j$~-O. 1, 2, and ~iilfe unspecified. 

• The }4Wf;-Ofthe Shift Am9~Regi~er (SAR) is unspecified. The value of the 
<t.;,i~~fTimer is unspeciJf.~'and m~lt.~ot be read by a conforming application. 

T:J:i~toth~r control re_gii.~::eann.o,t.~;.j~_from or written to by a conforming 
aptw.~~tlon. ,.,.,., . v·' .. ,,, J. \ '· 

• The v·£•1ffi.4f1.JP6p~c~~:'ft;g~ters (i~l\iding floating-point registers) are 
·'<tJ><,-;.;.;v;.:.!·· .. -~ .,A .,.- . ,,.r·: 

undefined. ,· ., ·. , , I 
#." ~ ., .'"'" ..t'./ / 

• If any of th~t,bi~.-~:~<o~~..riflguration Regist~r (CCR) are set. then 
the correspon~°.t;copro~prs mnst be present and funcu.onal. 

•The Proce~sor S~tus WE,2SW) h.~ the~· D, P ~~f9, b1ts set to 1: and ~e B, 
M and N bits cleared tqiOw1 ne remammg bits ar .. ~Tished at the discreuon of 
the system. ;· l / / 

In the case of the floati*oint s . ~ .. ,:_ 1ster &RiJ,W5), the folloVfing conditions 
must apply (although a co .:. , g app · J;io~ set these bits .. dtl6ng execution 
f . od) ,; " ..t · ... 

o its start-up c e : ~ \ .. / .,./ '?..,... .. '\,,.,< 

• All excep~on flags must be c~ear. ,/ ;·· .//,/.'»,,,,/' · ·· .. >, 
• All exception traps must be disab~. t· / ./ _,,_· j }? 
• The rounding mode bits must be s ";: ·' "(> (roun,rt~~~). ;:~· ,,,· ~~ 

/ 'f ·ip·· ·,, ..,,.,# , .,.,N) 
,; · '> W' 

~-.,..., ~ .. · 

~ // ,; ) 
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Register 

GR24 

GR25 

GR26 

GR30 

SR4 

SR5 

SR6 

SR 7 

Table 6-2: Register Usage at Process Initialization 

C Source Definition u~.'!.ge 
.. :.: ... ' ... /.•. 

char ** envp 

char ** argv 

int arqc 
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DL_HDR_VERSION_ID . equ 89060912 
.;::,., 
~-·.,, 

.space $TEXT$ . 

. subspa $UNWIND_$£~~$ .QUAD:O,ALIGN:8 , ACCESS:Ox2c , SORT=56 
, ;.-:.;.-,;.:,,.:·:i:.:o:, .. '->.;.c.y~-

. subspa $UNWIJ;lP:$B.l LL!\fQDE$ ,QUAD=0,ALIGN=8,ACCESS=Ox2c,SORT=62 

• SUbSpa s:2J;~·~jV ._-;' \ .. \ 
. import ,4.ijf#*t_s t a rt, 9,~ta ,,,,,, ; . 
. proc ~ , J 

. c_:j.~~tb SAVE_SP, F~ll28 io· 
~"·-.r.~~tt $START$ , en~ ,-

-~~#'try ·•' . ,/ 
•. 

\ ·, ,,;· ....... / ·. \ 
$ST~::::·/ . · ,/ -1 ,J!ntcy F ' used for linker 

ldil L' $global$ ,<gp< / ., y, Initi,.~~~'e the global data 
$ 

.:, :Wm!t ,,. .,,.. . ,A ,.,. y 

ldo R • global.i';J~;<·''i 'dpJ i''"P.e~nf:i•P" 
ldo .128 (s~tf:ff:f~, i / ·-.T-14'¥o·c~te frame, marker , & arg 
depi 0,31, ~fi~P / : ; list and doubleword align sp 

< •. ~ /' f 
~ i . ,.4f., .. 

Shared Library $,i~ort mapping dl~~lq J. ~ !.!'';'fS"v~·· '<{/ 

check a.out fi}.!~ ~or dl_heade~<#··' ; ",: 
dl_header is t fi@if first th~~~.2fii th~~~t space. 

~ ··~?,?·· -~ 

~-·~'ff$,: -<:-. / /' "~-. 
ldil L •_text_start ;t;:i··· , · .. A ~· 

4
/,, \ 

ldw R'_text_start(rl)~, r31 ; cff~ader versig,if .. ~;ef• .. 0189) 
addil L' DL_HD}LVERSION_ID, O; _Af.£et OxlO ,.-/ ,/ \ ~ 
ldo R' DL_HDR_VERSION_ID {1) ~f. ,.{ offset g.~,.,., '\" ... 
combf,=,n 19,31,L$0001 "' tw-6f~set ~;tfJi .. i. fep- ~ 
. import _JM.p_dld \'\[ · : ;·" ~4{~ . ....J' ;;. 

t:: . ·Y' , ;/JP' 

; ::~-=!dto skip 64K to maintai~~;ean. stac~dld uses {7 ~ 
; sp+64k for sp) m~ 
copy sp, 7 ; save sp 
addil L'65536, sp ..,.l' 
ldo R'65536(1),sp ~ 

addil L' __ dld_sp-$global$(27) ~ ~ 
stw sp, R' __ dld_sp-$globa1$(l) p7 
copy 26, 4 save argc , a~ and envp 

Figure 6-2: Example Implementation of Start-up Code (assembly section) 
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copy 25, 5 
copy 24, 6 
bl _map_dld,rp 
copy r3, argO 

copy 4, 26 
copy 5, 25 
copy 6, 24 
copy 7, sp 

L$0001 

.import _start 

. call 

bl _start,rp 
stw r0,-4(sp) 

.WORD 0 
$global$ 

pass in program f1;~e·- ·t'i~ 
j' . 

restore 

restore 

..;;; . 
. ,. .. ~:-. 

\,: :· 
·~: .. 

Y.~~ ,/?'..:-; . . . ;.::~:~~ . 
•.. ./.'''•: ' ,.. 

·~ 

..... "" . . :·· ~. 
~-,;.. mark last stack ··<flt~me (null fm_psp ) "· ·.... '"';~ . . . 

Leave two words of pad so dp-4 
will be zero and so $global$ will 
still be double-word aligned 
Contents of dp 

Figure 6-2: Exampfe Implementation of Start-up Code (assembly section) 
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_dld_sp 
.WORD 0 

t:~ . 
. export _dld_sp, j~ta 

. ' 
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#include <sys/fcntl . h> 
#include <sys/types.h> 
#include <errno.h> 
#include <sys/mman.h> 
#include <shl . h> 

i." ~ loo ... .,., 

,;+~~·,, 

/ ' • 

#define T_MAP / : '--. ··,. 
(MAP_SHARED) $. / ··, · .... . 

( PROT_READ I PROT_EX~:· · ) "-.; ., ... : .. :· #define T_PROT 
#define D_PROT 
#define D_MAP 
#define B_PROT 
#define B_MAP 
#define AOUTSIZE 

( PROT_READ I PROT_ .. ··\·.. OT_EXE~•~ .. 
(MAP_PRIVATE) .i~. · .... ,..,. '-· .... 
( PROT_READ I PR01.&.WRITE I P~OT_EXECUTE) '·., · .... 
(~P_PRIVATEJP'.t-ANONYM6~f:J.._MAP_FIXED) ... "',., ··. ·"f 

sizeof ( str~p$.,~~Qm-exec_a~~f. ) ··1 / 

extern int _etext, _end, 
extern int _text_start, 

-.. ~. . ./ .· ~::~ i; 
dld sp · ~~ . ···., · · 

- - ' • ••• "'< 
_data_start ;",, ~"" 

int _dld_loc; 

_map_dld(progname) 
char* progname; 

PRO ABI for PA-RISC Systems 

....... 
~., 

/ 

. clld.sl"', O_RDONLY)) ;; -1) 
· dn't open dld.sl•, NULL, TRUE); 

header)) \ 

TRUE); 
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/ * check magic number and system id */ 
if(somheader.a_~~gic != OxlOE I I somheader.system_id \ 

I= HP9000S80a.;hro) 
error(•ERR~t~,, magic number/system id for dld.sl•, \ 

.,/ 'Nfu.t,..i.~ FALSE); 
; ·' . '\ ·, 

/"' , .· ~ 

I* seek tl;t.;~u.~~headersM' :~ first one is exec aux header * / 
_&· .... ,,... ' 

ls~.~~r~Ja:;· somheader .. ! ..... x_header_location, OL); 

~~~~ead(fd, &auxne~er, ~OUTSIZE) != AOUTSIZE 
\ .. ~ ·1tlV { auxheader. so~'~dr . t~;. ! = HPUX_AUX_ID) ) 

.. . / error(•ERRO~C! dld.~t-~.~ aux header•, NULL, FALSE); 
'~\ \.. ,, •• ~" ... • .. ,,. ."IJ' \ .\ '··. •• 

--h'.~e.~-4eader.ex~·=i:'t'size· ·1 ', ~y, .... .... · .,.;,.,,.,.,r . dt"' ·rr ' ~ 1 
dsf~•--..A.Jruxfleade~:·~-dsize; f ; 

::i::t~:: .. ~;.l~e.~_:~OT, T_MAP, fd, \ 
"'{ __ / .... 'L'<ff_t)auxheader.exec_tfile)) == -1) 

error (~P_F '. ;Qm, • (text)•, TRUE) 4 ..... , 
/ I 

I* map data *I / / ? / 
if ( (daddr = ~(O, dsi · _PROT~~P, fd, (off_t) \ 

.. . . e ~.e.-!file)) == "'~ 
error(MMAP_FAI .... ', • (dAt~.f·yuE); / ·~\ 

/*now map bss */ / ,/ ,Y/'\,_·~ 
baddr = daddr + dsize; ./ .(.. . / j '\~ 
if {bsize != 0) "' ~ ~) 

if ( mmap ( baddr, bsi~·~s_PROT -~ ~~ya, . \ 
(off_~ .. 0) 

7
• · ddr) )Jr 

error (MMAP_FAILED, • ( < TRUE);}'· 

!* now we can close the files */ 
close(fd); 

!* Put the parameters to _dld_main in a struct. 
be (-1) to signify the dld_parms struct 
will be a ptr to that struct. The rest 
as before. */ 
parm.version = O; 

Figure ~3: Example Implementation of Start-up Code (C section) 
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parrn.text_addr = taddr; 
parrn.text_end = taddr+tsize; 
parrn.prog_data_addr = & __ data_start ; 

7, . + · ... 

/, - ····~~~ 
/. . 

/ * Now set up the cal 1 to dld' s dld main ~·tine * I 
shl_ini t_ptr = (int ( *) () ) ( (int) tadq;(,.t "· . . 

auxheader.exec_entry-au~~ad~~~~c_trnem); 
'4 f o,,, 

/* need the equivalent of an import .:::{~~~-i.::ere t~"'"ii~it--.µp LTP *I 
__ dld_loc= daddr; .,...N.~ '·~, "• . 

/* make the 
result = 

) 

....... 
" 

call */ / ·, <;;:;_~,,... .. y~ . ,. • .. ~ff 

( * shl_ini t_ptr) ( P~~IRUCT_US;gµi-'>.&parrn, daddl.'y~/ 
baddr, baddr+bsize'; .. Wlk.:..tex t;.£:¢fart\ &_etext, ¢/ 

'~.;.;-:-:-.·:·:···· ;or,. u;· ·;:· 
progname, &_end, __ dl~~p,Y~--

Figure 6-3: E mple Implementation of Start-up Code (C section) 
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static int strlen(str) 
char *str; 

char 

~ • '4: • 

/ * fills f~--cy,6.~ ... ,.Eirst.4'$.~f 'char~·· with ascii e quiv of ' mun ' , 
padded by;.,_)~i';;;.os t4'' 

·1 ~ i .I 
static itoa (num, bu.lb),,~: 

int nwn; 
char *buf; 

int cnt; 
~ ,, 

buf[9] = '\0'; ~~ 
for (cnt=8;cnt>=0;cnt--~ , 

buf[cntJ = (num t 10) '$;V o' ; 
num /= 10; ,. 

4 / 

Figure 6-3: Example Implementation of Start-up Code (C""""·•~-
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Linking and the Dynamic Loader 
Applications need to be portable across a variety of syste~l'Yi~t these systems are 
allowed to vary in implementation. This requires the imp:(efi}en~tftion-specific areas 
to be provided with each system, yet readily accessibl~6qf.•~c.onfonning application. 
This is possible through the use of dynamic librar?'-~and~~~m~lete executables. 

The dynamic loader, /usr/shlib/dld.sl, is invoke~.-~e start.:np~~ (see Figure 6-
2) when an incomplete executable is run. It ~iWJS~~lqcomplete'~&µµble to the 
dynamic libraries according to options spcy..fPed at link-time. ' .. .. l<- • •• " 

$ .• .~ C· /'~'l,:~· ·~. '• '--.. '··~·, •. ~ 

4- . ': . , " r' 
Program Linking 4,.,. ... .... , · .. J.' .... ~~Q;., i -· · 
When relocatable objects are combined with 'irf5t~¢.'-t:6' form an executable, the 
linker must resolve all unsatisfied symbols. To ass~~@+.all linkers will perform 

/.•;,. "(.:-:.:·:-:·;.·.-. .:::<· 
as expected, the following set 'tif~wl~~-for symbol resonifipP=~~re specified: 

• Unsatisfied symbols will be re"s-oJY'eif.tW.=~:@.JQpal scope sydtt@.lfip~reference to a 
universal scope symbol in anoth~~moCiule~, "···· ~--. . ., : ,. 

• Only symbols of matching type, na~jnd ~;4Je·<tfti~P~:(if:/~y) can be resolved 
to each other. '·\hf~-· ~ ,,.,,,_ --. r ; 

• Libraries are ·· ..... .,. ., . e order they al'~{ipecified on(he command line. (This 
requires tha ·' brary c · · · ing an exteni3.l,.reference must precede the library . ~: with the __ .) U ., ~-·4 

• The first mate ~~_ye~,e~~~bol en~gnntered is used to resolve an 
unsatis~ed sym~, '"/" ~ ~--, 

~ ~th~~dad:= ~=·;outine, the linker binds all 
~~~~~ces to en~cs in .· . ge ... , ... M. ·· is linkage. table sen:es as a j~mp ta~le 
on·~~c loader . · the li es and fills m the entnes. Data items m the 
dynarm~A es are cop1 · ; the program executable so that the data references 
can be res· · . . . tatically. 

The PRO stan ·.· ··· •~ o not · ntly specify the linker options used to support the 
functionality dcsc · ·'··· .. ·' '. .. ·. ~ s section, but all conf onning linkers must support the 
optional functionality. · .~ ·· ific linker options may be adopted in a future draft. 
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The Dynamic Loader 

The dynamic loader is it~Jf a dynamic library, although it does not define any 
symbols for use by a cori&mung application. This allows the application start-up 
code to use the SOMft.eitdet''~e exec auxiliary header when mapping the dynamic 
loader into shar~d:P.\sntory ari'qf:~alculating the address of the main entry point 

Once invoke~tp:e .. dynamic lo~r attaches to the process all of the dynamic 
librarie~,.tlt~b:Wdre linked wit~H application. The dynamic loader also resolves all 
~~~J.i~#eferences betwes!idj}6 appli~on and the dynamic libraries. Both of 
tneje=fonctions may be cP.6.@lled by~Y,b.ns specified at link-time. 

-!;: .\ ,. ::- ~· • · '" ~~; .... ... . 

• ?· ..,·· . ~ \ 

If the dynamic loader cannot find a required library in any of the/~- · · ries 
specified in the library search list, it will search for the Ji · g the default 
library path. 
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Note 

Binding 

The PRO ABI does not make any special provisions regarding 
security issues. The creator of setuid or setgid programs must 
ensure that users cannot substitute their own library on a search 
path and gain unintended privileges . 

. ~:;.. "'=;r········ 
.1· ..... :--,,. ~~ • ...... 

• < .• -... ~ ... ~ • . 

With all of the libraries identified, the dyn.4fC loader.must bind the'"sygib.p!ic 
references between the application and .. ~$.~mic librarl~~' .,~ile the rui'e·s:t\?r··· ···1' 
binding are specified above, there are #fdi~ptmJ linker gpp!?,J!,S to specify wq~)r' 

~ . , ..... ;. ... .......... ·. ,. .. ..,.. 
binding occurs. .. ···, · . / / .. ''"' ~t 

·.:.::........ .; 

References to variables and other absolute addrd~'t(f&'.~_nces are bound on the first 
resolution of a function call that.c.9uld potentially refete~~Jhe object. The function 
calls may be bound when the ;ppJr~UQP is executed (B~~lfytM~DIATE) or 
when first called (BIND _DEFER~~1.qjpding method't~j~d~ed is specified 
for each library in the dynamic lib~list'by:~~.r~. ~ 
The link~r must prov. ide o. ption~ to all~ith~1nruhgi~p9.Jod ~o be specified. 
Confomung sy~te.1it·W~¥.~5.~ubsutu~ BINft.%~MEDIA'fli::Hehav1or. for . . 
BIND_DEFEP:~;tio~·~,prov1de Blli\~EDIATE behavior when it IS 

Whrequestedd. L,.~~--· \j · d ·\~.A>b 1· th' li · . bed 
en a ynmnt~*~~~ co~~. its o~""'.n yn~e.;Ji rary is.t, .1s st IS scare 

before the next lib~h~~lib.~tof the application. 

Ve~~ -._--" 
'~Vll0 "'_"""'~~ ...._ ' 

'IUC,~ code from a dyif ' ···. · ·. ibrary·-=·· ' ..... .. · in at run time from a separate dynamic 
~~~le, modification' ·"' · · -.. °" .. dyn · · library may alter the beh~vior of existing 

execa$~~· In some cascs~-tfi.is ma cause programs to operate mcorrectly. A 

means oF .• .isl~Jvided to address this issue. 
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Whenever an incompatible change is made to a library interface, both versions of 
the affected module or m~dules are included in the library. A mark indicating the 
date (month/year) the chaI.\'ge was made is recorded in the new module in a Dynamic 
Library Version Auxili~~:~H~fider (See "String Areas" on page 5-25.) This date 
applies to all symbg1*~fie(ii;~.dthin the module. A high water mark giving the date 
of the latest inc9J.6.Wirlble chart1{¢. is recorded in the dynamic library, and the high 
water mark f~fr~h library li~qI with the program is recorded in the incomplete 
executaweffile~ · / ' 

/=~· ··· ;.:;:... t ~ 

AJ:sdll:l@rte, the dynamic lp®:¢r check$.\lbe high water mark of each library and 
loviftf.i~!he library only iq~~:;nt' leas~.,dfb~~)..s the high water mark recorded at link 

?~-::-.... . fl~ ..... ;.• :IP ~ ... Y.-;.'} 

time.1\\{ben bindin.g:l.<f:fli'btilic rd.f.tepces, ~JJ.oader chooses the latest version of a 
s mboY..·iffiit.rnrailnttt'f?tJian .. ~JP;ii water L ·irk recorded at link time. These two Y ;,,,,;:~ift::;::yo;·· · ·····;.;.-· g JR" 
checks help ·ensure that J,h$j~~J~n of e~.clUif'rary interface used at run time is the 
same as was expect~~ ,,. _,, ] ...... _ . ...- ... · · 

. . ; 1··, ,., ~~ ,. . ............... {v .. • 
\ . 
\,~ i . 

"% 
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Dynamic Library Initializers 
A dynamic library can have an initialization routine, kno~il-i!!1 initializer, that is 
called ~h~~ 1?e dynamic ~ib~ is loaded or unloa~~).~icai1,t an ini~~~e~ is 
used to m1t1alize a dynamic library's data when the lil:ti;)H~ loaded. The m1nal1zer 
is ~alled for libraries~~~~ lo~ed implicitly (a~~9~; .. -up? ?r explicitly 
(via shl_loadO). The m1t1abzer 1s also called wh~~Q._library"'f${_~Pl1c1tly unloaded. 

When calling initializers for implicitly loadeq;i1,~' the .dy~y~lq;~?er waits 
until all libraries have been loaded before c:;al1fog the initializers. Initialiters are 
called in depth-first order, the reverse orci4ri'n which t~ .. !ibraries are ~+,.tqr 
symbols. All initializers are called befgf~:;gle,~ain progmm..!Jegins cxecutio¥.~~, / 

..;.· "'-' . • ,• l;.~ .. ..;,::.$.· ' I'". 

When calling the initializer for an explicitly"1oo.dM li~, the~dynamic loader 
waits until any dependency libraries are loacted'''lj6fqt~?.~alling the initializers. As 
with implicitly loaded librarie~}nitializers are call~lff:~t&~R~.h-first order. 

Note that initializers can be disa~:{Qf .. ~~plicitly loaded'''l!~~~"'y.ia the 
BIND_NOSTART flag to shl_loaa~---··.-t.."'., ··--.... . '· ~ . 

,~ ··............ ''· .i;F 
\', / . ·· ., "• .... .-!» 

Declaring the Initializer . .._ /; · .. ,,"·,···, .. ? 
.\ ... .! .!' & ... · 

Confonning Ii . ·nf · ify an optio~: thelfiame of the initiali7.er. 
The d!~amic · :--: . ~usr ·"Y.' ... ·. nee.the initi. ·. r,.causing the linker to define an. 
entry m the · library ._ ort list The : ,& ll set the INIT_DEFINED bit 
of the flags eld ... ;, . . . yn · ... Jil:[ary header, ai'l set the initializer field to point 
to the appropriate int · · ·. ;::: .~. y ··· . .f,. '' :' ·: ... · .... 8btH,.ader Fields" on page 5-32). 

The ~ of '· '' '· , · izer canappear in the dynamic library or in the 
m,Pro~~cc, ... :··:.::~, .. ~~ initJoo is defined in libfoo.sl. To ensure that 

J/J1~oo.' is reg1s~red~~\initi l•fi could include the following line in the 

#11~;~ sowcc. ' ~ 1'l' 
•~(*init_foo_ptr~ init_foo; 

If, on th;a'~d, init-;ff.1s defin~. outside the library (say, in the main 
program), you. need ··?declare 1mtJoo as an external symbol: 

extern voi 
void (*init_foor)o = init_foo; 
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Initializer Syntax 

The initializer routines s~ll have the following structure: 
\ .,., 

void initializer( .~Ji\)1andle, int loading); 

With the argument~.,4(~e:(f°a$i.{ollows : 
,(,;-/ . j ' \ 

lnltlalizer /' ·· . · · r ~ 

.. -~;:~~e of the initiJ#r as sp~cified to the linker. 
. , ,, )r% 

<"~:, ........... .. / .. ./ j.J i '... .. 

h~ndte _./ · . _, · ... _ 
'<'"·:· ,' / ,P ·- · 

·~< ~JE.pe ,l;.%\a.u4~:t'iilled w..t'iJ~tfiis. p~"etcr set to the handle of the dynamic 
1~::{9.'.t';'Wfifch iL~1idvoked. ! J 

·r-1.. . ,,/ ... ,,, , " i 
f · , , ,/ ' . ~ ... . . 

loadlng ,.,· . ,.. / :· .. _ ..... _... 

The inlii~~t i; cau'-1/~i·;h -thi;·;arameter set to (-1) when the dynamic 
library is loJi.ded aef.d1iQ~ when the library is unlo~"· 

"'' /:' --~~"'" . .,_..,, 
) : ,,,.,;, .., 

Multiple lnitialize·tt/ _.,,, ·~;:.:..- · .. ·:1 / _. 
~ .4$r L / ~ 

If multiple initializers are d~~'ihey ~JM, by.~Sjecuted during tl;$.?&oading of a 
dynamic library in the same (H/,der specifi~(~e command_ lifl~q the library 
was built Upon an explicit unload of a d~~c library. ~tifilizefl:5\y_ill be 
executed in the reverse of the order ~5-~~g the lo_~~,f-Of the librarJ~~~ 

''<i ~/"-y· ~- ~ . . , . y' 

" 
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7 
Standard Libraries 

fa. 

,/ . . ~ 
,· 1 -~ 

i ... / 
/r'•''" , , .• , .. _~.'IV, 

The standard system dyn~c lib~es re.side in 12,itt~r/S~~~ect.ory .on ~ 
confonnant systems. These libranes provide acc,~i:> the fun~qtw.lity listed m the 
PRO API. While the interface to these librari?.~Ja~d by the~P(QA.:SI, and the 
functionality provided is defined by the P~YJ.):API, th~ specific imple~~tion of 
the libraries on each system is left unspeqUied. No co11\9pning applicafH)IJ~~X~ 
depend on functionality in any of the sy~tr,flibraries tha~}SJtot included in U1e;:nl)·n wvv.:-~ ~·. ,. .._ . ~ ..... 
Standards "· . ;" . ' - ·.·%, ~· . • 1.... . ~· ... ,;.o~ .,, _ . .,.. . 
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Library Conventions 
"-> ! .... 

Library Names __ /.·, .. ~--~>-, 

The stan~ard 121.9~~~??.'fo~· the ~~em dynamic libraries .is in th~ /usr/shlib directory. 
The locauov-,:Q.l).pie11branes ml_ili:pe known to a dynarrucally-linked executable. All 
confo~n~:;:P:pplica~ons ~u~(linked with the /usr(sh~ib libraries, or incl~de the 
hprJ.,.11.Jj)-idlrectory m the ~~ searc~p-~th. See "Lmking and the Dynarruc 
Loaift.t.,, on a e 6-15. ~/ .·· ./' '·. 

«;;·· <:: pg ' . ./ ... , '. 
Exc~ffi!:iwP..~n s~~~.d,,,.1se, ~l~~~rrllb~~ must be provided as dynamic 
libraries~:~q~~t§;.osed wi~'t»tbrming ~tficat~on~ usi?g both the incomplete 
executable ana relocatapJo1~it..r:_t fonn~tS:..amIC libranes shall use the"'' .sl" 
suffix. ,.,,-f / . : "'· · - ·• · · 

Conforming s~~~~'·ri1~y og~~fy pro~lde archive libraries. These libraries are 
statically linked ~reloc~ple objects. Theresu~tin~ ex~utable may .not conform 
to the PRO ABI an'a ma~~%c portable across diff~plementatlons of PRO 
compliant systems. Ale~ librari~~7frl'_'~ffix. 
The standard libraries ~arc~~ . . \; \ corm .. .-:·,···:t g systems afC listed in 
Table 7-1. t--\ _..,v"· \ \ / 1'--\ 

~ "\ ·, ./ / \ 

Table 7-1: Standar ._.>.· .. 'tern Librar._:: .... V .. \<>,. 
Library ... .A·· >" escripti _,.. .... "{·· 

1--~~~~~~~~~ : ~-~~-~~~~~..,p;~; 

libc Standardsy ~-;·· 
libM.a Math function liti · · _: ·· · 

libdld.sl Dynamic library sup n library2 

dld.sl Dynamic loader2 

1. The libM libraJ)' must be ~ m an archive library. ./~'"~ . 
2. These libraries ... only provided as dynamic li~ 
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Synonyms 
Each enny point and global external data object is referenc~d by a symbol. These 
symbo~s ~ li~ted in ~e tables that fol~ow for each libr~p~,,,~odules in the 
dynamic hbranes provided on confomung systems musq1ot mal(e any reference to 

symbols that are wi~ the ANSI C name spac~. ./.J~ ··., .. , : },··,, 
Many symbols are given synonyms that are outs1q~=~t;lie AN~~lfS:,,tiame space. These 
synonyms may be used by the system libraries_.-~~i.Wust not~"e.uefined by 
confonning applications. , .. ~.~~~~~ "· "· .. 

'· 
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The libc Library 
'{':·. 

Most of the system funct{ti:~ty is contained within the libc library. Entry points 
with synonyms are li_§.t«f(blif:~.ble 7-2, and without synonyms in Table 7-3 . 

. • y .. , • . 

The libc library ~lsA@oniains 5t&eral data symbols that may be used by conforming 
applications~.-~'global, exii¢$ed data symbols appear in Table 7-4. 

~~ ./ ; : 

While np~~&:stein libraries reqµk.~ or support the use of the long double data type, it 
4..irtP:lQ.fi¢d'"fu the ANSI C I_(riignage. The..routines listed in "Quad-precision 
Efl'tq~tion Routines" ori .. It~~?j _9 ~'M=:~o support the operations (basic math, 

cas~~~~~~f ;h~C'.tfage: 
·· ............ Jfa:ble 7-2.;:,=f!l}fty Pomts •O\:IJbc with Synonyms 

.ef.. .... ..... ~:-. ..£ .... .: 

atcxit 

bsearch 

catopen 

cf setospeed 

chroot 

close 

ctennid 

div 

erand48 

cxecv 

fchmod 

fdopen 

7-4 Standard Libraries 

ctime 

drand48 

excel 

cxecve 

fchown 

feof 

exec le 

cxccvp 

fclose 

f error 

abort 
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Table 7-2: Entry Points in libc with Synonyms 

fgetc fgetpos 

fgetws fileno 

fork fpathconf 

fputc fputs 

fread freopen 

fseek fsetpos 

ftell ftruncate 

getc getchar 

getegid 

getgrgid 

getopt 

getppid 

PRO ADI ror PA-RISC Systems 

fgets •. fgetwc 
~ . 

fnmatch ,/ . ··-£@:pen 

fprintf ,! ·.,_' ··~ ..fprintmsg 
/. r' ........... · ,:i: .. h 

fput'v.:¢", ( ·· ·· ,(:p\n~s 

r~~p·,~" f~art(~, .. ·, 
_,_: 

.. /fstat fsync 

getcwd 

getgid 

iscntrl 

isprint 

iswalnum 

iswdigit 

iswpunct 

isxdigit 
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Table 7-2: Entry Points in libc with Synonyms 

jrand48 

ldexp 
" .. 

nl_langinf o 

pathconf 

pipe 

ptrace 

putenv 

putwchar 

read 

reg error 

remove 

nndir 

secd48 

7..fJ Standard Libraries 

19u 
·1 

.<:[tli¥: 
··~; ... >' ', 

readdir 

reg exec 

rename 

nntimer 

seekdir 

labs lcong48 

lfind link 
" 

longjmp lrand48 

ls tat mad vise 

memccpy 

memmove 

mktime 

mprotect 

msem_remove 

regfree 

rewind 

sbrk 

semctl semget 
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Table 7-2: Entry Points in libc with Synonyms 

semop 

setgroups 

sets id 

shmctl 

sigaddset 

sigismember 

sigprocmask 

sprintf 

towupper 

twalk 

setbuf 

setjmp 

setuid 

shmdt 

sigdelset 

siglongjmp 

sigsetjmp 

srand 

PRO ABI for PA-RISC S)'SUms 

setclock 

setlocale 

tsearch 

ulimit2 

..o·'··, setgid 
" Y.;. . ~ ,., ..... s~'tp.gid 

strptime 

strtod 

strxfrrn 

system 

tcgetattr 

tcsetpgrp 

tfind 

tmpnam 

tow lower 

ttynamc 

umask 
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Table 7-2: Entry Points in libc with Synonyms 

unarne uf!getc ungetwc unlink 

utime / .• · -~tf vprintf vsprintf 

wait /' "' · waitpl~~'\. wcscat wcschr 

wc~smP· wcsco}t 1 wcscpy wcscspn 

"%-- .,. '. .. wt§.fliine wc.~qy' t. wcsncat wcsncmp 

"·~ 't;~c~ncpy ~ "~b~ /'/. , .~ _,,..···~csrchr wcsspn 
.... , ... / /~.. . " '\ ' •( 

~ostmi·· ........ ..,- ...... '~cst9.'l(' , •. ..-·· ~tol wcstombs 

wcs~::i"-... -... · ... ,,. ~~~~-~:~p/~. _,.,...A'~{width wcsxfnn 
/ $ .• , ... y·· .......... ? 

wctomb ~...- __,~ct. ."/ .. ........__ .. /·~cwidth wordexp 

wordfree ,,. .-.Je:~· -"'! 
b.S:::::::~?' . 

2
1. Th~~:::'tonym00lsfohre~ -~~=~~:~~~~~--~C"J.,mt l"'vi~Iy defined 

. ese sym ave ~'?EJ..t•.~5... w11 .;":;·· 'f", 
' p' A , '· 
~ ~ ' . . 

Table 7-3: Enlty Points in:tP,~thout Sm.,,. -.·:···· · \, 
_exit free /' ····ifualloc 

int _nl_char_size 

char **environ1 

int opterr1 

long tirnezone2 

int errno 

int optind1 

char •tznamc02 

1. These symbols have synonyms beginning with .. _". 
2. These symbols have synonyms beginning wilh .. _ ... 
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Quad-precision Emulation Routines 
The routines listed in below are used to emulate instructions that are not 
implemented in hardware on all confonning systems. These instructions are defined 
in the PA-RISC 1.1 Architecture and Instruction Set Reference Manual, second 
edition, and must comply to IEEE-754. 

All routines listed in this section are defined as entry points in libc. These functions 
do not have any defined synonyms. 

long double _U_Qfabs( long double x ); 

Emulate the FABS,QU AD r,t instruction. The value from register r is passed 
as argument x, and the value for register t is returned. 

long double _U_Qfadd( long double x, long double y ); 

Emulate the FADD,QUAD rl,r2,t instruction. The value from register rl is 
passed as argument x, the value from register r2 is passed as argument y, and 
the value for register tis returned. 

void _U_Qfcmp{ long double x, long double y, unsigned Int condition); 

Emulate the FCMP,QUAD,cond rl,r2 instruction. The value from register 
rl is passed as argument x, the value from register r2 is passed as argument 
y, and the comparison flags cond are passed, in bits 27- 31 of condition. 
The values for condition are as follows: 

EXCErnON OxOl 
UNORDERED Ox02 
EQUAL Ox04 
LESS1liAN Ox08 
GREATERnIAN Ox16 

No value is returned, the result of the comparison is indicated by the C-bit 
in the Floating-Point Status Register. 
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long double _U_Qfcnvff_sgl_to_quad( float x ); 

Emulate the FCNVFF,SGL,QUAD r,t instruction. The single precision 
value in register r is passed as x, converted to quad precision format, and 
returned. 

long double _U_Qfcnvff_dbl_to_quad( double x ); 

Emulate the FCNVFF,DBL,QUAD r,t instruction. The double precision 
value in register r is passed as x, converted to quad precision format, and 
returned. 

float _U_Qfcnvff_quad_to_sgl( long double x ); 

Emulate the FCNVFF,QU AD,SGL r,t instruction. The quad precision vfilue 
in register r is passed as x, converted to single precision format, and 
returned. 

double _U_Qfcnvff_quad_to_dbl( long double x ); 

Emulate the FCNVFF,QUAD,DBL r,t instruction. The quad precision value 
in register r is passed as x, converted to double precision fonnat, and 
returned. 

long double _U_QfcnVfx_sgl_to_quad( float x ); 

Emulate the FCNVFX,SGL,QUAD r,t instruction. The single precision 
floating-point value in register r is passed as x, converted to quad binary, 
fixed-point format, and returned 

long double _U_Qfcnvfx_dbl_to_quad( double x ); 

Emulate the FCNVFX,DBL,QUAD r,t instruction. The double precision 
floating-point value in register r is passed as x, converted to quad binary, 
fixed-point format, and returned. 
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unsigned Integer _U_Qfcnvfx_quad_to_sgl( long double x ); 

Emulate the FCNVFX,QUAD,SGL r,t instruction. The quad precision 
floating-point value in register r is passed as x, COQ:~$.n1f.!. to integer format, 
~dretumed. ~~ 

/ . 
·,. 

·~. :i.., 

double _U_Qfcnvfx_quad_to_dbl( long dqvt'?fe i-')l_ · · 
6;. -: .... 

