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Usage changed to FPR to match Architecture Manual.
Additional related documents added.

Definition for /sbin/rc#.d corrected.

BREAK instruction supported. Required by crt0 and test tools.
Alignment example modified to show larger bitfield.

GR 22 noted as used for direct system calls.

Caller must ensure space is allocated for >64 bit return values.

Pseudo code for plabels clarified.

The current section for stack unwind reflects the best available documentation
available. It is expected that this section will be improved in a future edition or
as an errata supplement.

The entry_space and entry_subspace fields are changed to reserved fields. They
are not currently used on HP-UX.

The version_id field now includes the value for relocatable objects.
entry_offset is changed to indicate the usage of the 2 low-order bits.
fixup_request_total is the number of bytes.

Implementation-specific headers are prohibited. They are not portable.

The exec_entry field incorrectly specified the usage of the low-order bits.

The optional nature of init_pointers was stressed.

The field initializer_count was defined to support multiple initializers.

The term “absolute path” is used to reflect the usage in the standards.

The definition of bypassable was improved.

The fact that the hash value was hash_string modulo the number of hash table
entries was clearly stated.

The original definition for drelocs, imports, and module_dependancies was
incorrect. There is an additional level of indirection, and the relationship
between imports and module dependencies was not clearly stated.

The new location of dld.s] has been indicated.
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The requirement for the quad routines to be IEEE compliant is stated.

Required groups and users listed.

Options for c89 have been modified. The sole purpose of these options is to
support the linkage of conforming relocatable objects using conforming shell
scripts. All options not directly related to linking have been removed. Of note is
the definition of a new option that is not currently supported by HP, the -b
option. This option is used to create dynamic libraries. It cannot be used with
the -W1 option, as this forces the inclusion of crt0.0.

Run level 4 (VUE) is deleted. It is not currently a PRO standard.

O_NDELAY has been replaced by O_NONBLOCK.
Initial values for the termios c_cc array are defined.

The dynamic library version auxiliary header is only found in relocatable
objects, and has been moved to chapter 10 to reflect this fact.

is_first is not used by current systems. It has been replaced by the sort_key field.
The definition of SS_EXTERNAL was replaced to add clarity.
R_TRANSLATED is not used on unix systems, and has been deleted.
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for PA-RISC systems that provuics portablhtxm A
conforrmng systems without requiring a spec:ﬁc operating system u'ng i

obJect onset of objects thatqg&mnfy

the system functionality speciﬁed by the
stipulated by the standards.
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The PRO Standgrds

The PRO ABI is design  to be used with the PRO APL The PRO API and PRO
ABI are referred to ig},\- H ""qeument as the PRO Standards,

i

,,é. -,/ \,\

The PRO/APJ . .'% ;

The PRO ABI

This documentdet f.'-"'"

standards listed 1t;;the PRC
such as data intcrcﬁa.nge it
portability but are not spe¢i

1-2 Introduction 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 mformaﬁﬁn in this document is
of interest to developers of conforming systems and sysfgm h softiware (such as
compilers). F Y

Elements of the PRO ABI are also relevant to applacauon'-"_j___ THETS. In parucular,
chapters 2,7, 8 and 9 discuss specific resmcuorgs%d requirerei

audience.

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

.
he System infrastructure that supports the functionality
,g:\ycll as the binary form of the values and data

: the functionality to be provided by the system.
supported entry points, it does not define their

conformant bmary;ﬂ le ¢ and relocatable objects. Both types
achieve portabilif gy*placxgg?ll systcm-dcpendant functionality behind a library
interface. &

%
The library interface allaéfszccess to the system furicti

undue restrictions on th Aig{i:lemcntanon Anhp ph."' ON requests access to hbrary
functlonahty, and the sys , fults gt

functions have been copied into the program itself. WhlI dmg the functionality
into the program may increase the applications performancé complete executables
are likely to include library code that is not portable and does not conform to the

1-4 Introduction to the PRO ABI PRO ABI for PA-RISC Systems




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

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 tﬁm.cach deal with a particular
aspect of application portability. ;% TN

Chapter 1 - Introduction to the PRO ABf %

This chapter defines the goals, fommt and contcm of the PRO ABI

6
o ._:'v:a._

Chapter 2 - Software Distribution . andiRSal t:p'n "

Chapter 2 defines the standards regarding w:;,,_,hutlon and installation of
conforming appllcanoﬁsp.»

"\

%%nanuc libraries. «»; 1

Chapter%%‘*P

system and attag

;.

ed to the dynamic libraries.

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

Chapter 7 lists the.standard system libraries, as well as the entry points
contained in cach,

Chapter 8 - Exeﬁiﬁbn Eﬁ”\ff'ronment

- —w_‘-
o
y

Chapter 9- Term:nal’and andowlngaj)terfaces

ey
';-:’v#

Appendix A - Glossary
Defines terms used in the PR(
Q

Appendix B - Data Structures an

The standards refer to many data stf urcs, flags, ﬁd values, This /9 wy X
organizes them using header files and defines their binary rcpres,m’“*ﬁon }3

Appendix C - Index
A useful cross-reference.

1-6 Introduction to the PRO ABI PRO ABI for PA-RISC Systems
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Conventions

The PRO ABI uses several conventions internally to Tepr
conventions are listed in the sections that follow.

Code Examples

The PRO ABI is intended to be language indeperide b
rcqum:d to represent the mformauon contafﬁ‘_'j‘:’ : Oﬁ%n acode exarti

§Hants in many loca of s Numenc s:zﬂucs that are preceded

e:hé: adecimal valifgs, All other numeric values are listed
E‘ ‘1 : : “ "qr"é/
ingsitire specified w:t]un?mgle and double quotes,
ng ernting ;fj’f Clidracters. wﬂl be explicitly defined and should
not be aa&:mad fmm the%prcsentanon*(uni&ss“ with a code example).

T "- ‘ |

w"’@“ L B,
B Q:sters - O
Da %glsters are often rei g ed to &‘Tng the following abbreviations:
¥ *Contml Register
}" ;Floatmg Point Register
‘General Register
 Space Register

PRO ABI for PA-RISC Systems Introduction to the PRO ABI 1.7
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Symbols
When refcrrmg to acode or data symbol outside of a code example, the symbol will
be presented in italic form. ,g

g as reserved, it must not be used by conforming
i the ABlefers to a data structure as reserved, the
With nullgﬁtncs unless otherwise stated by the ABL

1-8 Introduction to the PRO ABI PRO ABI for PA-RISC Systems
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Related Documents

The PRO ABI was built from, and refers to several standafas. .JThese standards
include the following: & .,
m The PRO Application Programming Interface for }A‘, ISC systems

m PA-RISC 1.1 Architecture and Instruction Set R¢igrence My '.'_,j'_',,_ , second edition

m The ANSI X3.159-1989 Programming Lang e €,

m ISO/IEC 9945-1:1990 Information Techné?agy Portable Operamrg; yste
Interface (POSIX) - Part 1: System Appffi‘atwn Program Interface (APL. ,.:fﬁw
Language] . 9 . ,

m ISO/TEC 646:1991 Information Technology' 7&:: coded character sé for
information interchange.

u IS0 9660: 1988-09-01 Inforﬁ@;ﬂan Processing - Vo[ame and ﬁle structure of CD-
ROM for information exchange e . W

w European Computer Manufacturéz;{s Assoa {ECMA) 1 39 «June 1990

(//

m Unix System Laboratories, System W%uphca‘tz‘wz Bzéﬁﬁ? Infwface
m System Interfacg,ﬂ@?maam, Issue 4 of" /Open CAE’ Specification

?ﬁ ’P’ﬁ"v e

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

The PRO standards are deeloped under the authority of the PRO Technology
Council and approved. ¢ PRO Board of Directors. Proposals to modify these
standards should befstesented.the Technology Council directly or through one of

1-10 Introduction to the PRO ABI PRO ABI for PA-RISC Systems
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2

Software Distribution & Installatiofr.,

e

PRO ABI for PA-RISC Systems Software Distribution & Installation 2-1
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Software Installation and Packaging

Fimedia types are in general usage. This is an inhibitor to
‘fﬁ%cost of supporting all types for applications or
fdoes nat mtend to restrict the use of these formats, but has

Currently, a wide variety.
software portability dde
systems. The PR. :

y?nforrmng to the PRO standards.
leising tar, cpio, or pax.

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

Media Formats %l

Conforming applications must be avatk 515 on CD- “ROM &
below. A conforming system must be ablg, o+ f.f"::‘brt devices
either formats. A conforming application rf‘@ig use at lcasj;lc

CD-ROM

CD-ROM must conform to ISO 9660. 1988, as specified mInf :
Volume and File Structure of CD-ROM for Information ]
conforming system must support the level 1 implementago:
interchange of the ISO 9660 standard. A CD-ROM may b&accessed as a raw
device, or mounted as a file system to be accessed directly.

2-2 Software Distribution & Installation PRO ABI for PA-RISC Systems
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DDS Tape

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

Data Formats

Conforming systems must support both the Exte
formats, as defined by ISO/IEC 9945-1:1990 ;a:fm k@own as

Standard 1003.1-1990). . i, %

PRO ABI for PA-RISC Systems Software Distribution & Installation 2-3
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Directory Structure for Application Use
@

ipétory structure have been allocated for use by
conforming apphcan : é‘stmcturc selected is based on the layout specified in
the System V Applich Bma .Interface. The file system is organized in a manner
that separates applications from t.he operating system.

{iopr 72 ed with the file system as used by an application
A formatwn regarding the file system found on a
eﬂ in “Rcrium:d Files and Directories™ on page 8-3

£ '__?ﬁnn@ppl&catxan) is used as a marker. Each
’fnarf(er w1th- 'llmque name that is associated with

Certain sections of the

o B
/etc/opt/<ap({pticauan:- ——"
This dlrect@y is ust ;;_ﬁto hold machine-specific cnnﬁguratxon files used by
the conforming a‘mﬁgauon e . :,_ﬂ_+ :

Jf

/etc/opt/profile. d ‘-&
/etc/opt/csh.login. d

the applications main directeryy ;
Initialization” on page 8_13.‘% :

/opt/<application> :
This dm:ctory is intended to hold all%}' the static files used by hé f, S

question.

2-4 Software Distribution & Installation PRO ABI for PA-RISC Systems
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/opt/<application>/bin

This directory is intended to hold all executables provided with the
application. If present, it should be added to the PATH:list in the shell
initialization scripts. The use of this dm:ctory Is: recmmnended but not
required. ;

‘¢

/opt/<apphcat:on>/llb

/opt/<application>/newconffb A xs

This directory is intended to hold the defat
provided with the appligation. The use of this

AT Iy isrecommended, but

not required. S e o
. ) . '-"-,.‘::_‘ .._;;' o - "’iﬁ . __.-f'
/opt/<application>/lib/nls =, "
...... catalbgs prowdcd with the

This directo 'smtendedtohold
. 56

/opt/<app. rqwliom/ma
ThlS du'ecto Y asante

PRO ABI for PA-RISC Systems Software Distribution & Installation 2-5
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/var/preserve
/var/preserve is irx;;nded to hold temporary files generated by editors.

/var/tmp p V‘

/var/tmg’f_'}_;_,‘id's tcmpora;y ﬁles, including those generated by applications.

sbmﬂmt d

contents are not .j
should use /var/tmpsor

2-6 Software Distribution & Installation PRO ABI for PA-RISC Systems
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In order for systems and applications to be dcvclopfxf in
conventions and definitions must be cstabhshed v&i&;ch dctaﬁ
data that are shared between applications and 715,

This chapter specifies information that is used below the level at whl
apphcanon developers are expected to waﬁ(, but is rﬁ%md for porta

PRO ABI for PA-RISC Systems Low-level System Information 3-1
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Machine Interface

The PA-RISC archjtcctug%?ig defined in the PA-RISC 1.1 Architecture and
Instruction Set Manu mﬁfhc PRO ABI does not attcmpt to reproduce its full

njial:
a “Atonucnyéof Stomgg Accesses” et
“Ordenng of Acgi ,ases" = = 4

Note The effect, on a conforming application, of executing any other
processor instruction (other than the floating-point coprocessor
instructions described in the next secuon) is undeﬁned.

3-2 Low-level System Information PRO ABI for PA-RISC Systems
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Table 3-1: Processor Instructions Available to Conforming Applications

ADD
ADDI
ADDIT
ANDCM
BLR
COMBT
DCOR
EXTRU
LDBS
LDHS
LDW
MFSP!
OR

PROBEWI _SHIAL
SH2ADDL £/

ADDBF
ADDIBF
ADDITO
BB
BREAK
COMCLR
DEP

FDC
LDBX
LDHX

ADDBT
ADDIBT
ADDL
BE

BV
COMIBF

N‘{QVIB

PROBER

SH iABl"L

SH3ADD

ADDC,  ADDCO

ADD::,M% ADDIO

APDO AND

x‘ﬁL & BLE

ﬂvs . COMBF

%OMIBT SGOMICLR

DSy EXTR§ iin®
LDB .~
LDH

O, LDSID!

LDWX' %..MFCTL!

MTCTL‘ 7 MTsp!

" “PROBERT  PROBEW
SHIADDO  SH2ADD
 SH3ADDL  SH3ADDO

;fTBYS STH

" SUB
SUBIO SUBO
UADDCM  UADDCMT
VEXTRS  VEXTRU
ZDEPI ZVDEP

PRO ABI for PA-RISC Systems
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Floating-Point Coprocessor Instructions

Floating-point coprocessor instructions are implementations of the basic
coprocessor instructions with the uid value restricted to 0 or 1. The floating-point
COProcCessor i instmctio ‘defined in Chapter 6 of the PA-RISC 1.1 Architecture

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

FCNVFX!  FCNVFXTé¢ F
FLDDS FLDDX
FMPYADD! FMPYSUB!
FSTDX FSTWS
XMPYU""

instructions must operate on integer data only.

3-4 Low-level System Information PRO ABI for PA-RISC Systems
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Processor Resources

The general, control, and space registers are described in Chapter 2 and the floating-
point coprocessor registers are described in Chapter 6 of th PA-_RISC 37
Architecture and Instruction Set Reference Manual. The followitig restrictions
apply to their use by a conforming application. .

ey
General Registers P, 8 _
e B, ‘e‘ i,
A conforming application can load into, storefrom, or opcrate on any af the general

registers (GR 0 through GR 31) subject to: the convenﬂons spccxﬁcd in pmr4}

i

g =
&

Space Registers e
qegisters 0 through 3 (SR 0-

A conforming application can move to and from spg
3) using the MOVE TO SPACE REGISTER (MTSP);: E FROM SPACE
REGISTER (MFSP) and LOAD§PACE IDENTIFIER 1D) instructions.

A conforming application can movéfrora; %gxstcrs 4 thrc;_; 7, but must not
move fo space registers 4 through y A

[¥om control register 11 (the Shift
L REGISTER (MTCTL) and
) mstructions

Jénd 27 are currently reserved for future use.

9, ﬁss any other control registers, nor move to
2¢8ses can only be performed by privileged software.

PRO ABI for PA-RISC Systems Low-level System Information 3-5
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Floating-Point Coprocessor Registers

A conforming apphcanon,%can load or store single-words into or from floating-point
registers 4L through 31L 4R through 31R A confonmng apphcauon can also

thie Floating Point Status Register). Bits 32 through
store are not specified. When used as a source

Q%;r floating-point’se;
A conforming.appl ;_,f_

3-6 Low-level System Information PRO ABI for PA-RISC Systems



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

Data Representation

The PRO ABI does not attempt to define the rules for all ;mgamnung languages.
The PRO ABI uses ANSI C to describe the data structufe;;s {'used®when interacting
with conforming systems. The following sections areeme'.'a,nt to define ANSI C
sufficiently to support its use as a descriptive tool A

“-:ﬂ-
mclude all external references and file names."

The Precision Risc Organization will pubhsh locahzaﬁen standards in the form of
separate documents as they ar&ﬂeveloped :

Byte Ordering R,

:;w\ o E
W &
o

Conforming appllcatlons must use Blg“Endlan_fbyte Ord::;_ “"Bytes are numbered

LSB
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Primitive Data Types
Table 3-3 shows the corregpondence between processor primitive data types and

e the trap in a manner transparent to the
iftg application receives a SIGBUS signal.

ANSI C Type
byte signed char
" char

unsigned byte unsigned char
halfword short

signed short
unsigned halfword unsigned short
ord y
unsigned word
single binary floating-point
double binary floating-point 8 double
quad precision floating-point 16 16 long double
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Alignment of Data Elements

This section specifies the alignment of the data elements of:a conforming
application. If a pointer is described as pomnng toa partién Fidata type, the
implications are that the value of the pointer is an add ‘that is 4 multiple of the
size of that data type, and that storage of sufficient sizgijs available at that address.

Aggregates and Unions P y

o -

i,
The a]locanon of aggregates (structures and*’zm'ays) and unions and tﬁe ahgnmcnt

m Aggregates and unions are ahg_;ae
the alignment for their most strictly afip

m The components of a structure are arrange
in the structure dcclara,r,lon

m Each componentofa strm‘;ttzrm
of the component’s ahgnmﬁf :
component, if necessary, to’ pxaserv he alignment of th ollowing
component. % ¢ Ben 5

® Thesizeofa sgucture, union, or'a:m ; 33 a mult ""fv,,ﬁf the strictest

er size.
lnf any p Ad’dmg bytes are unspemﬁed
§

reside entire] .wt; fits base type. Thus, a bit field never crosses the
unit bounda:y'ufsts allocation type. Padding may be added before the

4
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bit field to preserve this alignment restriction. ANSI C allows the base
type to be int, un51gned int, or signed int.

m Bit fields may shaﬁ;a storage unit with as many other “struct”
components as the m“ room to accommodate.

m Thesize of a:s‘fﬂwrumggmammg bit fields is a multiple of the alignment
size of the type " with the: gmctest requirements. Padding bits and bytes

ed-at the end of @:$tructure to make it the proper size.

1d of zero lengﬂl $pcc1ﬁcs that no additional bit fields may share

= A

“spdce in any prccedjxi

rher effects on the alignment of a

AR »"" . "
ey i
'_'.-"J' ¢ }

e out of a @n—ucmre of type struct aas
i ""‘..—,,_.-_“*Mﬂ‘ ;.3
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word byte 0 byte 1 byte 2 byte 3
add.rI yte Y y y

0 | b pad1 c

1 e
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Operating System Interface

Virtual Address. Spa

The processor’s. xl_jmal memo a set of linear spaces. Each space is four

gigabytes (23# ;yteé) in size and is divided into four equal portions of one gigabyte

1 1adrants. The four quadrants in a space are numbered

ey to hi gh r{:emory

10 ‘has xtsw ahort address space composed of four
Tagure 3- Jor more detail on short pomtcrs and

Reference M anual.

The first quadrantj
space reglster%"‘f Bt

register 5 to the
ing application.

ig4 pcd by spacg re
e data of a conforny
ydable, writabl
3 mcludes b

&'

All allocated space in the secd pd quadrant "
must begin at a page boundary The privagé ds
uninitialized data (BSS), the heap and thi:

In a SHARE_MAGIC exccutable, the 14

as the guard page. This requires that the data%eg
0x40001000. '
The third and fourth quadrants of the short address space are mapped
registers 6 and 7 to quadrants containing shared memory. Those potdi
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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 ﬁlcs,@fthe SHARE_MAGIC
type. They differ in how they are loaded at run-time. étle in a SHARE_MAGIC
file is loaded completely when executed, while codeii 1 a@gMAND MAGIC file
is loaded as needed during execution. :

Conforming systems may use space in any qu
reserved for use by a conforming system. &

An EXEC_MAGIC executable differs frg
two quadrants (quadrants 0 & 1) must pesick
cross the quadrant boundary and begin at the first.f

text (code).
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0x00000000

Direction of
growth for stack
and heap

Gateway Page

Reserved for Shared
Memory and System

Figure 3-4: Short Address Space of a SHARE_MAGIC Executable
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_é_ .\OxOOOOOOOO
T TEXT
-
o £
s DATA/BSS
§ pmg‘am data to be a:: E;
£ Tone glgabyte (23
- E HEAP/STACK ¢ S
= g £ #
= =
o -E £
8 8 £
:g-g g Direction of
E 5 E growth for stack
£ and heap

Figure 3-5: Shott Address Space of an EXEC_MAGIC Executable
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Processor Execution Modes

The PA-RISC 1.1 Architegture and Instruction Set Reference Manual states that
there are 4 privilege lcvcl""" 3) at which code may be executed. Applications may
only run at pnvﬂcgc ihe lowest level).

A confomung app iestion is nm;ﬂlowed use of the GATEWAY instruction.

=

Exceptian lnterl‘ace

If an mtcrrupﬂen 0ccurs it
system software can Ie

3 scted in an undefined wa #_y,:aﬁen resulting in the

-

termination of th .'.tIfOrrmng appllca iopes
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Table 3-4: Effects of Interruptions of Conforming Applications

Interruption

High-priority machine check

Power failure interrupt

Instruction TLB miss fault/Instruction page&
fault

Instruction memory protection trap é,m
Overflow trap ;
Conditional trap

b Cu, -‘5.
e
o
-, & 2 ’

Assist exception trap %
Data TLB miss fault/Data page fau‘ft
Non-access instruction TLB miss ?i’“ult

Non- data ss fault/Non- abc SIGSEG‘%Er or none
on-access }LB ml t/N ess y 4

i
%3@ SIGSEGV, SIGBUS or none®
?ﬁSEGV SIGBUS or none®
. 7¥SIGSEGYV, SIGBUS or none®
= Effect not specified
SIGFPE*

, @ power [ailure interrupt causes a conforming
JPWR signal after power is restored. If the system does not
i the effect of a power failure interrupt on a conforming
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2. If the fault is for a valid page belonging to the conforming application and access rights for
the page allow the attempted operation, the conforming application does not receive a
signal. Otherwise, the cénforming application receives a SIGSEGV signal. Unallocated
pagesin an appllcauon ck may be referenced by a conforming application. An

.If the n'g,p :;urs on a valid pan wned by the conforming application and access rights
peration, the conforming application does not receive a
v the cofffgnnm g application, then it receives a SIGSEGV

s provided through the floating-point

status reg:ster (FPR 0),v_ B D sed i 54 E?". State structure (under sigcontext/
siglocal). o N

5. HoaUng~mLM%%ns ?fﬁﬂem}wﬂle PA-RISC instruction set, but may be
implementedijs the proc ﬁ.rdware or emulated by system software. If an assist

use of an ummplanemed -“-.;;} 0 tmg-pomt instruction,

emulates the instructiof
causes of the assist ex

signal.

the PROBE instructions mustbe handled by
the conforming application.

reference trap in earlier versions of the &
8. If the trap occurs on a valid data page owned by,
rights of the page and the alignment of the das
conforming application does not receive a signil
conforming application, then it receives a SIGS
page do not allow the attempted operation, or an attempt is madetoref
data, then the conforming application receives a SIGBUS signal.

3-18 Low-level System Information PRO ABI for PA-RISC Systems



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

Signaling a Conforming Application

Signals may be generated by the system, or applications may use functions such as
kill() and raise() to programmatically send a signal. For th'é's "s:§1gnals to be
recognized by conforming applications, a standard convennon for signal passing
must be defined. y

A signal handler is called with three parameters; t,he.mgn‘ :Bumber, a code field
(usually provided by hardware), and a pointer to ‘ih%szgconte
parameters will be passed as shown in Table 3,5, %ﬁ :
The signals that are currently defined for usa :on conforming PA- RIS SN
specified in “<sxgnal h>" on page B-25 : .

pomtcr to context structure
# information code

signal number

stack pointer
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Table 3-6: Defined Values for Signal Codes
Signal % Code Value

Description

illegal instruction trap
break instruction trap
privileged operation trap
privileged register trap

. overflow trap
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System Calls

The system call interface is implementation- spcc1ﬁc and is intended to be obscured
by the library interface, however, a small set is required to gpﬁort dynamic linking.
Conforming applications may not use direct system call§ other than as required to
support program loading.

‘-. : L
4 g% "\
,m e
P 7 B ‘«n‘

Invoking a System Call
The following three steps must be: followcd to igyoke one of the 'sngaort@d
system calls: & ) é

'ﬁ - "
f'.,‘ "

e A, o
. .y é{__,

All system calls return a smtusxlcgﬁén in g‘éﬁé‘;’ egISter GR 22. When
ufiiEdin GR 22 is the 1{eger value 0, %e system call completcd

e:tables th Jppcar below specify particular

o ed,:ghen-the extemal variable errno may

nentation specifies that error 1nfon'nat10n is
3 located in GR 28., Values for errno are
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Table 3-7: System Calls

Call Call % Returned
e v J:_ . Arguments Value
4" General, Variable T
P 4 Registep ) Name g
fildes int
status void
filedes off_t
offset
whence
—— addr caddr_t
len
open
read
write

1. Only four registers may be used for argument passing. Additional arguméits ¢
passed on the stack. Refer to Table 4-1, on page 4-5 for more informati’
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4

i,
F

Function Calling Conventions ;‘%

It is the goal of the PRO ABI to enable applicatio' ;b beéy blc across different

interface between applications and the syste
systems and applications. This section defines
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Stack Usage

Bccause no explicit proc. fn‘c call stack exists in the PA-RISC processor
findd and manipulated entirely by software convention.
When a process is? ‘uj,’ ated by&hc operating system, a virtual address range is

allocated to ;hﬁtéprﬁ.c'ess to be scd for the call stack. Conforming systems must
8 Mbytes. The stack pointer (GR 30) is initialized to

nge. As piocedures are called, the stack pointer is
' s frame to exist at the addresses below the
dledsthe stack pointer is decremented by the
k "cnn}otfé;lr 7ays pom& to the first word above the current

V4 / ;

al '_.::f\,.‘.’-n\“m
Leaf and Non»f.eaf Pﬁfedures

All procedures car;@bc clasaﬁed in one of two categoncs.,,leaf or non-leaf. A leaf
procedure is one that majfesmo additional calls, i

and callee (new) is shovm in Figure 4-1.