Emulate the FCNVFX,QUAD,DBL r,t.:i~~~tion. Tu'e· ·qyfiti;precision 
floating-point value in register r is p~($B<l"a~<r~:~converted tb:.49.b.W.e binary 
fixed-point format, ~d returned./ . · -~\'t ·-....... _ ... ·f.· 
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unsigned Integer _U_Qfcnvfxt_quad_to_sgl( long double x ); 

Emulate the FC~FXT,QUAD,SGL r,t instruction. The quad precision 
floating-point valu~jp register r is passed as x, converted to integer format, 
and .returned:-~ value is rounded towards zero .regardless of the 
currently ~med rolfriding mode . . ~::w:;;. ' ··-. 

~ ' ~·' ~ i 
double/.4q~dtcnvfxt_qua,4J·o_dbl( long double x ); 

A ·· 7 .. , ~ 

~t·-· ,. ltniulate the FCNV-QU2."-' :.!lJL r,t instruction. The quad precision 
I' «: ~ '.)!, ... ' 

\ ?: floating-point ":.!'J~Jin regi~ ...... :$~~ssed as x, converted to double binary 
\ .. ~~~-poi~t·~· ·and&~t'd. Th~l.r;Ctum value is rounded towards zero 

"ft: "aidless:ofime cur:mb.~··s ecified ' mmdin mode. R,,~~;.~i.M<>"»~.,..,- ~··· .. ··?" P ?···: g ,, : I 
:./ -·' ) . ....... ,/ 

long double~U_AQfgriVfxtQ~~zl'.luad( long double x ); 
~·· ·-·- r·· t "':r -· 

Emulat:C"·-··:F~,QUAD,QUAD r,t instruction. The quad precision 
floating-pdi'nt val~::lJl' register r is passed as ~erted. to quad binary 
fixed-point form~:#fld return~ The ~~!!re is rounded towards zero 
.regardless of th~ntly specjJ.i~~+-·ode. 

~~~\. ·, '-'· long double _U_Qfcnvxf~gl_to_q..:r .. ~'1"slgned Int ~)Jl.,.,. \ 

Emulate the FCNVXF,SGL,QU ~"'instruction. .=:.:".~l~S~trY fixcd-

:::~: ;::.~ =t:e~~:rv· /_;; ,adprecisi -~~g-

long double_U_Qfcnvxf_dbl_to_q : -·;Jfuble x);~~ ~:~\, _ 
, , / <i 1). 

Emulate the FCNVXF,DLB,QUAD r, · struction. The double bin .. · ::::--.~· ed-
point value in .register r is passed as x, converted to quad preQi~'ftoating-
point format, and returned. ~ 
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11oat _U_Qfcnvxf_quad_to_sgl( long double x ); 

Emulate the FCNVXF,QUAD,SGL r,t instruction. The quad binary fixed­
point value in register r is passed as x, converted b?-·• !.r. precision floating-
point fonnat, and returned. / ; "-

,1 " . '"-
A h ' · 

~ '" ·. 

double _U_Qfcnvxf_quad_to_dbl( long d~fe ·~,,n .. ::·--'- . 
Emulate the FCNVXF,QUAD,DBL r,!--~tion. ThevqJ~,,_Qinary fixed­
poin~ value_ in register r is passed as xv2on~'la to doubl~).isj~n 
floatmg-pomt format, and returned~-~/ ·· . ·,, 

·' :; ·•;;,~,.. ·-~. '"'- "-· ... ~.., 

long double _U_Qfcnvxf_quad_t{~qu~~('zJQ.ng..'J.:oufite x ); i-,?" 

Emulate the FCNVXF,QUAD,QUAD ~:trrr~wijkilon. The quad binary fixed­
point value in register ~j·~.passed as X, converteprfo_,,quad precision floating-
point fonnat, and returnetft··"·"~ . .., '····-"'·· ... 

'\\i;."N ... ,~~-.~-- . __.,,.,.. .... ·· .... \ . ~ ~- 4~ 
long double _U_Qfdlv( long dc)'dRfe x~"fOnJi}tfpµb._le yJ~? 

; j / - ... • ·.· 'll-

Emulate the ~IV.QUAD rl,r2;f~,W~tion:·~~v~tie from register rl is 
passed as . · · · .. : ... 'the value fro~eg1ster r2 1s passed as argument y, and 
the val . or regi ·u~s returned. • · ~ 

• ~ ~< 
~ j \'·'··4' 

long double_ ·;~!dlrm(l)>Y{ ®.$J~d.PJ!ble x, lop~ double y ); 
. ~~~ 