The elements of a single stack frame that must be presént
call to occur are shown in Table 4-1. The stack addresses arigall given as byte offsets
from the actual SP (stack pointer) value; for example, ‘SP-36’ designates the
address 36 bytes below the current SP value.
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Frame One
(previous)

Frame Two
(new)

Formal
Arguments

Frame Marker
(inc. RP)

- A A Mo i
3 ¥

G o,

~ addresses
increasing

_ F&ure 4-1: General Stack Layout
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The size of a stack frame is required to be a multiple of 64 bytes so that the stack
pointer is always kept 64-bytc aligned. Since cache-lines on PA-RISC can be no
larger than 64 bytes, this fzquuement allows compilers to know when data
structures allocated on mes’;?ack are cache-line aligned. Knowledge of this
alignment allows the: cgmpﬂerito use cache hints on memory references to those
structures. Al i 1

4'/'/ o :‘ E
i
Frame Marker Area i .
¢ 4 i h

the :alle?,uses it to locate the formal arguments
profﬁédun: can 1dcnt1fy the bottom of its

own frame. and ¢an thcrt_:f nal arguments in the previous frame,
because they will always fesi $ begmmng with the ninth word below
the top of the p\;cvm'@framg., e

Previous SP: Contai‘ns the ofﬁ @ roccdure entry) value of th - Stack Pomtcr Itis Only

frame, has a variable si
Relocation Stub RP (.
Return Pointer (RP) valu
but before return to the calleg: ATTH
page 4-14. for detailed discussion of P ArT(e:
Clean Up: Area reserved for use by langfispé
any extra information (i.e. on the heap)that’
abnormal interrupt. ; &
Static Link: Used to communicate static scogx:y%}nfﬁmaﬁou ;

necessary for data access. It may also be s e in conjunctigs

g@ﬁéaﬁon stub that must store a
eCited after the exl}from the callee,
sSmg and Func i Rcsults" on

return addrcss must be stored to support stack unwmdmg if the
(GR2) for any other purpose. o

External/Stub RP (RP' ), External SR4/LTP’, and ExtefuglZ3LTP: All three of
these words are reserved for use by the inter-modular 'm.;, al) 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 ﬁayhéallocated)

SP-(4*(N+9))  arg word N -

SP-56 arg word 5 y A A

SP.52 — y ‘4 +~::+ Aq\\-uh ? y

Fixed Arguments (must be al‘meated mav be tnused) é’

SP-48 arg word 3 h N

SP-44 arg word ... :

SP-40 arg word 1 ¢ T, B

SP-36 arg word 0 %«« i, >

Frame Marker T _

SP-32 il Data/LT Pomter (LPT) P {set before: Call)

SP-28 | (set after Call)

SP-24 (set after Call)
(set after Entry)
(set before Call)
(set before Call)
(set after Call)
(set before Call)

ointer (points to next available address)
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Fixed Arguments Area

These four words are rese;rvcd for holding the argument registers, should the callee
wish to store them back to4nemory so that they will be contiguous with the
memory-based paramafétsf“ﬁﬂl four words must be allocated for a non-leaf routine,

but may be unused:. b ‘..
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Register Usage and Parameter Passing

The PA-RISC processor architecture does not have mstruchuﬁhmwhlch specify how
registers should be used or how parameter lists should bebuﬂt for procedure calls.
Instead, the software procedure calling convention prascp*bcs the register usage and
parameter passing guidelines. /

Register Partitioning

partitions designated as callee-saves ariyd caller
indicate which procedure takes responsibility fo
register when a call is made.

If a procedure uses a register %gallec-savcs partitib'i"i, ‘must save the contents
of thatregisterimmediately after ppoted ntents before the

In Figure 4-3, the conventions listed apply to both the single- and
& @ double-word floating point registers.
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P4

Value (zero)

Scratch *

Figure 4-2: General Register Partjtiofijy >
1’.
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FPRO .‘ ;-i-a... ;
A4 !
: Floating-Point Status and E;géjgggipn
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Other Register Conventions

The following are guarantced to be preserved across calls:
m The procedure entry vaiae of SP.
[ ThevalueofDP i

Hegister

Within the floating-poi 'f, processor smestq,fﬁ’R 0), the state of the
rounding mode (bits 21-22) and cmﬁﬁ%n trap ,__}ﬁ__"_‘_g%c bits (bits 27-31) are
guaranteed to be preserved ﬁg:ré’éwzalls A3 exce \tfon to this conveagon is made for
any routine which is defined t@exphmtly nédits o

the trap enable bits on behalf of the caller# y/ % };,
The states of the compare bit (bit 5) mcﬁﬁfﬁycd trap bitdbi¥25), and the® ‘pﬁgepnon
. : pss calls. 7 g
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Note

If the routine in question is a non-leaf routinjg;-,_QR 2 must be stored
because subsequent calls will modify it. 9$em{w, it is
available to be used as a scratch registg;sﬁby the code generators.

Although common, it is not absolutgf}ﬁ%‘n' T
%
INg ario}

register is allowed. 4
r 3 f %ﬁ .
Table 4-2: Space Register U§V3‘gem% ¥
Register Other T
Name Names
SRO
SR 1 sarg sret
SR2

SR3

SR 4

'ode space register'(stubs save and restore on inter-

é¥.modified only by privileged code.

2m space register, modified only by privileged

PRO ABI for PA-RISC Systems
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Table 4-3: General Register Usage

Register Name

Other

Usage Convention

GRO

& , Zero value register. (Writing to this register does

¥ cratch register (caller-saves).

) ;Rctur@ pomtcr and scratch reglstcr

'W to hold other

GR 30 SP Stack pointer, may not
values.
GR 31 Scratch register (caller-saves).
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Table 4-4: Floating-Point Usage

: Other :
Register Name Kt Usage Ca;:ye:nnon
FPR C
FPR1-FPR 3 &empty;
FPR 4 fret farg0 Floaung-pomt'rcmm register, sing
prec?sion argument rcglster 0, or:f} atjpgrgy
FPR 5 fargl utngnt register 1,5 I
101 argumcnt reglster 0 or
FPR 6 fargf%";
FPR 7 fargd
g pomt caller:savcs registers.
Floatmg pomt callee-saves reglsters
Floa E-point callcr—savcs registers, only
| available on PA-RISC version 1.1 or later
< ¥ ﬁ’ocessors.

PRO ABI for PA-RISC Systems
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Parameter Passing and Function Results

Value Parameters .
i

Value parameters argfiapp e 116, a sequential list of argument words with successive
ng:to succes§ive argument words, except 64-bit parameters,
aligned on 64-bit boundaries. Iregularly sized data items must be
': ] Justlt;gmg the value itself, and then left-extending
egérs thatgre sxgned integers are sign-extended to the

pab Sigep s meﬁ‘m for recoglzse mte%language parameter data types. The
form coiuugn-.' e

: o

%ﬂﬁﬂe 4- sﬁarameterbﬁta Typ&s and Sizes,

-@Type j Form
ASCII character (in L@w’%rder 8 bits) @32 7  Nonfloating-Pt.
Integer : v Nonﬁoanng-Pt. or
Short Pointer %
Long Pointer

Routine Reference (see below foff,
details of Routine Reference)

Long Integer

Real (single-precision)

Long Real (double-precision)
Quad Precision
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Inter-Language Parameter Data Types and Sizes

m Space Identifier (SID) (32 Bits): One arg word, callee canpot assume a valid SID.

m Non-Floating-Point (32 Bits): One arg word.

= Non -Floating-Point (64 Bits): Two words, double word ahm h1 gh order word
register and/or an unused word on the stack.) 1

m Floating-Point (32 Bits, single-precision): 0&% calleé‘eaﬁnot assume a
valid ﬂoanng-pomt numbcr P g \ .

(hlgh order word i in odd arg word). Th}_. may create Qld in the a.rgu

rstapd second doubj;i'
words of the argument list should be passcd' 1 mﬁ fargf respectively“farg0
and farg2 are never uscd for 64-bit ﬂoatmg pgin ammctcrs Callee cannot

Note The point is made th Aty é?:“ﬁl""""?=s;-_:,_ not assumes rvalid” value in
these cases because no Specificafic ﬂﬁ made;tm this convention
that would ensure such validit¥- ;

PRO ABI for PA-RISC Systems Function Calling Conventions 4-15



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

Reference Parameters

A short pointer to the refercnccd data item (using SR 4-SR 7) is passed as a
nonfloating-point 32-bit vﬁlue parameter. The alignment requirements for the short
pointer are the same a_s{bgs%@ennoned for value parameters larger than 64 bits.

' 1oy tine references (i.e. procedure parameters,
ur_incs_féf?!gg passed as 32-bit nonfloating-point
andemygA{mc Calls” on page 4-26.

& o

/’

......

e thc argument list. When a call is
he atgument list are passed in registers (as shown in

Hdig on the ge and number of the argument. The first four

words of the actualgargu crveds spill locations for the

Parameters to routines i =3:
made, the first.fous: ’; ire

making an indirect call, the §8fng
situation floating-point argurié o
in Table 4-6. p

Function Return Values

Function result values are placed in registgs
value parameters, irregularly sized function'sg}
by right-justifying the value itself, and then léfi
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Table 4-6: Argument Register Use

void SID  nonFP FP 32 FP64
arg word 0 no reg sarg arg0 farg0 fargl {32..63)
arg word 1 noreg  argl argl fargl fargl (0..31}
arg word 2 noreg  arg2 arg2 farg2 farg3 (32..63}
arg word 3 noreg  arg3 arg3 farg3 farg3 (0..31}

Table 4-7: Argument Register Use for Indirect Calls

void SID  nonFP FP 32 FP64
arg word 0 no reg sarg arg0 arg0 argl {32..63}
arg word 1 noreg  argl argl argl argl {0..31})
arg word 2 noreg  arg2 arg2 arg2 arg3 (32..63}
arg word 3 noreg  arg3 arg3 arg3 arg3 {0..31}
definitions:

void - arg word not used in this call

SID - space identifier value

nonFP - any 32-bit or 64-bit nonfloating-point

FP32 - 32-bit floating-point (single-precision)

FP64 - 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 (ret0) 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 ret0 (GR 28) - low order 8 bits

Nonfloating-Pt. (32-bit) ret0 (GR 28)

Nonfloating-Pt. (64-bit) ret0 (GR 28) - high order word
retl (GR 29) - low order word

Floating-Pt. (32-bit) fret (FPR 4)

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

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

Any Larger Than 64-bit result is stored to memory at
location described by a short pointer
passed by caller in GR 28!

1. The caller may not assume that the result's address is still in GR 28 on retum

from the function,
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External Calls

External calls occur in both dynamic libraries and the p 21
dynamic library is also referred to as a shared Iibrary, :
can be shared by all programs that use them. Dyn 16
program at run time rather than copled into the ProE %

several programs as a separate load module,
In ordcr for thc ob_]cct code in a dynarmc 11

ddressing through a per-prﬁr;ﬂss hnkage table is
used for all accesses to global varigble ‘-m’m“tcr-module prﬁc:gdm‘@ calls and other

SACES. 1 ta In posmon-mdependent code
eithas PC-relative or mdlrcct. All indirect

i &* \ glkage Table (L'f‘}“tszelﬁf isa Q Sed in a position-independent manner by
usirg “dedxcatcd register, &19 asd pomter to the Lmkagc Table. The Imkcr must
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The code in the program file itself does not need to be position indepcndcnt but it
must access all external procedures through its own lmkagc table by using import
stubs. The Linkage Table{fn dynamic libraries is accessed using a dedicated Linkage
Table pointer (LTP), whe "’ thc program file accesses the Linkage Table through
the DP register. " A
Code which i is u&ﬁéﬂ a dynanﬁellbra:y must be compiled as position-independent
i eitation for specific instructions. Code in the

%Iaccs the import/export stubs into the

pmgm #ile to handle extexﬂaiacalls P

\

The codc generated by thy .' ; xlcr to perfea;l a procedure call is the same whcther
the call is external orlanaf i aca

" -:A y
FATi t generate impdn v&h&%,gcpott stubs
i i ﬁut.Slde of thy ,_,%i ic lib j}, =

Calling Code

The calling code in program files is responsth e for perfo d
procedure call steps regardless of whether the call is external or local., The.

generates an import stub to perform the additional steps requu'cd forexk
The import stub (calling stub) of an external call performs me_uoﬁ""‘v\nng steps:
® Loads the target (export stub) address of the proceduge. fonpl
m Loads into GR 19 the LTP (Linkage Table Pointer) va "'%jof the target load

module.
® Saves the return pointer (RP'), since the export stub will overwrite RP with the
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Program File Dynamic lz,lgrary

Caller

Import Stub

; Impor 5L i
X' :ADDIL &,: giload procedure entry point
;locad new GR 19 value.
;iload SID of proc. entry
;move SID from GR to SR
;branch to target

;save RP'

and program file import stub is that the
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The code sequence of the import (calling) stub used in a dynamic library is shown
below:

; Import Stub (Dyng%i
Xe ADDIL Is

¢ Library)

;load target {(export stub) address

(rl),rl9 ;load new GR 19 (LTP) value
:load space id of target address
;move space id to space register
;branch to target

*isave RP'

e o s

Called Code.afll’ _of5

The called code in dynamté tra fesy
procedure call steps ;'egaxméss%fww, ettier 1h

dynamic hbra.r}; ?i%cmal calls; The export stub is used to trap the return from the
procedure and perférm thé,ayps necessary for an inters$hace branch.

The export stub (called ghip’ :
following steps: 9

m Branches to the target p?
point into the export stub.'

m Upon return from the procedure, resto
m Performs an interspace branch to rety
The code sequence of the export stub;

X': BL,N X, rp
NOP =t
LDW -24(sp).Tp ;%ﬁgstore theriginal RP _
LDSID (rp), Tl ; Ibad space id of returps
MTSP rl,sx0 &
BE,N 0(sx0, rp)

4-22 Function (.;al.ling Conventions PRO ABI for PA-RISC Systems



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

PIC Requirements for Compilers and Assembly
Code y

Any code which is PIC or which makes calls to PIC mtﬁt folk;%the standard
procedure call mechanism. In addition, register GR ) tfielmkage table pointer
register) must be stored at SP-32 by all PIC routine ? is ‘S!ml;i}d be done once upon
procedure entry. Register GR 19 must also be r_g__@;%l : ", 3 ﬁ-om each
proccdurc call, even if GR 19i is not refcrcnced‘ XpHCH

procedure calls, it may be wise to copy iR
to avoid a memory rcference when restonng :

o,

Long Calls b o
Normally, the compllcrs generate a S@glc-ms i

]

ing 22444, bytes for stubs} ;rhc existing long call sequence is
3| S

dafopy return address into RP
*&:the following seven-instruction sequence, which

‘i\”*m@
; get PC into RP
0 + 4, rp; add PC-rel offset
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Long Branches and Switch Tables

Long branches are similar to long calls, but are only two instructions because the
return pointer is not needéd:.

BE ,:Ji R target(%sr4 $rl)
j ""’mstrucuons must be transformed into four instructions, similar

get pc into rl

add pc-relative offset
add pc-relative offset
and branch

N~ e s wa

ehtry and makc an indirect branch:

"t(%rls) $rl ; load LT entry

BV, n %* ; bgw indirect

Assigned GOTO Stat¢ments
ASSIGN statements in FORTRAN must
non-PIC code, the address is fo iné

LDIL L’'target, }
LDO R’'target (tmp)

This must be transformed into the follow:

e it 8 _insuucﬁyfz‘scquence.

BL .48, tmp % ; get rp into tmp

DEPI 0,31,2,tmp ; clear low-orde¢_* : a
L: ADDIL L'target-L, tmp ; get pc-relat4 ﬁﬁg%fset

LDO R’target-L(%rl}, tmp

Literal References

References to literals in the text space are handled exactly like ASSIGN statements
(shown above). The LDO 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 form the
address of a variable, or to load or store the contents of t:, it

; to form the address of a varlablg
ADDIL L’var-$global$+x, ¥dp y
LDO R'var-5global$+x (%rl), Gy
; to load the contents of a va#ia
ADDIL L’var-$global$+x, %QF 3, s
LDW R’'var- $globa1$+X(%r§7 “E!'&p o

For position-independence, this scqucnce nﬁrst be convgrted to use thc it e
pointer (GR19): : %

; to form the address’ of &
LDW T'var(%rl9), tmpl
LDO X (tmpl), tmp2

; to load the cgntents of the va
LDW T'var (%% tmpl

LDW x({tmpl), t

we can take advantagc of both posmvc ax%d Qgganvc o tsA 'he T’ fixup specxﬁer
should generate a,F) 4 RE ﬁxup proceec £

f d by an FSELFoverride fixup. If the

% In order to sup{mrt t DLT table sizes larger than

16Kb, the 3 thc above datd féference must be generated.

mp2 ; omit if x==0
Me variable
v
tmpl
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Procedure Labels and Dynamic Calls

PA-RISC compilers must:ig}cncrate the code sequence required for proper handling
of procedure labels and dynaguc procedure calls. Assembler programmers must use
the same code sequengs v‘-ﬁc‘scnbed below, in order to insure proper handling of
procedure labels agd dy’narmc pxoccdure calls.

A procedure Jghelis a specxallghfonnancd vanable that is used to lmk dyna:mc

1 1

calls:
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< dynamic library address load >
Clear L-field;

Load new LTP value into GR 19; o
Load address of target; oS

< perform dynamic calls > #
IF (L-field in Plabel) = 0 THEN

ELSE BEGIN
Perform < dynamic library a@éﬁ%&gﬁégad >
Perform interspace branch xﬁ target address;

END. F 4

e

example, to generate an assen’ibéymglabcl the followmg.
: Take the address of aﬁgnn £
LDIL LP' functi put

LDO RP' functior -xl).

This code sequence will generate the ng(;:css 3PL :
needs in order to gnm(e the proper proﬁ%dtge label.
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Stack Unwmd:ng

Stack unwinding refers t,é"ﬁac processes of procedure trace-back and context
restoration, both of wh > avé several possible system and user-level applications.
"'dmg c"bnvcnuon is necessary on PA-RISC because in the
event of an 1n puon of cxeé; ition, there is insufficient information directly
avallablc serform a comprehensive stack trace. The stack trace is the basic
0peratmn%pexfonncd in contﬁg[?rcstora&on

Ovetyie
The stack-taind
stored in a static data o
anigmatically %uu

Qﬁ{;&ﬁvmd table. An unwind table is
“Hils'by the linker.

be saved at the dedicated locations on the stach
conventions.

To guarantee that a routine is unwindable, the assembly progrz
adhere to the stack and register usage conventions des¢zibedjp'the PRO ABI It is
mandatory that the procedure entry and exit sequences ¢gfiform to the standard

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

m Caller-save registers must be saved and restored across; call (’L'Eihelr contents are
live across a call).

m Unwind table entries must be generated for each? auune‘%ﬂand for any
discontinuous regions of code. 4-,

m The frame size for each routine must be the 3&%‘3&5 stated 1 J.hé unwmd
descriptor for that routine. P

in the unwind descriptor for the specifications statcd i
that routine. .

The minimum requirements for a successful cont

m All requirements for a stack&;%'acc (as above) must beé:;
Fiste ’mﬁcz:hch routine must; nform to the

m The use of the callee-saves refl

usage mformatlo
sequences. Th

> F'gure 4-6??ormat of an Unwind Table Entry

The linker sorts all4 And descriptors according to the address range they refer
to and places them in &:8gparate subspace. Most stack unwind functions depend on
the unwind entries being sorted properly.
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Unwinding from Millicode

The one type of standard ¢all from which unwindability cannot be guaranteed is the

millicode call. This is bc fise the assembler cannot automatically generate the

standard entry and exigSequénces for millicode routines that allocate additional
tively few millicode routines require the creation of a

] (secondary) entry points.
» Code sequencesgn wtuclf (GR 27) is modified. Notaghat DP should never be
altered by user code, of égﬁy system code as is absbigtely necessary.

exit sequences. The linker sorts i
addresses and places them in the $U NP
an unwind descriptor is shown in Figure 4-‘7%b
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struct unwind_table_entry {

unsigned int region_start; /* Word 1 */
unsigned int region_end; */
unsigned int Cannot_unwind:1; * 7

unsigned int Millicode:1;

unsigned int Millicode_save_sr0:1;
unsigned int Region_description:2;J
unsigned int reservedl:1;
unsigned int Entry_SR:1; '
unsigned int Entry_FR:4; ",
unsigned int Entry_GR:5; g 1ok
unsigned int Args_stored: f
unsigned int Varlable_Frame.l,
unsigned int
unsigned int
unsigned int
unsigned int
unsigned int
unsigned int
unsigned in&~$ave SP:1;
uns 1gn:§{é‘ﬁ€"‘%%&°”’ﬂ? i

un31gq

/* Word 4 */

w(\\ Figure 4- :;I.!r'eﬁnition of an Unwind Descriptor
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Unwind Descriptor Fields

region_start :
This is thc snfftmgad&i'ﬁss of the unwind region.

region_ end F
“This is the end addrcss af the uﬁwmd region.

Cannot unwind .« [ 0 g ™

&

Millicode %-,,, f"‘

S
Onc if this (rmllxcod 3} fout
zero otherwise.

Reglon_description

This field describes the code be G
region. The values for this field are:

reserved1l

This bit is reserved for future use. It must be set to'§
applications.

in conforming
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Table 4-9: Region_description Usage

Value Context

00 Normal Normal context is code thag falls"Begween the last

01 Entry point
only

10 Exit point SR
only f exit code msene’d

“mompiler as well as user code, It

does not contain c

Discontinuous B
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Args_stored

One if this rcgio 25 prologue includes storing any arguments to the routine
in memory in thc

;_;hltcctcd locations; zero otherwise. May be incorrect in

optimized code
Variable Frame i 'E
In”éi*cmcs that this rch’elt"s fr: may be expanded during the region’s

“ gxecution (using th,a& 2 dynag frame facility). Such frames require

b dlffcrcnt unwmd{ﬁgtéchmg,

Indicates the assucia -

frame ogmfown but/ IS¢

entry savimglstersf 4
% F

Frame_Extenslon_Mﬁ!iﬁode

Indicates the assodjated gl
implements the A

Stack_Overflow_Check

Indicates the associated regi®
sequence(s).

which cannot be deduced from the frame size field i in th 't ;de descnptor
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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 4 B
These bits are reserved for future use. Thcy must be sef 10 0 in conforming
applications. o N% % w

Save_SP

One if the entry value of SP is esaved: this regm 'Sagntry sequence m thc
current frame marker (current_SP - 4% f:’a o];harw1se

Save_RP %f;‘.”

For non-millicode, one xf ﬂ}&ﬁg ,ﬁ]ue of RP is sav“;': byt
sequence in the previous fran;c (at pr&‘&* " 70 otherwise. For
millicode, one if the entry valuﬁ; of M r0-are. § saved by the entry
sequence in the ¢ 1 d current_SP - 16,
respectivelsfls

Save_MRP |HWNQ | 5
/‘Qnmﬁ the enmiua WRPQM‘;G J the entry code in the current frame
Latcarrent Zen othcrw:se pplies only to millicode.

which compllcclz-’zﬁc routine.
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reserved4

This bit is reserved and must be set to 0 in conforming applications.

Interrupt marker o

I'ESGNEUS

This bx{;s mﬂf’”c‘i dmm,he 8¢t to 0 in conforming applications.
Total_frame_sii% £
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SOM Format .

The SOM consists of a S’ header record, an auxiliary header record, and other
optional componcnt;.:=:=-__,: Uﬁ&uon and size of the auxiliary header record and all

other components%éeﬁned iﬁ*the main header record. Each location is given by
a byte offset g,,&vc to the ﬁr ;i f yte of the header), and the size is given enthcr by

2o

the other cofngoncnts of the SOM

The aumhary hcadcr r _' ;‘j" desngned*{a‘ﬁe used by dlﬁerent systems in
different ways 'I'he Efaﬁ»ﬁu dlaty-di
on

unplemcntahon
The contents of the SOM‘{!IEY consist of the follo v r

Space Dmnonni%"’“
Subspace Dictioni:
Space/Subspace Dictionary Strifi
Initialization Pointer Arfay £
Compilation Unit Dictiofigfy,
Symbol Dictionary |
Fixup Request Array e
Compilation Unit/Symbol Dictio »iry String

A block diagram of the SOM format is shown in Figure 5-1.

Figure 5-2 shows a suggested layout of records in a SOM. The SOX
be the first record in the SOM, and the Auxiliary header area pifist’
relative ordering of the remaining arcas is not defineds,
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SOM
Header =
Record

"Aé%."?;' . .
Coémpilation

Unit
gt - Dictionary

Auxiliary i <
Header = | 7
Area . A %? Symbol., "
e & o S 3

5,  Dictionary 5 7

i | P g
“%_ Request
* Array

o
5
2.
(=]
&
&

Comp. Unit
Symbol Dict.
String Area

Initialization
Pointer
Array

Figure@s-l: Block Diagram of the SOM Format
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Figure 5-2: Suggested Record Layout of a SOM

%, Header Record

P "%\xuxilia.ry Header Record

“Initialization Pointers

S

: Space Records

jﬂ -Subspace Records

SOM Header  %...s® 3,

The SOM header is a single ré¢ord defining#he focati
of the SOM. The location of each compor;é;i' s gi
byte of the header record, which is @,ﬁ?
component will be given as either the niun

bytes.

Auxiliary Header Area

The auxiliary header area is an optional entry in the SQ) ‘conta
information pertaining to the SOM. The information in't! ea is broken into one
or more free format auxiliary headers, each identified by % o word auxiliary
header identifier.

]

54 Object File and Library Formats PRO ABI for PA-RISC Systems



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

Space Dictionary

The space dictionary is an array of entries which define each space defined by the

SOM. In addition to the space name, the entry record Spes
dictionary entries, the space reference entries, and the i 1a1 ahzauon pointer entries

for that Spacc

time. Subspaces within such spaces may contain4 !
along with the actual program, such as debuggiﬁ' an& gnodule 1ntcr_5"f’j;,_“’
information. ,

Subspace Dictionary . Y N | 4

space of the SOM. Subspace cntry records are grozpcg'
which the subspace resides, an % contam information:afiowing the subspace to

be relocated within the given Spate: . e i’
Each subspace record will contain t : _gibspa&;‘, ‘m:rm access r}\gﬁts alignment

requirements, and ﬁxup mformanon e ihg} & vl =sraunie wiich
gecess rights will be

assigned. "

String Are 4

There are two strin contains the strings used in the

space and:siibap otiiggrcontains the strings used in the

comp Fation ¢tionarics. Each string begins on a word boundary,
asit consists of a h the total number of characters in the

ﬁgxﬁ%followed by }“ i the string. Each string is terminated by a
bytméohtmnmg zero, and gbytcs siding between the zero byte and the word
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Initialization Pointers and Initialization Data Areas

The initialization pointer aray contains an array of records which define contiguous
areas in a space whlch arﬁfo bc initialized at load time. A single initialization

f:" consists of an array of enmes which prov1de

&ﬁ'ﬁl Eac

dompilation unit record may contain
pro&ucc the SOM, compilation timestamps,

31 o1 that was either defined
or rcfcrenced in the SOM ?"1-' uﬁ@ﬁmformauon about the type
of the symbol, the scope Ariniversal), and an index to the
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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 ABI for PA-RISC Systems Object File and Library Formats 5-7



struct header (
short int system_id;
short int a_magic;
unsigned int version_id;
unsigned int file_time[2];
unsigned int reservedl; @ ~Thrq_sface
unsigned int reserved2; €~y —~ g lgfucc
unsigned int entry_offset;
unsigned int aux_header_location;
unsigned int aux_header_size;
unsigned int som_length;
unsigned int presumed_dp;
unsigned int space_location;
unsigned int space_total;
unsigned int subspace_location;
unsigned int subspace_total;
unsigned int loader_fixup_location;
unsigned int loader_fixup_total;
unsigned int space_strings_location;
unsigned int space_strings_size;
unsigned int init_array_location;
unsigned int init_array_size;
unsigned int compiler_location;
unsigned int compiler_total;
ungigned int symbol_location;
unsigned int symbol_total;
unsigned int fixup_request_location;
unsigned int fixup request_total;
unsigned int symbol_strings_location;
unsigned int symbol_strings_size;
unsigned int unloadable_sp_location;
unsigned int unloadable_sp_size;
unsigned int checksum;

Y:

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

system_Iid
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_magic

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.