~~~the .. ,. ·~.·~'... t<11""~-~tion.1:he value from register rl is 
~~~-'' ;:;.;_: .. : .. fC:n .. ~ ... ~··=value from register r21s passed as argument y, and 

_fi" r the value · .... :,~ter. I · >·- "4t 
h --~"., ',\ ' :> 
lon'Q~9f~le _U-:--Qfrnd '*fb,ng dolJble x ); 

:2~.,, the FRND, ,;,<:f AD r,t instruction. !he v8:1ue from register r is 
pas . . r~mcnt rd the value for register t IS returned. 

f 

, , 
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long double _U_Qfsqrt( long double x ); 

Emulate the FSQ8.,T,QUAD r,t instruction. The value from register r is 
passed as argume_f.(:~ and the value for register t is returned . 

./ ~ 

... ·"""' ,..,.· ·~ •. 
..... ~:::. . . ~·/ \ , \ 

long double _)Ja'QfSub{ IOJig double x, long double y ); 

Ernm(~jtf{~ FSUB,Qt/A~ rl,r2,t instruction. The value from register rl is 
frpfi.S..s~ifas argument x:At~:valuepom register r2 is passed as argument y, and 

\··· ·· ~· · · tJr<{~alue for regis~~t.1/ ret~¢' 
·. ··- ... }~, A,.< _. /' // /. ,,~~.._\ 

AddrtlonaL.Qua:a~Preclston···Routibes .. ,"i ... . ........ '#?" . . ;v $ ..... .. l 

The follo-~l~g .. routlnes ~~Ptulate i~ons, yet are useful when working 
with quad precisio~_At(,,,,... ) .; ... .__ .... ·· · ,#:/ 

'*'<· _.,, ~ L ............ -~ ""'';,",!>'' , • ~ 

·,,-;. .'~ / 

long double _01iatm~J(~'.tong double x, long dgu~le y ); 
Returns the larg~,,O.ftwo quad precis~6.10>.:.p' oint values. 

{ l -~ ;·;p 
long double _u_Qfm~~~-lOJJl~£~-·,x, 1,~,}f~ouble y );·J.·\. 

t . _,#., • \ 
Returns the smaller o ,.wo quad p : _· · · floating-PC!WJ~~---

1 /' . ~ 

long double u Qfrem{ long dou.tftlr~, long .oi~1('y. ·)·, ~~ - - , ... 7 ..... . ;~ 

Returns the remainder from dia~i~·~'· y y. 

7-14 Standard Libraries PRO ABI for PA-RISC Systems 



DRAFf 1017/93- For review purposes only- CONFIDENTIAL 

The libM.a Library 
The libM.a library contains all of the ANSI C math functi:~Table 7-5 lists the 
entry points found in libM, and denotes those that hav~J?flony~. Table 7-5 lists 
the global, external data symbols found in libM.a an~,Mt.~s those with synonyms. 

/''.::'''-..... _ ...... ,_ 

( i ''•., ... 
. <.~)#.. '.\ ' • .. , ' "" 

Table 7-5: Entry Pomfs11~.a '""-·· ... ,,,. .. 

a cos a sin atan / 
I i_ ..... ·:~:·· 

cos co sh erl1< 
(#)" ... ··"·· . ......... 

·•. 
fabs floor fmod 

isnan1 jOl jll lgarruna1 

log loglO 

sqrt tan 

ynl 
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The libdld.sl Library 
~\. 

The library /usr/shlib/libdl~~l Iibrary contains routines that are used to access 
dynamic libraries d.ir~¥P~ library is only provided as a dynamic library. No 
synonyms are pr9Y.:ta1'1· •- · · 'tor th~ljbdld entry points, which are listed in Table 7-7. 

,,. .... l:- t 

,/ / \ '•. 

Af:,. ~:_,, .. Table __ 1'~t: Entry Points in libdld 

shl_gethandle 
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8 
Commands & Execution Envir~~;fiieqt 

2- .. • 
.h . .... ,. ~.~, 

While the PRO AB~ does not attempt to describe }'~~c~'.~pJementation of a 
system, certain deta!ls must be defined to suppoJ:t~-~nable amJ~at!ons. This 
chapter specifies impo~~ ~les and directori4r~F~f~nal inf0rnta~£.~~g~ding 
system commands and uuhues, and how a1m'Jkatio~ can perform intializatton 
functions on both a system and per-user ~i~s. 1~~,~- '~., ... , · .. , '·· .. ..... ~ 

~ 'l. ~ T 

The commands listed in this chapter prpVi~~~[unctio9~\Y:~J.!1dicated by thei~O 
API. This document only describes required~fq!f.¢.tjpn@.fy. noi'lncluded in Alf. 
standards. "'< · '"-- · ~,-

'\,, ·., 

~~ 

~Y 
--· 
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Required Users __ and Groups 
~,. 

Conforming systems are ,..mqµired to define the users listed in Table 8-1 and groups . ./ \ defined m Table 8-2.,./ _ .......... \ 
,,,.. .ll ~ ·~,,_ ~, 

. /' -~ . ' 
· .. ...- Table .:~l: Required User Names 

,('.t ........ / r.!~;:: 
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Required Files and Directories 
While the PRO ABI attempts to be independent of syste19::ijgnl~mentation, certain 
files must be specified to support the portability of bin~"""' 

/dev/console .+1~\f:~_~w- root sys 

Writes to /dev/console are printed to the:~ c~·~._ 
/dev/null ,.I, ~-:r:w-rw-'·'')o,;·~~ bin . ~ ', 

Also known as the "bit-buc~et".,{~yinull is a S-~~~ial file that dW~"""···-f 
discards any data written to 1t;~~j~W"1YS returl)$.:::~,'.~ltes to any reat\;~' ·· 

,, • • • / •• "'<> # 
/dev/ptym/clone · ''."· · .• ;...rw-:r:w- bin bin 

• ·~ 'I. :. 

Attempts to open /dev~ .. tym/clone shall retum~~\QJ?en file descriptor of a 
free master pty device. <,lf:=Jh;1% ~ no free devie~t'.~··!'pen shall return a 
val~e of (-1) and s~t the v~.a~~ to EBU~Y. 'T:h~Jb.~ of the slave 
device corresponding to the 11'e4~.4~v1ce can lJ!:.found through a 
ptsnameO request ? A... , .•.......• N • ••• ~ #' 

/dev/tty ~/ ·;;:_:rw- bin bin 
- --... ' ~ 

The fil v/tty 1~~sch proce nonym for the control terminal 
as ~ . ..._with the . ss group . ": r9f.ess, if any. It is useful for 
pro ., · . , ... ell seq ces that need to . : ·.:"ure of writing messages on the 
tenninal no ~-. · . ' . . . . . · ted. It can also be used for 
AP~~ !11at .. then .. _, · .. ,., · · ~ ,., .. for output; when typed output is 

~&-iili~d.it>-i~,,tire~~ find out what terminal is currently in use. 

4.t~y/ptym/pt;ca,«)t:zl ro:~ta~l :r:w-rw-:r:w- bin bin 

~[a-ce-zl1iff\9l [~] rw-rw-rw- bin bin 
/dev/~·(pqr][0-9al$.' rw-:r:w-rw- bin bin 

The~~~:<fuare the m.f er pseudo tenninals. For more information, see "pty 
- P~~~-~ .. ~llMnal/D.hvers" on page 9-2. ' ~...,.J; . . . >r-

. / 
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/dev/pty/tty[a-ce-z] [0-9] [0-9] 

/dev/pty/tty [a-ce.::-z l [ 0-9a-f l 

rw-rw-rw- bin 

rw-rw-rw- bin 

bin 

bin 
y~~ .. 

/dev/tty[pqr] [O-ia;.fJ rw-rw-rw- bin bin 

These files are1't~ta~t,pseudo terminals. For more information, see "pty -
Pseudo J~ti9Jrtiii Driv~: on page 9-2. 

// . ) ) 
I sbin/ ~rtl.iiP=·~ d/ nJXrwxr-x bin bin 

..... .'$~ ( .• 

1.,. .. ~ ·'1ffis directory con~~y sc~~ to be executed when the system 
~. . "'transitions to a ne.~;'tpti-levek .~ '--, 

.. ~ .·· .i' ~ . :-····' ... 

I b····;.,:::_t~. # n .. . / rl"' / ''/ .Y"' \ . \, bi bi 
s 1 .. "%.':~G.-... ~.,··~--- ..,.v" / _.,· 1 ~ nJXnJXr-x n n 

riese·cffiect~es .. .(~·# substitQtls:ior the run-level) contains links to the 
scripts contaipd!Jit-is'hl:~~~,~pontrols their execution. See "User-shell 

Initialitf.M.lf~~i'l 7a ':.fi~-
.,5< .· I 

/tmp ,i.'f / ~rwx bin bin 
" , ··~u r 

A ~~ry for Uf'$1~rage of tempo~~Jff~.reco~endc:<l that 
applicanons usethi /var/tmp Qf~Y.~t/*canon> directones. 

-~ -~' "' \ ,.; / 

/usr/lib ~> ·"· '.._ .1 _.r" nJXrwxr- .:"'%,?in bin 

This is the default Iocion for any ,:·;.,tm relocatab .. · . · . ... 

/usr/shlib 

This directory is the default I 
also the required location of the 
reasons, systems may desire to crei 

/usr/shlib/dld.sl 

/var/opt 

, 
f 

Applications arc allowed to place a subdirectory.·- .. , : s directory using the 
same name used in the /opt directory. This su · ry could then be used 
to store application specific data, log, or temporary files. 
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/var/tmp rwxrwxrwx bin bin 

The /var/tmp directory is for storage of application-generated temporary 
files. It differs from /tmp in that its contents are to.l~rnreserved across 
system reboots. ,,~,., ·-?<:t-;:;,, 
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Commands 
~. 

The commands listed in TA.J>l~ 8-3 are located in the directory /usr/bin (unless noted 
otherwise) on confo~~y~m and are available for use in a conforming 
applications shell.~ijpts: \ .. . 

,, .. :"· ·~ ·~ 
/ ..' ' \ 

T~bi.~=8:.'3: Commartdsand Utilities on Conforming Systems 
~ . ~.:#:~;~:;·· ~ .. : ~ 

ch own 

command1 

crontab 

cxref 

diff 

ed 

ex pr 

file 

get 

head 

kill 

locale 

lpstat 

make 

mknod 

/ 
c.kSu.til"... , 

... ., 

o)r;:;. •• • •• . •• ·~::-.. • /. 

.. \ .. ·'qci~pres~';- ~ 
. ' 

!$;'~ • /' . 

cspht / : 

false 

find 

getconf 

iconv 

lex 

localedef 

ls 

man 

more 

.. ,~·:· .· 
cp 

~·· .1d" ie;:1:.:.' 
': 

get~s1 

id "'·····' 

line 

logger 

m4 

mesg 

mv 
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asa 

be 

cancel 

chgrp 

col 

cpio 
.. ·¥-'f 

at 

cat 

chmod 

comm 

cpp 

cut 

df 

nice 
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Table 8-3: Commands and Utilities on Conforming Systems 

nl nm nohup od pack 

paste patch pathchk pax,../~-..:::~ peat 

pg 

pwd 

rmdir 

sleep 

strip 

talk 

touch 

tty 

pr 

read1 

sact 

sort 

stty 

tar 

tput 

type 

printf 

re nice 

secs 

spell 

tr 

<~· •. ulirnit 
... . .... 

ps 

tsort 

unalias1 

' · ' 
uncompress · '-.. }~'~4-.,, .. ·.. unget · ... . . · .... puniq 

uUtj.ecode: .. , "·-.. ,·q.µencode ! , uulog 

uname 

unpack 
·~ ~ .. . .. ... .. .$7· 

uu~titt;. .-' ""\mw. . ....... ~~ 
·~ - · . . /' ~ 

val r;>~:·---~ ., wait1 . , ~ ./ wc if what 

who /< .. write~ ..... \ \ xargs ',\ . yacc zcat 

uucp 

uupick uuname uux 
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Options for c89 
The functionality specifie4 in the PRO ABI requires that the c89 compiler supports 
additional options not sp~ffi.f!d in the PRO API standards. These options are listed 
in Table 8-4. .-<:· · .. / ·· .. 

Table 8 \..,~~Nonstandard c89 Options 
.. :;::?~ 

\f.tr 1 ·~f , . : :'':,~;~"9 a dyn _ :<"'°.~''.>library rather than a normal 

·~····//,~,etuta~lvt~~f.Ctts processed with this option 
· -. ....,.,,, . /t'nust.~~ti positib.t\-independent code. 

. '"" ~- J • 

-n . · ,Mg indica~~UfAt the resulting file shall be a 
/'/ ~~aJ~~~'Ui~le SOM. (SHARE_MAGIC) 

-N ... .--~~~on:sh~able executable (EXEC_MAGIC) 

-q ,. ·¥,ag indicates that the re.~mhj'fi'g file shall be a 
.,,<~.-able, demand-loa<J .... :ix~utable SOM. 

-z 

-Z 

' ~~<\<in~ ~-/ ~,~ss zero. Thi~ .. option 

allci~or the rum~, :· ...... ~ ·, ·- tection of nul.l~e(ffuiers . . ,& .,, ... ~- . 
Allow dereferenyi..,'6f null poi~~~~ ... .- ' \ ,' .. 

-Wl,argl[,arg2 ... ] This flag .,.ttf that~. .~ .. ,.: :·,~should be paS,S.~ to 
the linker.~ argum~F·l~_d bel~w. ;I;~-~~\\ 

-a search Specify whe~er dynam4:..Qffp-!i'fve lib~. se&hed '··::· · '. 
for the -1 opnon. The vJup.,,r search shgaf<l be either ~- .< 

archive (relocatable) or shited {dynamic). This opti..oolJ4 "" / 
appear more than once, interspersed among -1 op;~ 
control the searching for each library. /,.L r-"' 

-1: library Search the library specified. Similar to the · · · ·~option 
-1, except the current state of the -a o~. "~' l ··· ot important. 
The library name must contain the pre , _ _.\.1b and end with a 
suffix of .a or .sl. 
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Option 

Table 8-4: Nonstandard c89 Options 

Description y. 

.L .~ 

-u symbol Enter symbol as an undefined symbot~iffii!%'ygibol table. 
The resulting unresolved reference ~~eful for linking a 
program solely from the object fi!*in,tfJibf.~. this option 
may be specified several times~(Jph wiftt,\~~le symbol 

-B bind Select the run-time binding .~'\~f(}!_when liSing1ijy,pamic 
libraries. Options for bin~,,fte'imRreruate or defe~\S.~ 

+s 

"bind" on page 5-43.+11,pinh_listSpefJfy a colon-sepat.a;~~ & 

list of directories to ~),~ched at prdgram run-time t~' ·.,. ··7 
locate the dynamic Ilbrarl~itliat we~V;ef~eifi.~d with the-~/ 
or -W,-1: options at link time. -~fir.w.;~ent of a single 
colon (:) indicates that the Iinker';f!!~, build the list using 
all directoriet.,~J,?~ified by the -L opti~t::iw.d the LPAm 
environment v(Qjbie:{S.ee +s option). ' ..... .. {f,> 

<, ...... ' • >: ••• ~· 

Indicates that th~~irafhl'~~,~W~.~dld.sl) ca~:~v.se the 
environment varia6\SHL~4·~~~g~,~,tchhe dynamic 
libr~es that were sp~~:~et~~th tfie···4il~Q.~:~W,-l: o~tions . 
.§lUl.:l*-'ATH should ~.t,.t to a colon-;&eparated hst of 

/ 1lliect~<If both +s ancf~b are used, their relative order 
.).' ""''. "<lj"~ 

.' ·\on the co~d line indica~ which path list will be 
J-.... -~ ched -". See "flags" on ~5-34. 

~:..-· 
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User and System Initialization 
Conforming applications~fzy require the ability to configure their execution 
environment. This 11).,t.#~~- the ability to stan daemons, add a directory to the 
search list ?f theJP.~1J.1.,.envir~ent v~ab~e, or cleaning temporary files during a 
reboot. This s~tlQJI··lfefines ho;w~~ applicat:J.on can control tasks to be performed 
when the &}'$~tit or a new use~~ssion is started . 

. · .. .,,,~ / ! .... 
.::..:.;.. ~ j ,,,' ; \ 

SV,'snnn lnitializatlon1She11 _sttlRts 
"i;· ·, .·• ··· r . ·· · ·ii'-'"'\'· . ._ 

Appfi~iR~~};~~x-<Wfe"c~rtajp~tio;s ~rfonned when the system state 
changes:~qq'J~state i..s:4.'~tred in ter~,,.,f run-levels, with different system 
functionality available y,t:4;ap.~···i . .. vel. An .~;ation may specify a stan script to be 
run when the ~ysteip::~s a .. ':·~~-ftf,,& kill script that is executed when the 
system returnsf.~r.rJpwer ru ) r;r~ .. : .... 

. " : ; ' 
~ . . ., 

Start and Kiii Scrlpts.1 · / ~- --=:~: · ~ -.-
Stan and kill scripts resfde$n the /sbin4.Jli&c~ti.ftln actual usage, the start and 
kill scripts may. in fact be~i'"l~iT~~'\v~th~"' :~havior con~~ .. ed .by the 
arguments rece1~~· These ~ts are ~cit • . . :. · •. executed, b~-\;~ntrolled 
through symbolic links. ~· ./ _,/' ,,.Y\ ...,,' .. 
These symbolic links are contained in s.cer directotj{~1lln/rc#.d~bere #is 
a run-level). When entering a high~' ... v.y. all scri.4l( sequencer ·· ·-. ry 
associated with that run level that ha · · ames ~.p.gtlfig ~ the e , · ~. 
invoked with the argument "start". Whe ~~.&.J.~ transiti v.. a lo r run- , ·' 
all scripts in the sequencer directory assoct\tl7wiili that : evel that have ' 
beginning with the letter "K" are invoked wi\ the argument "stop". Th~.~"'· .. "I.a£'~ 
explained further in the following section. / .g . _,. 

y-· 
,..( / 

,,.~ _,,.., 

Naming Convention _,,/~· //~ 

The start and kill scripts used by conforming applicati~~ttst begin with the 
underscore character "_". Conforming systems are not alf~ed to use the 
underscore character as the first letter of any system scripts. 
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The naming convention of the symbolic links in the sequencer directory is more 
complex. It is described using the following example: 

i ~-'3-~~~---~~­
/ s bin/ rc 3. d / S 225 _drive _server 

'(. ...... 
Where the components of the pathname are interpreteili~.\:sbown below: 

:' .Y ',;"=" , 

i f " . ·· .. 
1. This is the run-level for which the script§:~~-tained ftr::tlj~i$.,~in/rc3.d 

directory are executed. In this exampJ¢dnirt,:soripts will 'beii<¢°.k~uted 
upon entering run-level 3 from ru94.Je·vel 2. KiJl scripts in the"'rq~~q •. , .. 
directory will be executed upo~ .. ~tering run-12\{~.!, 3 from run-levelf:lt···;'?.r 

/.~~.... .... =~~<., ,;· . . . ~~:. ·~ . ; ,/· 
2. The first character of a sequent:er lin.lename detetmines whether the,J.,, 

script is executed as a start script (fir~h~Q$.~{~ "S">°' or as a kill scrlpt 
(first character is "K"). "" · 

3. A three digit number i~~Jpr sequencing s·~ii~,:~i.tJ1in the sequencer 
directory. Scripts are ex~~t'*YP-.e(start or kilb"itf:~ll~ifdbetical 
order ·~ ... ..._ '--··- ,. \ · 

• ~ '""··~ v . .. » .. ~ .,; ' 

4. Following the sequence num~~~. · s th.e,o(~~~~t. This name 
must match,.d.JP~~~t to whic~ · · ~~en~er is ¥ed. In the above 
example~~t~~Wts to /sbmfm ·-~d/_drive_setver. 

/ ·' ~"{" )_ '" 
It is impo~~ra~~E.iat an)~ script sequen~~~ociated with the example start 
script /sbin/rc3.d/S; .. ::,.\~d~v,f;;;~,..w.il!~~ ~~!ted in the directory /sbin/rc2.d. 
The segQ~DC~L'!~mbe ~''.·: ·:-.. :~~~Cti}n'·~-y"be different or stay the same. 

4 '· ........ , 
,;~/ ... ~-?/"~~.~, ~... "'··~. . 

~~.(~uments to "scrJ.(ta., ... '··,""' .. ~~,-... .. ·'." 
Jts~f.an.~--~ scripts shd~ able!"u;i:ec~gnize the following four arguments 

(wh®J.tplicable) and tak'ldi.~ acti~ mdicated: 

• sta~~e "start" ar~fient is passed to scripts whose names start with 
"S". l1~!:te.~eivin~'e "start" argument, the script should perf onn its 
start actioll\ .... _,,/ -· 

·, ./ '\ , 

} ,' 
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• stop. The "stop" argument is passed to scripts whose names start with 
"K". Upon receiving the "stop" argument, the script should perform its 
stop actions. ·y:, 

• start msg. The ~,1tn.® ..... msg" argument is passed to scripts whose names 
- ,,. ·: ;?: .. .:•:•:(•:•: .. 

start with "S,?'-'it§;:'histiU,~. the script to report back a short message 
indica~l}g!~}i11{ the "st~' action will do. 

• stoeartw.i:"'the "stop_ijm$" argument is passed to scripts whose names 
~~,-~'.:~With "K" to insuj.Q.tjthe script to report back a short message 

• ·= - • ~ +· .. . / ';~prucating what the 1$qp" actiofh~ill do. 
. ··" ,, . . ~. 

·::.. -;" .~ . J.u; :I' ;./•• ... ~ .. 
..... ;;. _.,./. •'1. -::.~·· •' .. / ' ~ .;. .. 

ScripltQutput .-~"" · ·· .-!'./ \ \ 

All s~·1itrd;~td1f>sci:lpts a.;;~~(g~qhk~ to wtjt~::,11 status messages to stdout, and all 
error messages to s~ewi~~Q.t&,~ .. ,P.9~;~?Wed to write directly to the system 
console, or to ~~-~ftJ.j~ji1ons1ttiAf'fnm1~dialely write to the console. ·- .,y ;. / 
Exit Values · %- / ·" / ~-:· · · ··f 
Start and kill scripts m~~trc·-' the con. ver,i~~ues listed in Table 8-5. 

' ~r·· i " 

Table 8-S:~·'Vlfii~-, St~~'~d Kill Scrip~ 
Exit Value 

Run Levels 

0 

1 

2 
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Table 8-6: Run Level Definitions 

Run Level Definition 

1 

2 

3 

Run level 1 is defined by the PRO_ M,pt'Hfily,1,as the level 
prior to run level 2. Confonning/•Plflications may only 
place kill scripts at this level. ./ .<, '· · ·~ · 
This is the multi-user state r{u;{~ve1~\1n~::f$r:tbe lowest 
level that conforming applJ~~PQ£.. may u;~-·'ftW$µt scripts. ,•• .... · ·~.-<, ~.. ..... .. , ... 
This is the run level ~st;r~mote fi!e access. Applicq~Qn~ 

·"! .... N ·~;>. ·.:. ·~ A 
may expect that anyjN.f.S file system.~ are imported O( ·., ... ,.,, 
exported at this le;~&L ''·· . ) · ··, ',, .· 

. . ....... , .... ~;.,. _,& .... ··--~~-. J .. · 

~·· ,'. ..... .......... ~ .... .. 

User-shell Initialization ·-..,~-,_· ··,···· .. ~-
'l ·. ..• •·. ·.;. 

, ;,;., ..... ~r--· 

Applications may require that ce:.,,~witi.atiu.ttb.ltf.u..n.9tions b~p~rformed when a 
;t ?: ·:'f~~ ~7 

user logs onto a system. For example, ~- . en~~ffi"i~~!ti~~;~ples $PATH and 
$SHLIB_P~TH ~~~H-~-~o .h~v~ entrie~1e:~'for appliC,~tin specific .executables 
and shared hbr~~~iJ..~ty is prov1d~l?~ the /etc/opt/profile.d directory. 

If an applica~~ltf~eeds to m~fY the shells pr~fi!e, it may include a shell script in 
its directoryt(=lopt,gplicati!J) and include a"S8ftq6olic link in /etc/opt/profile.d. 
The link itself will"' . ... ~e ~,.gf.JhP ... ~~plicatiJfn directory (/opt/<application>.) 

When ~ ·~flhJQi~ onU>··a;.~PbfPriiilttg''SY-st~-g sh, the system is required to 
ProG.ef.'~all4i~~~ted b~t;tl.Jinks located in the /etc/opt/profile.d directory. A v ·~v. .. - , ·. 

)}.t.il~ applications'~~J~allo~ttq,_,µ~~ and systems are not required to provide 
/: ...... application ma}i<t{i~Jde a SC\llit'to provide initialization for csh users. This 

sc · '·-4til!.,,also exist in the~licati<fifs directory (/opt/<application>) with a 
symboiiQJ.Pbk. to it located iitf.6.\c/opt/csh.login.d sharing the name of the application 
directory. ·,. .. ..,..,_ l 1 

.. ~, ' J 

.,. v, ·~· ~.~~....... ,l 
'W"'t --.. ~./ 

'""~v.Y.. .• . 
~ 

}/ 
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9 
Terminal and Windowing lnterfa.qds:~~;~l· 

This chapter is intended to provide support for onjfiJfiaffij.ii~£."ality found on a 
base level system as defined by the PRO API. ~.qlli$¥pport f~Jf~P.~!ionali ty 
specified in the options of the PRO API will M'J'i~g!~d in suppl~fftents to this 
document , · .,, 
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pty - Pseudo Terminal Drivers 
~-. 

The pty driver provides ~JmOrt for a device-pair termed a pseudo terminal. A 
pseudo tenninal is a pmt;~f;'~cter devices, a master device and a slave device. 
The slave device p[f~fae·s to ~P..b.Pcation processes an interface as is described in the 
"General Te~terfaI:e" #ter ~ound in the System Intelface Definitions, 
Issue 4 o~f5pe? C~ S .::::·_·; fi~auon. The slave device d~s no~ ha~e a 
hard\\'.,~~~ice behmd It. l~d, Ith~~ another process mampulaung i~ through 
t~~#~r half of the pseu~iFf mina~ .. ~~.s anything written on the master device 
is g\~n to the slave ~5-vi6eps inp~.~·~aq~thing written on the slave device is 
pre~n~,~ .. ~PQt.oa!tJie,mas~~C~\dce. Th~)!s illustrated in Figure 9-1 . 

•• , .. · ....... :: .. :: ............. • , . ,(: .... ... .- · l._ A 

Server 
Process 

/ 
,~; ·~:: . ')~: 

,. . ~.. / ........ ,...,, ...... . 
.. -"" 

/ ... / 
, l 

.,.,<!:~: ..•.• 

/ / Pty Functions 
,' .r ~~'>ff Application 

~-~••A"'::' ~..,.=·::fili!/-· ---~--.-;;_-:_::'.""~ ~:.,-.~'.:: ~ :;,;;•'.'-' _..,..,...t Process 

~ : :s· aster Si4.e,,, ,uSJ.1(ve s,ii~;' 
.., ....... ·_: ...... ~ ~ . . 

~---"' ..., 
,., 
; \ ,;. . 

,/ ~"-\' 
~-------------~~---~~~., ,r ~ 

Figure 9-1: Pseud9.~fininat Op~.a( _.,.'(' · 
~-j' ' _,.. } \ 

'. i / / <. ,,,.. ./. 

Open a~d Close P~ocessin~( ./ . \Y ~'.~{ ', 
The slave side of the pty Interprets openm~orx osmg the rtl!r side as a "1--~·. 
connection or disconnection on a real tennin~ Only one open to the mas.~i~ 'of\ , ' .. 
a pty is pennitted. An attempt to open an already open master side ret~~(q) ~d j~J~ 
sets the external variable errno to EBUSY. An attempt to open th7,t~ter side ofT-­
pty that has a slave ~th an open file des~ptor returns (-1) aq,(~'errno to 
EB?SY. The ~otenttal problem of pty~ bei~g fo~nd blt§.t,+tiO calls.can be 
avoided by usmg the clone open functionality discussed=~\ifie next secnon. 
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An attempt to open a non-existent pty returns (-1) and sets errno to ENXIO. If 
O_NONBLOCK is not specified, opens on the slave side hang until the master side 
is opened. An openO of a slave pty with a mode containing,:Q~NONBLOCK when 
the master side of that pty is not open, shall return (-1) ~''''Set~•flno to EAGAIN. 
Any ioctIO or writeO request made on the slave side of,~tP,,ty after the master side is I ....... . 
closed returns (-1) and sets the external variable e'! ... ''~!P.lQ,,: A readO request 
made on the slave side of a pty after the master sifi1fis close.dFtet.ums 0 bytes. 
Closing the master side of a pty sends a SIGHuR:~ - ~- _g-up sigrt~i.tQ, .. ~~e calling 
process and flushes pending input and ou~~),· ·- .,.._.., ·., '· ... 

· ... , 'h, .i ?. O::;,... ....,,, §..-

~ ~ . - ~~ 
Master/Slave Pairing J. , . . ' - ,,, x 

1J.:>•• .•• . . : :;... ·, ' , ~ 

The master and slave pty device files that ma)t.4~y:~~GttY''ac~;~~ed on a conf ofrtting 
system are listed in "Required Files and Directorl~~'-*',~:~ page 8-3. These special 
files are paired with the "tty" Rf~Sent in the .file narrie:,~ttth~ slave being replaced 
with "pty" in the file name of iliet:Jn&.ter. °'~ , ·· ... 

·r.: .. .... ........ ~, · ·• »v.-

Both slave and master device filel 'q;,;ft"Pt».PaitJi . .re required icr iW,yftdentical minor 
numbers. ·. . , . -.,<., •. , •· ·, •.. · · .•• . . .... ""~},,. . 

Clone Open _,,.,---~ .. , . -~~ H~ 
J'F ............... ~ ~ · .. ··. lo' 

In typical pty 1'i~. the;e1s':~preference ~~~g pty pairs. Thus, it is useful to be 
able to issu~~~ openO 1ll internally open~~¥' available pty. An open on the 
clo~e device, /devi~cl.~~,•, ~ open. tq¢''descriptor of a free master pty 
device. If there are n~~~0.,11ep.:fp.t}irns (-1) and sets errno to EBUSY. 
The ~~~i}.~h~~,~.l.~~e d·~-g~spclh"dltf~io' the opened master device can be 
fou~:tfucn.igh"·1J:::p,ts.ilarneO ~~t. 

/~~ · , , •;< ·· <:~1 
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Termios Special Character Initialization 
The c_cc array in the ten)i,~~ structure (see "<termios.h>" on page B-51) defines 
special characters with4fein&t. functions . The initial values that a conforming 

system must pr.~~·id. ~F{def~~\~: are listed below in Table 9-1 . 
.,., ~ , la l 

Tabfe.$;;:1: Initial Val~ for Termios Special Character Array 
/ y ·~~ 

/ ,1~··· .. , ~.r] 

~-""' .. ,.... - Character' / c_~J. 
\ . /"' ,· .lni~l-·· \ ·"', \ .... ~::::::·/ /.' /.- ·:·. ,, .. .-.. 

. , ·,... EOfV /' /' '\mOF ). "· Control-D 
',_ "=S ··.\:~~- ,,,__ .• • :• .y-,,,··· . .. "" •. , ~· } ~: 

......... 1'·EO'C ,,r·· ·. VEOL / / NUL 
. . ·-' r ""' .. \ . ·, •. ;I- .•.. r' 

_ERA.SB .-~· / ,)fi~f P # 
-~-·- ,· / /. ~INfR DEL 

Default Value 

KIL'l / / VKILL @?.,, .. · .,· ·'f 
/,- rf$'~" -.. 

MIN VMIN .. +ff·: . . : . 'i*-. / 
. f ./., W6' ~~4-
\.. I 'm.{.': , ,,, . .; j _:Y 

QUIT 1.J v~tJtm. Alkmtrol-1 ~ 
t_~·,:~.r-,·:r i>'' \ ' , ''# _.,,,....\ 

START 

STOP 

'-.,,./ VSTAR"i("· .. ·. Control-Q .~,.,,· 
·~ ; _,,.$ ,,.~· ' : 

VSTO~/ / Control¥ .... / \\. 
' . ,_d.,/ ) ' VSJ).St~f dis~bl~-< -~ ... \ 

VS~CH -• '):·-f ~-·"' \ VTJME\'" _, .. Control-D ·-' / 
''\ ~ , / .~\ 

_,.,1·· '/ r',./ ' )' ) 
,., ... 

.,r· . · 
/ , ... · 

'</~ 

SUSP 

SWfCH 

TIME 
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The X Window System 
The PRO API currently specifies that X Window System!-~Jl:f.\$. is specified in the 
MIT X Consortium Standard: X Window System Version,,,lf(itelJttse 5. Conforming 
system that desire to support this option shall suppor.Mh.~;{µnctionality specified in 
the X Window System Protocol, Version 11 Specifuxf.Phii:. "·· 

.i ..... ; . :, .. 
Full binary support for this option on PA-RISC,.\?iq['.pe defiri'i~qj,jfta.,supplement to 
th PRO ABI .... "·+· ' . .. e . , ·~41~:*t 
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10 
Relocatable Objects 

While dynamic linking provides portability by allq~gi~J.p.u~ations to load 
system-specific code at run time, there is an associ~led perrhriba,pce cost. 
Applications that wish to avoid the requiremen~;.f~~f~omplet~·:ei~tables may do 
so by using relocatable objects. . . ....... ~~~(~·>t~ ' . · •. 

Relocatable objects require the SOM He~~~ Exec He~µer, Text and bat~t~e~s ~$ 
specified for incomplete executables. ~~k¢¥~ble obje~~:''l!;g?itionally reqU~~tfl't 
the Space Dictionary, Subspace Dictiolfary;~§.;¥tnb~l Tap.I~~~RelQpation Inforo¥1tion, 
Space and Symbol Strings Tables exist with the~R,t®J~.t:~ntries included in the SOM 
Header. It may optionally include compiler recorct§::~(h~.dditional auxiliary ,, 

headers. \ .. ~· ::1>~... · '"·"· .... , .... .... .. ~ 
Relocatable objects may be static~IY.~!tmu~q,,~ith archive lib(~~$:.,ftipplied by the 
target system to produce complete ~1chta~J.~MIJ~.~~.~ cornplet~;s~ecutables do not 
conform to the PRO ABI and are not'i&garanree&;m\~r:n-0.CT:ab.l.e'between systems. "<-$, ,, ·<.-~;. 'fJ' .. ,. . . 0. 

This chapter contains the additional inf8ilva.U.Qfi .req~'ire~~QfS~pport relocatable 
<;::~ 'fl' • :-· 

objects. . \ ' ' " 

,i ~ 
-- F ~~~ (?~. · 
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Dynamic Library Version Auxiliary Header ., 
The dynamic library ve~iqb~~uxiliary header is used to record the version number 
of the object modulc;.--J:Jf9.'A~l must use this auxiliary header to determine the 
version of the e~··symbdJi,within the module plus the high water mark for a 

..... . .. ;« i "( 

dynamic libr.~f9rfucompletetl¢.:~ecutable. 
/ v I 

Ha ~el~~~fo· object does n2.Jf.~J>ntain f~ ~ynamic ~ibrary version auxiliary header, 
tl)~ .. Mk:¥t''Shall use a value ;>.f'(j:ifor the ;o..bJect vers10n. 

· .. ~ .. ,,./ . , ·· .. · ·-. .... 
• ...... ,,,...) .~'••••••• •· ••••••••• ,... . ... u• ~• 

Figure s-'JJ,fD}rnam;,C!!&.fhrary Version Auxiliary Header Definition 
f • . •. . . I . ·4( 

. j ~ . .J: I , .& ... ..?"/ ,,' 
~ I • .....-·~ ... J ' / f 

i l .,f(".··· _,,.-" / I 
\ ( •. • .,,,,.. ~ < ... 
' ... ~ ... ,, . ' " .· 

Dynamic Library ve,s.~dA:AuffJi.~ry.1ff~ader Fie19k~ 
,.._ .,,.... . /.,... .. ~ .. \ ' 

,&t' /' "< • •• 

header Id / ... / / , , , · ·, - / . "' .... \ ' , 

Thi fi Id · th ·u~· ,,ii..L~ ·ct · ~:-· .. '/ ... .. th d ami&l~i~ 
ver:io: he~~:~;:e "~~::i~~~;::~i.~ .. , . _,' ·!~ , . e.~5-J.;. ~~~ . 

. • > -y·, "' \ 
"' ..... · ,.,r'" ,_/ ., ·. 

I ·~ ;·' ~ ... \ .. 
vers on \-t. ../...ii ,,.r ' " \ . 

This field contains the version number of the object module. ,' · · etSionJ!tii. 
number is represented as the number of months since 1 P.<.; ~ 90. 
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Standard Spaces and Subspaces 
The concept of a space is discussed in "Virtual Address ~Pim:.' on page 3-12. 
Spaces are fundamental to the PA-RISC architecture. ~.u.~ip.acet~are logical 
subdivision of a space used for grouping code and d11rtt · . 

.6 . . ::~ ,, ... ;.. 
Spaces and subspaces are ordered by a conformin.g\}jhkef'.~(f$.ih,g_ the sort key. 
Linkers shall places spaces with lower sort_ key y@'i\d§ in frorit~f.J.$.p.apes .;ith higher 
sort_key values. Subspaces within a space ary''~I~~~=§:~d by ast·~~b.:&. .. ~ort_key 
values. ) , ·· · 

The standard spaces, subspaces and sort .. :lkys are listed~V.1Jable 10-1. 

Note 

4 .. --······· .... :·: .... ,s... ) .. . ·:. ~;:~~-

Conforming programs that create subspaces other than those listed 
in Table 10-1 should not use sort keys less than 8 or larger than 56 
in either $TEXT$ or $PRIVATE$ spaces. 
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Table 10-1: Standard Spaces, Subspaces and Sort Keys 

Space 

$TEXT$ 

&h9space 
. ·., 

A~ .. ·. ~ .. 

$DLT$ 

$GLOBAL$ 

$SHORTBSS$ 

$BSS$ 

Sort 
Key 

8 

0 

8 

Use 

Dynamic library information 

Millicode routines 

1. A sort key of 7 is used for the $PLT$ subspace in a dynamic · -_,. :, ~·, 
2. A sort key of 6 is used for lhe SDL TS subspace in a dynamic lib~. 
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Space Dictionary 
The space dictionary consists of a collection of space rec~t4J[YU:~ontiguous bytes in 
the file. A space record is a template which defines at~es of:a,space (which 
correspond to the address spaces defined in the PA-JU30;A.rchitecture). Spaces, in 
general, are used as logical divisions of virtual me~:«t:&uQnning applications 
are limited to one code and one data space, with~ e~ space·'~}p.i to a single 
quadrant. The access_control_bits field of a s<p~!>,JiF.\record iridi,~.-~hether a 
subspace is code or data. Each space recor~/«Hl indfeaie the space"rt.1,,~. pointer 
to the start of the subspace list, and a poi.Q{W'to the stag: of the list of da~ · -... .. ? 
initialization pointers that are to be apgU~(to. a space. )'· · . ····.... . · 

.f.f._..,,.~. . 44 & : .' 
• ., __ , ~~ .. :>- /' >',., ..... " Ji 
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Space Dictionary Fields 

name 

The field m:i:mdl$4rii lhikx into the space string area which points to the first 
1.Y•: •):• ="· ( ·::0 

charact~p'~I}tffe ascii r~esentation of the space name. The index is a byte 
offs5t;=~afive to the sp;ttef.-f _strings _/ocation field of the SOM header. See 
}~~ti.on on stri.ng 8f'1 for ~gre details. on the fo~at. of a name. name is 

<t-.,,. ,s ,~;:byte offset relat1vri~~e field'§.p.ace _strings _location m the SOM header. 
.. - be /.-.'.·.;.;.:~ ~IL-~ ff b , r name can con~U.~ to a ~w~''~J:~ .. o set y: 

c ,,.J$..d ; =-::, . .J./ .. ~ ":) \~ 
off: et'=··:name -' /... \ .. 

~ y·· ./ •. ~ ~ 

· + spq.gkafl'tings_loc,attqn (found in the SOM header) 

f!:!~~t>,f the fif$\[f)§te of the SOM header. 
If nam,~ is -')'r'thaa{ihft:: · · .,. ·{e _strings _size in the SOM header it is 
an erroi%~t{g all ,2f jlo zero in name indicates a null name pointer. name 
must have' value)tJ:;yJe range 0 to 231-1. . ---1/· 

11! ·--'. / - _; ... / ·j: I ,. 
ls_loadable \ ( ... -:'J€.>·· / / 

!fa space is loadal31\Jl!itfllti"is' ~'ii? o~Y. space is not )-l~able this flag 
is set to zero. Code a)\rdata for al~'6dule will be)l>.~~~al loadable 
spaces. / :f ./ ,..- " · ~ 

.! .) .,t .<' \ 
~ r .f' / • 

~ / i / / ... 

ls_deflned '~· · f / .~/ ,,..~(~ I ~lr~. 
\ ... 1 ,All_..... ,/ \. '~ / ·, 

If a space is defined in the file iif?;i_c~~y~ace .: . . ,, esid~;Ha~ 
set to one. Ha space is not defin ' . '.iltt file in w~'the space reco.~! \ 
resides then the flag is set to zero. // r \ _ 

__ / ..-" ). 

ls_prlvate /rr)" 
( If this flag is set then the space is non-sharable'°'_.('Y,r 

\., ,' 

reserved1 ' ( 

( This field is reserved for future use. It must be initiali7.Cd to 0. 
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sort_ key 

This field specifies a sort key which may be used by,_ the linker for ordering 
spaces in the output file. The first occurrence of e'!P~:§J?,f1~e defines sort_ key 
for that space. i . • v.v~~. 

The linker arranges the spaces in ascending 94.l~t':u~ing sort_key. 
A' -· :.:-:o f . . . 

reserved2 ,-v-"··:,, .. _'·,_ 

These bits are reserved and must be .. fili~<l-.vJi~tl 's. '>-, 
" '·""'~\. _ ... ·y 

«-t~r-· · .. ~ '-~ .. ,,q 
b 

. . '\... / space num er .£ ... _ ... J · ~.. '1 _ 

~is field specifies the number .. assii~ed:;1a:tbi,1f~p-~~-~~~¢Conforming ifa~ers 
must ignore this field. -'"' · 

1J~-:-.•. 
~.. . 

·-~ .. :. 
subspace_lndex '· _ "v .. _ ··<· .. ) ........ ;? 

This field is an index into ili@(~.;bspa~i~lt.ti,9pµry. Aii.qp;fue subspace 
records for a particular space '»ll! be iIJ.(qbntigyQ}J.ltr.~rds in the subspace 

.-:;.'$:,. « f "}~;.;·: :·:-:· :·:· - ; 

dictionary. s~_ksp,~ce _index can ~~gq,verted to 'fr:,~;~·'byte offset by: 

o,u.(¢t;;;J#~$p..qce _index* st'~-. of (subspad'f record) + 
/. { subspq~_dictionary_14t,1~tion (found in the SOM header) 

J:... .... ·...... +ad ".:. of the first byte4~:L~e SOM header. 

If suhspd~:r is (·.<: .. 7.,}~ the field.J1Ub:pace _ ~ictionary _total in the 
S .. ?M header it~\v.·~·~~dex is negative then there :u:e no 

. <iV~~>}. )~~~e~:t'f1b.ii~ space. 'SUbspace _index must have a value m the 
~-' ranger-~···::fb4 -t:--."' '..._ 

/·' "' ' .<1- r. ., ~,,, ... °" o..._~ 

Jsdb~~ce quantity,'', ·~\ ....... ,\ /' ·' 
<>J,:f".r-· ' - ' \ -.· 

~JJtsp.fl.,ce _quantity fin(, number indicating how many subspaces are in a 
spa:C,;,(f'-~space_i~lx + subspace_quantity is greater than the field 
subspa~~io1!'1ti'otal in the SOM header it is an ~rror. If 
subspace_ "lfUq.ftti.f.J.:Js zero then there are no subspaces m that space. 
Subspace--quaj'ff must have a value in the range 0 to 231-1. 
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loader_flx_lndex - loader_flx_quantity 

These fields are cw.rently reserved. Conforming applications must set both 
loader fa_index_f;$~(;)) and loader fa_quantity to 0. 

I',,. " 

lnlt_polnter_io.dgJ'~·· 
>" 

Th~:fi~"'-is a zero-rel~~e array index into the initialization pointer array . 
. _,f\1Jflft'itialization poig~~·'for a .~pace will be contiguous records in the 

\:' -- Jnfilalization pointeyf~y. If t~~,,are no initialization pointers for a space, 
,·· init _pointer _ind4==1fjtist be .s.e(~jf!~. value (-1). 

· ~[l.f.,J!}it y g,i!}tti. ... :t,=iitih i~·ltt th~ .. 1bit _array _total in the SOM header, it 
Is·=,~lilfi!St"'. p-- .// • _ / / ; 

In a relocatab~-~ .. ~yct~~tb!~fi~~,4 .... pdx initialized to (-1). 
. . I ..... , 

lnlt_polnter <t1t~~lit; .. _../ ,/'"····-·yv··'"' 

This field jjthe nij~r of initialization P5?.i&.t~j{ the space. If 
init _pointer _ind.<:~f init _pointer_ q~tifY'iji"rter than init _array _total 
in the SOM h~~rtgfi, 

'1 ~;p 
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Subspace Dictionary 
A subspace corresponds to a logical subdi~ision of an a~~,~pace. A subspace 
record is a template used to define the attnbutes of a s~ace.'iile subspace 
dictionary consists of a collection of subspace recorcJ.$.1.#t(;pntiguous bytes in the 
file. The subspace records are grouped by space. ™tcon.tamJ.pfonnation that can 
be used for reloca~on, setting of access rights ~,~·cs, det~~f. how to build 
data areas, requestmg a subspace to be locke~-<!~ry, and aJ~~-~t requests. 

Subspaces cannot be broken up into smalle~.,eptitie~erefore there m~{lo.t_be any 
inter-subspace references generated wit~~qf· also gene~~g a fixup for'~J""· ...... 1' 
reference. Compilers are responsible (9,i~~s.ilring that a1Jt6r.~-~ches can reacll;i#,)e 

• • • ?; " . , ~ ··=·:.:'°Jo;•:·. • ::1 begmnmg of their subspace. · · '·<\. ii 

PRO ABI for PA-RISC Systems Relocatable Objects 10-9 



DRAFT 10/7/93- For review purposes only- CONFIDENTIAL 

struct subspace_dictionary _record ( 
int t~pace_index; . 
unsigned int ,®;;cess_control_b1ts :7; I* access for PDIR entries •/ 
unsigned int / . ,flmory_resident :1; r lock in memory during 

•' y·~···\ 
,, . \ , execution */ 

unsigne<JJJft· ,, . dup_~mon : l; r data name clashes allowed •/ 
uns~lldt'liif'' is common :l; r subspace is a common block*/ 
u~'fut is-I.le :l; 

./ ~h~ int q~· :2; ~ I* quadrant request 
t ·: r.!._ ;'6fu~gned ~t ip.~p_rroze,~,~~)}.,_ F/5" I* reserved*/ 

•/ 

~ '. ( uns~gned ~t ... ~·¥fined ~tt . ~· .~ I* undefined*/ 
·,, \ ..,. uns~gned :· ·"'" .. #6de_~¥?.tDi' \ • I* must contain only code */ 
"......>:~SB~k,,.,,:· -~· sort_.Jf!fiV,- ' ~ I* subspace sort key •/ 

uMiiJi!fHnt~ ·" ~'""'·JG init :1; ) ~ !*reserved*/ 

): 

. . .. WJ - / ; 
unsigned int ,·'·:&Mfifumtion :1· ,• : r reserved*/ 
unsigned int .. i;•~- .:,..., . r reserved*/ 
int ~t· ·,." ·" ·"' · ·· m~tz·~ffift,.,~ue: I* file location or ·; 7~- - ' 

, / initialization value */ 
unsigned rnt, 
unsigned int 
unsigned int 

unsigned int 
unsigned int 

unsigned int 
int 
unsigned int 

.ifoofilization_length; ...., . ...-· ""? 
.£iUf5pace_start; A~offset */ 

: : ='fibspace_length; ..... :.>tr .6Cr of bytes defined 

\~' ~r1.~ ~ ·;~.;i...-· ,b.f_!ffhis subspace •; 
r.~:v_.~·-., \ ·~erved */ 

... '..-ent :16•; \ . \ ./ f' alignmentrequ' the 
· ~ / · subspace (Jar 

/ f reques .:: 
I ' th . . *I . ; l es.... .. \ . 

name; 't··' , : r i _:·~.=<=··,. ubspace name ~.A. 
fixup_request~ex; ""<: · ·in xup ~Y J'l, · ~ 
fixup_request_qfl~~!Y-¥..f .. . umber 0 r" ·~ .~ueslP'F"''· .. ' 

... , .~"' .. s ., 
\""···: l ..... ~: .; "'\ ... 

Figure 10-3: Subspace Dictioilary Record Definition .,_// ,,.. , -, \,) 
_.,.,.;;. ./,,fl" 

/"' .. 
. ~ "' 

,,,.. f" ,/,,., 

y 

/ 
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Subspace Dictionary Fields 

space Index ./~' .. , .. - r~ A . 
This field is a index into the space dictionary. A1.l:of the space records will 
be in contiguous records in the space dictio~~~ _index can be 

r"' ~ ·<>.· ' 
converted to a file byte offset by: { , r "'-..'-... . 

offset = space _index • size of (~ei,~~cord) " ···, \~ .. 
+space_ dictionary _l%f!Jt!Oir(J&nd in the·'S~M,,_b,~ader) 
+ address of the firs,!;ip,Yte of the_ SOM header. '· ..... . ·~. ~,. 

If a space _index is greater than t.?eHJ~Id space :...l/w:~tity in the sd~~ 
record it is an error. Space _indgx~:fi\fS.thave a va.IU,gjJ;!,,>.~e range 0 to,jJ-1 . 

.;{ ; 

access_control_bits 
. .;~ 

The access_ control_ b11i4'tf-c_!fr the access ri~tlt~t,~~l,.g?vilege level of the 
subspace. They also speeifl{»lb:.J~C:.~!he subspace ro!j~aip&}~ode or data. 
~e layout and interpretatio~'thttt{~~~J'.~~~ntro/ _ bi~i~eld is shown in 
Figure 10-4 and Table 10-2. ·~ . ,1 .· ...... , · ... ,. .. ........ ,,

1
/,. 

\ .).~_/-' ,,..._ ··""': ., . .. . A~">7 

TrJ.11 ... :_,hi("'"~ ·l'-. ·•.. "flt;/c.2 b. ) ·.. -~~. Its 
" ' . .. .'lo 

PL2 (2 bits) 

PRO ABI for PA-RISC Systems Relocatable Objects 10-11 



DRAFf 10/7/93- For review purposes only- CONFIDENTIAL 

Table \q~2: Interpreting Access Control Bits 

Type value A!M(tJ&i,access types and 
(in binary) -1n:i.TEWA Y promotion 

•. :~.•.. ~O'A "('1 
oo~_/ ·; . iR.ead only Pr page 

~-·' ./ / f"" 

Noimtfi;~a~ pag~,- t· 
, .. 

\ 

010 

011 

100 

101 

llO 

lll Gateway to PL31 

Privilege check 

read: PL ~ PLl 
write: Not allowed 
execute: Not allowed 

read: PL ~ PLl 
write: PL ~ PL2 
execute: Not allowed 

"";········ 
1. Otange of privilege level only occlll1 if the indicated new vafuj is of higher privilege 

than the current privilege level, otherwise the target of the GA itw A Y executes at the 
same privilege ~ the GATEWAY itself. 
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dup_common 

If this flag is set, then there may be more than one universal data symbol of 
the same name and the linker will not give a dupli({~:J!~finition type of 
error. This field is used to facilitate implementaJibt(ofFC>rtran initialized 
common and Cobol common. ..· · 

< i 
ls_common >··...:,"<, ~ "" 

This flag is set to one if the subspaceJ§#6 <lifi;gian initialiied>$.'®l.mon data 
block. For example, Fortran initialifea common. and Cobol coffi,~ktda~. 
blocks. Only one initialized da~,,~l~J<: is alloweCI{pe.r is_common °iU{t$,~. 

#;'" . .' , .::.,~ll?~. l,/. 
··.... ... 

,;;." ,: 
ls_loadable · •. 

This flag is set to 1 for.~o.fl._dable subspaces. LO:tti~bJ~ subspaces must reside 
in loadable spaces. Un16~'Abl~ .. $Ubspaces must res!P.:a::~n unl9adable spaces. 

-~ ... , .. _ . '.'·. .. ··~. . .... ~r 
,. ·· ..... 
. •>( . • v\<:_,~'- '• .... ~ ., , . . ... • . ., • • • J . ' 

quadrant ·\ , ... · ·· -t' 

This is to specif~ which of the '£6\; .. ~•ib~;··qu~~pt{ numbered 0-3, of a 
space that'-~~~e is going t&f~ide. Current 'implementations may 
ignore ... field, 'ari(jtl~ce the subsp'~-.in a pre-determined quadrant. 

I ··.. \ I -~~ 

lnltlally_f.{~ ~;·,"'J. L___-:r--. )1' 
... .J!,$l~:~.fl:, is ser~Q.tlt, ifle·n'tfle:,sd~s to be locked in physical memory 

./ ·· ___ wfle1t;tJt.~ting'"f.~~ is being booted. Conforming applications must 

/··~ set this flag.:~~%. -.. ~~·-, _ _., 
,{' "· .. ' "\ \ ,' 

w und~b.~ '\~\ ,,r· 
~~-~-.not definep-1,y the PRO ABI. 

.... ~ .. : 1 
d I ' ... '" ~ co e_on y .... ..,._ ....... _.// 

, 
If set specifies ~-t this subspace contains only code (no literal data). 
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sort_ key 

This field contain~.,the primary sort key by which the linker arranges 
·:?j, 

subspaces in an o~:f~P.!Jt file. Subspaces are first placed in ascending order by 
the son key, -~he~:~~9ing to the subspace name. Within sort keys, the 
linker groµp§:i:§.Ubspac~9Y their name but it does not son by name. Instead, 
the sugfili'~s' are outpt\t.{l.n the order in which the linker first encounters 

e;ct(~~~. / ) 
·. ·""' , , . : ,., 

;trijftqate_init- contin:~\J.o'n .. r_~e_d 
~ · . ,,(. ,1,( , · · .. ·, 

· ··,(~e,~.~-.. ?~~~ .a.re:':fptve~,fQfi~tt1re u•3\They must be set to 0. 
""···. •. .. ;.'#" l i 

•, ..... ,., .. , . / / ·' { 

file_loc_init_value "' ./ ·'\·.... ..... _. , .... .. :-

If initiaJi~Jl:)e~gtA':t;eld'lt4ttJn:zero, this field contains a byte offset 
rel~tive tQ)j~e first ~iJ'o~ 1t:1~ S?M header. The ~r:Jdfile_loc_init_value 
pomts to tli~ data ~to m1t:Ialize a subspac_Y. .... · · · ' . .. '."{' 

If initializati".n ~!•zero then ~lll"i"' a 32 bit quantity which 
is used as an mr : " non pat_t~P.)Jf0t' the ~n~ subspace. 

<t .... •-;> -:: .:;_ .: •, . ./" . . ~ .... 
lnltlallzatlon_length ,,_ .. 4 l "·· : . / ,,,,. .. . 

• t' o' •· . ',, · . 

This field contains the size in bytesrh.fithe initializaticltAtea in tft¢'lile. If this 
.. . :-~7 .. ~.$:::~ · ~ ·· . ~~- <\;<::; •• • 

field is zero then the value ~-n~~ in the fieJtJ'ifile:loc _init _ var~}).s used 
as the initialization pattern fol{~' subs.pac;~· }/'"',, \ , j~··"' \ 

j~ / ,/'».... \ . '"··~ ,.. '"'-,\ .. 
~~?.'",..I". ./ '< }, 

subspace start ·\ / 1.f ./'· .. '-., - , , . .. r -... ~ '\t_ "f. • '<:~ 
This is a byte address of where the su"Bspace is to start relative jg(~ .. :.~,, : 7 ·1 ·~ 
beginning of a space. This value in conjunction with subspq~~f/figth will . .£,..-·" 
be used to insure that subs~aces do not overlap. Subspa,<;i/;J)fi'rt must have' 
a value in the range 0 to 2 2-1. P-?"'·/.,r 

J"v 
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subspace_length 

This is the length in bytes of a subspace. A total length of a space will be 
kept, and if the addition of all of the subspace _le11£1b.AAfPlds in a space is 
greater than 232-1 then it is an error. · · ~z ..... ¥,,,~~}~~. 

, ; • 

; 
,.~· 

reserved2 
.... <. .. 

s: ... 

··~ ,. .. 
alignment _,. : '?;,~, . .. ·I 

This field specifies what alignm!~r~f~µired foritfl&~µ.bspace in byte~;ifhe 
subspace will start on the alignment "b~Jbo.µ~. Th'e alignment vfilue 

name 

must be greater than zero. ··,, . i" 

•··. 
....... -:~::. 

The field name is an index infs,:the-sp~!,{WJb.~pace srrl~~;:~ea. The index is 
a byte relative offset which pdfuts to th~~:HrstJ¢.fiar{lc.tetJ5f the string. name 
can be convened to a file byte ~ff~tJf,?.7 .,<,,,< __ -_·~.. .· =· 

·-'». ...... ... . 

:!!
~··:space _striflk[~focation (found in the SOM header) 

+ a<f~ of the first oyt~ of the SOM header. 
~.t.~,~~ ' ,t . ' 

ff n'tf'~:~~ter thap:jre field space _stf.~t~ts _size in the so~ header it is 
an error. S.._~,,:~~~-.. ~.:ans thaqt1s a null name pomter. See 
"S~g Area5~~plg~j'- .. _____ .,1 

_,./.~ .. .-:.-.·~ .. .. ·=~·· .... '· ' .. , ... \,. ·~ . ------·' 
fixU .. r re uest''Qfhd~ .. ··.... .. .. , _,. .... r p_ q _ "<~i· .. 'Xh." ~,._ .. , .. _,, 

J .... , \, ..... !hl5 field is ~1rw~\,. into lrt~:~'-xup request array. All of the fixup request 
"· .,. <~ords for a partib(tlif subspace will be in contiguous records in the fixup 

'I :- •• ::-). 

··-r~~$~ array. Theftt!..tp~request_index can be converted to a file byte offset 
b ;. . 1 : 
Y• •., l . 

.. , · ~ I 

"of'f~at~;= fixuk,.:~'request index * size of (fixup record) 
v .. , #,.~_requen_location (found in the SOM header) .. , ... r 

p ddress of the first byte of the SOM header. 
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Iffixup_request_index is greater than the fi.eldfixup_request_total in the 
SOM header record it is an error. If.fixup_request_index is negative then 
there are no ~xu.~ )~uests for that subspace. The fixup _request _index must 
have a value J?JlU~~~e (-231) to 231-1. 

~·· .,,., .- \ \ 

. • 1, \ 

fixup_requ,..~.s.f.&,guantity I \ 
UJllilJ.ap· request quJtd1ry is a number indicating how many fix up requests 

~·· , ... , ·«t~r( are for a sub;~~·ilf fixu~4;{~quest _index+ fixup _request_ quantity is 
·--.. :'° greater than the !J.dilpiup -'!·fl.f,.l!.4[otal in the SOM header record it is an 

· . . ~.rror. The ~ue.rl:JflUest ~fl:ulPi)itY mp~.~ have a value in the range O to 2
31-1. 

<olf:fgµp,,.,,,~f!diJ1'quantifj.}l$-·7.ero theP.;::t;here are no fixup requests for that 

~ti6sv.IW~·:·;:p ~-// <~ ,/;··/ 
,." .. ....... .. ,.._ ..... ·" 

r .. ·· 
'~}_,, .. ,,.. '··-., _ __,,. 

·f:: •• 

'\·:',<' 
-;. ~ 
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Compilation Unit Dictionary 
A compilation unit is defined as the set of procedures co~!l~ by a single 
invocation of a given compiler. The compilation unit <f!~nary~&ntains one entry 
for each SOM created by an invocation of a compiler'. ~~;<;_gmpilation Unit Record 
c?ntains information for versi?n i~entifica~on of -~~¢oilfiilltJ,~hich_gene.rated the 
given SOM. Each en~ contains information ~~~'i{11ay be,~,,~~ identify the 
sow:ce name, ~e compiler lan?11age, the comptf~iJk~uct num~~l~-~ the 
pamcular versrnn of the compiler used. LastJ;f eacli~e~ contams~~~tamps 
which identify the last modification mady.~tP'the (mainJ-.source file ancfi.lteftim.e 9.f 

• . v.... " 1 .... •.{• 

compilation. f~ · ... ,... \ ·, ··,·... ·., y 

·-· .. , •-.. J b '·~,. ':. . · --··-=~=~~:,. . 
••••• ::.. ~ c.d'" v 

··;..;:;_········ ···:f-r' 

struct compilation_unit { '..,._ 
unsig,r:ied int name; 

unsig~1'~"'-.. language_namei._ 
unsignJ::1JL ···-· .. ·~.nroduct id·, •. ,,_.: ,:~· .. ..• ,4• 

T"' ... ""O. ~· ..... ~ - ~· 
unsigned mi· ·--.y~dnd<J· . \ \ ..,'4 .. ~~··' ·· j . 
unsigned int ·+. rese~e.d;. ·· · · ..... ·' ~>Q 

•. l. " .. "j' ... .. .. . . :: 

unsigned int '!,'+ c~ile_tim.efl1~ · 
{' ... ~igned int ~e_time[2); h· 

/ / ¥~.~~. . ., ' .... 
I ' ft ... , \ "('' / ' ·... •.... ~ 

Figdfe;t,~s.A ~efinitj<¥. _or Compilatioq~~- )lit Dictionary Record 
"""' ..... , / -·-~ ......... , _ ~-

..... "" • ............. .mo4f 
"' ... " 1' .. ~ ... """"°"" .......... r 
~ \..,'... .. __________ ,, 

.. ~ 

... '· .. 
·,~. ·~. .A 

'\':~, .. ,_,-,,. 
"'··, /. ,/ 
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Compilation Unit Directory Fields 
,._ 

name : -..., , •, 

This field cq~f.{Fa"b~ offset relative to the symbol string area which 
points ~9''~;JifSt chara"9~r of the string defining the entry name. The 
cofl)pi.l~='should supp~'.;tf1e name of the source file that produced the SOM. 

,· ;.• ) J 
,,,. -J''' I . ~ 

ra{Js-ge'_name .. / / ,r // . . 

\ .. >··'!hl8 field c__,~F~:a"32-~_ii::t~·.fifi\~f.~the symbol string area, whi~h points 
'·<{tt]';~~:·-W$f:'.~:~cter,~f=i•:name of-~ language used when creatmg the 
SONl~ ...... ~··· __ ,,.,. / , ,: 

~ ",,.tl .. , .-~) '-· /; 

r , . 
Product Id '+--·· · t .:'· ... ___ , 

- .... /. ! . 

This field'-~ntainsJ::SJ~bit index into the symboL:f¢ngs area which points 
to the first chara~·~ff the identifica~on:.::~~f the compiler. 

~ / .. -·-":>-$. / / 
' • ._,;JJIJ' •• -" / / 

verslon_ld -~ ____ ,..··::.::.:.:·~.· < .. l f · l 
This field contains ~~bit ind~x ~~·ymbol ~trin~. . , ~ hich points 
to the first characte; ~the vers1on,i,Prilie compil~.r.t 

.A r' ~-
~ ./ . ,. // • l 

reserved '<, / / .. r'. '·\ ;;,: · .44-, 

These bits are reserved. They ~ll\t ~Atp'O;s in :Cph}offfung>fppti~atit>J.l. 
' . . .. ~ .. 
\ / ,#;~' _,,# \ . 

complle_tlme '-i ' / ./,/#'"«,,,~ · . • 

comp~le time is a ~bit .value that represents the time th~~~s~ k~t ) r)· 
compiled. The file time 1s actually composed of two 32,Wt gtmntltles where 
the first 32 bits is the number of seconds that h~ye ~~~ecr since January 1, 
1970 (at 0:00 GM1), and the second 32 bits is th&~§°econd of the second 
(which requires 30 bits to represent). ' '% 
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This value is independent of any modification time maintained by other 
subsystems (e.g. the file system). The use of this field is optional, but if it is 

not used it will be set to zero. '~ 

source_tlme 
J : . 

The file time is a 64 bit value that represen@the iln~lt»e file was last 
modified. The time is represented in the .. ,ihi$ forma1·a:$$.fd~m.pile time. 

~ .... · ~... '\ ,. -
This value is independent of any mo_Q.f~cafi~'ti.me mainta~~l?.Y other 
subsystems (e.g. the file system). n.t''tise of this field is optiolitil.~:ib.µJif it is 
not used it will be set to zero. · ·" -~\f.. . ..... · ··~ .. - }' 

..... -: " 

<f ... ··· .. •. ,. '· ~ ; . . .. :~:~;_;;~,. ' . 
!ff,i 
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Symbol Dictionary 
~. 

The symbol dictionary (~:;a;$0M consists of symbol records strung together in 
contiguous space w!~lJhe'·-$,:QM. The byte offset of the dictionary, relative to the 
SOM header, is F-9.l\~rtCd in t4e,.variable symbol_ dictionary _location in the SOM 
header an~ .,~P,e.='.qf!inber of entri~jis contained in the variable 
symbol 4.Jt.t.ranary total, also(i.b.ithe SOM header. 

1\B~~Jifar',;ymb:i in the ).li'.nary c~~ located either by scanning the 
didfi'Q~ary until it is fou™'~"""'lhe sx~lf.f:Jndex can be used to index into the 
dictfr~{ia.ry as if it ~uei~;array ,o.f?J$.1e··wonfi~lements. 
s b~1Y.•ai18ttAofhave,,,~~-s~rted. \ 

ym ·~,,:,,,;~%~%~fff"', ,c. . ·'·· / .... -.... · ,.• /: 
./: . .... ."'.......... 4... , 

• • k .·.· • .>'"" .t::,:>; · "•'w··•···········;:7 
struct symooi~~!<;.Ji~ _recQRJ:~(r· ... ....,,_ .. . ·~ · 

unsigned<#tt · · h~-d~t,· · : 1; 

}; 

. d '. . I.· df 1 ,.. uns1gne mt \ i. .. :. , .. .'. _ e : ; _ _,, · ·',< 
' w . 

unsigned int ~~!_type ,,.""'.'.:~)' ,: : 
unsigned int bol_scope .~,,.,.. ..... II""'~ 4;1 _: 

•. ,.,.. I: ' 
unsigned int k_leveJ. ..... <:. <.. l. ·: .. · 

~~:!- r ., ~ ·. ,· 
unsigned int mu-:r:tfffM;ly \ , .• ,: ~~· 

->~T-J \ , / "' 
unsigned int initialll,frozen ._ ' -' ·r-1 ; 
unsigned int memory_resident / /': 1; 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 
unsigned int 

,, . 
is_common ,i f : 1; 
dup_commo~· .1 

xleast 
arg_reloc 
name; 
qualifier_name; 
symbol_info; 
symbol_ value; 
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Symbol Dictionary Record Fields 

hidden / ',,, . 
' ,. --~--~ .( r -~ 

If this flag is set to one, it indicates that the symool is to be hidden from the 
loader for the purpose of resolving external ,(ih~r~SDM) references. It has 
no effect on linking. This flag allows a pr~~til~'.W~ade private to its 
own executable SOM, although it has q.uiv~·:: ·~ .. 1 scope'Wiih.in. that SOM. 

·• ' · -~ ..... 
. / ...... :~:;::::::.. ~ ...... ~ ....... '-

........ ,,_ 

secondary _def -' -:~~\:·.. ~ .. ' ~- ' .... -+ 
If t~~ flag is set to o~e, the syi;pboJi)1,~'''=,,~econ~~iR9Jlni~on and h~~·Jl.P .. .. 
additional name that is preceded by ~~~:)]]1e l~rucer will ignore duplicate 
definitions involving secondary definitldn$.~ , .. 

·-:;. "'\. .... ·=·· )>: 
.-... 

~- -, 

symbol_type ·\ , -·..... """·-· ····--.. . ., .. A $-' '• ·- •. . .... ,,,, 

# 

This field defines what 1YPe\fittf.QQ.p .. t~is symbolt;Presents. A 
complete list of the defined sy-Wbol ryp·~$.J~;~n-~ed }ifTable 10-3, 
however only certain ones may\_ val#.J;·depettdfQ~:¢,ii''.the use (e.g. import/ 
export, rcl~J;).k:/~xecutable, eteb./: / 1!- / 

, _, , ., .. $ ..... ·-....._ ~.. . '-:';··~ ... 

~ A' .... \. ', \ 

Tabt~::fy-3: symbol_ ~pe_~nition 

· Syiri~t~-.. . tDescription 
.... .,·~. . . . 

0 s.:r ¥' TLL -~--- ,• ·--·~ liivlfiidi§~b&.t:~r.&ord. The contents of the entire 
.. .-·· ·.:fs~~M ... ._~. ' -~ :r~~:W -

,/,,.. ~~, .. - ........ -.... · '""' .. , ... ,~rd is undefined (it is 5 words long). 

{i/ ' ST ABS,bb"'' .. ?,. kb~),,.. . · stant. 
. '!; - ·~-tg ', ~uue.&pn 

' ;,~~ · ···-..ST DATA ·,,\ \.No~~itialized data. Initialized data symbols 
,, ·.·.. - '· : &-

\ v.icludihg Fortran and Cobol initialized common 
) :~ata blocks, as well as C initialized data. Data can 
; '~ either imported or exported. For example C 

/ /construct "extern int i" would be imported 
,.,. · ·:r data. And the C construct "int i = 1" would be 
l; exported data. 
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Table 10-3: symbol_type Definition 

Symbol ~-. 
::. . .::~. 

Description 

ST_CODE · ·· ~:. lJnspecified code. For example, code labels. Code 
,/ ····~\,bels are only relevant up to link time, and they 

-· ~ttnot be the target of interspace calls. 

4 ~T~F.::_PROG ~ary program entry point. 
1£\··· i t' ... ::. .... . 

->f.- ..5. . 9T.:...SEC_PROO ~ond~,,,Program entry pomt. 

&,_ =: .ST_ENTRY / · _, .... ·Any~~~ point. Includes both primary and 
,°' · -~,h ... ..... ...-. ,,., " · s~~daty enft;J>oints. Code entry point symbols 
··-..... :.. .. ~_....-- _,. ·f$;ybe used ~5fi.u'gets of inter-space calls . 

.. .,, .•. ,...... , 'ii' , 

7 ST _STORAGJ.i' . ./ ,,.· ·~-.-r,aj~:-~:~::~ s~m~ol is not know~, but the . . 
~~"' , ~9~9~ area is given. If a matching defirunon 

8 

9 

12 

13 

'\ / if"not found, storage is allocated within the $BSS$ 
/ /lr $SHORTBSS$ subsp~~P-;~Y the linker and the 

/ i symbol's value ~::fi6 virtual address of that 
< / storage. 'J1t~t -,.J11l..ti>nvert the symbol to the 
\~ ST~-~fn>e. l _.l 

ST_STIJB 

ST_MODULE 

ST _MILLICODE 

ST_PLABEL 

~:.-.1"C~ad~~~- · ·' ·' ·zethearea -~,,_ o:s. 
"or example, · ..:;: : n and Cobol. .. · ' · .. . zed 

~~;=~~~i=~ i" 

This sinibP1 mark~~~outbo~nd>J~i .. '?: 

call stub 04-.... a Patatt.!'f rcloc~b. eleat .,_ 
the linker, ~Wm not ~6und in reloca,o'f« , 
objects. ~ ,;· / 

,/ """ 
This symbol is a source module name.,./ /". 

This symbol is the name of a mi~~tine. 
This symbol defines an ~RSf..d)°f or a procedure 
for which a procedure la~ ~ · ., been generated. 
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symbol_ scope 

The scope of a symbol defines the valid range for an exported symbol, 
or the range of the binding used to import.the sy111}j~f~1J.P.~ addition, this field 
is used to detennine whether the requested symli~F"rec~fia=·is a import or 
export request =··. 

The scope of a symbol will be one of the f,{tl{:owirtg~ · · 

SS_UNSAT Import request th~Chl!k not b~em~~l.i§..fied. 
···:-:-:·:-:<::·:-: . '"?'/~ -..: >:· ,,,. 

SS_EXTERNAL Us~ with s:atffi.4JY:>~dicat~ a·n4(~g~ stub. 
SS_LOCAL This symbol.J.:§;11ot exported outside the·==s,pM~It may 

be used a~.~iLtarget for ~MP.s, but the linken4®.$.,,~ 
use this,§.YillPQ'.hfor resolvi.A!}:§ymbol referenc~~? 

SS_UNIVERSAL This sy~bol.ls·:·ei~ne9=£cr'=;;;-;butside the SOM . 
. ,._~ . ;r 

-...... 
.... 

Table 10-4 shows the V:N,.i.Q values of the scopb.:~~ktgiven the type of the 
~ ·-~- ··.- :·: ·:· :·:~·~·=·:·.·.·· 

symbol. Elements not mU(.~!=bi .. ~ "X" are invaliq=tv'W.u~-~.$pr that type. 
~ • ........... ...,,.... . 'ta., ,,~ 

Table 10-4: vif\g_ ~yriiboi;l~-~lues j/ r; 
TYPE \ SCOPE 

ST_PRI_PR~ 

ST_SEC_P:>OO; 

ST_ENTRF " 

ST_STUB 

ST..)4Q'.~- ,. 
. ,.>9'.M:"~.., ~-"" 

,~_:_ABSOLUTE ·-~, ···, .. , 
? ~... ~ 

) : :~'.J;-CODE ....... ,\. ' 
. ~ ~ . .... ~ ' 

ST&.@.l.!~ICODE \ . ·~ 
"'<: ~~ ' \ 

ST_DAT" ·..... 'i .. ~ 
ST_STO~ ·.,....____ .t.1 

·, , ~ / .< 
ST_PLABEL ""' . . ~l< .. ./ 
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check_level 

This field is reserv..ed. It shall be initialized to 0. 
·~~~ 

must_ qualify .. ... . 

If this .Pit:~fsei'"to one, ·l~\.ndicates that there is more than one entry in the 
syr.µ~~!~:difuctory that ~aJJthe same name as this entry, and is the same 

.. .... ;J,~t type (i.e. cod~~~~~q[ta or ~ub). Therefore, the qualifier name must be 
·t .. ··' ' · :Used to fully qualifyltb!!hymboL \ 

. <I£ this flag is ~9:M.~~}/ .. the q~~~e will only be used to qualify the 
· ·~'tt'P.~~!~.~a.rod:~'ijilhe narr.d';~t;ing~mpared with is also fully qualified. 

'TOOt~=il''&:;;Js:-0S"OO for .. :~ffuport ancf~port requests. :AJ.~,.a:... / ..., .. . . ..., 
/ ..JIB" ,,4 : ,..- ~-., ......... ,. ,. I ,,, .. ~-"~ . , J ......... _...... . ·' 

lnltlally_froz~.n . ....- ... / ~ ........... ". 

This field?~! ~serv~~ft: shall be initialized to 0. f ' 
.... :.:;.. I I ' 
~ .: .... ~ .... 

I t ,..,...,.:.. ; , 
memory _resident I / ....... ,;:;,,..,· .: !' 

This field is rese\.,f ·. It .,~i!:~itiali-A:;L.10. ~ ~--~ ~.. ~r r, 
·. t ' I' .· , ' 
'·' -..... I ~/ y.,, . ~ 

Is common / ..- ./· / '," ' 
- J... ·' ./ " ,/ ~ . ' 

Specifies that this symbol is~~~zed co~§:· ·<>1fata block. EJ+ 
initializ:<f .~o~on data bloc'\~fd~s in i+ ~ace. Fo~~~ a 
Fortran rmttalized common d&atioJ)4iufa pro ~., .. _,¥1mb~fi~ k 

data with the is_ common flag set~· l_.. ··· / "\ ., { , ,/ . .-'\ •, 

dup_common ./ ,,., \ 
..J' ;r ,..,. 

-..,. .· .r")~ 

H this flag is set to one, it specifies that this symbol nam ,,, : ·. on.flict WI 

another symbol of the same name if both are of~ . , ...... x ~ ~· s is to facilitate 
the Cobol "common" feature, since Cobol allo~ .... · ate initialization of 
"common" data blocks. This flag would be set to if.the language allows 
duplicate initialization, otherwise it will be set to for symbols of type 
data.. 
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xi east 

This field is not defined by the PRO ABI. 

arg_reloc ) ::__, 

This field is used.to communicate the locati .• ,: oftt$.~~fust four words of the 
parameter list. and the location of the func#'J.tt retw'ff:~i~,.to the linker and 
loader. This field is meaningful only f?f~~ed ST _E.~, 
ST_PRI_PROG, and ST_SEC_PR00jSYmtfM~ ~.-..._ "· .. 

The linker matches the argument r.ey:(()cation bitsJ>f an exporteci'"sy.Ql~.~tl1 
the argument relocation bits in ~~~gtfafurnp that rqet~_~ces the symbb~:,f~lf 
finds a mismatch, it builds an afguiheq;itdpcatiwt~gfuf;::~nd redirects tlJe'call 
to that stub. · · ... · · 

The ten bits of this field are broken d~~~tfollows: 
bits 22-23 defi~'''the.location of parrurlete.fr\~~ word 0 
bits 24-25 defini'~i(~o.n of parametei·n~PWQn,f-1 

,~ ~ .. ~ -~ ~ ? 

bits 26-27 define the~t9calioo'ggp.w~.CT.1eter list prd 2 
bits 28-29 define the f~tion 9.tjp~l¢rdj§j';.~ord 3 
bits 30-3J ....... ~define the lo~a~QP:sp{ the fu~~~f1~1:t i-eturn 

The ~nt!J~i..tion values ~~efined in Table 10-5 
The ~~~~u~per tig;{llJ.\ ~.used onlyl~t.._pai:amet~r list words 0 and 2, or 
for ijre::fql'fsu-~n Ieturi)+i:ff lt IS Used for JJ°i\f.~eter hst words 0 or 2, then 
~~eter1~~~d E'!~~~''.J~~f-·3f.,?vely,:;,f}list be ta~ged .as FARO;. this . 
md,!cates a do1thte.t.l?.~ts:10itfi9JlltJrq;mt number m a smgle floating pomt 

· , .-;": · . . gisrb~~ is used iotttfe function return, it indicates a 
double-p~~--· ··.· ... ftoaiiqg).pj~t return value in a single floating point 

coprocessor~ ""{_ i >' 
\ 
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Tabh\~~0-5: Argument Relocation Values 

O ' · · ''"" r.Jq,,not relocate - Mismatch is not an error . 
• .:-:: .... d •• / 1 ... =~~ 

1 A (~~tj'' {tl1ment Register 

»-£.::: Yf<ARG _,.f'lating ~4~int coprocessor register, bits 0 to 31. 

<$t C.:.·~_-:z;v FARGupp~:."; :'.)'fioa~~i~iiM~ coprocessor register, bits 32 to 64. 
··:;:_.,c-·:. . •. ·····-.y ....... y .,.. ' 

'"-..)"' ·. •. _,..,,.,Af,. ,f" . /· r ' ,\ '\ 
--.. . ····.·• ... ,_,. ... • / ,T .1 ~ 

name ·,·-..... ,. ......... <- _,,., ,~· , - "' ,~ · ) f 

This variable .isro~¢trl~~lt>.eate ... th(Hiathe of the symbol in the symbol 
dictionyy .. ,~ij;g-~blJ.(}gt~B?Jt~its value is the byte offset, relative to the 

....::-:·:·. .. :·:·:·:·:·:-:--.. · ~ :.. 

beginniffg,::4fthe st:Qng;table, to the first character (not the length) of the 
symbol mink. The,~~e begins on a word bom1~ and is preceded by a 32 
bit number that ~-9.:Ptpins the number of c~ in the name. The symbol 
is terminated W~;:ftl 8 bit u:~~..'-~r~rm·f~r is not included as part of 
the length. ~~~- ... , . ....,.,~ / ,. t:a 
The size of the sym · ( · ctionarY-~J&i~a can be useq ,(¢ 1).punds check 
thi~ variable such that is a value Y!-Wi$''range of 0 t?,;uf.vai~-of the 
vanable symbol _strings _size fou9<f1PVthc SOM hY.~(,?• "< \ 

,.I / , . ,;" "\ \ 
~-- ' ~ ' ~· ,{(7 
\. , ; , ··... ... .7 / 

quallfier_name \ / / ..- / / · ""< _- \,, __ ~ ~.~. , 
• . ' ~- :"'J\. 

This field contains a byte offset r~Vf;tO .. the beginij~tg of the symbo .. 
strings area which points to the firstiil!.fu-acter of a effubol name. whi : 
be used to further qualify the current S'ymbol. ~ 
If there is no qualifier, this field should be set to 0. / · 
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symbol_lnfo 

This field contains the index of the subspace containing this symbol when 
the symbol_ value is of type CVA, OVA, or LEN a_ffe-atedin Table 10-6. 
The symbol _info field is not defined in absolute .~bols~r in an executable. 

J ,• . 

symbol_ value 4 { ·· "···~ ... 
This field contains the 32 bit value of, ~~ular sym~if,,._ ··. 
Depending on the type and scope oJ<:tpe sym""Sol this field rriliy4,v.~ a 
different meaning. Table 10-6 sh9~~'the meanil},~ of the symb0l8\'-!~. f9.j­
each valid combination of type:~9-\{~2pe. Inval~d'lf::0.!11binations wifU-/ 
denoted as a blank cell in the Jlatrix· ... ,{i'f$yrnbol1::}tpftdPo.f (-1) indicat~''that 

••• *.' •. -"ff.. :.-

the symbol is a duplicate and may be igt1Qf&IJ$he definitions for the 
mnemonics used are: .. ·~. 
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Table 10-6: Valid symbo/_value Mnemonics 

TYPE 

ST_PRI_PROG 

ST_SEC_PROG 

·~ ··· ···r· 

10.28 Relocatable Objects 

~-UNSAT SS_EXTERNAL SS_LOCAL 
,.,.:·. 

\ 

CVA 

CVA 

UNUSED 

CONST 

CVA 

CVA 

DVA 

DVA 

SS_UNIV 

CVA 

CVA 

CVA 

UNUSED 

CONST 

CVA 

CVA 

DVA 
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Fixups 

In newer object files, relocation entries consist of a stream.,p.(bytes. The 
fixup _req~st _index field in the subspace dictionary en~J;it:i1~Y.{C offset into the 
fixup dictionary defined by the file header, and the fixl!R,,,,.feq~st _quantity field 

i· ··:·~. 
defines the length of the fixup request stream, in by~:i({Jt~(bat subspace. The first 

<' •• ~ ~· 

byte of each fixup request (the opcode) identifiesJ~'requ~tD4. detennines the 
length of the request < ........ \ '· .. ,_ '··· .. 

~ '~ .. .. 
In general, the fixup stream is a series of lin,k~tiii"s:frocnons that .. gOt< • . ,~ow the 
linker places data in the a.out file. Certain.:t~up reque~Js cause the liqi-£opy 

·' . ,.,.. ~ """-'«·· .'h 
one or more bytes from the input subs~.f9.tMo.,~e output~$.IJ.~space without'·~aw.~. 
while others direct the linker to relocate'WotlW'.-(l_~. reso~y~~¢xl~f.!1al reference~tStill 
others direct the linker to insert zeroes in the .. OU;fifu;t~ijpspace or to leave areas 
uninitialized without copying any data from the inp.!ift'.~hl;~space, and others describe 
points in the code without contp!>,~ting any new dati·tQ;jii~ .. output file. 

Many fixup requests use a rang~''9.~~,9d~s; refer to Table::;;t,~%l..fo..r:::a listing of 
'~~~· · ' ·,. ···: 1 

opcode values. \~. '""-· ." .......... .. 
'· ' ".. ....... ..... f .~· 
\ ·-... . """ '····.. .f," 

Table 10-7: Roundifi',,.~~gp··used:lq~\Jlii>s 
·····---.. ~ .. , > •• • , ••• •••• 

Field Selectqrf'~-~ ·-..... ·., :· Meaning ¥ 
····'"" ""-...... , #.~ ... ......:.k 

L' .Ff Aritfi~c shift right fi~bits 
~ ' · ":1 ,..... h 

R , "~ ·Set bitJt0::70 to 0 \ ··7· 

~ ~-. ~~~!00~~;•: .. · ...... <.1ft right 11 bits 

A/ --~~1a'.>i:~··-.... Set'Bi~:})..i._o to 1 ---
,A.·"" '·· ).,, -~ ,,. A:· / LR' ...... ~~pd cob-~.b$fore evaluating expression, arithmetic 

· .1: ~· Siini~li ht 11 '~k' #· ' .. s ~·~· . g ~7 

'"· ~, .. \B.: Rou'hS~onstJ~ before evaluating expression, set bits 0-
....,~' .. ,..,," 20 to 0~"1dd (constant- round(constant)) round(constant) 
~··.._. = (co/Jfmt + OxlOOO) & -OxlFFF 

LS' ~'.z!) then add Ox800 arithmetic shift right II bits 

RS' Jtn extend from bit 21 
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Fixup Requests 

The meaning of each fixup.{equest is described below. The opcode ranges and 
parameters for each fixµpf@ .. , .. described in Table 10-9 . 

.')Ill'-\ •, 

j,.·,. .\ ., 

.,~~< _,,,/ · Ta~l,~10·8: Fixup Requests 

R_NO~~~ATION J!'i!Y L bytes with ~o relocation. 