Table 5-1: Magic Number Values

Magic Number SOM Type
0x106 Relocatable SOM
0x107 Non-sharable, executable SOM (EXEC_MAGIC)
0x108 Sharable, executable SOM (SHARE_MAGIC)
0x10B Sharable, demand-loadable executable SOM
(DEMAND_MAGIC)
0x10E Dynamic Library
version_id

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 YYMMDDHH.
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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 1,
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 conforming 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_location

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
value in the range 0 to 2311, 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 headcr area. If the number
of bytes is zero it indicates that no auxiliary header efined in the SOM.
The size must be a multiple of 4 bytes. The ﬁeld amx ‘header_size must have

a value in the range 0 to 23L,

4
som_length Y
This field contains the length in bytqs‘ﬁf thé"“én"flrc SOM Thf: ﬁeld
som_length must be in the range 0: t&? ki, - e
é"’ o .-‘: . i E
presumed_dp B - e &
This field is only specified for dynarmc hb"i" 65, It contains the value of the
data pointer (DP) assugg;egi dunng compllanon‘-__ mking of this SOM. In a
dynamic library, presunmii inter that the linker

Btract this value -

(;f space records in the space dictionary.
tting all bits to zetﬁ%n space_total means that the space dlCthIla.?' is not
in a SOM. Spuce_total must have value in the range 0 to 2
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subspace_location

This is a byte offset relative to the first byte of the SOM header that points
to the first byte ofithe subspace dictionary. Setting all bits to zero in
subspace_ Iocattﬁ,‘ lic u:atcs that the subspace dictionary is not defined in a
onary must start on a word boundary

bSpace records in the subspace
bt to zerem subspace total means that the

ﬁahﬁj}' Ge.d 6n
value in the rangr;'ﬁ .

to the first byte o tﬁe loader fixup array
loader_fixup | on mdmatc thidt the logde ﬁxup array is not defined in
a SOM. The loadel it

Loader_ fixup locau Ts not use

undefined. %

loader_fixup_total |
This field contains the number‘ﬁ' load;: ;gwp recofé:’s Angghe lo;aﬁer *ﬁx iR,

array. Setting all bits to zero in lodgér 7 it up_total means that the loade.f
fixup array is not defined in a SOM“bader foxup#otal is not used
PRO ABI, and its value must be set to'0. L

space_strings_location

This field points to a string area that contains bogh’

names. It is a byte offset relative to the first byte ”~ e SOM header. Setting
all bits to zero indicates that this area is not deﬁn The strmg area must
start on a word boundary with a value in the range 0 to 2311,
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space_strings_size

This field contains the byte length of the space subspace string area. Setting
all bits to zero in space_strings_size indicates tha ffi’a
defined in a SOM. .S;pace strings size must be af ulnpf%of 4 bytes and be
in the range 0 to 23 P 0%

init_array_location
This is a byte offset relative to the ﬁl:

init_array_total '“i‘j"- e

This field contains the nuﬁzhe‘f* 1
pointer array, Setting all blm@\}; (

initialization pointer array is n
have a value m_thc range Oto2

\h v
compiler_| Ioééﬂon wk‘ \ \%y_

e of the SOM header that points
diftionary. Setting all bits to zero in
] pllauon unit dictionary is not

e

%}rds in the init

ield contains thénumber of compilation unit records in the

""aff?an unit dlcécnary Setting all bits to zero in compiler_total means
that the coizs : it dictionary i 1s not defined in a SOM. Compiler_total
must have a Vi - nthcrangeOtoZ -1.
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symbol_location

This is a byte offset relative to the first byte of the SOM header that points
to the first byte of £ he symbol dictionary. Setting all bits to zero in
il --gtes that the symbol dictionary is not defined in a

b gf mbol records in the symbol dictionary
arghment ext?}asmn records). Setting all bits to zero
{'that the _va-?, dictionary i is not defined in a SOM.

dictionary is not deﬁned ina SOM
the range O to 2311,

symbol_strings_location
Tlu.s fieldisa pomtcr to an area that contains symbol

symbol or compilation unit names in a SOM. The
start on a word boundary and have a value in the range 0 to 23
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symbol_strings_size

This field contains the bytc length of the symbol dlcuonary string area.
Setting all bits to zero in symbol_strings_size mdlcmﬁs that the symbol
string area is not defined in a SOM. 3ymbal strmés sizé'tnust be a multiple
of 4 bytes and be in the range 0 to 21

unloadable_sp_location

This is a byte offset, relative to the s
of the data for unloadable spaces. S&iting all bitg to zero indicates this

are no unloadable spaces defined:inia SOM. Thetlata for unloadable spi
must be double-word aligned 4t

unloadable_sp_size

spaces is not defined in a SC’L ! adlible,sp
8 bytes and be in the range 0 mg31 1 y & 5
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Auxiliary Header Areas

A SOM ob_]ect modulc oma.,SOM library file may optionally contain an auxiliary

1 specific to a particular implementation or application. The
iliary:header area is specified in the SOM or LST header.
'?:*3'._',‘5 B
;mll contain one or more auxiliary header records.
""hary hcader record will identify the type and

g mﬂt of. nser: , ‘).s’
. confomﬁg'ﬁppﬁcanomﬁﬁyﬁot contamélﬁnplementamn -specific header. This
type is listed in the folltmng séotion.o é’;ﬁ oo spcife

The structure oﬁﬂxﬁa}]’xﬂ:  peaderid ﬂcﬁned below in Figure 5-4.

. ,ﬁ-i' ]

struct aux_id (
unsigned int
unsigned int
unsigned int
};
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Auxiliary Header Fields

e

undefined : /

These bits are not defined by the ABI. They arczeserved for application use
and must be ignored by the loader. F .

type “’%

Value
1
3
/’% m’*m Version smn% i
. { N \Copynght auxxlmz header
1ﬁc header

¢nd of the auxiliary header area will be word aligned.
f pad bytes are not defined. If two auxiliary headers are merged

and the ﬁ.rsf" x:m?gbrd aligned, the next one will start on the very next byte.
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Exec Auxiliary Header

The exec auxiliary headez.(also known as the 'HP-UX" auxiliary header within
Hewlett-Packard) is us :contain run-time information for executable SOM files
nei a 32-bit local address space. This header is filled in

long
long (t.ooffset in memory */
long location of text */
long exec_dsi S Kitialized da 77
long exec_dmem} ,é =-'£%fdata offset
long exec_dfile;
long exec_bsize;
long exec_entry;
long exec_flags;
long exec_bfill;
}:

Figure 5-5: Definition of Exéc Auxiliary Header
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Exec Auxiliary Header Fields

som_auxheader

a multiple of 4 Kbytes and can e dex
of 4 Kbytes. The value of exec_tsize
< 0x40000000).

exec_tmem

This field specifies the spaé&re”fatﬂ{
The address must be page a.hgaed The
range (0x1000 < exec_tmem < 6&400 )Gl

Hpis The total value of exec_tsize + exec_tmem must be less than
@ 0x40000000 bytes.
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exec_dsize

This field specifieg the size in bytes of the initialized data (does not have to
be a multiple of 4 Kbytes). The actual size of the data section in the file must
bea multiple { es and can be padded with zeroes to make it a
3 value must be in the range (0x0 < exec_dsize <
RE_MAGIC and DEMAND_MAGIC files. In

uég!ust be in thc range (0x40001000 <
CHC_MAGIC files, the lower bound is the

exec_dfile

This field con
relative to the be

exec_bsize

exec_entry

This field contains the space-relative byte offset of the m
this file. The value is restricted to (exec_tmem < exeg
+ 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.
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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
is optional. The linker footprint auxiliary header is shown in Figure 5-6.

struct linker_footprint (
struct aux_id header_id;
char product_id[1l2];
char version_id(12];
int htime[2];

3;
Figure 5-6: Definition of Linker Footprint Auxiliary Header

header_id
This is the auxiliary header id for the linker footprint.

product_id

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

version_id

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

htime
The htime is a 64 bit value that represents the time the file was last modified
by the linker. It has the same form as the SOM header file_time field.

This value is independent of any modification time maintained by other
subsystems (c.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 prcsanép of the debugger
footprint is optional. The debugger footprint auxiliary heﬁder is §hown below in

Figure 5-7. {f’*’w -
struct debugger_footprint {é M’",,\
struct aux_id header J,_ci" T_;;‘% .
char debugger___prcdu . d[lz’f, "

header_Id . ™ N
This is the auxiliary hcadcr Id for thc,éi:bagger footpnnt #ux header.

Q. . ::4
= gz; :
G 4 .-'

debugger _produt;t»»ld

-64 bit value that represents the time the file was last
gier. It has the form of the SOM header file_time field
‘iident of any modification time maintained by other

i¢ file system). The use of this field is optional, but if it is
set to zero.

not used it will e
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Copyright Auxiliary Header

The copyright auxiliary header is used to embed a copyright string in an application.
The length of the string i ésscnna.lly unbounded. The string must be null-
terminated. The string Ief:g!‘?g field contams the length of the user-defined version

aux_header_id: Izipiudes both tPé string length field and the padding bytes of the
string.) '

Gttt

Version String Alf%ﬁ

The version string au)uh

aux_header_id includes both the str#g
string.)

struct version_string?aux_hdr (
struct aux_id header_id;
unsigned int string_length;
char wuser_string[l);

¥ !
Figure 5-9: Definition of User String Auxili&
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String Areas

The string area contains all symbols used in the SOM, inc} : INg Space names,
subspace names, export names, import requests, and corg;iﬁa orf‘anit names. There
will be two string areas; one for space and subspace namss and one for symbols
and compilation unit names. .

The first word of each string contams the total n -

string header

This field contains the total number of Chistiotirs

(does not include the terminating null char

string data
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Initialization Pointers

The initialization pomtcr%;my 1s used to determine how to initialize virtual space
when a file is loaded. Jh¢fields in the initialization pointer record are very similar
ilely: ace rc%{d. but the initialization pointer record can be used
to initialize m@fe an one sub pace. The initialization pomtcr m,formatmn is uscd

e fields provided in the subspace record to
¥ 1ccr, since relocatable subspaces are not

unsigned i

unsigned int
unsigned int
unsigned int
unsigned int

unsigned int new_ lo ality: 1,.
unsigned int reserved:21; 5
unsigned int file_loc_igj
unsigned int initializat$

unsigned int space_offset;¥%
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Initialization Pointer Fields

space_Index ,,a"“
This field is a index into the space dictionary. A "of the space records will

be in contiguous records in the space diction AT sHiac |
converted to a file byte offset by: far

offset = space_index * size of (
+ space_dictionary ¢
+ address of the ﬁrst:E;

If a space_index is greater than th
record it is an error. Space_indg:

access_control_bits
See “access_control b?%' “on page 10-11.

p o ol
\{‘?"ﬂs_% mhhhq . 2
has_data W e '
If this ﬂag is set to one, then datsns dqﬁncd i thf; M for this subspace.
v 4 ) 4

en the subspa:%‘%s tobe locked in physical memory
 iato. execution. Cafiforming applications must use a

tqg e then ﬁm&subSpace is to be locked in physical memory
stem 1§bemg booted. Conforming applications must
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new_locality

This flag 1ndlcates.that this initialization pointer begins a new locality set.
The loader can usg’ih:s bit to determine which initialization pointers belong
to each locallty’ﬁc so;that it can swap entire locality sets together.

reserved AT

Z' tlus field contains a 32 bit %uanmy which is used as
n for the subspace(s)lﬁ:ﬁ- 7

space_offset

This is a byte address relative to thé’ ¢ ginning of & pace where
initialization is to start. . :
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Dynamic Library File Definition

A dynamic library (sometimes referred to as shared libr 7 :

applications. % .
The DL header appears in every dynarmc hbrary "anﬂ% 1ncomple BN

indicated by exec_tmem in the exec auxilia
by exec_tfile in the disk image). It defines
various other tools when attaching the dynarruc liby;
contains information on the logation of the exportan

he dynarmc loadcf“’and
s at run time., The header
prt lists, the module table,
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DL
Header
Record

b i.:ﬁ_( Data Linkage
§ Table

Procedure
Linkage Table

String
Table

Dynamic
Relocation

Figure 5-11: Structure of Dynamic Library Header
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struct dl_header {

int hdr_version; /* header version number */

int ltptr_value; /* data offsetﬁmf LT ptr (R19) */
int shlib_list_loc; /* text offsagfof sh¥ib list oy
int shlib_list_count; /* # of 1tam$ zn shllb list */
int import_list_loc; /* 3 Bo.

int import_list_count;/* E
int hash_table_loc; /* text
int hash_table_size; /* # of

int export_list_loc;

int export_list_count; é* #

int string_table_loc;" /*-

int string_table_size;/* leir o string table */

int dreloc_loc; % textﬁbg . of dreloc recs */
int drelOC_COUﬁ%%.

int dlt_loc; 3

int plt_loc;

int dlt_count;

int plt count ;

short
short

”!

arious flags */

P

int /* texg offset of EET */
int **ﬁ?set of module table */
int numbg 'of module entries */

55Tt index of elaborator */

port index of initializer */
string table index to path */
{must be > 0 teo be valid) =/

# of initializers declared */
reserved, initialized to 0 */
reserved, initialized to 0 */

int
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DL Header Fields

)

hdr_version F Y

This field 1s;;sad;10 ded ote the version of the DL header. It is currently set

Itptr_ vafue | "
g ; ’I‘hls field is the dan«mﬁuveﬁ se

ycg&h'tplctc executables). The linkage table
OIIEE A3 the dﬁwc load f‘-ifb access the Data Linkage Table and
oce m‘cﬁ‘«nkagw ¢ entries atdgyd time so it can bind symbols and

S ll dmaffﬁ“ércnccs and PIC code in a dynamic

hbmry’ém“

_._.35,:3;_ aries thdf e given file gepends on for
§ Hst'in a dyna:mc

""" gbrary is present,

the dynamic hbrary éald to “depﬂ' 5
library list. See “Dynamic Lzbra.ly R

Import_list_loc
This field is the text-relative offset of the import list. The dy

searches the import list and binds each entry in the list 8¢ i
Import_list_count ;
This field is the number of entries in the import hst.
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hash_table_loc

This field is the text-relative offset of the hash table, Sce “Export Hash

Table” on page 5-49. .
i Y

hash_table_size
This field is the number of slots used in the

“ B
.,

export_list_loc

This field is the text-relative offsé of the export dist. .