~~~~~$" ./ ysen L~~~ bytes mto the output subspace. 

R~~ .. / ·'/ /,.Ski~,.Lit";g~J? the output subspace. 

R_Rsi.i9C.ATION .. / ./ ./ , . .<r4fY''~foe cia'ifff'ord with relocation. The word is 
' -·~-~- .... /"' ,..,Slimed to 90lWn a 32-bit pointer relative to its 

,/' .,,. ...c s 
. ,./ / -~W~ SU~§:~· 

R_DATA_ON~.,.S'.·"6L .. ,Alf>-PY~eyd~ta word with reloc~tion n:lative to an 
·..,, ., .'?' ;. ¢xtemal symbol whose symbol mdex is S. ' ' ; ; ~ 

R_DATA_PLABd ./ / Copy .one data wor?~J.f;~J;t-bit P!o_cedure labelf 
.. · ; refemng to J.h.~~Ql:i,. The ongmal contents of 

R_SPACE_REF 

R_REPEATED_INIT 

R_PCREL_CALL 

R_ABS_CALL 

10-30 Relocatable Objects 

\.J ---~w.g,w::~urCi ~,,~ f' 

~;-'~:Y-~n~~ .,as a space ref~ .. ·~e. This fixup 
'"'4."equest is n'of'.~w.t<ently support~._,.- ._" , 

.I ·N.,7' ,,,.. ,,..- . ' 
Copy L b~m the ~~Pace, ';ting 
the ~c6-4fll M byte~:~ output subs. · · ~ 
Copy .tirif~: struc · .·. · ,~ .. ~rJ~~ataf~~-
word 1s as .,~:·w···~-"'·.<> apc-r~epr~~~~. 
instruction ·"',( ample, B~e target proc ,... , . ... ~- . 
is identified b ymbol S, and the parame . . . / , \.. 
relocation bits are R. _.,,,,,.· .. / ' ) 

Copy .one instruction word with ~tf;~. The 
word 1S assumed to be anrrocedure call 
instruction (for exampl~ ... f . The target 
procedure is identified by · ·· bol Sf and the 
parameter relocation bits are R. 
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Table 10-8: Fixup Requests 

R_DP _RELATIVE Copy one instruction word "'.;ith relocation. The 
word is assumed to be a DP~~l:ative load or store 
instruction (for example .. fl65IC;~LDW, S1W). 
The target symbol is id@.U:~.ed by symbol S. The 
linker forms the dif~fit·e;~~en the value of the 
symbol Sand the.&~(e of the~$·J;>.~l $global$. By 
convention, the,til~~f $globa1$*qUways 

,;. ·:0'"*~·>.....' ""!?~~ :~:. .. -
contained in Glt-·27. firstructions otfi~;Uian LDIL 
and ADDIJJ(i.ft;y have a;;,~mall constant<f:f:fi;t .... _,.,, 
displace~tdi.eld of the''fu-~.truction. ~ ... ,, .. ·· , ' 

4f:7• "-'0:: •• -;. .; . .... ;;~~. r''I 
R_DLT_REL Copy one instf.4Ptkm w..Qfd\vith'Telocation. Tiie 

word is assumed'·t0:i~l~::GR 19-relative load or 
,,store instruction (fo·r·~pJe, LOW, LDO, S1W). 
lltt~:,,w.,rget symbol is identlf.t~~IJ?Y symbol S. The 
li~~r=kwm1m.t~s a linkage tilbl~~§.ff~f relative to 
GR ·y~,,.(?~i~~=~9,;,.~ linkage t~~te· 'pointer in 

«•.:.?.. «.u . ?-.-:· -·~" 

positiof\;J,ndepeqq~t~)JQ\,,t1fo symbol S. 
·. ·< A.· .... 

R_CODE_ONE_S,YMBpL Copy one-~ftls~tion wordfW-1ili relocation. The 
/;~,, .. ·v.., " .. word is assutiJ.~d to be an ifrstruction referring to 

,I ' "'~ 'Wmbol .s (for'·~f11ple, LDIL, LOW, BE). 
/-.. ~ \ lhstructions other::;tb,@ LDIL and ADOIL may have 

'' J ~-.small constant i~the displacement field of the 
~ ., htm"lBlf-'--~·~' °" ,r-~ . 

R~· '-'' ,,,,!:~~Illa>, ·- ·--~· .. "!"-is furnp~is-n:6t'currently defined for use in PRO -··· ~: ..... '~ 
· ·· ... ~,, ' -._., ~"t.~J.iant applications. 

~DE_PLABEL''"· '>·'\ Copy~j{;nstruction word with relocation. The 
,'-.,., \ \word Jr assumed to be part of a code sequence 

"""' ~ \ !forming a procedure label (for example, LDIL, 
"( J ~DO), referring to symbol S. The LDO instruction 

" , / /sho~ld ~ontain ~e v~u: 0 (~o static link) or 2 
·,.., ""--/ . ; (static lmk requrred) m its displacement field . .... .... . , ........•... ~· 
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Table 10-8: Fixup Requests 

R_BREAKPOINT %, Copy one instruction word conditionally. The linker 
.. .. " must always replace the word with a NOP 

.-.) u .. );, ~ .jnstruction. 
•' . ·, 

, •• $:. 

R_ENTR.Y ,,, \~fine a procedure entry point. The stack unwind 
,./' ji~, U, and the frame size, F, may be recorded in a 

,.,., ,~itf'ck unwind descriptor. 

R~~:::·'EN'rn.Y ~ ;'D.~fine ~ta!temate procedure entry point. 
·--~· · · .. ·;:-...-,- . .·· ~ 

R~¥ ., / .. <' De.fi.a~g,pr~pure exit point. 
~,J$.::-.. -1' •• ? ~~l!iLvi~ \ \ 

R_BEG'.Qi~Jmt" ,,,.. .. r ,.A~ne the ~pning of a try/recover region. 

R_END_-ii:Y: .. ~ .. ·- _,./ ./.·~*eE_ne_~-~ .. ~f a ~/recover region. The offset R 
. // y / .~lfs'tance m bytes from the end of the 

<t:..: ... · .-· · / :tCgion to the beginning of the recover block. 
, ( I f 

R_BEGIN_BRTAlJ / :'Define the beginning ... <?.(~::~nch table. 

R_END_BRTAB / ;,: Define the _;~~~h· table. 

R_STATEMENT \J De~~gin~f statement [bet N. 

R_DATA_EXPR ~~one* w'' . ' ... ·· / the expressio~ .. : .. Jc and copy 
"1>ne data wo · ,, .. ~m the input .e.~e output 

R_CODE_EXPR 

R_FSEL 

10-32 Relocatable Objects 

subspace, .: · · · g the pop~~'MC to it\ \ 
Pop. ~...._ ~from , : ;.' :. : .,Y-~ion stack,J;~ .... opy 
one ms · ·tton w ... '~ m ... y>~ub~~e 
output su A~ .. ,, · g the Rf.p,ped value to th~'\\ 
displaceme :;~ e d of the in~ction. / ,• 

/ 
Use an F' field selector for the next fixu. ·'' : .. _.,.. st 
instead of the default appropriate for"-, .. · · " 
instruction. An F' field selector M1·· ~ ·· "no 
change". The "default" mod :. · any of the R-
class or L-class field seft>- / · .. 
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Table 10-8: Fixup Requests 

R_LSEL Use an L-class field selector for the next fixup ,,,,, 
~equest _instead of t~e def~S~g~~priate fo~ the 
instruction. Depending omttle cufi\mt rounding 
mode, L', LS', LD', or~l.J.1~t. ~ay be used. 

,' !''... ·,,, 
R_RSEL Use an R-class fiel!f!$..elector$;ti>.N~; next fixup 

request instead <:tJ~'ldefault 3.PPJ~pate for the 
instruction. 0P~rtdtn»=%>.n the cllireQt.ltounding 

pt;~:' --~ . ' .~?~ .. 
mode R' RS:ti< .. RD' or RR' may be u'S'~· .... , .. 

, ' ........ /;::~ ' -::~~ ~.<c: ... .. '~, ;;, 

R_N_MODE Selectr~.~~<;f~wn mode~yL:.(.R'). This is the·~t~jfft 
mode att=Uie''~ID~ln.ing of::~d1t~pbspace. This~,/ 
setting remains~4tt~ff~9.f.iuntil ex'plicitly chang~ or 
until the end of th6"sq'li.$.R,~ce. 

R_S_MODE ~S~~1 ~ound-to-neare;·t-])tQfj:~wode (LS' /RS'). This 
sel qpg \f°¢maj.i:is in effect unffL~xplh~tfly changed or 
umift~!ie··endtqf:ltll~ ... $.ubspace. ' _ " 

~~ .. -~ • ~::... • • ,. •• • •• )';l;X•(Joo 1 ... 
R_D_MODE Select I'&~.~d-UJ?.Jpotre4(!*Q°ifRP'). This setting 

remains frf~ffept'imtil ex'plffijtry changed or until 
A,,...:~ ... - ~ .. -, the end of thfasubspace. ii 

R R MODE•// '' --~,..,., ·;~elect round~~~~JI-with-adjusted-constant mode - - ; ' '\,..,, ' .... ..~. "°' .. ...._ .. , ) .(LR '/RR'). This ~fig remains in effect until 
",, '-,...._ , ~~plic.Jtly, changed:~nr until the end of the subspace. 

........ .....,_ ! '"·-~- ,,. ....... ·t:i, 
R_DAJ4Jl.Q.V~2<.. · . Us(tthe''OOfi'S:g(ijf V for the next fixup request in 

,)1-:,__._,,,v •. " .... , , "" itaee of the constant from the data word or 
_,,/{ · ., ... ,, ~~~-~I?in the input subspace. 

iR:,,kJJ)CUNWIND '··., Defi'ri~Jlri. auxiliary unwind table. CN is a symbol 
' -.... ·· . ..._ \index~f the symbol that labels the beginning of the . . \ 

........ , . ,- Fompilation unit string table. SN is the offset, 
...._ '"- ... ...... J 1elative to the CN symbol, of the scope name string. 

'·' ·,. , ,, .!/ SK is an integer specifying the scope kind. 
'· 

~ •........ :' 

·: .. ·· :· 
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R_COMPl 

/ 

, .. / 

;.9,g2ttlJsH_PCONl 
.Jt:PUSH_DOT 
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Table 10-8: Fixup Requests 
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Table 10-8: Fixup Requests 

R_COMP2 

R_PUSH_PCON2 
R_PUSH_SYM 
R_PUSH_PLABEL 
R_PUSH_NCON2 

R_COMP31 

R_PUSH_PROC 

R_PUSH_CONST 

More stack operations. 

R_PREV _FIXUP ~lls~Enker keeps a que11e:t$rjb,~ last four unique 
m~]iljtpfl:e. .~,~up requests; tH~~U.:~lJ.\,~breviation for 
a fixt).1f't&f P'{\:lJ~i4.t~i:itical to one··'tITTjlfie queue. The 
queuefm.de~·x,:rete.nc.e.~ one oflhe four; x = 0 

~.,. /.. ;.: .. ..-: » . 

refers tcf:~tp~ m9§,f.~tet'ertt~,,P,~F.flJ$.ide effect of this 
,,.,,,··-·~.n fix.up requ~ttfl,~ffe referenc~~fixup is moved to the 

" . " . . ~,, 

./ ' ,,.~·-··. .... ···,._front of the q~ue; 
.. I" ' . ~ . 

R_SEC_ST~r{ .. '\ ~ econdary stat~~n~umber. 
R_RESER~E-I}··<""" ~., }-: . jA~ s in this ran.&f;fu.e reserved for internal use by 

'·····/ , · · .{ '.: ., .,:i•~w~Hnker. 
1. , ... ,w..:-=· .'~~~~~rorlJll. requestsR CO'MJ>l R COMP2andR COMP3arelisted 

able 10-lO~J0-39. ··~ "'-. - ' - -
) ~- ·~ . ·, ' •.. . ....... \..,. ~ .. ..,. 

~ '· ' ' ' 
~·~~ shows the ~~nic fix~·~equest type and length and parameter 

infonlf.for each range'~pcodes. In the parame~rs. column, the symbol ~ 
refers to the~d\f.f.~rence betw : : ... the opcode and the begmmng of the range descnbed 
by that table vat >:.··\)ihe sym.\iis Bl, B2, B3, and B4 refer.to the value of the next 
one, two, three, ·· . ,, . ~· .· :· of the fix up request, respectively. 

Parameter relocation ···"' .·· .,. encoded in the fixup requests in two ways, noted as 
rbits 1 and rbits2 in Ta ·· 10-9. The first encoding recognizes that the most common 
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procedure calls have only general register arguments with no holes in the parameter 
list. The encoding for such calls is simply the number of parameters in general 
registers (0 to 4), plus 5 i~tJiere is a return value in a general register. 

The second encodingh!FW~omplex; the 10 argument relocation bits are 
compressed into 9 J~iii!We~ting some impossible combinations. The encoding 
is the combin.~.ti.Q.b;JfThree contt.ll,>utions. The first contribution is the pair of bits for 
the re~}~UW,rwhich are not~~fied. The ~ond contribution is 9 if th~ ~t two 
param_st¢t'')Y6tds together fo.i;lJl',. doub!f-prec1sion parameter, otherwise, it is 3 
~if-:~Jtfpair o~ bits for ~~~~l. word :R~ the pair of bi~ for the second word. 
Surq~Iy, the thrrd co,!J.~,~·~on.1~J~~~~-sed on the t~rr~ and f~ui:th parameter 
words~i::The. sec~~.~fQ..bt:iuon;.,,JtiUlt1plie<l;\w 40, the third is multiplled by 4, then 
the thre·e,~~i.'.f~«itl~gether ,, . - .r "\ 

·--:'>/.,_ ii;i,~;i;W:' _,.7 ,. <"' . } / 
Tabl~J¥.~~Vi~!m-;~4~pcodes and Parameters 

....... .. .~....... . , .. , . 

mne~g;:~ .: ·'5codes · length parameters 

R_ZEROFS 

R_UNJNIT 

R_RELOCATION 

R_DATA_ONE_SYltillOL 

R_DATA_PLABEL 

R_SPACE_REF 41 1 none 
R_REPEAIED_INIT 42 2 

43 3 Ls(Bl 
.. 

=(Bl+l)*L .•• · ..• · .. 1 

44 s 4; M • (B3 + 1) • 4 

45 8 
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Table 10-9: Fixup Request Opcodes and Parameters 

mnemonic 
R_PCREL_CALL 

R_ABS_CALL 

R_DP _RELATIVE 

R_DLT_REL 

R_CODE_ONE_SYMBOL 

R_MILLI_REL 

PRO ABI for PA-RISC Systems 

opcodes length 
48-57 2 

58-59 3 

~1 

64-73 
74-75 

76-77 

5 

2 

3 

5 

yarameters 

R = sign-extend(B3) * 4 

none 

none 

N=Bl 

N=B2 
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Table 10-9: Fixup Request Opcodes and Parameters 

mnemonic ·h opcodes length parameters 
~·=·=-· 

R_DATA_EXPR .• 
R_CODE_EXPR,, / 

R_FSEL .11/-:-/ · 
R_LS~ ·[ .•. '· 

~~E 
R~~~2DE _, 
R D M()l)g.- ... .. - - ...... ~ .,,., .. 
R_R_Momt-···· 

R_DATA_OVERRII?.Jr 
~~;--~ .. .-/; 
· .. 

R_AUX_UNWIND 

R_COMPl 

R_COMP'l 

R_COMP3 

R_PREV _FIXUP 

R_SEC_STMT 

R_RESERVED 
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191 4 N = B3 
.. ·, ... . 192 

. I' 

\ l .93 . , 
t t94 
( " : 

i 195 
"? 

,r196 
/ . 197 

,.WS' , . 
. ..... t§if' 

200 

1 

1 

1 

1 

1'· 1 

none 
none 
none 
none 
none 

-~ }. none 
,.,.····-~l~· \. none 

·: \ 
1: ~ none 

·· .. :·:·· · '(/ 
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Table 10-10: Fixup Request Secondary Opcodes 

Fixup Request Secondary Mnemonic 

R_COMPl R_PUSH_PCONl 

R_PUSH_DOT 

R_MAX 

R_MIN 

R_ADD 

R_SUB 

R_MULT 

R_DIV 

R_M\)O.,. 
RAND· .,,,_ __ - \ ... --...... ·· ... ,_ _ 

R-OR 
. ·· .. ,__ ····,. 
·~~ .. ': 

·.: ~ 

R_XOR 
Jl~a.A ................... ~ 

A
.·· .... --, .. . Jt-J'.'lOT 

,.,..,. ~ ·• ' v. 

\. R~FfIFT \ •. ' 
~L·, .. •·. Rj;firra_RSHIFT 'W 

' ' .L M-._. r 
-- ,, ,~~~ttl-ttJ:l 

""' ~. . l>,._ ~---
/·--~ R::i\~S~:-NCONl 

'. _R_COMP2 · .. ,,, \lt ... Pl1S~l~_~N2 
_. . ..,._,,· . .,,; ....._. "R~PUSH_)YM 

' -._"::_.'-. j~~~SH_PLABEL 
~ "··-~- R .-:;trsH_NCON2 

R_COMP~ ... , ·-..,,.. . ':. USH_PROC 

' ·R_PUSH_CONST 

PRO ADI for PA-RISC Systems 

S~condary Opcode 
.d ... :z,,_ 

Ox46 

Ox47 

~8 
b;6x49 

Ox4a 

Ox4b 

· Ox60 - Ox7f 

Ox80 - Ox9f 

OxaO - Oxbf 

OxcO - Oxf f 

OxOO 

Ox80 

Ox82 

OxcO - Oxf f 

OxOO - OxOl 

Ox02 
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Relocatable Library File Definition 
t·~·~ 

A relocatable library is ~kfU~,of one or more SOMs and the data structures needed 
/. :·:·:·:·:·:·:-:·:-:·. 

to efficientJy mana~~,,~;,S010.~ embedded in an archive format. At the front of the 
file is a Library ,S.,~,,,~t Table«l.ST) header. The header is used to identify the file 
struct~e an.~V~~~"the major ~~-s~ctures of the libr~. In particul~, the header 
contams -~ijptatlon of the SY,,fu.ibl directory, the SOM directory, the lmport table, 
¥. oBt.kf(t;n'ifuea for auxilia:r)f~ders $f.i the free space list. . 

·..;·· .. ~: ,,., A .: ; , , 

Iri"t~gi:rchive format, t~~diJ'hegin~::::~tbt~.~ archive magic string, which consists 
of thO,};t~Rht ASC~!JH~9ters "!~Ji>~,,<i~\9Jtere \n' refers to the newline or line 
feed dtal.!®.t.e.r.dt~&QA)': Follpw,1wfl'.-The mao<~string are a series of archive headers ,~.. . ... ·";;p:-J g ·x"-'C 0-:Ji 
that descrihev'tfre-i'ectio~~tJjf(~ibrary th~tlojiows. 

- ' /' ) .,.,,, 
/ , . . :": wt~'. . . ·' 

LSTHeader 
Record 

Auxiliary 
Header 

Symbol 
Directory 

~-·· 

Figure 10-7: Block Diagram of an T 
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In all relocatable libraries, the first archive section is the library symbol table (or 
LST). The LST will have a zero length name (ar _name will consist of a single slash 
('/') padded with blanks). The remaining archive section~ ,~~Ji contain a single 
SOM. 

' '• 
_/ ... / .......... ~ 

If the archive contains SOMs with names of a length ·~r than 15 characters, the 
archive will contain a string table as the second arch},~i'"s~ .. fi\.1.q. The string table will 
also have a zero length name, but it will consist o4t~o slash!ift1Vf') padded with ~-~:~ l ~ . . 
blanks. . .- ::··. ·~ -..,_ .. -... .... 

The string table entries will consist of the fu}X~ngfu~SCII filen~e~<:~~ated by 
a slash followed by a newline character. ~~;·archive h~<t,~er for a SOM"n~lf.t,h~, 
string table will consist of a'/', follo~EUJj~'::tlJ;.e string ~b.lf ... ?ffset (in ASCH: . ' 
decimal) This offset does not include tlfo preb'inK arc~·h&.lder. For the ex.i mple 
in Figure 10-8, the SOM thisisaverylongfilenam~~b~fhave an ar name of "/O" 
while the SOM thisisalsolong.o will have an ar _ ~"1/'{:Qf...'~/27". -

~·. ' ..... :. :.~,.. . ....... ';::., 

+9 

r 

n 

i 

0 1 n 
<q · ·~ ,, ..... " ..... , ~ .. · ~ 

30 ~: ":~. i F, ··-·,,-. .. ~ ... ~ 1 ~ ··-.. ,, .... \-, .. A'~- ....... , , ........ .. J!-~- ... ~ 
0 
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Archive Header 

The archive header appe•~ in front of every SOM and in front of the LST in a 
relocatable library. It d~~-h!f.-_the name of the SOM that follows and its length (in 
bytes), as well as s:ye~ptb~.~elds that are used by the archiver utility. 

All of the inforrµefU~_Hf"In the at;~ive header is in printable ascii format. 
J . i i 

,,, ) ! 
; I 

.<~. .........• .>!! ••••• •• ~ .(.'~ 
,~ r· ··· .. .. ~, . ._ ...... i' ;...;;::-, 

~ ;;;~nir_hdr { /* archi,_.tito;Jl(ember ~~·-;- printable ascii */ 
· · : __ char _, . ..--'\ifGtttlme[l§lf., , ,.,"•\' \ /*file member name - 'f terminated•/ 

...... ~Ml:- ... .,, ..... -····-· · __ 11r_dat~lslh·· .. - } "· /*file member date - decimal*/ 
;hm'9 ......... ,,,,,. ......... ,

6 

~~lr""' / ) /*file member user id- decimal*/ 

char ....... ·~idl~&.,.., ..... · // ,/ r file member group id- decimal., 

char ~?~ . _,_,.,,/ , . ·-~~!'l. .... _,- , .• r fde member ~ode - ~ta) • / 
char "\ , ,. ar_~itt~O); /*file member size - decimal*/ 

char "'-4 ar,1¢.!rg[2]; r ~Qy siring to end header•/ 
)·, I . __ ,.,. " , .. .,...,. ·r' 

_i,". .. . -~-·:;...<¢. ... 
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Archive Header Fields 

ar name . > 
- ?: . . .. ····· · ·-xZ~~ 

This field contains the name of the following S.GM. The name is that of the 
".o" file that was copied into the library. Th~,,1f!a®l.~m.µst be left justified in 

!-:·:···:·:·· ·.:... :·:·:·;. 

the field, terminated by a slash ("f'), and .w.atfded 0-h:~ttf~=~f.i?ht with blanks . 
• ···- #>. : · • • • 

..... :1~~tt~~ 
ar_date "<;,, '"· .. ~ '·.. .. 

This field contains the modificati,~}pate and tithi;: .. of the followi'r(~=4.~Mt9t 
LST. It should be a decimal nlijjfbe,t!:tm .. ASCII cb~_ters) representl't,tg::fhe 

"' •• .;.:-:·:-:-:·:·:·:•. y :·;.·-·.· ... :.~:j'.~ .y .. , . 

number of seconds since January 1,''lWfO:tJne.itptribef"should be Jeff· 
adjusted in the field and padded with blafi~~!' · _,,_ ·· 

~~.. . 
(;,/ .. .. :,, ..... ·, . 

ar uid .,.,,_ _ - ·. ·.. .. . ····:~~ . . ... -~;: .. 
This field contains the used~,:.orthe=;~Wn~r9f the foll~~mg SOM or LST. It 
should be a decimal number (iq_,_ASCll);;:i{~{(:l~djy§J~d -~ftd blank padded. 

·.'- " . / ·" / ·-..:.::= ....... , •• . "?' ....... 
,,.,,-... _ ,,.;. '··~··· . 

ar_gld ,..,, .,_" · .. ;ff 
l ,y.,.,.,..--...... , ·~~. \':· .. . 

This~.:.· ... :.-.. contains 'i~Bfoup id of the ~ner of the following SOM or LST. 
It slij .. ,,::--,:,.··1~,,4_ .decimaffj\umber (in ASCll~f::~ft adjusted and blank padded . 

... ,. ) ~' .......... --...... --... ~-- . 
-....,'.. "..,._ I , - .. ·~···---... .,,··· 

ar mode"·~--..... ' , 1 ~··-··- -' 
- .l.,r. • • •• • • • • .... . • • ~ •• "' • ' ... ·---........ w' 

/{. '"·fh1~d'ie1d::e,SlP~·~,s th~::·,,~its for the following SOM or LST. It is an octal 
./~ : number, left '·a:ettu~d ana~~bk::plidded. 

#-··,, ... L ·' ...... -,;· . .. ,,. 
ar_S1zQ.· ..._ .. 

~S'~~p.,.~ontains t1'4~ize of the following SOM or LST in bytes. It is an 
ASCif'a'.tw! nu~r, left adjusted and blank padded. The size does not 
include the''t®.hiv~1ieader. 

'<"· ..,.. 
't 
if' 

PRO ABI ror PA-RISC Systems Relocatable Objects 10-43 



DRAFT 10/7/93 - For review purposes only - CONFIDENTIAL 

ar_fmag 

This field always <?J:>ntains the two ASCII characters""' and newline (or line 
feed. hex OA). ·: 

#> . 
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LST Header 

The Library Symbol Table always begins with a LST headyJ record. For a 
relocatable library, the LST begins immediately followin.&i'.ili.~JI-byte archive 
"magic string" and the 60-byte archive header; the file_.d~'fue ti'elci-in the archive 
header is empty (i.e., "f' followed by 15 blanks). . · 

~... · .(. 

The first four bytes of the LST header will contai_J!'i,~muITibe,f~!! identifies the file 
as a library format file (actually it has a sub-strY.¢1~, of two "1<iU~it:J:lumbers). In 
addition, the header is used to locate the majgf{Sufu&'~ctures of'lh~!:qJ~rary. In 

:;.:::-:·:-:-:· ..,.,,. ', ... .. v 
particular, the header contains the Iocatio~.Si,)pf the symbol directory, 'flr~~~G.:M 
directory, the import table, an optional ru:.~ft.::f.or auxiliaty~b._~aders and the"fr~&~ 
list. d-· ·. ' ; '-. = . 

/ .,,, ' ~'"' : . 

struct lst_header ( 

short int 

short int 

); 

systemtJ¢ ... 
~ ~·. 

a_magic ;· · 

. ,{ .•"' ,r~;·/ 

) / w . .. =~, .. ..... ./ 

$iure 10-10: LST Header Definition 
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LST Header Fields 

system_ld 

This field is.-~Jtb 1.~tify the architecture that this object file is targeted 
for. The_.P.A:fWSC 1.1 ~4,)litecture system id is 210 (hexadecimal). Both 
sys~~nfi;fth~itd a_magiq;~e common to th~ LST and the SOM header. See 
''s../.iterll. id" on a e 5t9.1 ... ,Y. . ..,.. - p g . ·w /. 

/ ~~ ~ ~ 

"· 
a_)~~,ic ,,,A ~ . . .. < . ··, , 

"'~th.i&..:is.J<k~U.f:h.berthat in.{'imates the forinat and function of the file, for a 
~~Idc~uii\;J~;m;rary .. ;Ui¢.;:fxp.ected va.lde;~s 0619 (hex). 

. ~ ·' 

version Id '%-····'""· . •·· ......... ~.--·· 

- '\ 

This is a rtuQiber t~ · used to associate ~~-~'!th the correct definition 
of its internal org

4
." . tion. The value o_f_·~;~;rr will be an encoding of 

the date the LS\~ion was defin.~>- / r 

The version ID ca4 be in_t-~by vic;*{it in decimat-J orm and 
sepai;ating it into ch~efpacke°l$~f,!~~DDHH, w~~t~1Y:Y is the year, 
MM is the month, DIYJ.S the day, arla . is the hour... · ;-;--'· . 

The only version_id that is curr<;Pdjf efined fo~ .. ~'ly.,,conforl+g 
applications is 85082112. +··· ... y _ /- "," & J 

~ y ./'~ ' •: 'I' ~,,,-" 
\._J .~ "i • .& . ~ .. J 

, r /,,/. ,,... · ... ·. ~- - , 
'\J L</ . ,/ '< '• ·:f:W , v-<-·, . \ .. 

flle_tlme , ;:... ,; 'Y' ; ./ ''.<>"-1:-<> .•. 

The file time is a 64 bit value that ~esents the tiflfe .. the file was ]'A~ .. 7' °'·;~\. 
~odified. The file time is composed oftwo 3~ bit quantities. ~~~~~2 bits Y _) 
IS the number of seconds that have elapsed smce January l~fp,~at 0:00) '· 
GMT), and the second 32 bits is the nano second of th~,,@'tid. · 

This value is independent of any modification ~f''ajifita.~ed by o~e~ . 
subsystems (e.g. the file system). The use of th1s~'1s opuonalt but if It IS 
not used it will be set to zero. ~ 
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hash_loc 

This is the LST relative byte offset to the LST directory hash table. 

hash_ size 

This is the number of entries in the LST diJ;~~\ory1Bhs.J:i table. 
Since the number of entries in the hash ~~{is al;~"'·m#.rbl:0!1ber of symbol 
lists in the directory, changing this va19¢.)p~;~~ct the iert~=i.o.f the symbol 
lists. The length of the symbol lists in[ium, affects the overfi~~t~.quired to 
locate a symbol. . · ~ 4~~-· ~,. _ ·· .•. . .,. h 

~ . 31 wh '"''":V 
This value must be a number betwe.¢ft1 and 2 -ff\T':b.e maximum slte:;of.ith.e 
hash table is not constrained b9~-th~"r.@.g~ .. of th~$~yfiliftble, but by oth§f.::­
resource constraints (e.g. file size). ..,:::- · • ,. 

.... 

module _count 
~,.,, 

~ ......... . ~-
' <-••• 

. .• ' .. _.,:iy':> 

This contains the index beJ:Q&d"'tb;~jl:il~t.J.l~.ed SOM d~~}5' entry. 
'\\ '·.. .. . . ·. .J,, ,• 

module_llmlt .. ---~ • t,)r··---~~: · '> 

This is ~ai~~~umber of SOf,,s that can IJ•in this file. Therefore, it 
is ~~nu~ber'~~tries in the so~ directory table and the number of 
entriA~ import l~e. -.,. ... ,g 

~ v~tie~~be. i a1~u:~~~~ween 1!fld231-1. The max~um value of 
tins vanable~kfO~~al resource constramts (e.g. 

/ 1f!1J$tta.bk,s with~~t'>.,M, referenc~ 'CO'llnts may use fixed length arrays). < .. • NT..:;..,_ ... ~ .. .,.,,~, •. , • .._ ~:,... ''"I,, "'" .,, 

.d .. ' ·.,, ' ~"'i ......... . .., 

A:Jl.taJ.oc ·-.". . '··. l 
~ ~-~< .:~>Wh,is is the LST ~~l~tl\.e bytd~ffset to the SOM directory . 

. '%' . < '· 

~-- > ··,, \ 

··~ l 
export_ Joe .• \.. .i .. ' 

.... ..., ~ .,., $ 

This is the .. ,~,;~~~ve byte ~ffset t? ~e export table. Not all exported 
symbols are n~,saruy contamed w1thm the bounds defined by export _loc 
and export_corQtt, but most symbols should be. These fields are provided to 
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allow programs that process the expon table to read in the majority of the 
symbol table efficiently. 

:~~~~~ 

export_count 
... • "v; ~ .. 

,/ ' }_, .. -· ·, ~. 

This is tll~:!:ft.µmber of s~bols contained in the main portion of the export 
tabl~A1¥:efflow symbo}$:;'f symbols allocated after this table is full) may be 
sq{lft¢.tetl throughout tl{~;ttsT. 

'f(J'Y' : "<[;::.. 

i~A~tt";oc 
< • 

,f 

free_llst 

" --,~Ib.is .. tie.kl:J$ft~~ed. ltfitµst be set)~~~zero by a conforming application . 
• , 7. . .. . • ~ • ii : 

'"•n .... ;:, .. · _,,;.. ) 

.. , . ( 
aux loc . .~.-- ) ·-....... ~" ,' - ___ ; , · ... ,,.-· 

~~~::~~:~:~.~~ ~~~."~~~d;:r:.Ca. If no 
.,..;; ; · -~ ,.,,.,-· ~ 

/ 1' -;· / . . _,,4.j ... 
'° .._. ~yr . . 

aux size •· / _,.. ... ~ ./ : - 'I { .• · ,,.-" ' • 

This is the si~ of~:-~Y,~~~er ~-bytes. If no ~~.·.ary headers 
are present this varliftif will be set~~~Jl. -~~- ', ... 

/.I / /T \,\ 
string Joe ./ ,.r" / " / " ~ 

- '".....,,.., ~" , ~ 
This is the LST relative byte bff.se{ to the ~· of the LS . . 
"Symbol Dictionary" on page M~?'.4_?7 -\!·-~ '·· \~\ 

~., Y r_,.,., ) \., 
,, .· / ...... /'- \, 

strlng_slze "' ,/ , , ) ~-// "" 17) This is the size of the LST string area in bytes. A' /' 
..A _.,,r,... 

/ . '"~ 

':~ _~? 
This field is reserved. It must be set to zero by a ~onning application. 
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file_end 

This is the LST relative offset to the first byte past the end of the file. 
'\, 

checksum 

This field contains the value of all the other,,fi.e"Ids,:~(11'e....not including this 
field) in the LST header record after the?.:_~~y'e be~'h"'~PlM~_ive ORed 
together. . .# -.·:. ·-~h. ... , 

.. :{. . .•.•. :;,;:;;.: .. ~-t::•. .... ., 

If (in the future) there, are undefine~}i:pits in "this record the)rttt.P$t:Jx~ set to 
zero so that they do not affect the,i.~tie of chee_-!f!um. "'\ "·,' · . .. ·-t 

~ ·s.· '•. . .. 
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Symbol Directory 
The symbol directory proxides direct access to the definitions of all the exported 
symbols in the library. E;.~b,.symbol definition, in turn, contains the index number 
of the SOM that expottat)ihe®.'.mbol. The SOM index can be used to index into the 
SOM directory. __, ,. ,, \ .\ 

. /' ~.., i.. !~ 

The LST cfu:~!9:r~· .. ·search algoti(Jlm will support more than one entry with the same 
name provilkif'Tt can be qualim.I by its module name or by the general type of the 
S:{'.n.:ilmfIT~}re: '~ode, data or ~t~&V 1.,. 
Tli~J~¥.fubol directory i~<-:f~PJtfoe_n~2::~J-af~~h table. Each entry contains ~n offset 
to a~~~~. bucke~~:4V~cWJYa c~~l"fst of~mbols that hash to the same mdex. If 
a buckeKff;~mp~5.m!f§)hash tap~'!lfltty will bct,~ro and the bucket will not exist. The 
number oferrtfig'tin the ha'.ihlhili1e is conta.ihe.d in the variable hash size in the LST 
header and the hash w..~1(s:;a:'-',,is,@ff~<~ in the variable hash_loc. 
The hash funcfi9rt'3fi~ u~lf.O?irrdexlng the symbol directory is hash_ key 
modulo hash _siiu;IDte ha~Ji!~'y is a 4 byte variable wher~ .¢e first byte is the length 
of the symbol, the 'teconqi{l~ of the key is the secgp.d':¢'tiaracter in the symbol, the 
third byte of the key is t,ije{J[~xt to last charac. ... A!t~~:;$fmbol, and the last byte of 
the key is the last c?ara~{!(in the sy~~ . ·· : the s_,)61 is only one character long, 
then that character is us~~~~ndt~te o~--ley and the la~~w. c o ~ytes of the 
key are the same as the tirsffWo b?'1es. Th~~ of the hash ~~~_is the hash 
table entry number, not the offset mto th~~:ttble. J_/· / ,.-· \,> .. 

~ / ""'.·· _, \ •\ 
'\"· / :·:;· ._.,. J::i·c :;:::p. 
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hash_loc /' - \ ''A .. 

. / . ..--.... . :::~. 
' .. . ")". "' 

·' , 

.,..__..., / .. ,.,·./ ·s~ .. 
,/; t;;>~- ·, ~-............. ' ·,, :~ 

hash_ index 
Hash 
Table ~>;:;!~;~:: ', 

.,,; ; 

Af.lgure 10.ll~flllock Diagranto(Symbol Directory J. ... : " .... ~. . r-1 "\ .. ; f,,< 
"'~ ·. . I · .. ' '· -...... ; ., ·- -·· ...... ~.. ~; 

• ' ,. m • . )i? f, • .,.. ... ... . .... ':~.O ... ·.«·~ 

24 

len chr(len-1) chr(len) 

'" .......... ~ .. 
-~:~~.: .... ]~ 10-U: hr;~·:''''':'b_key Format (symbol length> 1 byte) 

. .. ~ ' : ~..... ~J F 
... "\-.... ·"' . .. " ' , · 

Jr' 

' ' I • 

~· 

31 
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0 &~ 16 24 31 
::::c'> 

Ei~~~~i0-13: hasf:i.fey Format (symbol length = 1 byte) 

i ! . . ~/· ; <y.\ 
,,,/ 
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LST Symbol Record 

A symbol record consists of a symbol header record and 0 t9 255 argument 
descriptors constructed as shown in Figure 10-14. . ... : ~- ,_ 

Symbol records are used for the symbol entries in botbi'e LST'k<: ymbol directory 
and the import list symbol entries. _, 

... :;::.~. 
~ · ·· ·· · ·.· .... . 

struct lst_symbol_record { "·~. . "··.~ . 

unsigned int hidden ····. 

· , • ........ ,, ? 
··~ ' .. i /·· 

unsigned int secondary_def 
unsigned int symbol_type 
unsigned int symbol_scope 
unsigned int check_level 
unsigned int must_qualify 
unsigned int initiallx,,,frozen 
unsigned int memory£~i4~nt 
unsigned int is_commd-4.~;.~~~ ... ·.~ 
unsigned int dup_commofP·. . .. ,_ " 
unsigned int xleast 
unsigned int arg__reloc 
unsigned int ,.. -· ·······.QMne; 

unsigned i£. ··· ··~.;;q~·~r_name; 
unsig~{J! sy~info; 
unsig~ijff-·..._, sym~ue; 
unsigned int'..,, ·. ... symtJl~escriptor; 

.._ ·i:....__,,,~-··· w 
unsigned int '... . ;~~i~ --··--- .. ~---, · 

/~~--- .~-~----._ 
'· / unsigned mr""' <::q_~xt_~ "... ~ . if~.. ~.' .,,, ___ ':~ \ .... ·;. 
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LST Symbol Record Fields 

hidden 

If this flag i~::iet';ta- ori~j:J.t indicates that the symbol is to be hidden from the 
loader f9fi~''P~rpose '9£~,resolving external (inter-SOM) references. It has 
no ~ff®.t.J.1ri. linking. Tlii.~!jfiag allows a procedure to be made private to its 
9,~Jt¢X~~utable SOM.i~fhough it has universal scope within that SOM. 

-~ : ;. 1C: .. 
' ' 

sacpQdary_def . . .. .· / ' ~ . 
··. ·\ . .;. ,. . \ ·. 

·. <lt;tbi~.:1.laiti~;,~t{o on~/f~'symbol ~$::,a secondary definition and has an 
;amftunfffn~~e (9rt:$~no~ym). Th~:~ker will ignore duplicate definitions 
involving secon4ary-d~'fuutiorts~:,,$¢:¢.i'~Synonyms" on page 7-3. 

:.• •·. · ··--~ ;.· 

-ti-· . •" 
·~ ,.!I" -i 

symbol_type ·\ , , / . : 
~;:;. . _ . .., 

This field define~~~At type of infonna~-~~-.. '. i~mb~l represents. 
See "symbol_ty~p'on page l~~~~rf.~ onnatJ.on. 

~ : , . · " f 
'$ .,.....,;:..~ ··" . \ ,- . ... 

t.-·•·1"' _.,,r· \ \, I I ~. 
symbol_scope \~ · '\.<" 4 / ' / ', 

The scope of a symbol defines the~fe over whi~e: · po · · symbol is 
valid, or the range of the bindin~,~ to import ~bol. In ·· ~ . .'pn, this 
field is used to determine w~t;the sym~0.l~~~:. d is a import · .• ... port ~. ., ... --·~ ;;~~· "I: · " '+, 

request. ' _i L,,,, ,,.. · , " . ..1 ' AL-. ' >-
• ,r "' ' ·· -··y· ,. " ' 

See "symbol_scope" on page 10-~·:· , ,.- ."'' }_ ... /·· ) \ ,_ 
. ,\.,..: J' / ./ ..... ~" ..... 

I" "': \ ,,.,. \ . 

check_level 4".,/ ,_,,"'·' } ·:\ 

This field is reserved. It must be set to 0 in conforming ~o~s. 

"(-:~/ 
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must_ qualify 

If this bit is set to one. it indicates that there is more than one entry in the 
symbol directory that has the same name as this ~nt'f;;W,ld is the same 
generic type (i.e. code. data, or stub). Therefore.i:,tl):e qualifier name must be 
used to fully qualify the symbol. _,; ··· ' 

If this flag is not set, the qualifier name w~Uf.fi1yi~,':b.~d to qualify the 
symbol name if the name it is being cor~l~-d with .. h';~,,fyllY qualified. 

·"''""~-, ···1. .. . 
must_qualify is used for both import ~~p::~~,fu\requests~ ... '··· ·· ~,..._ 

~ '· ·,. '·"""' 
~S'.. "'.... ~ - ... 

fnitially_frozen . ·1;--- ·., ·-~ -,? 

If this flag is set to one it indiclfe~ 'tht\tilw., .. cod~,::iJJrp~ftlng or cxportirlj'~his 
symbol is to be locked in physical medYot#'iW.,&,eh the operating system is 
being booted. ..~ 

~ ... 
··· .... . 

memory_resldent \ ' --:·:~~:·. "-·~ ... _ ·· .. · .. · h •••• p 

If this field is set to one it ~~=~~~a;~~,RH~\~at i_~{ifuporting or 
exporting this symbol is fr~~ me~.-'THitiJ1P.!~flS used so that links 
between m~9.J¥.resident proc~~can also be"tf.6zen in memory. 

~... . · · ~ " t'{I / ,,,,~~~. ...... ' 

ls_comm'f(_'~ .-~-) . . .. \\..~ -t 
Spec~d.1s sy ., . ,~ an m1.tialized''Common data block. Each 
in~tial1~.c.o~"::. ; ta~f-~l~:~its own subspace. For example, a 

,,../~?."P,tJf•~J..Ialize~on dectaratlon would produce a symbol of type 
/ · data Wi~i~~ comm~~ag set to one. ,. " u~ . .,~ "( ...• 

j)' . ' '..... ~-.,, '·... · .. . , . ....,,. 
' .;~... :>:-~. ··.. ~\ ' ., ,· . 

.#'dU(ltc.P.te_common " \ ~, 
~ . \ ~ ~-
'<"t~~$.js, flag is set to~?~ it specifies that this symbol name may conflict with 
ano~~~bol of thf~pme name if both are of type data. This is to facilitate 
the =~~~~o~1'ea~, since Cobol allows du~licate initialization of 
"con:unon. 'flp.f1's. 11us fl~g ~oul_d be set to one if the language allows 
duphcate m1n~iV.pfion, otherwise It will be set to zero for symbols of type 
data. y 
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This field is unde~ed by the PRO ABI. Conforming applications and 
systems should n.9.l!lQterpret the contents of this field. 

,.. \ 
,,,,· ·" .. r ,, . . , ... \ .. 

·" . ~ \ . \ \ 

:. ·. 

£'"""' 

Zero is not a legal string table off set since the first . .n~ the 
string will be at offset 4. / / 

. ~./ 

\ 

}\ 
~/ 
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qualifier_name 

This variable is used to locate the name of a qualifier that may be user to 
further qualify this symbol. Its value is the byte offt.et~,relative to the 
beginning of the LST string table, to the first ch~~~r"(!fot:tl1e length) of the 
qualifier name. The name begins on a word l?J>1'.~ and is preceded by a 
32 bit number that contains the number of cwb1ieter.$i&Jhe name. The name 
is terminated with an 8 bit zero, but the te~ator is·~f::bl~luded as part of 
th 1 h ",,._ ., '·· e engt . .· -.,,~2, ' , · ,_ 

This variable may point to any loc<1;ti.9n ~iilirn the library fil'e~!t~l\Pugh it 
must always be relative to the beWqrting of the:,¥.~T string table)•J.J'~· .. ?-0:".$' 
particular, it may point to a stringiwithJn the syrnfiqLstring table belopging 
to one of the SOMs contained tvithlrt[fil:~,,.ljbraryf.i:~ltltt)ugh this may $ive 
space in the library file, it may have a'Tieg~~~fi'lnpact on loader 
performance. ''- ''·\ ... 

... ;:::.. "•<"·: •• 

If there is no qualifier, ·tij;is,,4).(ff.d should be set tcr:qi 
\., '' · .. ·~ ... . ... y .... ....... 

' . ,~. , ,._ -. 
. '"-;. ·. 4 .. ·· 

This field contains variant infoilij(ltiocx@epehdirt~:iatt'Iflle scope of the 

symbol_lnfo 

symbol. .~····-·" · ' .. , ' . ~ ~ 

See "syQ.tf>c>f.]nto~'§.b:,page 10·27. ·<·· ,,, . 
.. -,~ \\ ··\.. .. h 

symbol_ vtliie"".~:.-~- . .. . JJ._ ~---- .,,. 
T!'ll~~ co~~f:t,~"3~~-~ particular symbol. Depending on 

/:lfi~~~~-~ope~~.~ymbol ffii'~'field may have a different m~aning. 

,.,'t._ See "sym~~~:: ."~~·~f· 
#>: ··. .. · ~'· 1 d I t "'> . &-
sytnyQ~~ escr p or \ ". , 

"'\ · ::~ ) l 

~~~~~ is reserv;~~!~t shall be initialized to 0. 
~ '-·. 1 f 

reserved ' ... -... ·-. · .. ....,_./~ · .. 
' r 

This .field is rered. It .shall be initialized to 0. 
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som_lndex 

This value is an i1\4ex that identifies the SOM that defines this symbol. The 
index can be usedJ!l~en multiplied by the entry size) to index into the SOM 
pointer table ~~~s LST header and be used to locate the SOM. 
The SOM.<m'&~;r must lg,a number between 0 and value of the variable .-;::r .. }~V • (~::::::> 

modu/gt!ii.JftJt-1 m the ~header. 
/. ·~·:.:-· i 

T.hit.Jlfi_~ta is not used ifi~ symbol is an import. 
,. w , / ~ 

~~-- . . : .a . 

s "'--mo-ei1 ke _,. . .,/ · · Y., .. , - y , . 

, '·:~i.s,,1,s~,1he_.4:~pfii·~~h .kt,~~~-thls s~:bol. The key is supplied to provide a 

~=~~~;,~ ;[c~:::.~~ 1;a~:t~~ef!~: 
hash al,,,!?o~}btf.t)O~gc~ ... · :»:~ ·:~~ ,. , ,/ 

'"'(.. / / / .. ~ 

next_entry ·· -0 / / " ... · ·"'f 
This value is the.~~ relative byte qf[~etsti)I~ffiext entry in the list that 
contains this sylnJf I. H ~.is '.~:F~tTs th~,<(,~entry in the list, this field is 
set to zero. 1J-······· · ,,.. . 

· .. t. . · .. /. 
... ~. 

I . 
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SOM Directory 

The SOM directory is a table of entries that contain the loca~ion and length of every 
SOM within the file. Both the location and length are in \). • .?i'Jbe location is 
relative to the start of the file (not to the LST header); ~fPoin~~to the first byte of 

4. ..... 

the SOM header (not to the archive header). The lengU.lD&.s not include the archive 
header. The index of a SOM is used to index into ~.;;§"()~l~tory. 
Since each SOM will require a SOM directory_ .~~~ the v~a~m.qdule _limit in 
the LST header will contain the number of er.Hf~~~ SOM ~;,The table 
is P?in~ed to by dir _Joe, .which contains t~~:¥ST head;: relative byte'()~~--~~ the 
begmmng of the SOM drrectory. . . ~~-- . ·..,.. · .... ., 

Ha SOM does not exist; its entry in the:tONf~W.~.~tory ~tl!~~i!.~ be set with ~)ngth 
of zero and the location set so that all bits are.ott~~':'Eig~' 10-15~·shows the strlicture 
of the SOM directory. ··. ·· ' 

···,, 
~- ~(... ... .. .. ... ... ~:,~. 

Archive Header 

SOM 

Figuijti0-15: Structure of the SOM directory 
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SOM Directory Entry 

Each entry in the SOM df~tory has the format indicated in Figure 10-16. 
' \ , 

: ........ J:-

location; 

length; 

Figure IO·J<i.i![Pefinit~Qiffdf.a SOM Directory Entry 
,..r . ' 
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Parameter Relocation 
The procedure calling convention specifies that the first fcntfl\yp.rds of the argument 

.W' .... ---..vJ& 
list and the function return value will be passed in regist~': floatfhg-point registers 
for floating-point values. general registers otherwise.,,.l{!;~xer, some programming 
languages do not require type checking of param~\~ w6\~!~?.E lead to situations 
where the caller and the callee do not agree on ~~~ation ·0111fi~:p,arameters. 
Problems such as this occur frequently in th~ ,<ijfit!~~e where;'(~~~,~ple, 
formal and actual parameter types may be t,Ulpi.atcheB, due to the faett4i•~ .. no type 

, ' ~ 
checking occurs. "' ; .z\ ·. .. ·.... ... ··:;.,-:- ··<ff 
A parameter relocation mechanism ~1$f.4tt{~Jh}s.pro.bl:}fi):f.;~.e solution in~l~s a 
short code sequence, called a relocatton stubii~?t.h!fh 1~4pserted between the caller 
and the callee. When executed, the relocation §tti&'''itw.Y~S any incorrectly located 
parameters to their expected location. Ha procedur~~::qwled with more than one 
calling sequence, a relocation 1w.t>,.i$.needed for each "n~~fu.;i.tching calling " . ... . . . /~. sequence. ·.. ·· · ·· .... .,:.:-· 

·~· ~ . , 

The compiler or assembler must cort\Wiini~ftle,:lQcation of th~:;:nrst four words of 
the parameter list ~d th~ locatio_n of:\1 fun~~l19~t~fn.~,'.Y~,!»¥··tb ~e linker and 
loader. To accom~l~sh this, ten bits of ~u-~t<'flocauoththfptrnat10n. hav~ been 
added to the defini~f:,~~ymbol and a.~up request.$he followmg diagram 
shows the first 4ro~a·'l~ol dictionaryl~ord in the object file. See "Symbol 
Dictionary" otf:~e 10-20.\ '\ \ \ >-4.., .. · .. _ ' -~ \ -. ·f 

s. , .. 

''*~·< ···· .... Figure IO-I1lfLayout of Symbol Definition Record x ·-·-.... , ! :'ii 
~ ... f 

The argum~nt fo~*tion is further broken down in~o five location values, 
corresponding to the•fJ6ur argument words and the function return value, as 
shown below: ; / .,. 
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Bits 22-23 : define the location of parameter list word 0 

Bits 24-25 : define t~_ location of parameter list word 1 

Bits 26-27 : define.,:ulffthc.ation of parameter list word 2 
_, ; v ·~ iii. 

Bits 28-29 : .. M.~p<nhe lo6~ijon of parameter list word 3 
Bits 30-31,, · ,~~define the lockttbn of the function value return 

~ y I J 
'JPe .v.alf!£:jOt an argument 19>Q~tjpn is i1~~reted as follows: 

'l <:_ '(fo, / Do not.ref.~~~ 
'-.. / ..: ;.r ,.,- ·_·y-~ .\ 

·,o(·_· ·,~g,,--;·· · · · -. ~, ~·rit regis~ 
10 ... FR·~------· -- . ,,/~-~~ng-po~!}t~ster (bits 0 .. 31)1 

11 frupR~~" " / . .J~j-tfegister (bits 32 .. 63)1 

1. For re~~!(~. '1 O' ~'a single precision floating-point value, and '11' means 
double prec.iSion floa~!ttX>int value. .. ,,.-dlP 

/ ··{ .... ,.. 
When the link~r res?lv~f~rocedure c~~~· · --J-+(te a relocation stub. if th~ 
argument location bits o1'1e fix~ . . ~~no, : ·actly ~at~c- e relocauon _bits 
of the exported symbol. 0 . , , . e uon 1~he .. :r~ er the caller ., Jlllee specifies 
"do not relocate". The reloca · n stub will"~ _ ·. · · · lly be part ·~ . · . < · led 

procedure. / , /";-/ ~\, 
The exec~tion of a relocation stub c~b(~aratcd in~~ .. all path a~ ., . return 
path. Dunng the call path, only the ~ti:Jlur won:t.~{.dlfl}h~- eter lis .~ 
relocated, while ~nly the f~nc~on rettiffS will !;w:1'Dtated --' ~ · ·· . e ~--p-- .,._ .. 
The control flow is shown m Figure 10-fa.r" ,. , / .,., "\.\ 
If the function return does not need to be r~1~~ted, the re~ path can be -. _ _,:. · , \_---. 
and the branch and link will be changed to a ltranch. The call path mus.L :· ·-- · s be J \ 
~xecuted. but if the first four wo~ of the p~eter list do not n~.!~1"Clocatcd~/ 
it can be reduced to the code required to establish the return pa:. ~ ' ·· <Save RP antf' 
branch and link to the callee). ~"/ 
When multiple stubs occur during a single call (e.g. im · :· ._ .,. 'band relocation 
stub), the stubs can be cascaded (i.e. used sequentially); in ch a case, both RP' and 
RP" would be used. (The relocation stub uses RP''.) 
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Caller 

Entry 

Call 
Return 

Exit 

Parameter 
Relocation Stub 

Relocate 
Ar i guments .I , .,_ 

Branch & Link ~..,___·," .... '··;m····..,. .. %,..., •. ,,-------. 
~;L ...... ...,, 

. '~· ::~-~ .... . ....... . , __ , .... import 

stub 
(optional) 

. ~I! UJ21'~ -~~"~meter Relocation Stub. 