LW By &
y 4

P
o,
s

export_list_count ~
This field is the numbq{, of export entries.

string_table_loc

<This Beltbis the tex@lave offser SFthe dynamic relocation records.
2 Dynanuc refotatic TS are bu1lt for each data location initialized with
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dit_loc

This field is the offset in the $DATAS space of the Data Linkage Table, The
Data Linkage Tablg:consists of one word entries for each static data item
that is rcfcrenccﬁ; %?osmon Independent Code (PIC).

pit loc &5 :
£

A

This field is the offset,m tﬁe $DATAS space of the Procedure Linkage Table.
““The PLT contains c;m:ie’s for ea um'esolvcd procedure call in a dynamic
ogedure symbols. The dynamic loader

,-*

flags

" --‘__ 4

libraries at run time. Libraries in the dynamic library ) x mtdy specify that
these path lists are used rather than the absolutelganf@fecorded at link time.
See “Dynamic Library List” on page 5-42. @
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Table 5-3: DL Header Flag Types

Flag Yalug Definition
(hex) e
ELAB_DEFINED Ox1  The elaborator field is defined.
INIT_DEFINED 0x2  The initgggﬁe}“ﬂ%gtﬁ_s\dcﬁncd.
SHLIB_PATH_ENABLE  Ox4  Scarchforshe librarying the
SHL;IB;?‘A‘J’H environrhefifvariable
EMBED_PATH_ENABLE  0x8 Seirch for the library using the;path list,,
< referenced by émbedded path . .
SHLIB_PATH_FIRST 0x10  If betitmechaisms re available, fhe
efegésiced by SHLIB_PATH is
export_ext_loc % '“m b

This field is the tcxt-relative%& et of thee:fp’"oncxten513n table. The export
extension table contains inform 'oni_____'*" ut asf%{:s’?lch as its size, the
start of the dreloo.list, and a list %gx_ports with the:same value.

i Y L

%

. et
ffset of the‘ odule table. The module table is
i frthefmodules used to build the dynamic

and referenced symbols for each

ok
a5

(&,

& .?r‘

-

D
: 4
This field hold &p index into the import table if the ELAB_DEFINED bit
in the flags field'is set.

¢a
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initializer

This field holds ap, index into the import table if the INIT_DEFINED bit in
the flags field is se} ind the initializer_count field is zero. If initializer_count
is non-zero, thefi this:field is the address of a word-aligned array of text-
‘einto thelimport list for each initializer.

Wk
embedded_ path
_ S .
% Fhis field is an mdex”"mfo the dynami

i
*

initializer, count”

These fields are resetyed for future use (currentlysget to 0).

'
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Dynamic Relocation

Dynamic relocation records (loader fixups) are used by the dynamic loader to apply
run-time patches to the data area of dynamic libraries ang fncémplete executables.
Dynamic relocation records are built for each dynamiﬂgf ary data item initialized
to the address of a function or variable. These record eded since the final

struct dreloc_record {

int object_type:

int symbol ;

int location; LK ;

int value; /*

unsigned char type: Vikd

char reserveds. T >

short module_inds g ile table */
};: : ‘\»,\Y ; j_;-*'y

:

ition
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Dynamic Relocation Record Fields

L

object_type
Initalized to a

ady namic library, 0 if an incomplete executable.
symbol o —"f
A symbof field is a{; ,mdex 1nf(:r the import table if the relocation is an
external typc ¢

location w8

A

The locanon ﬁcld mﬁedam-mlmab‘ffsct of the data item the dreloc record
referstp. 7 2%

e

o r i
value @ Fo i

Pr e

This is the text Qi' data-rclanvc of‘f&&ym fise. éit«a patch if it is an internal

P

T

.;:"'t,a;f
%

type

#define DR_PLABEL_INT 2\%* iniflalt )
#define DR_LDATA_EXT 3 ?‘”i?w an
#define DR_DATA_INT 4 /* f%;uahzcd to an internal data gHSels/
#define DR_TEXT_INT 7 /*initialized to an internal tef

The only valid type in a program file is: y.
#define DR_PROPAGATE 5 /* data item from a d{gut

reserved
These bits are reserved for future expansion (currently initialized to 0).
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module_index

This field is an index into the module_table of the module associated with
this relocation record. For DR_PROPAGATE dreloé fecords, this field is set
to (-1). g,
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Linkage Table

The Linkage Table is locg;_»cd in the $DATAS space of a dynamic library and/or
program file. It is divided ffito two parts: a Data Linkage Table for data references
and a Procedure Lmkaﬁc, able for procedure calls. The linkage table is used as a
branch table to haﬂﬂlﬁandlrecfroccdurc and data references.

': 't': dynarmc loader once the addresses of all
table‘i&usually only in dynamic libraries.

P s
s :
e .

In a dynamic hbﬁo , it con
each call to an exported pﬁ%
each dynamic library pg_'_'f 6

astruct PLT_entry (
int proc_addr;
int ltptr_value;/*
)i

Figure 5-14: PLTEtitry

5-40 Object File and Library Formats PRO ABI for PA-RISC Systems



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

Procedure Linkage Table Fields

proc_addr

i,
3 B
This field contains the address of the procedure ) be branched to, taken
from the export table of a dynamic library ogpragram file. It can also be

Itptr_value

If proc_addr points to the BOB:‘/:‘G i ; e actual destinatioy”
address has been calculated and stor Gddr, this field holdshe
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Dynamic Library List

The dynamic library list
executables Itis alloca

_Z,/* bind J.Medlate, deferred */
3./ * hlghg%ﬁ exported sym version */

''''''''''
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Dynamic Library List Fields

shlib_name

This field contains an index into the dynamic Ji
absolute path name of the dynamic library spe

dash_|_reference

This field is a flag to denote if the al
specified at link time is to be used

“Tun time. ‘Iftlus flag is set (6 EALS
s libraries specified at link tim ing
1 abolute path na%: is
: to be searched at run time

the path(s) glven Ifdash i rcfcrenc'
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Table 5-4: Defined Binding Methods

Binding Flag szf.,‘ Value Description
BIND IMMEDIATE' ' ,.0x00 Symbols are bound at program start-up.

BIND DEFERRé}} %01 Symbols are bound at first reference.

Insert the loaded library before all
f : f others in the current link order.

%,
Q{B ’NONFATAL p. ﬁxOS y Allow binding of unresolved symbols.
31 NOSTART(J‘ Oxlﬁ
‘\x,_. s A

Causcs the search for a symbol
definition to be restricted to those
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Dynamic Library Import List

The import list is created for both incomplete executables and dynamic libraries. It
resides in the $STEXTS space of the object and is'made ug pfdn,array of import
entries. Each entry is a one-to-one correspondence wi_t!ﬁhe linka%e table. There is
an import symbol for each DLT entry in the linkage ad each PLT entry in the
linkage table. Import entries of type ST_NULL argtised to;fifeserve this
correspondence for internally resolved linkage tablé.entries. ™.

struct import_entry { "
int name ; o
short reservedl; 5
unsigned char type; /* symbol.fs
unsigned int bypassable:1; A Y
unsigned int reserv@@_:&; m‘f.ﬂ.;\ T

}i k.
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Dynamic Library Import List Fields

name

et into the string table denoting the symbol name.
ghined, this field is set to (-1).

,é |
bypassable ’ W’ﬁ"ﬁ ,f j

This bit is set to l\é@a ;mpnrt 11
import is a code symb% that does

library.

reserved2
| These bits are reserved for future
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Dynamic Library Exports

The export table is a hashed table of the symbols exported by a dynamic library or

incomplete executable. The dynamic loader uses this table:

ook up symbols atrun

time when establishing linkages from programs and other -librari€s.

The structure of an export table entry is shown in F;f 17 and the hashing

function used with the export table is shown in F" |

........ m 5"2‘
struct export_entry { -

int next; N e
int  name; 4( h T
int  wvalue; &
union { T

int size;
struct misc 1nfo msc,

} info; \:t

unsigned char type; %’
char reservedl; 4
short module_index;
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Export Entry Fields

next i
This field contiin$ anindex to the next export record in the hash chain.

P
P

i 18 field contains a;;‘éfsﬂsct int&:the string table denoting the symbol name.

S
o

Lo »
pra maL

b 3 4 . i
e o 2 - r % 3 s,
valughy, a7

Th1sﬁeid3pecxﬁes.,xﬁ“ésymbol addréss (subject to relocation).

ddr
2™ y
/jv 'N.l ,} l:a\"'......»". '

il > 4 ¥ o

.

info bl © A SV

If the expm'ted sy;ggoﬁs of type ST_STORAGE,
of the storage requestarea in bytes. Otherwis
of the exported gymbol along with fien,

ar

s field specifies the size
field contains the version

e ‘@:'::«“‘, -;‘._3‘. 7 ’,_’

This field specifies thé%ymbol typ Vil
ST_DATA, ST_STORAGE, and $% 1
21 for the definitions of thesg.types.

$%.CODE,
S?E%i‘ggage 10-
i

/’/ | W fjﬁ%‘%ﬁ«

i

reservedi :
sion and nflist be initialized 460
module_index

THiEfiea coritaing efindex:into the:moduls il
this symbol. .

e
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Export Hash Table
The export hash table is uscd to rapldly locate cntncs m the cxport table. Each entry

unsigned int hash_string(s)

register unsigned char *s; 2
{ “ -
register unsigned Mkey, *m% *MM
‘.1: % \°,, B .__,,.gr
key = 0; " :

while (*s)

key = ((key << 5) | (ﬁ@»&n*

return (keydFte.
4
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Dynamic Library Export Entry Extension

The export entry extensidh. table is located in the STEXTS space of the object in a
dynamic hbrary There iSR0 ie-to-one correspondence between the export table and
table contains information needed for data copying

:‘mcomplete executable.
E

iﬁt size;
" int dreloc;
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Export Entry Extension Fields

Size l..“:"‘-;.z-,\_.'_'

i e %
This field is the size in bytes of the export symba“fand is only valid for
exports of type ST_DATA. For other export Hpes ;1 _'_s_ field is initialized to

dreloc

same_list

This field is a circular iIS
location) in the library. Th
the same physical location

reservedi
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Dynamic Library Module Table

The module table is located in the $TEXTS space of a dynamic library. It provides
information on the modulés:that make up the dynamic library.

imports; ,,« _
import wc!éﬂg’;ft,

44 o %
e o oach]
1z , A o
Hed short mﬁ,\yﬁ_depen lgncies;
e P g
serv%g}:{‘-;r:;,_ ‘?ﬁ’“ y
e e :
} pertihias
L

.:"eﬁnii.i“(;)'n of a Module Table Entry
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Dynamic Library Module Table Fields

drelocs ;"

This field is a text address (subject to rclocanon} of a table of one word
indices into the dynamic relocation table. Th:$= K i tem'unated by an
entry with the value (-1). 3 .

associated thh this table.

Imports &

table, followcd by tmp&»rt count indices into't
and symbols indicated musx :be resolved before

A value of (-1) indicates thgﬁ;*fb i
\@\ 1 ~ o &

import_count %g &

reserved ol
This field is re%;mcd for future use and must be initialized to 0.
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Program Loading and Dynamic, é?%ﬁkmg
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Executable Binary File Format

Both chapter 5, Object Fi
Objects, define the SO

nd Library Formats, and chapter 10, Relocatable
format in detail. In this section, the specific

requirements of anmccmplcie {:xccutable are discussed.
An cxecutablﬁ”ﬁ/mary ﬁlc mustqgntam a SOM hcader. exec auxﬂlary header, text

SOM
Header
——— Text
Exec
Auxiliary H Data
Header
L BSS

auxiliary header. These headers are described in chapter 5. The:#€3
header specifies the location and size of the text, data gnd BS, secti
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Text

The text section contains the instructions for the conforming application The text
section must be aligned on a page boundary in both the ﬁlg W g memory. The text
section must be contained in the first quadrant. Y .

Although the size of the text section indicated by the,éxg tsize field does not need
to be a multiple of 4 Kbytes, the actual size of the t sectiptiin the file must be a
multiple of 4 Kbytes. This may be accomphshei ‘padding’ thg i@xt section with
zeroes. g = S,

- b=

data section must start at an o%gt It
a multiple of 4 Kbytes. It must -aligned on a page bounﬁary when loaded into

memory. The data section must beg%mdm the second gu;

Although the size of the data section‘igdicate dszg;? ﬁeld of the exec
auxiliary header does not need to be a 1t ltip;gj? fie actual size of the
data section must bgav,;gulnple of 4 Kbyte ﬁ}‘hc data s sec {
zeroes to make igftmuitiple: j 4 Kbytes.
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Program Loading
All programs must mcludé tart-up code. ThlS code defines entry points, initializes

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.

After the call to __ma ﬁid dynap%g@ﬁc;cﬁces._j ‘supported. For C-language

programs, the call to _start willy#fer to a%emispecmc routine in} sr/shlib/libc.sl
that calls main and tenmnatesfusmg exits -..&mgm'ncr language
defined in the program text and result in thé'e

A small piece of code, _srdexport,
is used to support mtcrspacc calls. %
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Table 6-1: Symbols Defined in a Conforming Executable

Symbol

__argc_value

__argv_value
themselves.

_environ An array of charact_
which the prograrg 5
by a null pomtcr;

_SYSTEM_ID

$STARTS

_start

is contaiged i Be-C hbrary rathe
file. For P&&scal an
labels the b&gmmn

$global$ 4 m B¢ initial addrc&%of the program’s data pointer. The
G ‘ np code ioads‘f}ags address into GR 27.