~the linker make~~d mo(f· :,-;?'ecutable, it will generate stubs for each 
.,... p~ that c~ be calf~~om a er lo~ modul~ (i.e. called dynamically). In 
additto~·W~ will be req~ for each possible calling sequence. Each of these 
stub~ will ~~~,_,the code Ibo~ ~elocation and e~temal return, and will be 
required to conUll~b~..,efimtton record. Both import and export stubs use a 
standard interfa~~!lpibs always ~elocate arguments to general registers, and 
export stubs always 7:e general registers. See "External Calls" on page 4-19. 
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Millicode Calls 
~··. 

In a complex instructioIJAe.f=~_omputer, it is relatively easy at system design time to 
~ ... , ... ~ 

make frequent addi!i-.,r·~;,~nstruction set based almost solely on the desire to 
achieve a specifi:p.4f~'oimanc~Px:thancement, and the presence of microcode easily 
facilitates su,G.b.1:g~velopments. }_: .. ~a reduced instruction set computer, however, this 
micrococ}e.tiw~&!en eliminate. t cause it has been shown to be potentially 
~~~,'JJ;¢.R};ifTo overall systernil1$ff ormappe (not only is instruction decode 
c~.P'?cated, but the ba"s~_e::~~fe tirn~.o.f~~ .. machine may be lengthened). 

So wqµ.~_.the fun~~g~J'>Of th5~~ple~crocoded instructions (e.g. string 
moves;·:d~p.taNl:Jjfimetic) J$.4~ecessaij::' RISC-based system is confronted 
with a classic·sp .. ace-tim~.~.mtna: if the compilers are given sole responsibility for 
generating the neces,,~~==~u~~h,th~~~ftlng in-line code expansion becomes a 
problem; but i'p.r~ c~if<r'fibf.tiiY'°foutines are used for each operation, the 
overhead expen~t\n«::urred,8.~f· parameter passing, stack usage, etc.) is 
unacceptable. · .. ._ / / .,, .. · . ··"f 
In an effort to retain the~<.k · tages associatcd:-~,p approach, the alternative 
concept of "millicode,,1.. · .' developeqr,~71$.:JpA-RISC's simulation of 
complex microcoded ins · ~-J~q~c°!Jish~!P.Jrough the crea\(>n of assembly­
level subroutines ~hat f>Crfo~tne desir i~~While the~ su~~Wies. perform 
comparably to therr rrucrocoded counterp.:1.Hey are archlt~Y~· ar to any 
other standard library routines, diff~rin~{J!JVin the m .. ,,,, .. ;::· hich . · are 
accessed. As a result, millicode is ~across t~,djflt family of P,,~ ., SC 
machines, rather than being unique to,~gle m~~mpt~(~~ually ~-. "th 
traditional microcode). , ~,.,.. .. //' r ' \ ,,-:!" '~ 
There are many advantages to implementl~~fbinplex fun~trrlality in millic .. ·. 
most notably cost reduction and increased ff~ibility. Because millicode . .. _.,. s;;· . 
reside in system space like other library routines, the addition of mill";_., _: .... · · as no ,./ 
hardware cost, and consequently no direct influence on system co ... · ..... 7 relative! 
easy and inexpensive to upgrade or modify millicode, and it~,.. .. ''., .'1 ontinually 

improved in the future. . . . . ~~-
The PRO ABI does not reqwre that any specific mill1coddifrancs are present on a 
conforming system. For an application to ship as a confo:Jling object file, any 
millicodc libraries required by the object must ship as part of the application. 
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Millicode routines are accessed through a mechanism similar to a procedure call, 
but with several significant differences. In general terms, the millicode calling 
convention stresses simplicity and speed, utilizing registers:~f,Qr all temporary 
argument storage and eliminating the need for the creat_~,~~(ir::&~£.;~s s stack frames. 
Thus, a great majority of the overhead expense associat¢ij:'.With a standard procedure 
call is avoided, thereby reducing the cost of executi.ott ·. -.. 

Note 

,...;.;.~·;.-;.~.· • ••••• .• . :q ... , 

If a procedure only makes millicode calls, it may be considered a 
leaf routine. See "Leaf and Non-Leaf Procedures" on page 4-2. 

~~ ·-· · ····· 
., 
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A 
Glossary 

ABI 
Application Binary Interface. 

ANSI 
h. 

API American National Standards Ins,~i~w. ~*0,,, 

Application Programming Inte1f~~e:: ... . · · . *~*~ 
~ . 

PA-RISC ' · , / 
"1',..,_ ' :· ... 

The processor architec.;p.r"~·defined by the "PA~fts.c;._Ll Architecture and 
Instruction Set Referencefrvtanual''. · ·...., · ... 

PRO 
·«·-,, ~ ··.·.·~ · -~ . ..•. · ... •... ··T 

·.;~.··- .,,,~~- '.< f 

The Precision Rise Organizatl~. '· · ... ,... J/ 
~. ·. . .... 

SOM '0 / . 

( / ~ ~. 

Standar~--~~';ff"~1e. . ~~>-· 
absolute PIJlbJ,{l_ame ~ " °"'·~ . 

An abs~~ n~~ qualifi~ system path that begins at "f', 

arc:~~u~Cli;:;io separate the LST header and 
,..E'JP' mdiv1CfuatiftM,s. ·~ ~ •. 

fir ci· ~ ·· .. , ·-.. .. ~"' · ... Yf 
A,,, .. n ... _mg .. ' " "' 

Y-·· ''\, "·~e process of re~Qlt)pg uns{ti~fied symbols in a SOM to symbols exported 
··y ·Q.Qier SOMs in ~l$rary or relocatable object. 

called st"llb .. \, \ j } 
. -~~~ see exporw .. :.=::..... . r 

"'-=......... .. -- · "' . /' . 

·•. 

PRO ABI ror PA-RISC Systems Glossary A-1 



DRAFT 10/7/93- For review purposes only- CONFIDENTIAL 

callee-saves register 
The value in a cal.lee-save register must be saved by a procedure 
immediately after~ procedure is entered, and restored immediately before 
the procedure ~'~~''i.t is used by the current procedure. The values in the 
callee-savt;S:l~Ji!ters ·~guaranteed to be preserved across procedure calls. 

caller-saves.,,t.@lllst~r ) \ 
'Jb(}&tiu; ·in a caller-sit~ register are not saved across procedure calls. Any 

t-.. . " .r.~~-~dure may use c;ijf~saves~$isters at any time. If a procedure requires 
~ ·· , 'rt value in a calle!~~_,.regist~{t0:7~rsist across a procedure call, it must 

... ·\~ave and re~~9.rofU}F'·valu.e,i~~_.·'\._" \ 
callin'g''"\'fs·1ub,_, ......... •· 1 

. ... ·" .. -"'· / · i i 
1'ft...... .... ~-.,,., / / ) . 

se;'J:ri:lp·on.~tub .• ./ __ · ~ / ... _,...... / ( 

complete e~9!:u14&~"' / _, '· .. =: .. :~.--.,. · 
An exe~UJ,~~1e that J.tis~o external dependencies. usually statically linked. 

conforming appHcatls(tt / ' .-"'·f 
An application ~·:J(s~s only the fu~,4,irowed by the PRO ABI and 
API and has ~ertifie~-~J:~ ~9~ance tests~, 

conforming system ~-.--- _/ " \~ '- / / ; \ 
A system that provid~~l of the fu~,~fility specified~~~O ABI and 
API and has been certified by the_J:tp conforman9~~ " .. \ 

data llnkage table Y~ / ,.~ !'. ') )~A 
A table that is initi3:1ized by ~-~~nami~ .:, ... ·· · ~ .... ~n~rd 
entry for each data Item that IS ~ .. --< ,., y PIC. ? . / ) \\ 

dynamic llbrary \ ,, , . -~ 
7

<\\ 

A library that is bound to an incomp~ executable by the dy~·adcr.) \ 
A dynamic library is named with the ".sl" suffix. /~ / / 

dynamic loader /. ,/ 
A dynamic li~rary, dld.sl, that is called by an irt_~~xecutables stan­
up code and bmds all unresolved data and proc~ references. 
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exception 
An interruption of program execution due to exceptional conditions that 
must be resolved before execution may continue . . / ... .. .... 

export stub ,;>··· .. ~., 
A stub used to trap the return from a routine ·~t:(orm the required inter­
space branch between a dynamic library a~,d;~· ineomf?.W .... te executable. Also 

(. I --~~L " . 

known as a called stub. , -( .... :~~ '"',··<, ..... , 
flxup · %~ .. , ·. 

A request provided to the linker r~g~ding the placement of d~taJJftlte 
resultant executable. ·--~- -~i- · .. ~. ·,,, ........ ? 

4--". 
frame marker '·-.. ; .. · , .. ·.'~'<\, ~ 

An eight word area at the top of a stack :fnu:fi~;{b~t contains storage areas for 
values used by stubs. "'" · ·«< '"'· 

gateway page \ .--.. ~·.. ... ::· .. ,,->:):, 

The first page of the fourth''tWlt.1*;, .. c.~ptains the irt~(~te between the 
executable and the kernel fof-:'\f. wrtfr---s:~~'~fl!!;: Th!$foterface is only to 
be used to allow the start-up cd~, to a.~,essth~LµY@~~c loader. 

•t"' .• ... .. .... :._ ? 

high water mar ..... _ ... "!"'-,._ ., \ . . .if 
A versi~~~ti.fi~;p.~p in dynamic''~p~aries to mark an incompatible 
chan.&t;,,,\Ylten bindihg::fp a dynamic libf.my,. ,,?11 incomplete executable 
ma&s~~~:bi. h w~~;r.~~ark that is les~tm,ful or equal that found when the 
executable W.·, ,,: . \_ -·-·A--~ w .. .... . ___ ., 

· t ·stU'B'."'......... "' ·,. . ~----·- · .. 1mpQJ .. Jv$<->~·- ...... _ '-... ·,, ·--
_&/~'A stub~u~akidg•\~~rnal call. It calls the export stub of the desired 

/ · {. . proced~e aftet~Jf{1g th&~~'ition. the export stub will need to return to 
ffe'P:,\, '·,.," , ~~ callmg code.~SQ\knowirs a callmg stub. 

incom~{:~U~. executable\ l . 
Art·,~~table. that c~~s ~nsansfied references to external code and/or 
data p~~i.nn. a ~anuc lib~. These external refe~nces are resolved 
by the dyfi'.~er when the mcomplete executable is executed. 

'}/' 
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lnltlallzer 
An initializer is a rputine that is called whenever a dynamic library is loaded 
or unloaded. T::\ 

leaf procedure · ·· ·, 
A proceq~i\)iat does .. l.-OJ make any procedure calls. 

library se~r4b:';P~·th } <~ 
,,~~e-~tory list that ~~::be se~ffhed by the dynamic loader to find any 

\>··· · · 'PYnamic libraries tlufh,e refer~:fi.~.yd by the incomplete executable. 

li~k@ge table ... , ··· " .. -~\"- . 
-~····· . . .. ..;. .. .,,. ,.. { 

· ··,~}9,gi,m;.h:::t~g}!};'n·sed t9:,~pdle indir~{procedure and data references. 

linkage tabhfpc»inter.-_,., . . <, .· / 1 

A poin~r i~tff~imtlc~~~'=9J~f~,ed'~ith import stubs in a dynamic library. 
The LTQ:i);:~ored mA.W 19<by'Convention. 

" " , r 
llnker ·· ~ / / ... · ··'f 

A utility that corpb.,rs relocatable obj~.9~ia~:~£raries into a single 
(usually executaO'f;J file. .-· . ·: ·· :~·;J_, .. ,.. . . · _,./ · 

I 
~ , .. ... : / . ~ oop g .... , ... · ··'«},,.. · · ,,~ 

··; 

See recursion. ·. ' 

mllllcode .,<ct ,/ ' / / ;s · 

A special function calling coflx¢upti with les~.~~ad than stan~~ calls, 
or code accessed using the rril~~tide cal~n$(~.nvttl· ·on. ;:,.:·~:~.-- '\. 

1111 d t I t ~ / ,.,, ~ . v..-~# p·"" '~ .-~ 
m co e re urn po n er %~r·/ · 1 liv ', _,, ~/ ·"iik, 

The return address used in a millic·;;.A~'-t:all. Stored iif·GR 31. ./"'=:',.:/&,, '"'¥"~ ,. ,A r ..,,_ ,.& 

non-leaf procedure z~ / / _,W' -~~a-. 
A procedure that makes calls to other procedures before ~'9 . ... ' 

parameter relocation _.,,/?· / 

The rearrangement of parameters during a procS~~ required when the 
caller and callee do not agree upon their proper i~tlon. 
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parameter relocation stub 
A stub inserted between a caller and callee to perform parameter relocation . 

."­
/ \.. 

plabel _/ _,.. .... ,:~ 
A 32-bit procedure label that defines a proced~:«ddress'\nd space. 

l .. . 

position Independent code / .. .: '·· -. · · , 
Code that does not contain references to ~~~lute i°dCl(~~s. All addresses 
are relative to the program counter, o~ ~~~~ge tabfe0tp~t~~: .. 

procedure linkage table .· . ·····, ... ', ... 
A linkage table found in incomp!,~t~fexecutables:)~pd dynamic lih~,~t 
stores the addresses of all unre~~Iv~;f.'~t~rnal pr~~~E~s. It is initiaii# 'by 
the dynamic loader. "-..... "" ,.. · ·.<". V 

quad precision 
A floating-point format;;ofJ 28 bits, or twice 'the;;~i~ ,of double precision. 

•. -,... ... " 

quadrant ..... ,.,: .·.· ~... · . . ~ · ... 4 · 
An area of virtual memory Eh~··gigab.y(i1(~2~_bytes) in $,l.ze and alignment "(t®· -..-..:.;:; .. . . .¢ .. · 

recursion .; .. '.;;; / · .. ,~-.,,~: 
See loop. .Al ... ~~~. . ·/ · y 

~1 ... ~·-......... ·,<,,, ... ~ 
relocatable IWftlry "'...... \_ ,.,~, . 

A li.t.(SOMs ~+ded in the arc\ix5Jormat. Relocatable libraries, 
al If."»" .; .. :-:. ii',.. h. t;,li.b . th " ... ,,,.. ffi 
S01atOW04~':~C lV~t_._!:_arteS, use e 1{~~::-· SU X. 

relocatable object·< '>-·· ./r-...:::._-...~- ---..... ,., w 
,,._..._._./"""'XTN.·.-.. .... ~ ••""""'lilC!. 

L~~~~l:tfft~ti~ inh'''~_le form. Arelocatable object is named with the 
' ,,,, .. "0° suffix· · · ~,, ·-. 

_,;,.--; • , • ..,__ >. "'"•!).. oe.... ........ 

·' . .. ~<':·. '·· • •• ..,, 

Jf$!fbln pointer .,""'· \ '·,,_ , .· · 
, ''•, ... jtt-0.e address to wh:t¢.lf).l proc~ure shall return to upon exit. Stored in GR2 

·.-~]~'::the stack. ~ ~-
.... 5 ~ 

shared n6·raJI., ... ,... } / 
A librarY'"thj;fJh;a~.-~~1hgle image in memory that is shared by all 
applications:~(}$t:<lynamic libraries are also shared libraries. 

~ ~ 

l r" 
~ 
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signal 
A message passeg between processes. A signal may also be viewed as an 

• ::-:s.:-. 

event to which pr®.-esses respond . 
.. · 

sort key . ~ ,. '·~... , 
...:1::. ,;.• . '\ .. :}, 

A value,..~J.jtt(contro\'~e order of spaces and subspaces in memory. 

space _,. · .>r' } J 
j~fftegi'On of virtual mdfidry of four gigabytes (232 bytes). 

iAih;,,u{· .l · ~ , . T'·· ... 
\. "··,· · ~ unique id.~P.J.i:tl~~tbr a "'~gp3:,~J:ISed with the space registers. 

stack··, . ·· ---- · ~··--~,,·· .. .r· .. /~ // i ·\ 
...... . ... · / .' J 

A ~gio~,~f virtp~;~9ry use4 .. )?y=:Jb application for data storage and 
managed .. _ by_J.~~d~~ ... ~ 

,,.-.:. .. ;" ... ~ .-.-;:.~ 

stack frame"'~~ ... · , ,... ·· / / ·-· 

The stack .. i~ccessfflJjh pieces that are an inte&~r~n)ii1tiple of 64 bytes in size 
and aligned on aJ4,ytc boundary. ~~,,...are called stack frames. 

stack pointer <.--J.i .. -~;>:: - / r , 
The stack grows t<f~1.¥~1\'1ifle?·~mo~;,#fdresses with ~Jltiguous stack 
frames. The stack poi,er (SP or ~~ftfolds the ad~.6.f:~e top of the 
current stack frame. / / / ~ ,.-~'\_ 

f ; Al' / \" \ 

stub A short code segmentinscrte~~roce,d'~-·~,·' ,,. ·" sequencp_,k~er 
and used for a specific purp~~ch as,,(StMleter r ~Ji& o~e 
Procedure call. ff· · ~./ · · '~~::W ··,.. "'.'f\-. 

_.&..· ,/' . . t , ,,,. . \ 
subspace ·"i- · .. /· / " \. 

A logical partition of a space used to group code and data in~te ; · .~· 
segments. ..r?,"" 

symbol ~,.., 
The name by which a procedure or data item is T to in a SOM. 
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synonym 
A second name provided for a symbol. Usually used to provide a clean name 
space. 

system call .·' 
A call to the kernel through the Gateway pa~¢p.,. 

virtual address 4; ,: '· . , 
An address consisting of a space identttlr~rlij. 32-bit off~¢btbat is 
independent of location in real mem.~· =·-=· .. =<:;<~P, ;~ " 
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B 
Data Structures and Constants/;;:'. ::.:·:~.:%~ 

,L,~./ 

This appendix specifies the PA-RISC implementa~,aqjfor:~~'~§.tem data structures. 
They are defined using ANSI C, as descriibed in/.~~r 3, as··a~Q;y_~nient notation. 
These h~ader.s are listed to de~cribe the data ,~~-~and cons$_\J$,v.~ ~y the 
system hbranes on a conformmg system. <;ppformmg systems are Otl:fl,t.~~~ed to 
provide these headers. . · : "t- '·· .. ,,_ .. ", . ._. .., 

,: ;, :&. "' . 
Any structure elements specified as "r¢§~£¥¢.(}t.:.by the PR\::u\BI are reservcltfbr 
system use. These elements do not ha~~ defihedl~ma~f~Ihnay not be ui&J. by 
conforming applications. They must be initializcii!~~~? unless stated otherwise. 
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typedef unsigned long 

#define _MAXNAML&,, 
'; 

struct dirent, ··{ , · ··-.. .. 
ino t .. A"£ .. ino · \ \ 

- /· ;::~ I l ; 
shor.t{ .. d .. reclen; f ·, 

ino_t; 

255 

~~~ij, .. ·" d=namlen; / .) 
"·~~f' d_name L~AML~ + 1) ; 

~ ;:--·4}:~; . · ./ ; . .J ~ .. 

=.,"f$f>edef void *DIRi . · · 1..,, 
' . .$~ ,:?: ......... / ' .... ,/ ........ "' ....... ,, .\ .. 

#define MAXPATHLEN 1024 

Figure 7-4: <dl.b> 
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struct shl_descriptor ( 
unsigned long tstart; 
unsigned long tend; 
unsigned long dstart; 
unsigned long dend; 
void *ltptr; 
shl_t handle ; 
char filename[MAXPATHLEN+l); 
void *initializer; 
unsigned long ref_count; 

} ; 

struct shl_symbol 
char *name; 
short type; 
void *value; 
shl_t handle; 

) ; 

#define TYPE_UNDEFINED 
#define TYPE_DATA 
#define TYPE_PROCEDURE 
#define TY~~~GE . 

#define ~c;;~---s~s o~dlt 
#define/Cf~RT=s~l: oxo2<'., 
#definJ~·--~~lti~.,_, UES : _ / Ox04 · 
#define GLO,.~~ AL·~;__·---..• _ Ox08 ~:w ~ -- --- ~ 421 

#define INITI ·.; :=~·~ -~~~g:··.r 
...... ;,;.: ••• : • • ;..>.. ~ ....... : .,. .... ~...,;: ..... . ... . .... .. 

.. 'Figure 7-4: <dl.h> .. , " 
-..... •, , ,.., "'"' , ... _ ,,. 

..... ,,,· 

b-·· 
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#define EPERM 1 
#define ENO ENT :~:;.. 2 
#define ESRCH 

;;:·'.; 
3 • 

#define EINTR 4 

1 

#define ERANGE 34 
#define ENO MSG 35 
#define EIDRM 36 
#define EDEADLK 45 
#define ENOLCK 46 
#define EILSEQ 47 

Figure 8-S: <ermo.h> 
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#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 

#define 
#define 
#define 
#define 
#define 

ENOSYM 
ENOTSOCK 
EDESTADDRREQ 
EMSGSIZE 
EPROTOTYPE 
ENOPROTOOPT 
EPROTONOSUPPORT 
ESOCKTNOSUPPORT 
EOPNOTSUPP 
EPFNOSUPPORT 
EAFNOSUPPORT 
EADDRINUSE 
EADDRNOTAVAIL 
EN ET DOWN 
ENETUNREACH 
ENETRESET 

215 
216 
217 
218 
219 
220 
221 
222 . 
223 ""'·""., • ~ <}-=-~ • ,,.;m. .,.,.,, ~'.;& 
22~r .. ~, '* 
2ii?" 

i~:~(~ ... 
2 2S.~, 
229 "·. 

"'<:~i,..>/ Figure B-5: <errno.h> 

PRO ADI ror PA-RISC Systems Data Structures and Constants B-5 



DRAFf 10/7/93- For review purposes only- CONFIDENTIAL 

#define . F_DUPFD 
#define F_GETFD ~ 
#define F_SETFD ~­
#define F GETF4 
#define F - s:i;m#:FL. 
#define F~}ik'. 
#define A1~fTLK 
ii def i~· .#:sETLKW 

,,.,·· , .... 

) i 

':. 
\ 

i 

0 
1 
2 
3 

4 
\ 5 
l 

6 
~ 7 

Figure 8-6: <fcntl.h> 
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#define 
#define 

/* 

*/ 

#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 

/* 

*/ 

FLT_RADIX 2 
FLT_ROUNDS 1 

FLT_EPSILON Ox34000000 
FLT_MIN Ox00800000 
FLT_MAX Ox7f7 fffff 

FLT_MANT_DIG 
FLT_EPSILON 
FLT_DIG 
FLT_MIN_EXP 
FLT_MIN 
FLT_MIN_lO_EXP 
FLT_MAX_EXP 128 . ' 
FLT_MAX 3. 402823 4 7E+3 'S-FI 
FLT_MAX_lO_EXe·- .. ~8 

!.. • 

DBL_EPSILON 
DBL_MIN 
DBL_MAX 

:.-. 

O,....~.,..~W'l.i."Z>.nQ 0 00000000. v ~ ,,,,,.A 
~~~·:*;*:~: . .- x "'' 7 

o ~Wi!.10-&&81 :u*-0:.0 o o o o o o ·, J 

Ox7~·~·~ff~.~:;f- )f 
.,,;, .• 

#define DB · .::"'.?,'.l.ti-. 53 <: -'° '. _{,:· 
#define D , .. : .. EPSIL6f.l \ . 2 .22044604'1!g_503131E-16 
#define ... ,!i.··. DIG \ \ 15 '\ " . 

' • ... , H. 

:::;~~= :·:~:··=+''ff~.p} !~~~-~.~~38585 ~:,i~ ::4E-308 
#define DBL Mrif,...•;u~.~~;:iw~:r··--~~- ' - ~ ............... ~~- . 

~--=-~-~- .: .' · .. \.0~:7;;~-~~~·8623157 E+308 
-~'!,~.. . . .... ~~ 

fine DBL ~\Q EXi?~tf._.,,._ 1° 
..,! ~I..... - ·. <. """:'\. . ~' ·.·, 
~ ~J3L_EPSILON 'O~t8f000~/()x00000000 OxO OOOO OOO OxO OOO OOO O 
~ 0~~~1ooofi OxOOOOOOOO OxOOO OOOOO OxOOOO OOO O 

:~efine ~~~~:::•• Oxffffffff Oxffffffff Oxff ffffff 

#define LDBL_EP~¥· 1. 9259299443B7235853 0 559779425849273E-34L 

Figure B-7: <float.h> 
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#define LDBL_DIG 33 
(-16381) #define LDBL MIN E:XP 

#define LDBL - MIN -'f"· .. 
3.3621o~xiJ.d.1J.0935062626778113217526026E-4932L 

#define LDBL....Jit'ij..,...ro=ltr (-4931) 
#define LD~;•· EXP \'\i,6384 

..::-:·:·~-:·· ,.·:-:•'' - l ~ 

#define tJtmL·>MAx ~· ': 
'>'!_,-/ji;_fffag73149 53 5 -~.:,:_'.~17 65 0 857 59 3 2 66280070162E49 32L 

#de ;_,ttj~s</ f.DBL_MAX_l 0 ....,,. · ,,, 4 9 3 ~"-
_,._ A ......... " z. ... ... .-' 1.,;, 
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#define FTW_F 
II define FTW_D 
#define FTW_DNR 
#define FTW_NS 
#define FTW_DP 
#define FTW_SL 

#define FTW_PHYS 
#define FTW_MOUNT 
#define FTW_DEPTH 
#define FTW_CHDIR 
#define FTW_SERR 

struct FTW { 
int base; 
int level; 

) ; 

PRO ABI ror PA-RISC Systems 

~·· ... 
' •... %.'* ... 

0 
1 
2 
3 

4 
5 

1 
2 
4 

. .. 
· .. ..... ..... :, 
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typedef struct { 
size_t gl__pathc; 
char ** l~hv· 

lg e.t•r~-- I size_t ; "'i.Q~-~l,, ~ .. 
char "iT.~!!"""rn; \ , 

glob_t; f r ., ' · 
.// ) ' . i i 

#defi : pLOB_ERR j .1 OxOl 
#d~:f: GLOB_MARK , <&.. Ox02 

~ .. .ff. ... ,, e GLOB_NOSO~ r' n.J)x04 
'·~~ .. '$ff ine GLOB Noc.a'~~- &~. 08 

• >S fine GLOB ~00¢~ _. o\Q 
# .. ;:,:~---~B~tsEND~' ,. .· · OxJ~ 
#deft,... ._4\:~;:>'tmES ;YL:./ Ovi'w -.a..-o_ /"'' ,~ ? · 1' 

~ ,.'\, ··,. . ,,, ;' 

#define GLOB-4{¢.$.~c~ -,~ ...... ...-~ J-/ 
#define '(~@1ooi:l.: ...... · .. :_:/''l:tioRTE;f· /"'·----··'"" 2 

#define Gli!G.;;L'"T"'"'.:..NNOOMASYl.•.-.·.".f_,r 34 
#define ~- ) .,....-J 

)... ..... . ......... ,.. 
£ '/ Figure B-10; ~68:~. / 
~ l .... ..i .~ ·' · / ,• 

-.,, 'b•·. 

struct group ( ~r_':;·"· 
char *gr_name~ 

char *gr__passwd; 
gid_t gr_gid; 
char **gr_rnern; 

) ; 

typedef int iconv_t; 

Figure B-12: <iconv.h><~~;­
./"'' 

/ 
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Figure B-13: <langinfo.h> 
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#define 
#define 
#define 
#define 
#define 
#define 

ABMON_7 
ABMON_8 t.· 
ABMON_9 
ABMON_l:Q: 

_,_:;·.'(.:~:~ ... Y. '~ 
ABMOkJ;,JtJ;<, "\ .-, 
J>.~¥tirJ~~q:2 ~ .. 

#define YESEXPR 
#define NOEXPR 
#define 
#define 
#define 
#define 
#define 

T_FMT_AMPM 
ALT_DIGITS 
ERA 
ERA_D_T_FMT 
ERA_T_FMT 

typedef int nl_item; 

38 
39 
40 
41 
42 
43 

74 / 

~/-
7h-i 
78 ,. 

extern char *nl_langinfo(nl_itern); 

*/ 

Figure B-13: <langinfo.h><~· ·, 

' 
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#undef ARG_MAX 
#undef BC BASE_MAX 
#undef BC_DIM_MAX 
#undef BC _SCALE_MAX 
#undef BC_STRING_MAX 
#undef CHILD_MAX 
#undef COLL_WEIGHTS_MAX 
#undef EXPR_NEST_MAX 
#undef LINE_MAX 
#undef NGROUPS_MAX 
#undef OPEN_MAX 
#undef PASS_MAX 
#undef RE_DUP_MAX 
#undef STREAM_MAX 
#undef TZNAME_MAX 

#define 

99 
2048 
99 
1000 
2 
32 
2048 
255 

32767 

, .. ' 

' ' •-
' ··\· .•• ,. .. : :t 

" ' ' ~/ 

Figure B-14: <limits.h> 
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#define MAX_CANON 
#define MAX_INPUI 
#define NAME_MAXf"· 
#define PATH ~· ·}. 
#define PIP~tffl~:~· 

, . 

#define.~~BIT 
#defi~ '1fAR MAX 
#d,,q.,/ oBL_DIG 

.... 46.'jp:6e DBL_MAX . ./ 
'-.~~fine FLT_DIG 
~ine FLT~:-

:!~~; / 

512 
512 
14 
1023 
8192 

8 
127 
15 

/4(~·:,:~ -· :·,. ~. 797 6931348623157e+308 

,4.,.: ;~.:l \\ 3. 40282347e+38 
: ·j L-\2147483647 
-~' ,,l;J32 

,,../· 'J 2147483647L 
»:!·-.,._ .... --~-· . :. ·" 4 
' ''-'·•.; ",;,",vi• /'° 12 7 

32767 

#define LONG_~: pr ~ 
#define MB_L~W~~- / 
#define ~ .. Mfuc 
#define Sf¥j!f-::-MAX 
#define SSI~E_MAJ¥· INT MAX·-
#define UCHAR_M:r..#: : 2$_~:--r,..- , .. - F-;~ ·n:.y;jffi • .· • 

#define UINT_MA.i; ! -"·1'4l~:f94~~l'f295U 
#define ULONG ~i . .:· ·::<i.-··"· 42.~~j)h295UL 
#define USHRT=MAi$/." .. ··· _-~t - , . .,~f--... ~5,fff:, 
#define WORD_BIT ' . ,· ·. .. ~ <~-». /.;,_,,,- b 

·~ ~ r A 

/A / C-128) 
/ l <-2141 :T&I, - 1> 

~ • • ""<!<'.<I' 
-~· ... · -' (-21 ,;;.'~47L - 1) 

( - '· \\. . ¥'!?" 

#define CH.AR_MIN 
#define INT_MIN 
#define LONG_MIN 
#define SCHAR_MIN 
#define SHRT_MIN 

)v .. 
#define CH.ARCLASS_NAME_MAX 
#define NL_ARGMAX 
#define NL_LANGMAX 44 
#define NL_MSGMAX 65534 
#define NL_NMAX 2 
#define NL_SE'IMAX 255 
#define NL_TEX'l'MAX 8192 
#define NZ ERO 20 
#define ™P_MAX 17576 

Figure B-14: <limits.h> 
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#define LC_ALL 
#define LC_ COLLATE 
#define LC_CTYPE 
#define LC_MONETARY 
#define LC_NUMERIC 
#define LC_ TIME 
#define LC_MESSAGE.S 
#define LOCALE_STATUS 
#define MODIFIER_STATUS 
#define ERROR_STATUS 

struct lconv ( 

char *decirnal_point; 
char *thousands_sep; 
char *grouping; 
char *int_curr_symbol; 

0 
1 
2 
3 
4 
5 
6 
1 

char *currency_s~l; 

char *mon_decimal~~t,:; ...... 
char *mon_ thousands _'S\ep.:.__. ·-.... , .. 
char *mon_grouping; z~ --.,.....,____~ 
char *positive_sign; "\.. ""' 
char *negative_sign; '\ \ 

char int H;,-t-~~-igits; 
char fr ".:di.Qi=Et:;; 

~;.;z?."r}'~>. 

char . s_prec~~ 
chari ~.)~•~ll·{:P-by _sp·~; '< 

char h~~ece~~ff#~ '. 
char n_~~sp <ttr~-...... _ ~ 
char p_sign~ .. :" ... --...... ____ ,,, 
-~-lf~i n -~-''·fs-t""' . ·-------. ../ ,. -~- ~-'···~ _p~-;;;·· . 

/ / ....... ) i ---..... ~.............. ·· ... ~ .. ·... \ 
;''ltruct locaie-~d~ { ···.,..,_ · 

.. ;]. :<;; ::~:=;::·:;:-. • .. 

,-· \ ( '... char LC_ALL~1<f~~] ; ·-. .. 
-'""' <. "' ·~rar LC_COLLA~~[59]; 

'"'¥~ LC_CTYPE_Dl;i).] ; 

~~~,;~=~;-,=:::r~~~~; 
char ~~·lfj· ;· . ~D[ ... ·~; ~ ..... ,.. .. , ... 
char LC_·=····': ... :{ ··.·.~· :_o [ 59] ; 

} ; 
\~ . . "". 

--

'· 

Figure B-15: <locale.h> 

PRO ABI ror PA-RISC Systems Data Structur~ and Constants B-15 



DRAFT 10/7/93- For review purposes only- CONFIDENTIAL 

/* HUGE_VAL = Ox7fefffff Oxfffffff f * / 
#define HUGE_ VAL,,,.. 1. 7976931348623157e+3 08 
#define FP PLUS NOFM 0 

:~:~!:: ~it~·. ~ 
#define AQ--'PLUS_INF i 1 4 

;.;-~;-·'r ' ~ 

#deqp.~ )"P_MINUS_INF,: i 5 
#d$£t ... · FP_PLUS_DE~~fl~ 1.*'··.6 

~ ,y.,itdi~e FP_MINUS_Q~:RM 7. 
;·~pfine FP_SNAN _ _,. i' / j}=:;,,, 
&pne FP_q~: .. ... . "' . " 9 d~. 
#~~lne -.E~nw' OxlRl 
#de i1.~:.JJ;J!~oz a :i.n:w 

:::n~: ~ > ,%._. ·! 
#define F~@:.J~CLEAJ5.i OxOO 

typedef str~t ( ' ~/f 
unsigned int i.' yordl, word2~~3/-- ·rd4; 

} long_double; ~ ~- . ~ 
~ ... A·"" ,, " 

typedef long 
typedef int 

~J;o~ol ; 
fp~xcept ; 

extern int signgam; 

typedef enum 
FP_RZ, 
FP_RN, 
FP_RP, 
FP_RM 

fp_rnd; 
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typedef unsigned int 
typedef int 

size_t; 
ssize_t; 

Figure B-17: <monetary.h==-:, ,,..::,-~·=~:, 
,,..- r' 

·~. . . ?.~:-. 

#define NL_SETD 1 /,'.A< .... . 
#define NL_CAT_LOCALE 

typedef int 
typedef int 

nl_catd; 
nl_item; 

struct pollfd { 
int fd; 
short events; 
short revents; 

) i 

#define 
#define 
#define 

1 

'· Figu"ru~J~: <poll.h> 
\ 
q 

.•. Alf' 
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struct passwd { 
char *pw_name.L 
char *pw_pass~; 

uid_t pw_uiqf ~-

~~=;t :~4.~1=!~''' ,. y .: ... 
cha:C: ,:~g?!'comment; .' ·~ 
cha~ *PW gecos; ' 1 

,4.~t;"' *pw=dir; i 

-~~ ~-·· · ~ftclr *pw_shell · / ~, 
.... 

/.<!~ .•.• • .••.• 

~- _J~ ······; -, 

···~ ,,. ·· .. 
. ..................... . 
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#define REG_NPAREN 255 

#define REG_EXTENDED 0001 ,<:.ff~,:~:·~:::%~. #define REG_NEWLINE 0002 
#define REG_ I CASE 0004 
#define REG_NOSUB 0010 

#define REG_NOTBOL 0001 
#define REG_NOTEOL 

#define REG_NOMATCH 2,,0.;,,.. 
#define REG_BADPAT 

4----~-w~·-. #define REG_ECOLLATE 
#define REG_ECTYPE 24'< 

'·. 
-.'<So ••. 

.... ..., 
"· 1 
iJ-

' '<>.. .... . . . , 

idefine EESCAPE REG_ 22 
#define REG_ESUBREG 25 
#define REG_ EBRACK ~~ 
#define REG_EPAREN "t' """ 
#define REG_EBRACE 
#define BAD BR REG_ 
#define REG_ERANGE 
#define REG_ESPACE 
#define 

' 

-....., · ·· .. ,,._,.' ..'Figure B-21: <regex.h> 
...._ . 

\ ..,...: ' 

4-' 

PRO ADI for PA-RISC Systems Data Structures and Constants B-19 



DRAFT 10/7/93- For review purposes only- CONFIDENTIAL 

typedef struct ( 

4t- ..,..,,­
'<. 

unsigned char i:~c_re; 
unsigned char j,~_c_re_end; 
ui:signed ch~: . -~~c;-buf_end; 
size t r~~' , ~ 
int ---W:ll~~~- \ \ 
int ~:J~gs; / ·, 

reg•V/. · { 
.. ,.-.( .. · .. ·:. ·:v L .. ..r 

. ·········~=~ 

';''.............. / u.I... ..... ~--. \ .. 

typedef struct 

typedef enum { 

typedef enum 

Figure B-23: <Search.h> 

typedef double jmp_buf[25]; 
typedef double sigjmp_buf[25]; 

Figure B-24: <setjmp.h> 
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#define DL_HDR_VERSION_ID 89060912 
#define SHLIB_UNW_VERS_ID 89081712 

#define DLT_ENTRY int 

struct dl_header ( 
int 
int 
int 
int 
int 
int 
int 
int 
int 

hdr_version; 
ltptr_value; 
shlib_list_loc; 
shlib_list_count; 
import_list_loc; 
irnport_list_count; 
hash_table_loc; 
hash_table_size; 
export_list_loc; 

int export_list_count; 
int string_table_l~ .. ; 
int string_table_si~f,f./··· ·· 

-~· ·~. 

int dreloc_loc; \:'<:~-.. , 
int dreloc_count; "(-. '-.. 
int dlt_loc; "- ' ' y, . 
int plt_loc; \.". / 

''(_\ / ,. 
int dlt_co . ..,~~""' \' .· 
int plt . :./ifu'1, · ....... ' · 

--~ ··,~ .. 
short .~ hwater~\,~; ), \ _ 
short/ .,;i~gs; \ i \ \. ~ 
int JeXt>Q~xt_lof~f \1Jf 
int modu'Y~~ ( · ·:m------.. ~ .... _ t: 
int module_~m:.r~-.......... ... ----:1' 
~t .. - .. ..., ' 

;--~f~:!:1+;~~. <~ ',~--? ----
.: ""·... int reserve "~ .. ·-... / 
'., "i!it reserved3; \ b<' 
'~~~eserved4; \ \ 

) ; '-,_ ,.._ \ ! 
'<. ..... . ~ .. ; 

.,,_,. ·~- _ '"/Figure B-25: <shl.h> ""' , ,.,... 
-~, -}'., .. · 

y 

.. , 
' ' ; 

· ·~ ..... .. . 

e/ 
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#define ELAB_DEFINED Oxl 
Ox2 #define INIT_DEFI~ED 

#define SHLIB_PAT!f1:.~ABLE Ox4 
#define EMBED_P~~~ABLE OxS 
#define SHL:~-4.e~Tif~?~: OxlO 

;/' v · ; ~ 

s truct ~;~:._entry { f ·i 
int11Mt1te; / 1 

,~*P' reservedl; / / ~. 
' ..... .. y.n:-s igned char txl.**1 ~ 
\ ?unsigned int b~sable~~· ' 

"1_ : #.<~pre···>"·~:··v ,(<'*"°'' ···~··· ._ , •J,lnsigned in,~ i!i·=··=~·-·ervec;Uii$},..,.. \ \ 
\ )I;. -· ••..• ~. ••• :.-

} ; <.:···----····-·" . ;·> ,/ ' ,,... .. J \ 
....... __ . __ ,,- _..4'/ ,.,, ... ' ,,>.t ! 

struct mi sc_inf<:>·"t ,. \. '"-,,. / ' 
short versj,o\.•... ) '· ·····- ·· . ,· 
unsign'@g.·~&~·feseb.t.~fcf2 .. ·+·-'6··; · 
unsignJ& fbt argfik.-ioc : 10; 

} ; .. ~ / ... l 
' ( .. ~ 

struct export_e~{ 
int next ; \"~·7 

} i 

int name; 
int value ; 
union { 

int size; 

,,. 

struct misc_info 
} info; 
unsigned char type; 
char reservedl; 
short module_index; 

struct export_entry_ext 
int size; 
int dreloc; 
int same_list; 
int reserved2; 
int reserved3; 

} i 

Figure B-25: <shl.h> 

B-22 Data Structures and Constants PRO ABI for PA-RISC Systems 



DRAFT 10/7/93 - For review purposes only - CONFIDENTIAL 

struct shlib_list_entry ( 
int shlib_name; 
unsigned char dash_l_reference; 
unsigned char bind; 
short highwater_rnark; 

) ; 

struct PLT_entry ( 

int proc_addr; 
int ltptr_value; 

) i 

struct dreloc_record 
int shlib; 
int symbol; 
int location; 

} ; 

#define 
#define 

J:? Figure B-25: <Shl.h> 

Types */ 
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#define ELAB_REF Oxl 

struct dld_parms ~f,· 
long versio~~h.··' , .. -..... /* version num of dld_parms * / 
long text....,.9@9.#Y' "\ I* text address of dld *I 
long t~-¢~~Jtd; \ \ /* text end of dld *I 
long.8~:2:data_add:itf\ /* start of data in program file */ 
ch.-..4 -~fl,nvp · / '/ * envirorunent pointer *I ·""'i;; r , /t: ; 

J ; / .· .~r/. ' ;: 

,,....,~· . ,; 

~~:fuct shlib_unwid~l"hfo ( ,# ··· 
<'-i!lt magic; . . · "" _;- . · .. · 

~~---7.q~:f.·~; . 
in~v. ,..,..,~ .. -iftart • -' . ~-- 4 int data_sta:r:.t;~ r 

int unwind eJt i ) ~..,.,,, , .' 

~..;··~~~ , 
int unW,j..·~~d; , ... : "···-······· 
int rec'~V:¥'f;_star; ,.,- / 

int reco'tr4r_enqt / ' ~ ·')' 
) ; j ' ... ~~-

; I -~·· ,. 
~ ;' ,•A_,,....~ ; 

#define PARMS_ST~T_FLD4 /-e_- ··. ·'"' ./ r 
#define PARMS_STR~...Ja>·1· \., 
#define PARMS_STRUc~Jps'Eo (-Ii 

' "· , .. 
~\ 

.I .. 
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typedef unsigned int sig_atomic_t; 

typedef struct ( 
long sigset[S); 

} sigset_t; 

#define sv_onstack 

struct sigaction ( 

} i 

void (*sa_handler) (); 
sigset_t sa_mask; 
int sa_flags; 

struct sigstack ( 
char *ss_sp; 
int ss_onstack; 

) i 

struct sigvec 
void (*sv_handler) (}; 

} i 

Figure B-26: <signal.h> 

PRO ABI for PA-RISC Systems Data Structures and Constants B-25 



DRAFf 10/7/93- For review purposes only- CONFIDENTIAL 

15 
16 
17 
18 
SIGCHLD 
19 
20 

#define SIGTERM 
#define SIGUSRl 
#define SIGUSR2 
#define SIGCHLD 
#define SIGCLD· 
#define SI986 
#def~ne ~~~FM 

21 #defin~ . rr~PROF ; 
#de~,~~,_, IGIO , 1f,_2 
~~~;t..fl~ SIGPOLL ' Sl~IO 
~l~e SIGWINCH_; .· _. vlti1"'-
#d'~ne SIGWn~po1i: ,.. . gi'mi'{NCH 

:::fi=~::~.Ji-~;,... J .( ~ ~: ) \ 

#define 
#define 
#define 
#define 
#define 

#define 
#define 
#define 
#define 

#define 
#define 
#define 

#define 
#define 
#define 

fl 
S IGCONT ..- . , .. 2.$.f" .. 

/ . ., _ ........ --·~j .... ·' 

SIG_ERR 
SIG_DFL 
SIG_IGN 
SIG_HOLD 

SA_ONSTACK 

' ·' 

SA_RESETHAND 
SA_NOCLDSTOP 

SIG_BLOCK 
SIG_ UNBLOCK 
SIG_SETMASK 

···-······-18 
29 

#define KILL_ALL_OTHERS ((pid_t) Ox7fff) 

#define SV_ONSTACK 
#define SV_BSDSIG 
#define SV_RESETHAND 

SA_ONSTACK 
Ox00000002 4,,_:,·~-· t>---.,w·.,. 
SA....RESETHAND « ( 

Figure 8-26: <signal.h> 
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struct fp_dbl_block 
double ss_fpO; 
double ss_fpl; 
double ss_fp2; 
double ss_fp3; 
double ss_fp4; 
double ss_fpS; 
double ss_fp6; 
double ss_fp7; 
double ss_fp8; 
double ss_fp9; 
double ss_fplO; 
double ss_ fpll; 
double ss_fpl2 ; 
double ss_fp13; 
double ss_fpl4; 
double ss_fplS; 
double ss_fp16; 
double ss_fp17; 
double ss_fplB; 
double ss_fpl9; 
double ss_fp20; 
double ss_fJ:l~J:; .. 
double s s .64~~f;h 

.i~~ . •:.< . .. .. 
double ~~;:.'fp2 3; · ' . 
double ,:(-$,~_@,~p24; 
doubl~vAs·if .. if~2 5; 

~~···l"{f·· double ss_r-'ffli,~~-
l:(:w ...... (f:· '-· 

double s s_fp1~~" · 
~~--- 28 ;'°'-<>~; 
;jRS~-~·· :· < ; 

) ( double ss_ ·· .. 
; ;i.. .. double ss_fp3 ~ 

'"\ \ 
)" ... l 

..... 
"-. ..... ~),,_ 

/ * Must be double word aligned */ 

·::-. . 
..... ,, ,,. 

l~gure B-26: <signal.h> 

t ! 
i / 

""r·,-~/ ;., • 
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struct fp_int_block { 
int ss_fpstat; ~~· 

·{.< 
/* Must be double word aligned */ 

int ss fpexceptl :!i;~, .. . 
- l t ::. .. 

int ss_fpexceJ?t~i · (.' ... .;..=-~·· ..... 
int ss_fpexq.~jj#.~~; · ..... 
i t SS f .aih.J$lf 4 • ' ' n _p ..... ....... ·J:"' 't\ 
int s~4'a~~t~pt5; ; 
int ..$~~fi)except6; 
~~§·~i~fpexcept7; 

<~·:;-., .. d,)··· ss_fp4_hi; 
.~'ht ss_fp4_1o; 

" ' .,_,:@~t ss_fpS_h,if 

~~?:::1:i~lit!:;··· / .. 
int ss_fp6_lo;_ W\ 

int ss_fp7_n,i6. /~ 
int ss_~?.J4i11J.f~~ .. 
int ss_f}.j~;i.h'i; 

-~ ...... ""'·-

int ss_fpB:JJ..o; ~ ~ 
int ss_fp9_hi; / j 
int ss_fp9_lo; i i 

int ss_fplO_hi~ -«"" 
int ss_fplO_lo; ~..-~~ 
int ss_fpll_hi; '.f,;I" 
int ss_fpll_lo; ~ 
int ss_fpl2_hi; 
int ss_fp12_lo; 
int ss_fp13_hi; 
int ss_fpl3_lo; 
int ss_fpl4_hi; 
int ss_fpl4_lo; 
int ss_fplS_hi ; 
int ss_fplS_lo; 
int ss_fpl6_hi; 
int ss_fp16_lo; 
int ss_fp17_hi; 
int ss_fpl7_lo; 
int ss_fpl8_hi; 
int ss_fp18_lo; 

Figure B-26: <signal.h> 
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int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 

} ; 

ss_fpl9_hi; 
ss_fp19_lo; 
ss_fp20_hi; 
ss_fp20_lo; 
ss_fp2l_hi; 
ss_fp2l_lo; 
ss_fp22_hi; 
ss_fp22_lo; 
ss_fp23_hi; 
ss_fp23_lo; 
ss_fp24_hi ; 
ss_fp24_lo; 
ss_fp2S_hi; 
ss_fp2S_lo; 
ss_fp26_hi; 
ss_fp26_1o; 
ss_fp27 _hi; 
ss_fp27_1o; 
ss_fp28_hi; 
ss_fp28_lo; 
ss_fp29_hi; 
ss_fp29_lo; 
ss_fp3 Or&i::i··-,,,.,, 
SS fp;/i(;).:.: .;1f~.i} .: - :tr-=~ ~ 1it.. 
ss_~"§'i_hi; ... .. , ''\ 

~::.:?-" ~. ~-
SS..Jl1f.P.;a,J_lo; ·, J.' 
~-~'-- '., 1 

•.,.., '" .. , 1 .... , .. 
·~....... .. ~ . .,.. . ...... 

struct save_stata..:r'· ' n .. w. ........ ,, ....... 

~ •.. :,~~'·· ... 
,-' .r int ss_rp; ·.,, ·lo.. " ·· . · .... ,Ail 

.· I. '<.._,_ " ~-. ·~ ? 
~ \ ,,int ss_gr3; . · . ..,, 

"I\. '\. ...,. 

""'"" .... 'f.nt ss_gr4; ·. ),f 
'~·,,,,:~ -.~s grS · ' ·\ 1 ,;y 

:.:: \ - I 

in '·· . .. gr6; \ i 
int .. , .... . ".: . ; J / 
int ss_ .. . I ,. 
int ss_gr ·\, ·· ..... _,. _r· 
int ss_grlO ;', ? 

\..., ,' 

Save State Flags */ 
/* General Registers */ 

Figure 8-26: <signal.h> 
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int ss_grll; 
int ss_gr12; 

~ int ss_gr13; 
int ss_gr14; 

~ 
int ss_argl; / 
int ss_argg_.;;:-' 

• ~ .. ~ :~ f '·'~ ..... ....,....._.... , 
uns igne\~'''~'~Fp- _; I 
unsigned ~*'"W"LretO; / / 
uns~gned $·~i,_retl/ .' .,..~,ff 
unsigned ss_sp; : / .-··",::-J. / 
unsigned ss gr!;·<«,' .~--.~ / - "·~ --j..'Jfi""' r .., 
unsigned ss er · . -·• 
unsigned ssJ,ccxi:::: ~$~-- Z\. I. · 
unsigned ss_pcsq_h-.i'f,.. ~- -,, , 
unsigned ss_pcoq_ta~; ) I,,. 
unsigned ss_pcsq_tail; / 
unsigned ss_crl5; ~ 
uns~gned ss_cr19; '-' / 
unsigned ss_cr20; 
unsigned ss_cr21; 
unsigned ss_cr22; 
unsigned ss_cpustate; 
unsigned ss_sr4; 
unsigned ss_srO; 
unsigned ss_srl; 
unsigned ss_sr2; 
unsigned ss_sr3; 
unsigned ss_sr5; 
unsigned ss_sr6; 
unsigned ss_sr7; 

Figure B-26: <Signal.h> 
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) i 

unsigned ss_crO; 
unsigned ss_crB; 
unsigned ss_cr9; 
unsigned ss_crlO; 
unsigned ss_cr12; 
unsigned ss_crl3; 
unsigned ss_cr24; 
unsigned ss_cr25; 
unsigned ss_cr26; 
unsigned ss_mpsfu_high; 
unsigned ss_mpsfu_low; 
unsigned ss_mpsfu_ovflo; 
int ss_pad; 

union { 
struct fp_dbl_block fpdbl; 
struct fp_int_blo!C.k fpint; 

) ss_fpblock; \ -., 
._ .. • ..... h . 

"i- 1-."'"""· ............ ~-•. 
unsigned ss_cr16; ',- "···.... ' · 
unsigned ss_cr23; ~.. ~ 

#define SS p"'r.-?.l< .. , EL/ <'... •. ..,,,..,.____ Ox08 iJ 
#define ss - ARG >=~~\·,1ui~-·....______,· . ·11£~-1' 

__ - ·.:• .. ,.. • -~-. w,:<x,:,:<•: 1 
#de_k.d ~RFI •, ··,.. '"6'3a'{j:. ... • 

• ...- ... ·~-.. -~ ............. iv. ~- .... ") "'· .... ... 

~-~- ~- '\,,., ......... .... 
,C:[efine FP_T~ __ : · >~. ·· .. " ,"'· : :··~.~1-40 

PRO ABI for PA-RISC Systems 
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struct frarne_marker ( 
int frn_edp; 
int fm_esr4; 
int frn_erp; .' 
int frn_crp; *~ 
int frn_sl:f / 
int f~i~P°i 

..11:''' .' ')'/ int ~ ..... ~p; 
i~ jtt&,sp; 

~'r ,-' 
''\' ')'" / ... 

'"' ... i . . . . / 
st~t s1gloc~~ '$. 

fi{t-· ·4ll &.~C.®:l}l''· : ·, 
in£~-.4iC~f.t~k; . ' 1 
int sl_mask; ., •"/. . .,_ . 

1
• 

char sl_sy~p4f~)'.-::_act;.;i'9JJf' ....... . 
char s lh::e.o.:11}1:s=-I :• · ·'·"······"· ' 
uns igned\~~if ;·t' s ~':(f ~or; 
int sl_rva';'~l; .· f 

,' 

int sl rval2; · / 
int sl=:arg[4] / .· ..... ,~.r 
struct save_stif\i sl_ss; .-,,#."~·'.'$·;;~ ... ~.ine/save_state.h> '*/ 

~ ,,-" ~·:$.. · ,,, . ' .. 
~-- ,rr- fl..1._ 

t ~ ... 
~ / ~,,,.., '· 

struct siglocal sc_sl; , / A " .• .r ·\ 'i... 
" q ~ l r' ~ 

int sc_args[4]; / : ,, / · 
struct frame_marker sc_~;,:~; .. i * See ~~, ...... ·:' e/frame.hr,~~7-}

• ~ ... .,, ,g' .J \ , :~~ . . ./' , ... 
/ .// /,... ·~ ~- ...... , ·~\, 

#define SIG_RETURN 1 ~·w· . .r ) " 
#define SIG_RESTART 0 \ ;' ,/-' ,./' ,./ . \ 

~ ,'I" • •, 

Figure B-26: <Signal.h> p) 

struct sigcontext ( 

} i 
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#define __ WORD_MASK 
#define _DW_MASK 

typedef double *va_list; 

OxFFFFFFFC 
OxFFFFFFFS 

#define va_start (_list,_parmN) , ~ - ,,, , .. 
_bu i 1 tin_ va_s tart (_list , ,~:'._p8:nµN}~ ..... , 

\ 

-! . -~ "'·f<" ''·'·· • -~-
#define va_arg( __ list,_rnode) . ~:. : '.::~2:j~t~~. ~ .. < .• '" , \ 

(sizeof ( __ mode) > 8 ? J <'<.>>,. "" .... \.. .. . \ 

((_list = (va_list) ( (char/;.;,,_-_list ,,,,~ sizeof Ci!i:t:t;lit~::,,,\ 
( • ( ( __ mode •) ( * ( (int *) /i\J.;,_list) ) ) )~'}.:)_ . : "'\.,~, ·· ·---, ~ 

I ' .. ' t 
((_list = qr ··-., · .... } · ... , ' ·· 

(va_list) ( (long) ((char *) ~:::t}.#f~t. - 9=;1.l*'eo·ft:<L_rnode)) W 
& (sizeof (__mode) > 4 ? __ ow_:'.~~~· .. -( _..:._woRD_MASK))) , \ 

(*((_mode *) ((char *)_list + v.-:; ' \ 

( (8 - sizeof~mode)) % 4)))) n-.... . .. 
\ ··. ....... 

' ·· ..... 
va_end(_list) \ ,,--... ·· ·· ..... . 

"< ,. -~- .•• ·~ ....... ·~· .~~:"':•.·. 
#define 

"' ··-~.. ····, ·· .. _ FigiiF~lbJS: <stddef.h> 
,(_. ··~ ··. ·. ·.... '~" \ ·~· 7 
o/ ·, .• , \ ' ' ' 

~-.. ··... \ \ fl 
·-.~ '·~.. ) 

'·· ... } 
'"I! '•.. i ' ..... ' ._ '."'- ) l 

'""'- ' '·· . j ,. 
-~ ··~-,,- ,..· 

') t' 
4-! 

' · ••.•.• Alf> 

\ 
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#define _NFILE 
#define BUFSIZ 

#define 
#define 

#define 
#define 
#define 

#define 
#define 

TMP_MAX 

\ 

#define 
#define 
#define 

FILENAME_MAX 

extern 
extern 
extern 
typedef 

#define 
#define 
#define 

FOPEN_MAX 

FILE 
int 
int 
long int 

stdin 
stdout 
stderr 

60 
1024 

Figure 8·29: <Stdio.h> 
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typedef unsigned int size_t; 
typedef double *va_list; 

fdef ine L_ctermid 
#define L_cuserid 

9 
9 

#define 

#define 
#define 

#define 

#define 

' ~, 

clearerr ( _ _p) / / ., , , '~.. \ 

((void) ( (_p) ->_flag &= .. ~fOERR "h~~~~:~F))) 
feof (_p) ( {_~~~ . pag & '!"•J:.l 
ferror (_p) ( ( /tP'l -> lag & _IOEJ.~)., .. 

~·v ' ~ . ...")., '"~ 

.:·. ~?·... ... ..... . ~ .... 
putc ( __ c, _ _p) / f-...;:; (_p) ->_:4gz:t >= 0 ? ·, ~- -..... ; r 
(int) (* (__p) -> _ _p!;f.+t F'" (unsign$;F''~par) (_c)) '!;'\ ., · 
_flsbuf ((unsigned "~ha.r·~? -~±#.cl, /(.,.:_.Pi''i:t<) ir '. 
getc {__p) ( - - C .. :~®.~~-~:,_::cn t >= 0 ? \ 
(int) *(_pl ->_ptr++ __ f'~~j~'t.,,L_p)} 

~.. . .. ~ · 

·~. 

extern char 
extern int 
extern int 
extern int 

opterr; 
opt ind; 
optopt; 

PRO ABI ror PA-RISC Systems 

Figure B-29~, 4dio.h> }~ ·,-.. 
\.\.· .. . 

'\ 
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#define NULL 

#define EXIT FArilib.RE 
#define Ex1£~syd£;~~f· 

int quot; 
int rem; J 

div_t ; ~t··~· · · ·' /{'/:'-"< ..... , .. 

0 

1 
0 

typedef s t;i:t:$t { ./ / .. ,. 
l o ng int quot ;( '.:'' .. -·..::-.· .. ,· 

(. , > $ . 
l o ng int r em; . :;: .. ·';IJ.·'· · , 

ld
. ,, ie:· .,,.;1.,~' ,, .. 

) l. v _ t i ~~A ...... <i=<~,; .< ./ .. .. 
~ A'<:O>.v/ <. .•. • ~ 

#define WIFEXITED ~: ·y' .:._,f~tA ~tif (_X) &03 77) ==1.f ·, 
#define WIFSTOPPED C~i l c)f.t'i~f: ) (_X) &037?J#.i#~i 
#define WIFS~GNALED (_X) / . . .: ,. / ~. 

CCC I int) (_X) &0377 l ! :::;;QWffe& CC (_Xl &0~~~=0177 l l ~·· \ 
#de fine WEXITSTATUS (_X) ~l .re (int) ( . &0377) F ' 
#define wrERMSI G (_ X) '" :' ( (int) . . . 1 , AL. \., 
#define WSTOPSIG (_X) ~ ~~:~.<.~~~f~x) >> ,~ • 

#define NULL O 

Figure B-30: ~~fdlib.h> 
~ 

typedef unsigned int size_t; 

Figure B-31: <String.h> v 
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#define CORE_NONE OxOOOOOOOO /* reserved for future use * / 
#define CORE_FORMAT OxOOOOOOOl /* core version */ 
#define CORE_KERNEL Ox00000002 /* kernel v~~4on * / 
#define CORE_PROC Ox00000004 /* per pr~~·i;-·{\4orrnation * I 
#define CORE_TEXT Ox00000008 /* reserva'.for fu t ure use * I 
#define CORE_DATA OxOOOOOOlO /* dit f~(-~be process * / 
#define CORE_STACK Ox00000020 /* st .. )''"' o·t~fia. process * I 
#define CORE_SHM Ox00000040 /* r , .. ,.'fved f'-ot ~t..ure use * I 
#define CORE_MMF Oxooooooeo /* .{:lftts:~ived tor''iu(ke use * I 

. '¥"'-*-'' "@< ·~·· .•.•• 

#define CORE_EXEC OxOOOOOlOO I*:,· ex'e~.f-nforrnatioi\ *~ ~-
#define CORE_FORMAT_VERSION ~ ~\ ... .. ·· , . . , 

struct corehead { 

) ; 

int type; 
space_t 
caddr_t 
size_t 

space; 
addr; 
len; 

;.. 

·~ 

.. ,....:F_igure Jfi: <sys/core.h> 

\ 
f . 

• I 

! / ... / ' _, 
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#define SIOCSIFMETRIC 

B-38 Data Structures and Constants 

OxlfffOOOO 
(IOCSIZE_MASK>>16) 
Ox20000000 
Ox40000000 
Ox80000000 
( IOC_IN I IOC_OUT) 
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struct ipc_perm { 

t uid_ uid; 
gid_t gid; 

t uid_ cu id; 
gid_t cg id; 
rnode_t mode; 
unsigned short seq; 
key_t key; 
unsigned short _ndx; 
unsigned short _wait; 

) ; 

#define 
#define 
#define 
#define 
#define 
#define 
#define 

IPC_CREAT 
IPC_EXCL 
IPC_NOWAIT 
IPC_PRIVATE 
IPC_RMID 
IPC_SET 
IPC_STAT 

v 
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#define PROT_NONE OxO 
#define PROT_READ 'i=·· Oxl 
#define PROT_WRITE~ .. Ox2 
#define PROT_EXEJ;;;::- Ox4 

~ 

Figure B-35: <Sy~mman.h> ,.,, · 
·"·' r "' 

/ " , .. .... ·"" 
_.,{ / 

~--/ 
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#define MSG_NOERROR 

typedef unsigned short int 
typedef unsigned short int 

struct msqid_ds ( 

} i 

struct ipc_perm msg_perm; 
struct __ msg *msg_first; 
struct __ rnsg *msg_last; 
msgqnum_t msg_qnurn; 
msglen_t msg_qbytes; 
pid_t msg_lspid; 
pid_t msg_lrpid; 
time_t msg_stime; 
time_ t rnsg_rt ime; 
tirne_t msg_ctime; 
msglen_t rnsg_cbytet6J..;, 
char msg_pad(22]; '\~_····~ ... 

PRO ADI for PA-RISC Systems 

010000 

msgqnurn_ t; 
msglen_t; 
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842 Data Stnactures and Constants 

/* Set Trace */ 
/* Read User I Space */ 
/* Read User D Space */ 
/* Read User Area */ 
/* Write User I Space */ 
/* Write User D Space */ 
/* Write User Area */ 
/* Continue */ 
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#define SEM_UNDO 

#define GETNCNT 
#define GETPID 
#define GETVAL 
#define GETALL 
#define GETZCNT 
#define SETVAL 
#define SETALL 

struct _sern { 
unsigned short int 
unsigned short int 
unsigned short int 

010000 

sernval;­
sempij),,~. 
semncnt; 

unsigned short int sernzcnt; 
) ; 

PRO ABI for PA-RISC Systems 
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#define 
#define 
#define 

#define 
#define 

SHMLBA 
SHM_RDom,.y 
SHM RND ·~''' - ' 
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4096 
010000 
020000 
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struct stat 
dev_t 
ino_t 
mode_t 
nlink_t 
unsigned 

st_dev; 
st_ino; 
st_mode; 
st_nlink; 
short st_reservedl; 

unsigned shor t st_reserved2; 
dev_t st_rdev; 
off_t st_size ; 
time_t st_atime ; 
int st_spare l ; 
time_t st_rntime; 
int st_spare2; 
time_t st_ctirne; 
int st_spare3; 
long st_blksize; 
long st_blocksi;· ,, .. 
unsigned ~nt st_paa1;J~0;:~»·· ...... . 
unsigned int st_acl : 'ti'-'·· ... ~. 
unsigned int st_remot'=:t. i"'· · 
dev_t st_netdev; ~< 

' ino t st_netino; · .. :· ..... 

unsign~d s ., -~· st_reserveci'St~.· . 
unsigne .. , .. _, ,·~ ' it,;_reserved4";--. ;~ 
unsign : · ··short· ·..J1it~eserved5; ~:~:· \ 

~ ~ ~ . ·. 
shoJf. · ... st_fsty~i~ 'I:«'· .... ¢.'<' 

d ··-· At:. ii''ii<fl ·· ., .. . ·.· ev....:: .... "' ''!'!'~rea .\'!;>- , . ._.,, 

unsigned·'"~"''''~'ltt. s · ·~, -mg.~· t.=/ 
···~ ~·. ~~. I . d h . .. · . -~.:..~imh6~<~· 1' 

un~1gne s . · ~.:..'9. -~·~:t,. .· 
~./~'tt_utd:~ · ·,., ··~- .. ..r 

.,..... ~~a_r"", p~ia;"''·... ...,"" 

. ~ long ~~~e4 r~ "~"" 
. ; : l.t ', I.. " t ' ~ · . ..,_ '-, I t 

#Cl .. : ... ~ S_IFMT \ · . }, 0170000 

.. ·'.• -.. ~_IFREG )i 0100000 
#def in. · ~l,FBLK ! 0060000 

-. .l]~HR ) . 0020000 
#define S "''''.~la .... ,' i 0040000 - ..... .. ;' 

~ 
·~· 

l:..,.~;:,,, 
~- ·-.;~.(.. 

·-;,.· 

Figure 840: <Syslstat.h> 
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#define S_IFIFO 
#define S_IFLNK <;:-. 

#define 
#define 

#define 
#define 
#define 
#define 

#define 
#define 
#define 
#define 

#define 
#define 
#define 
#define 

S_IRWXG 
S_IRGRP 
S_IWGRP 
S_IXGRP 

S_IRWXO 
S_IROTH 
S_IWOTH 
S_IXOTH 

0010000 
0120000 

({_M & S_IFMT)==S_IFDIR) 
((_M & S_IFMT)==S_IFCHR) 
{(_M & S_IFMT)==S_IFBLK) 
{(_M & S_IFMT)==S_IFREG) 
{(_M & S_IFMT)==S_IFIFO) 
((_M & S_IFMT)==S_IFLNK) 

~l~9=~P 2 o o o 
o'1Jtoooo 

~~~: 
P~':....M & S_IFMT)==S_IFNWK) 
. ( (_M & S_IFMT) ==S_IFSOCK) 

Figure B-40: <Sys/stat.h~ 
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#define DELIVERY_SIGNALS 1 
#define TIMEOFDAY 1 

typedef long timer_t; 

struct tirnespec ( 
unsigned long tv_sec; 4 { .,'\."\ 

/
~~ ·,~ .. ", 

struct itirnerspec ( 
6 

struct t~mespec ~ t_interva . ~.;~··· 
struct timespec it_value{f.,.h· · . " . 

long tv_nsec; 
) i 

) i 

Figure 7-41: <Sys/tirri'e~Jti~ ... 
~· '... "··~-*... "'+:···: • •• ~ 

struct trns ( 

) ; 

clock_t trns_utime; 
clock_t trns_stime; 
clock_t tms_cutime; 
clock_t t~~-~stirne; 

,,~·:t: - '.. . . 

~ ,,,~.,,., .......... ~ ....... , .. ~. 

..... 

·· .. , 
' ·· ', 

-~- .• 
~ ........ ' 
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typedef long dev_t; 
typedef unsigned t.,~ing ino_t; 
typedef unsigned ~qprt mode_t; 
typedef short nlink_t; 
typedef long / off_t; 
typedef loP!d( pid_t; 

.(.:-:.;.:.:· .· 
typedef ,.J;:{).8=··" g id_ t ; 
typed~f ~chg uid_t ; 
tyw({J l 4"· 1ong 1-- time_t ; 

<:-, .. , .•.def unsigned iI).~ • \size_t; 
int J"gize t · 

,.. , ;. ·:,::~> - I 

·: edef unsign.~& t=eng _/ c -: . k_t; 

ty ,4;,,, tr~a=·=v·==<=: .. ., . ,..r ,. .· ke ··{~t; 
type<f&'®. ' =~nw,,,.· · .. d · ·. r t ,· 

"""" :till! ~ .ft % •• -

typedef char .. « .··., _,A~ddr_t; 
typedef long .. ..- / ) ~-.,~ ~lk t · 

~~=~=~ ~2.4~--:~~r·----·" ~~~~~~;, 
typedef unsitned '!J'ri( ubit32; .. ,.,~. 
typedef char / ! sbit8 .~,,···ft,~ . 
typedef short ! s~$!ftT / 
typedef long \ / ··:~Tt32/ / 

~ • ' f 
+:4:$:. '\ .. . .l . ./ .. 

#define UID_NO_CH~i''' u ~ii!) -1) 
#define GID_NO_CHANGE ( ~t ) -1) 

typedef long ~-··· "~t:_mask; ,,,-·" ./ 
~ J • 

.. ... v.·.~: c c c x > -t.1€~¥1 > .. n>~<yy» 
'% ~ ;or "\ 

%;, .w-· ,,.. ¥ 
typedef struct fd_set C '(' /' J ,. 

#define howrnany(x,y) 

fd_rnask fds_bits[howmany(204"'~' (sizeof(fitf.,Jnask) 
) fd_set; ~ 

#define FD_SET(n,p) 
((p)->fds_bits[(n)/(sizeof(fd_mask) 

(1 << ((n) % (sizeof(fd_mask) 

#define FD_ZERO(p) 
memset ( (char *) (p )., (char) 0, 

Figure B-43: <sys/types.h> 
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#define FD_CLR(n,p) \ 
((p)->fds_bits[(n)/(sizeof(fd_rnask) * 8)] &; \ 

-( 1 << ( (n) % (sizeof ( fd_mask ) * 8}.db-J. 
#define FD_ISSET(n,p) ./· ,,. .. , \ 

((p)->fds_bits[(n)/(sizeof(fd_mask) ~Ztff'J & \ 
( 1 << ( (n) % (sizeof ( fd_mask) ,A.;~~J.J . 

struct utsname { 
char sysname [ 9] ; 
char node name [ 9] ; 
char release[9]; 
char 
char 
char 

version(9]; 
rnachine[9]; 

idnwnber [ 15.J ; -- '\' ... 

,/; .. ,.. . .1-.,!J~ 

... ... _.... 