1
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Process Initialization

When the system activateg a conforming application using exec, the register state
must bc set as defined in fi‘able 6-2.

m If any of the blts
the correspomim : ;

w The Proccssor Sgtus Woi '{PSW) has the C, D, P and Q bits set to 1, and the B,
M and N bits cleared tof Gﬁ'hc remaining bits are.e ,_j'i_.:'IlSth at the discretion of
the system. o

of its start-up code):
m All exception flags must be clear. £
w All exception traps must be disableds
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Table 6-2: Register Usage at Process Initialization

Register  C Source Definition

GR 24 char ** envp
GR 25 char ** argv
GR 26 int argc

GR 30

SR 4

SRS

address of.' :"'

SR 6 ;
.y address space

SR 7
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DL_HDR_VERSION_ID .equ 89060912

.space STEXTS 5
.subspa $UNWIND_ST, "'“x:s,QUAD 0,ALIGN=8, ACCESS=0x2c, SORT=56

; Shared Library sugport -- mapping dl %
; check a.out fiYe for dl headerﬁﬁﬁg ,

’ —

14il L'__text_start

ldw R'__text_start(rf%,rBl
addil L’ DL_HDR_VERSION_ID, 0;
ldo R’ DL_HDR_VERSION_ID (1),
combf,=,n 19,31,L$0001 %

.import __map_ dld
; map_dld

; set sp to skip 64K to maintainSgs
; sp+6dk for sp)

copy sp, 7 : save sp

addil L’65536, sp

ldo R’65536(1),sp

addil L'__dld_sp-$global$(27)
stw sp, R’‘__dld_sp-5global$ (1) "g&i

copy 26, 4 ; save argc, gﬁgr and envp

Figure 6-2: Example Implementation of Start-up Code (assembly section)

‘:,‘ l\*
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copy 25, 5

copy 24, 6

bl _ _map_dld,rp
copy r3, arg0

copy 4, 26
copy 5, 25
copy 6, 24
copy 7. sp
L$0001

.import _start
.call

bl _start,rp
stw r0,-4(sp) L

.proc
.callinfo

.export _srdexport, code

_srdexport

v.,,.

branch t&ireal entry point

H
: ...return
H

‘1nk in rp
restore retizn

}?-gllnk from stack

ldsid (rp) o
mtsp rl,sr0

; Leave two words of pad so dp-4
; will be zero and so $global$ will
; still be double-word aligned
i

$globals Contents of dp

Figure 6-2: Exampf Implementation of Start-up Code (assembly section)
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__dld_sp
.WORD 0 P
.export __dld_sp

; Define data
; __SYSTEM_3I,

Figure 6-2: Exampls
Lo 2 >

e -
-z
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#include <sys/fcntl.h>
#include <sys/types.h>
#include <errno.h> o
#include <sys/mman.h> o
#include <shl.h>

#define T MAP (MAP_SHARED)
#define T _PROT (PROT_READ|PROT_EXEEH
#define D_PROT (PROT_READ|PROT ] _‘°‘ ‘
#define D_MAP (MAP_PRIVATE) & % ¢
#define B_PROT  (PROT_READ|PRO AWRITEIPROT EXECUTE) o, .
#define B_MAP (MAP_PRIVATE | AT g | - i3
#define AOUTSIZE sizeof( stry

extern int _etext, _end, __dld_sp;“ r
extern int __text_start, __data_start;
int _ dld_loc;

__map_dld(progname)
char* progname;

static char MMAP FAILED[]
int f£d, d?ﬁ&ﬁﬁd

int tsiz %%%25 o v
struct F=F

sS0m_

char ¢

(*shl_%
int result;

i O_RDONLY)) == -1)
dn’t open dld.sl”, NULL, TRUE);

ler, sizeof (struct header)) \
£, : header)})
error (“§RHOR £eading dld.sl”, NULL, TRUE);

Figure 6-3: Exa

iple Implementation of Start-up Code (C section)
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/* check magic number and system id */
if (somheader.a_magic != 0x10E || somheader.system_id \
1= HP9000S80021D)
ek
error('ERRQ&%Bﬁ@ magic number/system id for dld.sl”®, \

ﬁin.h.,,& FALSE) ;

k_headers';ﬁ first one is exec aux header */

: __fx header_location, 0L);
aad(fd &auxhegﬂer, UTSIZE) != BOUTSIZE
}ff;uxheader somzaixhdr. ty = HPUX_AUX_ID))

ds? “m,,,g mﬁeade;ﬁgxptﬁdsue, 5‘1 e
bsize = auxheadé’tyaﬁec bs1za§ _;‘

St o et

1f ((tagde aﬁmmap(_;; t3%we; T_PROT, T MAP, f£d, \
i 'ngf_t)auxheader.exec_tfile)) == -1)

error(MgAR_F FLED, - (text)”, TRUEybﬂgﬁ

/* map data */ e
if ((daddr = mmia

/* now map bss */
baddr = daddr + dsize;
if (bsize != 0) .
if ( mmap( baddr, bsizi
(of£_
error (MMAP_FAILED, *

(off_t) \

/* 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 gi
will be a ptr to that struct. The rest o
as before. */
parm.version = 0;

' parms are used

Figure 6-3: Example Implementation of Start-up Code (C section)
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parm.text_addr = taddr;
parm.text_end = taddr+tsize;
parm.prog_data_addr = &_ data_start;

4 ’h‘.
a .
e v :
4

o
/* Now set up the call to dld’'s dld_main ;ﬂﬁtine 7
shl_init_ptr = (int (*)()) ((int)taddg.s e
auxheader.exec_entry-aughéadet ,#kec_tmem) ;

\'\
™

/* need the equivalent of an import #
__dld_loc= daddr:

e
,

b

/* make the call */
result = (*shl_init_ptr) (BERY
baddr, baddr+bsize;
progname, &_end, __dF
J
G,
static void error({str,
char *str;
char *str2;
int errno_flg;

char buf[lgL?gh%ﬁ
g ?”,,_ = ¥ "‘:;\

s [
2 e

bBfhere tow‘\ﬁgt‘fup LTP */

-

-

Figure 6-3: Exa?nple Implementation of Start-up Code (C section)
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static int strlen(str)
char *str;

char *s = str
int count =.

&

if (staes

oo we-“ti%le (*s++
count++;

int num;
char *buf;

int ent;
buf[8] = "'\0‘;
for (cnt=8;cnt>=0;cnt--

buf[ent] = (num % 10)
num /= 10;
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Linking and the Dynamic Loader

Applications need to be portable across a variety of systcu@*’«.z yet these systems are
allowed to vary in implementation. This requires the implet cnt“ﬁ"ﬁon-spemﬁc areas
to be provided with each system, yet readily accessiblg{o'a.conforming application.
This is possible through the use of dynamic librarj,q% indomplete executables.

The dynamic loader, /ust/shlib/dld.sl, is invoked by,

2) when an incomplete executable is run. It b;.__“ f completee&ecmable to the
dynamic libraries according to options spcg;ﬁcd at lmk-l:lme e,
Program Llnklng é ; 5 W% ;

linker must resolve all unsatisfied symbols. To as;um
as cxpccted the followin g set%,fﬂg:ulcs for symbol resol :

» Only symbols of matching type, nark
to each other. :

i3 s section, but all conforming linkers must support the
écific linker options may be adopted in a future draft.
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The Dynamic Loader

The dynamic loader is itsglf a dynamic library, although it does not define any
symbols for use by a conf O/ 'ng apphcauon This allows the apphcanon start-up

i¢ application. The dynamic loader also resolves all
f the apphéanon and the dynamic libraries. Both of

For example, if a program is linked with the;,h’brﬁ Iusr/shy,
search path is /users/campbclr/hb :0ld/lib, th@;dynarmc loader will search4

library path.
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Note 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.

Binding P o ;%%v

binding occurs.

References to variables and other absolute addresS £mic
resolution of a function call mag,,could potentially refere
calls may be bound when the appligation is executed (BIND:I) MEDIATE) or

-' MEDIATP,;.g. ehavior for

Conformmg syste (lsmayhsubsutute B :
Bt i | IMMEDIA(TE behavior when it is

4 s its own dynarm lbrary list, this list is searched
*the A_hb%@of the application.

-d

gary file, modxﬁcatwn 530% dynam hbrary may alter the behavior of existing
executaﬁha In some cascs tii;s ma / cause programs to operate incorrectly. A
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Whenever an incompatible change is made to a library interface, both versions of
the affected module or modules are included in the library. A mark indicating the
date (month/year) the change was made is recorded in the new module in a Dynamic
Library Version Auxili {eader (See “String Areas” on page 5-25.) This date
applies to all symbols def ed mthm the module. A high water mark giving the date
of the latest incom ble cha:f"‘; is recorded in the dynamic library, and the high
water mar];jar gach library 1i [_ﬁ_ffed with the program is recorded in the incomplete
executablé file. r

t than 4He high waterlgﬁﬁrk recorded at link time. These two

checks help ensure that gﬁy""
same as was cxpected, ‘

R

U
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Dynamic Library Initializers

A dynamic library can have an initialization routine, kno {5, an initializer, that is
called when the dynamic library is loaded or unloaded. @plcaﬂy;van initializer is

used to initialize a dynamic library’s data when the libi s loaded. The initializer
is callcd for libraries that are loaded implicitly (at ; :start-up) or explicitly

] thé dynamic loa&er
caIlmg the initializers. As
¢ pth -first order.

waits until any dependency libraries are loaded bé;
with implicitly loaded libraric%,._ initializers are callet

Note that initializers can be disé ,,@

o

efSamiuss ) declare the’name of the initializer.

The dynamic Jjbra Reference the initidtjzer, causing the linker to define an
iithic li i) S 1l set the INIT_DEFINED bit

 set the initializer field to point

_"'-Dlmﬁehder Fields” on page 5-32).

jalizer can ap“pcar in the dynamic library or in the

}f’ yse init _foo is defined in libfoo.sl. To ensure that

void (*init_ foc.;?tr)o init_foo;
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Initializer Syntax

The initializer routines shall have the following structure:
void initializer( s}ﬁﬁnhandle int loading );

With the mgumcn§§§z§nw & follows:

Initializer . i

zname of the 1mna.fizcr as s%emﬁed to the linker,

Multiple lnitialize’f%'
1t multlplc In.ltla.llzcrs are d

was built. Upon an explicit unload of a dysias
executed in the reverse of the ordcr’%scd’y uring the loag
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Standard Libraries

The standard system dynamic libraries reside in % fshiib.directory on all

conformant systems. These libraries provide acc ificgidnality listed in the
PRO API While the interface to these libraricgjs fighned by the’PRO-ABI, and the
functionality provided is defined by the PR@API, the specific implex
the libraries on each system is left unspe: ifed. &
depend on functionality in any of the sysferi i ¢ ERO
standards.
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Library Convengons

A a

Library Names . N

The standard locatfén‘**for the slifétcm dynamic libraries is in the /usr/shlib directory.
The location.o :ﬁlejhbmnes must be known to a dynamically-linked executable. All
jﬁf’_*hnked with the /usr/shlib libraries, or include the
ﬁ}path See “Linking and the Dynamic

_:-*’

Y ;:em hbri'l'fi*.s must be provided as dynamic
; fgmung appilcanons using both the incomplete
t:ct fonnatsﬁ?}ynanuc libraries shall use the “.sl”

statically linked with reloc (lyle objects. The rcsultmg cxccutable may not conform
to the PRO ABI and may#iit ifferét i
compliant systems. Archwg libraries will usg#he™ a'

The standard libraries t'mm provided ‘ g systems
Table 7-1. @‘W“"" . \‘,,\‘. :._’,
Table 7-1: Standard®vs

Library
libc
libM.a
libdld.sl 3
did.sl Dynamic loader?

1. The 1ibM library must be used as an archive library.
2. These libraries are only provided as dynamic lib
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Synonyms

Each entry point and global external data object is referenced by a symbol. These
he modules in the
¢ any reference to

confonmng applications.
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The libc Library?

Most of the system functjg
| with synonyms are hs__,

ity is contained within the libc library. Entry points
abIc 7-2, and without synonyms in Table 7-3.

; SI s Iénguage

l; gibc with Synonyms
abort
asctime
atol
catgets

catopen
cfsetospeed
chroot
close
ctermid

div

erand48
execv
fchmod
fdopen
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Table 7-2: Entry Points in libc with Synonyms

fgetc fgetpos fgets o f getwe
fgetws fileno fnmatch / ~ “fdpen
fork fpathconf fprintf f{}f . fprintmsg
fputc fputs fputvgé\_: i B
fread freopen fr&}ip”’%%
fseek fsetpos f’fl'stat %, - - |4
frell fruncate € g, \ér
getc getchar getclog]
getegid getenvy. geteuid . -
getgrgid getgrna.rﬁ f%:i“‘“"-ﬁcggrwps gﬁ Q81
getopt getpass ‘:@ngetpg,f’ T gétpld
getppid __ getpwnam g swuid - _  gets
gettimer g ni’iiﬂ _ o getwe
gctwc“’: 5 gmtime
iconv
0] isalnum
¥ cit, Th,, dsatty iscntrl
\\&f islower isprint
isupper iswalnum
iswctype iswdigit
iswprint iswpunct
iswspace iswxdigit isxdigit
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Table 7-2: Entry Points in libc with Synonyms

jrand48 kil
ldexp i faw .

localeconv, localtirre
lscwkf’.{.--" Iseek 3

L

msem_unlock,

msgsnd
nl_langinfo
pathconf
pipe
ptrace
putenv
putwchar
read
regerror
remove
rmdir
seed48

labs
Ifind
longjmp
Istat

?‘ - mbtowc

. y }
o ’"Wmc
Pl @

i
mikfifo
Ao
AR

Icong48
link
Irand48
madvise
memccpy
memmove
mktime
mprotect

mseIm_remove

7-6 Standard Libraries
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Table 7-2: Entry Points in libc with Synonyms

semop setbuf setclock . setgid
setgroups setjmp setlocale sefpgld
setsid setuid : shmat
shmetl shmdt vg%ac'E‘On
sigaddset sigdelset :lnl\gﬁilsef\“
sigismember siglongjmp ;. sig'pencal\j'ﬁg:\ ¢
sigprocmask sigsetjmp & igsuspend p “zgleep &1
sprintf srand srand4®"* ~  sscanf
stat strcat &... strchr -» :
strcoll strepy wa
strfmon strftime \
strncmp
starchr
tcgetattr
tcsetpgrp
tfind
tmpnam
towlower
ttyname
umask
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Table 7-2: Entry Points in libc with Synonyms

uname
utime

wait

wcstoul

wctomb

uijgetc ungetwc unlink
o vprintf vsprintf
wcscat weschr
WCSCpY wcesespn
%. wesncat wcsnemp
P fﬁcsrchr wesspn
' \gcstol wcstombs
o j/z%imdth wesxfrm
E"'_:f'w'“"*"""""/"wcwidm wordexp

2. These symbols hav%on

i:oint previously defined

; {__exit due (o the

_exit free

Table 7-4: Global Ex

int _ nl char size

char **environ!

int optv.axrl

long timezone?