,/ 

} ; 
\ ~- '~ ....... .. . . "' ... . df.~ 
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typedef long fsid_t[2]; 

struct statfs 
long f_type; 
long f_bsJ¢.i,$:;&v · 
long f~~'k:~ · 
long ~AJff~e; 

1 

loPIJ P-'.ba.vail · .A. f=files; 
/ 

,.,,/ \jjhg f_f free; 
: '°;'<' ~ • \ ~· ; 
·\" ( fsi.d_t f_fsi~f :-:·· .t 

°',\Long f_mag.j:·~:r ./ f 

'~~,.f~~-SP±'ebi t~.{#"'°" 
l 6f'l?:J::.....& .... •1'•fr e [ 4 J,,,( 
site_t f_cnog.~f . 
short f__p9Jl1, · :~· ~ 'o;. ···•• ··• · 

~4···J ...... .J... - ~· .1 /· ..... -·-· 
·;:_ 

) ; 

•' 

#define ~IDSZ ) /; 16 -~: 

#define 
#define 

#define 
#define 
#define 

#define 
#define 
#define 

... ······,°!Fi re B-45: ~Vfs Ki..\.; 
~,gu ~· ~~ 
\J . ~~::.~.. <.. ¥ 
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#define NCCS 

typedef unsigned int 
typedef unsigned char 
typedef unsigned int 

struct termios ( 
tcflag_t c_iflag; 
tcflag_t c_oflag; 

32 

tcflag_t; 
cc_t; 
speed_t; 

tcflag_t c_cflag; 
tcflag_t c_lflag; 
tcflag_t c_reserved; 
cc_t c_cc [Nees] ; 

} ; 

#define IGNBRK 
#define BRKINT OY -.., 
#define I GNP AR 
#define PARMRK 
#define INPCK 
#define I STRIP 
#define INLCR 
#define 
#define 

000 0001 
0000002 

. ",p:P~·-0.0 o 4 

~-,,t~f1t· ... -~ . 
~.;.t. · .. 

ood:Q--040 ··· -... 
~;:_::-. ,· 

oooo~£P / 
000020~- ,> .. ·~~ 

0000400 ··.,< 

Figure 8-47: <termios.h> 
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#define NLO 
#define NLl 
#define CRDLY 

#define CRO 
#define CRl 
#define c,.wl 
#define .... '' 
#defi~ jfABDLY 
#d~t.'-f~J,.· , TABO 

~ ,,.,tf(f_iji£.e TABl 
\ j, ia*f ine TAB2 

"'&':...fine TAB3 ,, 
11· ~ :d:itC:...Di~:.:;, 
#define BSl 
#define VTOL~ 

#define '~~ 
#define Vi!~~~(· 
#define FFD;Y 
#define FFO 
#define FFl 
#define XTABS 

#define EXTA 
#define EXTB 
#define CLOCAL 
#define CREAD 
#define CSIZE 
#de fine css 
#define CS6 
#define CS? 
#define csa 
#define CS TO PB 
#define HUPCL 
#de fine PARENB 
#define PARODD 
#define LOBLK 

#define ISIG 
#define I CANON 

0 
0000400 
0003000 
0 

" .... 00 0 1000 
0002000 

i '. 0003000 
~ ~ 0014000 
~ ' 
I . 0 {;.. 

.· ooo4iitw 

.. ,~rs:&JI~!': · 
,, ·olr~foooo \ · .. 

0 : J 
~ 00200 04 

• • ...:>!·:·:·:-: 

. -~~'.~'.~~:~:qpf· 
I ~ 0040000 

0100000 
0 ,.,..- ·"(.' 

.. . .. .,,.,·· ,/ 

0100000 ..... ·.,... .... ( 
TASJ("·::· ,,v / 

.... .-· "j;~"i .... l ,' 
............. ·:;./ ··.,_,,,}.,_ / . 

'- /'' OOOOOJ~, / l 
\ 4 0000037 ... ·. ; : 

T 

0 ., . .,., 
0 '· / , . 

000~ ,,,( / 

000~~~~;' ~·/' 
0000140 .,.,;, 
0000200 ,.. 
0004000 
0001000 
0002000 
0020000 

0000001 
0000002 

Figure 8-47: <termios.h> 

B-52 Data Structures and Constants PRO ABI for PA-RISC Systems 



DRAFf 10/7/93- For review purposes only- CONFIDENTIAL 

#define 

#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 

#define 
#define 

#define 
#define 
#define 
#define 
#define 
#define 
#define 

#define 
#define 

* .. : -. . ·~=;· . . 

XCASE 

ECHO 
ECHOE 
ECHOK 
ECHONL 
NOFLSH 
ECHOCTL 
ECHOPRT 
ECHO KE 
FLUS HO 
PEND IN 

TOSTOP 
IEXTEN 

VINTR 
VQUIT 
VERASE 
VKILL 
VEOF 
VEOL 
VEOI;i.Z- .. ~. 

~· ........ 

0000004 

0000010 
0000020 
0000040 
0000100 
0000200 
0000400 
0001000 
0002000 
000400Q 
0010 0 (};'6w.' 

/.~ .. ······ 
002cfo oo ' . .,. 

0040000 

5 
6 

0000037 
0 
0000001 
0000002 
0000003 

,"'· .. , 
~ •, 

.l'..).·/_f .......... , 

I ., 
~ .• ,_ 

~ 
. .._ 

4 (' .. . , 
,_,.,_,, ' ·, 

. '"~ 
,. . .... '~}-;.. . ·~t:. 

-..:;..,.,. 

Figure B-47: <termios.h> 

..• 
', 

"····r.-.-:· :t 

' ~· 
i ,. 
q 
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#define B134 0000004 
#define BlSO 0000005 

.*<-
#define B200 0000006 
#define B300 0000007 

.~ 

#define B60o, · 0000010 
#define B}4,~ , ·. 0000011 
#define .. -<t.l.:-2~il ', 0000012 
#defi~ i i soo i ; 0000013 
#d~.f#~·· B2400 : 0000.@14 

~ :::~•t~: :!:~~ . .' ~~°,:'=~~~. ~ine sno,;1. _.. ~7\'·, 
# '~-----i,~f:~~~J.. '. ./ _:f.~ 0 02 0 ) 
#deftM, __ J)J..9~00 ,..-" ,·· 0000021 -· , 

4' . -,:_ 1 > 
#define 838400 _ ... · / \ ·-.,,. 00000.~ / 

:::~~~= ~!~~~~~( // .~lift' .,.,.,.,~.,,.,.,.,.,.,.,JJ' , I 
#define B~!:g~aoo · · 000002s 
#define B4~800 0000026 

#define 
#define 
#define 
#define 
#define 
#define TCIOFLUSH 
#define TCOOFF 
#define TCOON 1 
#define TC I OFF 2 
#define TC ION 3 

#define SS PEED 7 

struct winsize ( 
unsigned short ws_row; 
unsigned short ws_col; 
unsigned short ws_xpixel ; 
unsigned short ws_ypixel ; 

) i 

#define TIOCGWINSZ 
#define TIOCSWINSZ 

winsize) 
winsize) 

Figure B-47: dermios.h> 
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#define 
#define 

typedef 
typedef 
typedef 

extern 
extern 
extern 

struct 
int 
int 
int 
int 
int 
int 
int 
int 
int 

) i 

NULL 
CLOCKS_PER SEC 

unsigned long 
long 
unsigned int 

long 
int 
char 

tm ( 

trn_sec; 
trn_rnin; 
trn_hour; 
tm_rnday; 
trn_mon; 
tm_year; 
trn_wday; 
tm_yday; 
tm_isdst; 

0 
1000000 

clock_t; 
time_t; 

-·" 

0 
1 
2 

., .... ·7 Figure B-48: <time.h> 

;p" 
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#define UL_GETFSIZE 
#define UL_SETFSl.ZE 
#define UL_GETMAii~~K 

Lf. ....... }. 

1 
2 
3 

/ ···;o ·y·'''it~ure B-49: <ulimit.h> 
/ .. v···. 

, .. / ... /. \ ... \ 

#define STDIN_FILENO 
#define STDOUT_FILENO 

' \ , 

' 
~\ 

#define STDERR_FILENO Al<:' 
/A . 

#define _SC_ARG_MAX / 
/ ,• 

#define _sc_cHILD_MAX 1 
_.,, 

#define _sc_CLK_TCK 2 / ,/ 
/ !" 

#define _SC_NGROUPS_MAX 3 
_,. 

? 
#define _sc_OPEN_MAX 4 ~-·0.:,-#define _SC_JOB_CONTROL 5 

\. 

Figure B-50: <Unistd.h> 

. . 
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#define _sc_SAVED_IDS 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 

_SC_PASS_MAX 
_sc_STREAM_MAX 
_sc_TZNAME_MAX 
_SC_l_VERSION 
_SC_ VERSION 
_sc_BC_BASE_MAX 
_SC_BC_SCALE_MAX 
_sc_EXPR_NEST_MAX 
_SC_LINE_MAX 
_SC_RE_DUP_MAX 
_sc_2_VERSION 
_SC_2_C_BIND 
_sc_2_C_DEV 
_SC_2_FORT_DEV 

6 
9 
100 
101 

·· / Figure B-50: <unistd.h> 
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#define _CS_PATH 

#define F_ULOCK ~-/ 

#define F_LOCK \,, 

#define F_TLOCK 
#define F_TEST 

#define GF_PATH 
#define PF_PATH 
#define IN_PATH 
#define CS_PATH 

#define 
#define SEC_CLASS_C2 1 
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"#define 
#define 
#define 

#define 
#define 
#define 
#define 

#define 

SEC_CLASS_Bl 
IO_TYPE_WSIO 
IO_TYPE_SIO 

CPU_PA_RISCl_O 
CPU_PA_RISCl_l 
CPU_PA_RISC2_0 
CPU_PA_RISC_MAX 

CPU_IS_PA_RISC( __ x) 

extern char 
extern int 
extern int 
extern int 

#define NULL 

2 
01 
02 

Ox20B 

struct uti~L·i-··- ·'- ~:7" 
tirne_t.+time ;"', "\., \'·. 

timeJ~time; ' \ l\ ~2· .. ' ,~~, 

) ; "~ ... -.-.' . . \ ./ 
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typedef double *va_list; 
int va_alist; 

·' . 

#define va_sta:i;:;J;{t,Hl.,;)l,ist r .v·"'·'o;~ · . 

. -/. _,·· "· . 
#define v~g'''L_lisl~::i.L._mode) 

((_list)=(char *)&va_alist+4) 

\ 
( s i z eqt.;;f'-J.~b~de) > 8 }»:·.\ \ 

{ idft~ii't = {va_lisJi)~f. {(char *)_list - sizeof 
_.../ ll¥fi_rnode *) (~ijfint *.J, ( __ list)))))) : \ 

~··- /. 1Lust = ... , r ,. 
(int))),\ 

\ . (va_list) (JJJ~µg) ( {chd 1J~list -
\ "\.. & {sizea,Hk~<ie) ... :r,i_ r·o~fFFFFS 
--~ii~·{J~~j 1JV ( {c~ t'f::_listi -~ 

"'-· ~ .. Ame,.;1,., .. ,~1-~eou~'ae) > i ~,itf~ > > > 
,,.·" . . -.,.. . A I 

#define va_~nQ;;(~t1~tb- ... --~·/ . / 
;ih,. ,/. }; /' ,f "----~ _,,, 

\ 
sizeof {_mode))\ 

OxFFFFFFFC))), \ 
\ 

~._... .- ./- ~ 

#define ~,6i , long va_alist; 
• :..... .d 

typedef unsigned 
typedef unsigned 
typedef unsigned 

#define WEOF 
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typedef struct { 
size_t we_wordc; 
char **we_wordv; 
size_t we_offs; 

} wordexp_t; 

#define 
#define 
#define 
#define 
#define 
#define 
#define 
#define 

WRDE_APPEND 
WRDE_DOOFFS 
WRDE_NOCMD 
WRDE_REUSE 
WRDE_SHOWERR 
WRDE_UNDEF 
WRDE_BADCHAR 
WRDE_BADVAL 

OxOl 
Ox02 
Ox04 , 

OxQ~~-· 
oxffiB' 
}~i.2o 

i ..... 1. 
'¢.:'•" .,. 

2 
#define WRDE_CMDSUB 3 
#define WRDE_NOSPACE 4 
#define WRDE_SYNTAX ~- .. 5 
#define WRDE_INTERNAL1.-f .. ~ .... . 6 
#define WROE NOSYS ~ , . ...._ ·'(:.,,J.) 

- \ .. \ ··-~."-.,. · .... :~.-.~.~ .. 
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c 
Index 

ar .d..~~'t-1~~~ -·>+itIBrs ;.ttw .;14" .. ~."'\, 
__ argc_value 6-5 ar_~.'1;:~.Pa.42 '·..... " 
__ argv_value 6-5 a~~rJ1t&1~4 · .. ,,. .., 
__ data_start 6-5, 6-11 Jtf.~igned goto statements·,4fp'\ ... 
__ dld_loc 6-11 I tlux_id 5-1'6~-- . . '•i ',··, .. ·1' 
__ dld_sp 6-8, 6-11 4~: ...... iPx:iliary he~d~ .. (lfea 5-3, 5-4, S:;;lafo 
__ map_dld 6-4, 6-8, 6-9, 6-11 ·< .. .,~~l.?, <' < · · · ''·· ·<'?~:;,~ Jr·;-
__ SYSTEM_ID 6-10 auxtli~:.Jm\vind table 10-33 

·"¥.:~ "" ·, . 

__ text_start 6-5, 6-8, 6-11 '\··· ~.. B ··, .. 
$global$ 6-5, 6-8, 6-9, 10-31 , ~.. . ·% • .. 

$SHLIB_PATH 5-35, 6-15, 8-9 \ \.::··· .... ~ ·@~D_DEFERRE!}t~3, 5-44 
$ST ART$ 6-4, 6-5, 6-8 \i. ·~·d,!.,~~T 5-44i_ .. 
/dev/console 8-3 \ .·' ~:~!'SI!\i~P..l~.tB 5-43, 5-44 
/dev/null 8-3 ···-...... '~·. '!fliffing 5-4h ,:f§13 
/dev/ptym/clone~-- . ··\.. '"4f.t:£ND_NONBATAL 5-44 
/dev/tty 8-3 / / '""· '\.\ A~D_NOSTART 5-44, 6-19 

j_ '·· '... \ , B~"""'~STRICTED 5-44 
A "...,, '~.. ~ ; BINIJ&VERBOSE 5-44 

'· '\. .... ...__ S..:·:I' 

access_control_bits l*it:r fti.1~----·~,,Jl.S.~;)::.12, 6-3 
ANSJ-.fr···-· .... "'·· ·. ..... " ' ·. · ··---j).-tfC order 3-7 

!dafityI>e·s.vj~'S: ":~·-~... '"'..:,'-, . . ;. ~;.· ·~ ~ ., ...... ., c 
_.·· (1ong double suppo:dtl~4 ......... ····-·? 

#-'·· .. ;ht~ functions 7-lS\ ,, · . . \ ./ c89 8-8 to 8-9 
"1tuwe::,~p,ace 7-3 '.": :h ); called code 4-22 
usag'e~j]~-~ PRO ABI 3~1A call~ stub, see stub:export stub 

archive heaaew).!~l;.42 to 10-ja/ callmg code 4-20 to 4-22 
archive librari~%lf®,»·~ / , calling stub,see stub:import stubs 
archive string tabfo-4~¥// · character set 3-7 
argO, argl, arg2, arg3?-~,e register checksum 5-15 

Jf 

Symbols 
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clone device 9-3 
close 3-22 
compilation_unit 10-17 ?i .. 
compilation unit dictiom®t5.~3, 5-6. 

DR_PLABEL_EXT 5-38 
DR_PLABEL_INT 5-38 
DR_PROPAGATE 5-38, 5-39 
DR_ TEXT _INT 5-38 

... . ·•· .... ~;;:.=:=-=-~ 

10-17 to 10-19 ./' .-- ·· , dynamic calls 4-26 to 4-27 
complete exec~Jffb\9s:'l-4 ',1 dynamic libraries 4-19. 5-29 to 5-53 
conforming .. ~pppt"ation 1-1 binding 5-41, 5-43, 6-17 
confonyi~iisr'S'iem 1-1 DL header 5-29 to 5-36 
cpntr6.lt.egisters 3-5 l ~ export entry extensions 5-50 to 5-51 
cd~ght_aux_hdr 5-24_./ ,. ,. export list 5-47 to 5-49 
cop~~t auxiliary bcJ!~i.t'''S-24 export stubs 4-22 
ctype.Hf~;z;l·-· ··· _,,,,.,{ . ,, · · , identifying 5-38, 5-46 

.,.,.·· ·. . 
.•••..••... • ,.·.v· import list 5-45 to 5-46 

D import stubs 4-22 
data 3-12, 3-14%3~'.~~;()~3 .' initializers 6-19 to 6-20 

alignment 329.,tfi 3-11 / .. layout 5-30 
parameter typ°2§ 4-14 .· f libr~,.HtJ.t.$-42, 6-16 
types 3-8 . · / JjJ~r~::$,¢ilrching 6-15 

data linkage table, see GJ.kf ,. ,.~;.· .. '.~~:.$·~~i;arjdeai:h path 5-35, 5-43 
debugger_footprint 5-23 'i- .. , ...... · _-;;t,, .. ..,._ 1,~n~t requrrem~n 4-20 
DEMAND_MAGIC 3-13, 5:Ji-:s~2o, 8- .. ,_"· ._/U,dule table 5-5 . ~-53 

8 ~ ) Jiresumed_dp . . '· · 
dirent B-2 j : ·' requircd~·alls •1 3-22 
direnth B-2 ~ ,/ / _,. versiork ._ .' · "I 6-17 -~\ 

v..<:.-~.-nr- fi ~ 
distribution formats '<. . · dynamig"Jr ·· · · version au · ~J;).ead-

data 2-3 \~ ·~~, , ·· -~ ~:r~ -~\ 
+.-....t:·'C~ . .':.·:.f l d ~) .... . dJ' d l '·-.., ~ media 2-2 '<.J~yq;mu.c oa er, .s \ 

dl.h B-2 -~&fflamic reloc on 5-37 to 5-3Y~-;-~ \. ' / ~ ' dld.sl 5-41, 6-4, 6-11; 6-15 to 6-18 ,./ I"/ ! 
_dld_sp 6-10 E /")Y . ~ 
dl_header 5-30, 5-31, 6-4 _edata 6-5 ,, ,,, 
DLT 4-25, 5-40, 5-45 ELAB_DE · 3 
DR_DATA_EXT 5-38 EMBED_P· \ <: · NABLE 5-35 
DR_DATA_INT 5-38 _end 6-5, 6-1 -4 
dreloc_record 5-37 _environ 6-5 
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ermo 3-21 
ermo.h B-4 
etext 6-5, 6-11 

;xception interface 3-16 to 3-18 
exec auxiliary header 5-2, 5-18 to 5-21 
EXEC_MAGIC 3-13, 3-15, 5-9, 5-20, 

frame marker 4-5 
frame_marker B-32 
ftw.h B-9 

,. ...•. ...~~~:=%;:.­

G i .... \.:.,, 

8-8 
_exit 3-22, 6-4 
export_entry 5-47 
export_entry_ext 5-50 
external calls 4-19 to 4-22 

GA TEW.$Y':~~~f§~)0-12 
gatew4~:~:page J~t~~;;Jk 14, 3-15, 3-21 
general't~gisters 3~'5~. 
gigk'hxBtJfi 

"'~global varU!!Jles 4-25 
. kfoup name's)'8,,2 

4 ....... ··· .. ,,fiqkb B-10 . . .. -:<>~" 

F . iJfu41~~J3: 12, 3:'14 
fargO, fargl, farg2, farg3; see register:- , . 

argument registers 4-13 ~---.... H ·· ·-.,~.,,. · _;, ..... 
fcntl.h B-6 '·\. ··.,· ... '· ... ,hash_string 5~49-:. ~ ·,·~7 
file system layout 2-4 to 2-6, 8-3 t04~4 .... "4~~t~?.-8 ".,, ·:, ... «' 
fixup request array 5-3, 5-6 \,\ hea{>'''3,£1?.~;;J.=).~. 3~15 
fixups 5-6, 5-37, 10-29 to 10-39 \ \

1 
h~wafor·:~:'V.~43 

CODE_PLAB7.L .. ~;;t<~. . '·-~litp:.ux auxil~yY header 5-18 
DLT_REL~£4;'~~ ·,.~ \ '-. 
tixup opcqHl0-36 t0\~~8 r<. 
fix up TP.n1~p&.\:?1 0-30 to ll· ;;,<; 5 · \.:,\:,,,~ 1 o ·~4~~.. · .¥ 1conV40:-:o-
fixup setondMt:~~de :.~Q;..lt.______ IEEFt785 standard 3-18 
FSEL 4-25 "· ' J - · ~-~ ~ .::.· .. ,/-------.. _ .dmp6rt_entry 5-45 

~locatton·<{{F.6.J -N'""""' 9 P,W~~~,,,,,;,,~,,l:>~.:~, , -.-....... incomplete executables 1-4, 5-3, 5-2 , 
.4LABEt: ~"'~ ,..

1
.-0 ',""'.. ~ . ..,. 5-38, 5-46, 6-2 

.L_ 7 ounding modes·~>:.;~.. '·-, -..... --4 INIT_DEFINED 5-35, 5-36 

p.~~~b B-7. . . '"- . :J.. \. ' initialization data areas 5-6 
floath.!J,tp..g~t mstructionS>~~~ 3-4, $- initialization pointer array 5-3, 5-26 to 

18 -...... "' .. . .-·"' . tl \ s-28 
floa~ng-po!~~ters ~-6 I j . initialization pointers 5-6 
floating pomt ~'~Ps ,, ·F regis- init_pointer_record 5-26 

ter:FR 0 ~ ~~>·' instruction set 
fnmatch.h B-8 'Y' floating-point instructions 3-2, 3-4, 
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3-18 
processor instructions 3-2, 3-3 
quad precision 3-4. i!S.tto 7-14 

interruptions 3-16, 3-1,1A3ii<:!})., 4-28 
ipc.h B-39 ·'-" . ...- "!'" • • ,_ . ·, , 

ISO/IEC 646: 199.lbStilildard 3;7~~ 
/ y :: ·:·:{ 

J" •• • ! ~ 

? L 
; /.< " 

lan ifffO)hB-11 

LTP'; external SR4 4-4. 4-5 

M 
magic number 5-2, 5-9 
magic string 10-40 
math.h B-16 
millicode 4-30, 10-22, 10-64 to 10-65 

A misc_info 5-47 
1·· . 

.J '' mman.h B-40 .,,,,,~, ..... ""., 
leat';Ji\tocedures 4-2 -~ ... ,_.)Q1Il1ap 3-22 

,.. ._,,n1Pdule_entry 5-52 libnil{~/.-. . .. / "•"<-" 

dld"(3F"t-~1l:-c·· __ ,, .. pr' 
.St::~ii\~;; .. .. :~ 

libc 7-i,~'j-~LftQ 7-8 
libcurses 7-16 
libdld.sl 7~,,_ . ...... , ! ; 
libM 7-2. 7-'1$.;t. 1 , 
standard librarl~s 7-2 / ; 

.' 

types 7-2 ,' 
library symbol table 1ofag' 

rtmnetary.h B-17 
// ,RP; millicode return pointer 4-29 

. _Afug.h B-41 

N 

<;···~ 

lirnits.h B-13 \ * ...... · · ·:~-
~y~~ .. ·,· ... o J 

linkage table 4-19 4-24 5-LllJ.'-.,6~4 • ' "%\ 
linker_footprint 5-22 ·% 

linking 6-16. 8-8 to 8-9 
literals 4-24 
loading 6-4 
locale.h B-15 
localization 3-7 
long branches 4-24 
long calls 4-23 
lseek 3-22 
LST header 10-45 to 10-49 
lst_header 10-45 
LST symbol record 10-53 to 10-58 
lst_symbol_record 10-53 

'· i ' . '. 

·-~$.l{pJV3-22 J ', ·-,.,r.::::y- , . ,...-""" .. 
.J. .. , i / . r "'\ ·., 

) ·;··:·' ./ ~/ \ \. 
..t: .P .. \ ' 

*-N .. J ... . · ./ ,.. • i > 
·\. W' parame.tftffe'fi« · tion 10-61 ,,slf~· · · 3 '-{J ... ···v ... ,r r .. 

'i aramertt's ·-... ·~ \ 
,{~-- .. -~t~Turence p ·. ·· eters ~ /.~····-.., 

''i:~ ~gister u e 4-18 ./ _,-/ \"\ 
·value paramate:;p.4-14 ,,,.- ,~ · \ \ 

PA-RISC 1.1 Architec ·iJ.litf'Instruc~/ 
tion Set Refererl:. _,, · · 'ual 3-2, 3-('" 
3-5 3-12 3- . . v ' . ' ,, 

PIC 4-19, 4, 4-25, 5-40, 10-31 
plabels 4-15, 6 to 4-27, 10-22 

L TP; external DP 4-4, 4-5, 4-20, 4-22 PLT 4-26, 5-40 to 5-41, 5-45 
PLT_entry 5-40 
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poll.h B-17 
position independant code, see PIC 
posix shell 8-7 

CRl 1 3-5, 4-10 
CR16 3-5 
CR26 3-5 . . , 

see sh 8-6 
primitive data types 3-8 
privilegelevel3-16 

CR27 3-.):'"..; ·····. ··-'\~ 

floating'.fppint registers 3-6, 4-9 
FRO,,,pj6~,;,~;1S , 4-9, 4-10, 4-13 
f .{"J::/ 13 ··:,_ . PRO ABI 1-1, 1-4, 1-5 ret:;~ · . .,_ · .. _ 

PRO API 1-4, 3-19 
(.,':' ' " ;~0-

,gtb«<~ registetsj$.;§.~ ... 4-8, 4-12 
/;'loRHi., 19, 4-21: iW~~;A-25, 10-31 procedure labels, see plabels 

procedure linkage table, see PL T 
process initialization 6-6 
processor instructions 3-2, 3-3 
processor status word 3-5 
pseudo devices 

.,' , GR2 4-4 . 
,..,.. ; GR22 3'l2.J · ····:S 

4 -~'~. "· ·.OR27 4-i~·,.AtlO, 4-23, 6-4, 6iaf fo_ 

clone device 8-3 
master/slave pairing 9-3 
master devices 8-3 

'a~ .. ,,. >r 

"\'~-- GR29'·:$~4'' ··~ 
.. ,,. . GR30 4.::-2~:,4®3.~. 4-4, 4-5, 4-8, 4-10, 
\ :<:·w.,"'· .. .. · ....... . ,. . 4-28~;·~~· ... :.:·4' 

opening and closing 9-2 
slave devices 8-4 

pwd.h B-18 

.. · ······<. ·W:RJJ. 3-21, 10-~Y . -.·;;;: ::)•; ;~:::.· 

At!t~t&#jtrti.ms:fo$6e CR 16 
·-"' · ~ "t TP see''~r-;_-~19 "-~ . ' v~ 

./~· .. , , . partitionirrg<f-7 to 4-10 
Q ,i /"~---. . ' . 

I .[ ""'-, ... .. PSW 4-10 
•• £,,.,./ \ ~~tO 4-12 

quad prectS!)lRtf:~~ j ~c?•; --~: 
quadrants 3-12, 1~4h.1-}5 J ----.... ~»~-4-12 

· .• ....__ · ... J, ~-. - .. ---... ~~~R, see CR 11 
R _,, ... ··· ., .. ,,.. "'\.'- ' ·· -... ... -·--- ,-sarg 4-11 

.L~-/2·--2··"'·., .... , ... ..... ··,,.,. · ", ' ·._, )!.._ ., ··--« SP, see register,GR30 
re§U'"'-'- "· i,,,_ .... , • 

-<-~>· hB 
19 

··"'"" ··· .. . , ·· .,,__ . ..;!It spacereg1sters3-3,3-5,4-11 
.r.e.g~x. - ... ... ..... --.rr JttMist.er . ·-.., .... lo_ .... SR4 3-12 
~ ......... ·••• ·< • h .. SR5 3-12 
itrgj.fue~_t registers 4-8;1~~-· 4-12r4- sR6 3_ 12 

.. ,. _"~3.~~~-18 \ .. f SR7 3-12 3-21 
callee-s2av8·~14:;z., 4-8, 4_l9f 4-13. 4- sret 4-11 ' 

"" ...... ·' ' 4-10 t 4-13 
all 4-:.:;; ,;i:,,,t;.-<-4,,,,J\ 4-l3 usage o c er saves / :·"~'P.1'~~ - . ..,;J-<~f';·r ' usage at process initialization 6-7 

control registers 3- ·-./~-5 "th · al 3 19 p usage WI Sign S -
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return values 4-18 SIGILL 3-19, 3-20 
routine references 4-15 signal handle~ 3-19 
RP; return pointer 4-4, 4-:i~A-20, 4-22, SIGPWR 3-17 

4-28, 4-29 . . · SIGSEGV 3-17, 3-18 
RP'; external/stub BJ~>.:t4:%f·;· 4.:~~A-20, 4- software installation 

22 ,... ~ %' ; data formats 2-3 
. ~ I' \ ~~ 

RP''; relo;;i.,~iS~;stub RP 4-4, 4-s.5.f file system layout 2-4 
/..,..+ media formats 2-2 

~'..... . ,.,. t· SOM 5-1 to 5-6 

sav¢,:,:·::state 3-18 B-29 , .. >~OM Directory 10-59 
sea,;arlt.B-20 ' .. · · · ~/ 'ib.m exec auxhdr 5-18 
sem.h B:4s;··, ........ ,.. §QM header 5-3, 5-4, 5-7 to 5-15 
setjmp.h B:20' ...... · _/4~_key 10-3, 10-4, 10-7, 10-14 
sh . " }~pace dictionary 5-3, 5-5, 10-5 to 10-8 

command§1W.W.;:fupllti.es ~tct!-:lfw~ ···· · space_dictionary_record 10-5 
shared libraries~$~} 5-29/ / space register 3-5 

... ~ .. ' ; 

shared memory 3-f2, 3-11.JJ~-15 spaces ,,&+<~--'?' 
SHARE_MAGIC 3-12,_:i;/f. 3-14, 5-9, .. ·< l=J?AJr.t'r540 

5-20 8-8 ·, I .... ;.~f.,. · · $PdJ\TE 6-9 , \ ..... . . ~:h ,..:.:-:-:.;.:.-..-...-

shift amount register 3-5"4/.>···~""'···"1:~;:::::«f ..... ~. ~~ATE$ 10-3-~10-4 
shl.h B-21 ~ -~ ';· .. ·-· "\. ··. .t~§EXT$ 5-29, 5Jl}:!l-8, 10-3, 10-4 
shlib_list_entry 5-42 ··f, > f1ze 3-12 _"" .. . ~ .. \ 
SHLIB_PATH 5-35 / i$T4export 6~·· ~<'., 
SHLIB_PA TH_ENABLE 5-35 ~-· .. · /stack 4-5, 4 .. (f .~ ... ~ \ > 
SHLIB_PATH_FIRST 5-35 ·\-..-.J-' ali~nt~'. .3 }.·: ...... \. 
shlib_ version_aux_hdr 10-2 '* .J.:d~'argu · .. ,,pw a 4~·'- \. 
shm.h B-44 t~· ..... ,.1 :if.illne marke ·''~ij, 4-4 .) " , 
sigcontext3-18, 3-19 ...,"'S:~ growth 3-1 , 3-15, 4-3 /,./ \·~\, 
siglocal 3-18 ~layout 4-3 .. /~ 
signal.h 3-19, B-25 l~ation 3-12~,..~-,.. / / 
signals 3-16, 3-18, 3-19 SlZC 3-12 / r 

codes 3-20 stack frame .... .." ~ 4-4, 4-5 
register usage 3-19 stack p~· ;,. .. ·, ee register, GR30 
SIGBUS 3-8, 3-17, 3-18 stack rela · ·. fixups 10-34 to 10-35 
SIGFPE 3-17, 3-18, 3-19, 3-20 stack unwin . g 4-28 to 4-36 

usage 4-2 to 4-6 
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stack unwind bits 10-32 $PLT$ 10-4 
stack unwind descriptor 10-32 $SHLIB_DATA$ 10-4 
standard files and directories 8-3 to 8-5 $SHLIB_INtiQ$ 5-29, 10-4 
_start 6-4, 6-5, 6-9 $SHORW$SS*!l.,0:-4 
start-up code 6-8 to 6-14 $SHOR:ff5ATA$<?,10-4 
stath B-45 $U~~S.~~T$ 4-30, 6-8, 
static link register (SL), see register / ( 10-4<.. \. 

GR29 )QPJillanch reqtJ • . : .1ents 4-23 
static variables 4-25 s.wttctf~'t~ 4-24 ~" . " ·· ,~,, 
ST_CODE 5-48 .4Yfubol dicl_ionary 5-3, 5~·51,:\~ZQ to 10-
stdarg.h B-33 _, 28 · ~+ .. , "··--1 
ST_DATA 5-48, 5-51 .i· · .... ,,§.fm.pol_dicdQ1{~,_record 10-20] /./ 
stddef.h B-33 s'JttipP:~ / 11·' ··.,;,~ I# 

stdio.h B-34 ·s'~~tresolution 6-16 
stdlib.h B-36 synony;t.~'''7.-3 
ST_PLABEL 5-48 \.~~-.. .._.. type 5-48',.'.j\Q~iJ to 10-22 
string.h B-36 ·\ , .:.:·~ , ... ······iy§/core.h B-3·7" ·. , ·· , ... 4 · 

. 5 3 5 5 5 25 " J.. ""'-- '\...,t.~~1 h B 38 "'· "-' stnng areas - , - ' - \ " "v<SJ~t~,. .,. - i ·./ 

ST_STORAGE 5-48 \.\ . sy~!pcditif.iq~· · · ·w ··,,~.¥·· 
"f' 2~·-:i; .. >,. ( -., ........ • .. . .. / 

stubs . ... .. --~- -.~~mmanJi"Bt:~' 
~xporti sbs ·:A_' .. ~~igh-4-21, 4-22 ~S/msg .. h B-41 
import stu ~- -19: 4-'20{'4.fl, 4-22 s~ptrace.h B-42 
pararne .. il.'6.t,catton stubp:~0-61 syST~~-'.,l} B-43 
relocati n s~~ ) ~ sys/s'hp}·:h B-44 

. . -·- H ' 
size 4-23 '·· ··· .. . / -·· --···-41.~~?t.h B-45 

subspas,s~,pw.µQ~.~ 5~wf$.t10·:9·-ro-··--.. -hJ/timers.h B-47 
l~Iub ....... , ~ .. . ,... ·-., "'·~ sys/times.h B-47 

sµJ$pace_diction3:fy:@.t.~rd 104()'''"·, _A sys/types.h B-48 
.. '"· .• , ' ~ -·· 7 
~~p.aces · , -:. -1 .- sys/utsname.h B-49 

,,~'<i~i;§.§.~ 10-4 '\.. -:~. ;;·' sys/varargs.h B-50 
$C<lll.E$. 6-8; 10-4 ~.. \ sys/wait.h B-50 
$DATAf}?;J.O, 10-4 ~ r system calls 3-21 
$DLT$ 1~ ·- . .,. } / _SYSTEM_ID 6-5 
$GLOBAL!f~.q$ffelQ;.4·/1 system initialization scripts 8-10 to 8-
$LIT$ 10-4 ""\ .. _, ,..· 13 
$MILLICODE$ 1(#4 
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T 
termios.h B-51 ~ 
text 3-12 3-14 3-15 6-3 , ., ' ~ 

The X Window Syste"": .:"'u.."w, 
time.h B-55 / . 
times.h B-47 .. /· 
traps 3-17 .,· , . / 

/ ·.· •. o types.hdirttS 
~·-·:._ ... ···· 

utsname.h B-49 

v 
varargs.h B-50, B-60 
variable arguments area 4-6 
variable references 4-25 
version_stting_aux_hdr 5-24 
version string auxiliary header 5-24 
virtu.31 address space 3-12, 3-14, 3-15 

w 
waith B-50 
wchar.h B-60 
wordexp.h B-61 
write 3-22 
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