FILE _iob[]*,

int errno

int opt:ind1
char *tznamc[]2

1. These symbols have synonyms beginning with “_",
2, These symbols have synonyms beginning with “__".

7-8 Standard Libraries
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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 conforming 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,QUAD r,t instruction. The value from register ris 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 registerr2 is passed as argument y, and
the value for register t is returned.

vold _U_Qfcmp( long double x, long double y, unsigned Int condition );

Emulate the FCMP,QUAD,cond r1,r2 instruction. The value from register
rl is passed as argument X, the value from register 12 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:

EXCEPTION 0x01
UNORDERED 0x02
EQUAL 0x04
LESSTHAN 0x08
GREATERTHAN 0x16

No value is returned, the result of the comparison is indicated by the C-bit
in the Floating-Point Status Register.

PRO ABI for PA-RISC Systems Standard Libraries 7-9



long double _U_Qfcnvff_sgi_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_Qfcnvif_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_Qfcnvif_quad_to_sgl( long double x );

Emulate the FCNVFF,QUAD,SGL r.t instruction. The quad precision value
in register r is passed as X, converted to single precision format, and

returned.

double _U_Qfcnvif_quad_to_dbl( long double x );

Emulate the FCNVFF,QUAD,DBL r,tinstruction. The quad precision value
in register 1 is passed as x, converted to double precision format, and
returned.

long double _U_Qfcnvix_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_Qfcnvix_dbl_to_quad( double x );
Emulate the FCNVEX,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_Qfcnvix_quad_to_sgl( long double x );
Ernulatc the FCNVFX QUAD SGL r,t instruction. The quad precision

......

and remmed i,

.-

double _U_Qfcnvix_quad_to_dbl( long douhfe x},_ _
Emulate the FCNVFX,QUAD,DBL r,t 4fist

igtion, The qu""" recision

floating-point value in register r is paé%cd as" x%convcrted todouble binary
fixed-point format, and rctumcd - ' -
long double _U_Qfcnvix_quad_| to quad{ long. doubTe X); 4

Emulate the FCNVFX QUAD QUAD r,t“iﬁﬁtrﬁc@on The quad precxsmn

in regxsterr is paSScd as x and convertcd to quad binary,
‘qid:.returned. The'tgturn value is rounded towards zero
"__-,.ﬁfemﬁcd roundm%mgde.

L

ef I is passed as x, convertcd to quad binary
17" The retum value is rounded towards zero
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unsigned integer _U_Qfcnvixt_quad_to_sgi( long double x );
Emulatc the FCN%FXT QUAD SGL r,t instruction. The quad precision

long double _U ofcnvx’fg"sgl to_quiid

Emulate the FCNVXF,SGL,QUAB £t i he & gle bﬁagry fixed-
point value in register r is passed a8’ edtaquad prec:smrg.; oatmg-
point format, and returned. %

long double _U_Qfcnvxf_dbi_to_quadi:

Emulate the FCNVXFEDLB,QUAD r,pi il
point value in register r is passed as x, converted to quad prec;,_;@i!iﬁ'
point format, and returned. S
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float _U_Qfcnvxf_quad_to_sgl( long double x );

Emulate the FCNVXF,QUAD,SGL r,t instruction. The quad bmary fixed-
point value in register r is passed as x, converted toéﬁﬁgle precision floating-
point format, and returned. p 45

"

double _U_Qfcnvxt_quad_to_dbli( long doufsre x), -

Emulate the FCNVXF,QUAD,DBL 1.t i
point value in register r is passed as x;
floating-point format, and remrn;d;'_‘;{__,.-
long double _U_Qfcnvxf_quad_to_qua:
Emulate the FCNVXF,QUAD,QUAD rt

point value in register r.is passed as x, convert
point format, and returneg s

\i;;.\; """w_;;‘.' ’d '
long double _U_Qfdiv( long do"-ii‘-ble x, Tong 't

fetion, The;gralue from register rl is

glster r2is passed as argument y, and

the value fror ; :

o
-
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long double _U_Qfsqrt( long double x );

Emulate the FSQRT QUAD r,t instruction. The value from register r is

passed as argumcn x and the value for register t is returned.
oA

i

long double _U¢ """flb( Iong double x, long double y );
Em,uI tﬁc FSUB QLfD rl,r2,t instruction. The value from registerrl is

pas ssd as argument x,ﬁieiraluefrom register r2 is passed as argument y, and

the value for reg1stef t?is retum;:%

ﬂ% v_’mh o
”_ : 'P’"

long double U%Qfmax{ ¥0ng double x, long double y );
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The libM.a Library

The libM.a library contains all of the ANSI C math functi@:g;{Table 7-5 lists the
entry points found in libM, and denotes those that have}éynon}?ﬁ’ﬁis. Table 7-5 lists
the global, external data symbols found in libM.a and deftates those with synonyms.

.:. &

48 ™

\
N - ey
é : . Y
H b .
o e b
£ « \“‘

250 :
Table 7-5: Entry PoinisiafipMa < '~

acos asin atan cel .
& i

COS cosh f:,rf}é :

fabs floor fmod

isnan? jo! ji!

log logl0 Q{:\?OW

sqrt tan \t%nhﬂ .

%

1. These symbols ha;g‘ a.synonym beginning%

gernal Dat&%f}mbols in libM.a
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The libdld.sl lerary

The library /usr/shhb/hbd!:: 1 library contains routines that are used to access
dynamic libraries direcfly, FHi library is only provided as a dynamic library. No
synonyms are prov)a:fﬁ;!*for the{hbdld entry points, which are listed in Table 7-7.

shl_gethandle
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. . A,
Commands & Execution Enviropnient
/: ‘l
While the PRO ABI does not attempt to describe a4 _': ‘
system, certain details must be defined to suppo;ﬁ@§

chapter specifies important files and dlrectonﬁ ﬁﬁﬁi §
system commands and utilities, and how app}ﬁ:amn can perform i

functions on both a system and per-user béss. "

The commands listed in this chapter prwidﬁihg :functlon%:ﬁty indicated by the}’RO
éﬂonaﬁzy not included in Aﬁl

API. This document only describes requxredﬁf
standards.

.

c{
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Required Users and Groups

Conforming systems are y&
defined in Table 8-2.

Table /“1 Required User Names
i

s
3

I'OO(’.1

i
30 2

Py
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Required Files and Directories

While the PRO ABI attempts to be independent of system): i Jlementation, certain
files must be specified to support the portability of binazigs.

/dev/console J%Was;“'&v—-w- root sys

Writes to /dev/console are printed to the s

/dev/null “%-m-m— {‘i}:h bin
.{

Also known as the “bit-bucket”, /s v/null isa spcmal file that alwa.«m
discards any data written to 1t, ]

/dev/ptym/clone

. open shall return a

value of (-1) and set the Vi) ami€ of the slave
device corresponding to the ound through a
ptsname() request.

/dev/tty e i -¥%-rw- bin bin

%ﬁ] rw-rw-rw- bin bin
&;ﬁ] rw-rw-rw- bin bin
rw-rw-rw- bin bin

are the ma.' ger pseudo terminals, For more information, see “pty
riminal B i vers” on page 9-2.

2

'ﬁ“m % g
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/dev/pty/ttyla-ce-z] [0-9] [0-9] rw-rw-rw- bin bin
/dev/pty/tty[a-ce?._ z][0-9a-~-f] rw-rw-rw- bin bin
/dev/tty[pqr] [(l; i rw-rw-rw- bin bin

: -r Yy " - } "'1_ rwxrwxr-x bin bin
FCE s

Thesé"(‘hrcctoncs (¥ » ¥ subsntuzé:s for the run-level) contains links to the

scnpts conmmgﬁf;ﬁ _ ami ontrols their execution. See “User-shell

/tmp rwx,f;:wxrwx bin bin

“1ps recommended that
shcation> dlrcctones

/usr/1lib Gl > \ ‘;-”" A ¢bin bin
This is the default loc%on for any ,igtém relocatableih

/usr/shlib

/ var/dpt WX
Applications are allowed to place a subdirectory3i fifs directory using the
same name used in the /opt directory. This subdireégtory could then be used
to store application specific data, log, or temporary files.
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/var/tmp IwxXIwxIwx bin bin

The fvar/tmp directory is for storage of application-generated temporary
files. It differs from /tmp in that its contents are to Bi:preserved across
system reboots.
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Commands

The commands listed in T:j_'_ le 8-3 are located in the directory /usr/bin (unless noted
otherwise) on confomm!' i yétcm and are available for use in a conforming
applications shell (sfiti}pts b

ar

c89",

cc

chown 2

command! :’mrnpress; - ocp
crontab CSpllt & ctags
cxref date ; . dd .
diff dircmp*, __.oifihaine
ed cgrp e
expr false fc! ‘,ﬁﬁ,
file find fold
get getconf getopts!
head iconv id %?
kill lex line
locale localedef logger
Ipstat Is m4
make man mesg
mknod more myv

8-6 Commands & Execution Environment
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Table 8-3: Commands and Utilities on Conforming Systems

nl
paste
Pg
pwd
rmdir
sleep
strip
talk
touch
tty
uname
unpack

uuname

nm nohup od pack
patch pathchk
pr printf
read! renice
sact sccs
sort spell 3
stty sum £ tab%’%f tail -«.:"m;ﬁ’
tar tee® U tesg_lf',_.--f-fﬁ.:%% time ;;,
tput fr e tsort
type ... ulimit umas unalias!
i ungc‘t."" 4unigq
““~yyencode w ; uulog
L what
yacc zcat
76¢ to be used with a full

PRO ABI for PA-RISC Systems
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Options for c89

The functionality specified in the PRO ABI requires that the c89 compiler supports
additional options not spemﬁed in the PRO API standards. These options are listed

| in Table 8-4.

~ Table 83 E,Nonstandard ¢89 Options

mdcpcndcnt code.
-n thﬁt the resulting file shall be a
" ghirabl&sexcefible SOM. (SHARE_MAGIC)
N W Crodea  noii-sharcable executable (EXEC_MAGIC)
-q % y: is:flag indicates that the resulgﬁg file shall be a
Harable, demand—load ablé pxgcutable SOM.
-z
-Z Allow dereferencxfi%»()f null pomtcﬁ, >
-Wl,argl[,arg2...]  This flag ntdwate; that argum _'_tsthould be passﬁgl to

the linker. ___f__d below ,}5‘” "'"‘“

-a search  Specify whether dyna:mt;m"1 : "fﬁ'xyve librazit:
for the -1 option. The valig:6f search shg;ifd be either
archive (relocatable) or sh {dynamic). This option.¢i
appear more than once, interspersed among -1 optiosfi i
| control the searching for each library. _,g‘( o
-1: library  Search the library specified. Similar to the 'a';;;a er option

‘ -1, except the current state of the -a ofief

The library name must contain the prefixhb and end with a
| suffix of .a or .sl.
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Table 8-4: Nonstandard c89 Options

Option Description

-u symbol Enter symbol as an undefined symbo},_'_ €'Symbol table.

The resulting unresolved reference jgaiseful for linking a

-B bind

k)

all dlrectonésspeplﬁed by the -L opt: si‘and the LPATH
iBle. (,see +s option). -

+s

A &
*I;ATH should bc@gt to a colon-, ‘ygf:parated list of
rectories ,If both +s and‘{tb are used thelr rclanve order

on pig#’s-34.
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User and Systerg Initialization

Conforming applications.i gy reqmrc the ability to conﬁgure their cxecunon

ref; : IN gt sierformed when the system state
stest State 13__dn§ﬁned in temfs af run-levels, with different system

functionality available at&y e ) i ation may specify a start script to be
run when the syst%? EHLeLS a pey téé%oa kill script that is executed when the
system returns*tﬂ WWEr rugk: T?Ve '

P a

Start and KIll Scripts/ il
Start and kill scripts res%n the /sbm/im ct& 1n actual usage, the start and

kill scripts may in fact be smgleﬂ = led by the
arguments received. These pts are not %mtrolled
through symbolic links. v yﬁ""\; %

These symbolic links are contained in segiigt
a run-level). When entering a highétJ¢ :
associated with that run level that havéa:
invoked with the argument “start”. Whe {%

all scripts in the sequencer directory assoclgted wi e oy
beginning with the letter “K” are invoked with the argument ‘stop”. Th£§
explained further in the following section. '

Naming Convention et o ],-;,

The start and kill scripts used by conforming applicatiof§ st begin with the
underscore character “_”. Conforming systems are not Gived 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 2.3 4
/sbin/rec3.4/8225_drive_server

g

Where the components of the pathname are interpreteid: as:'shown below:

bin/rc3.d
uted

1. This is the run-level for which the scrip . tained 104
directory are executed. In this examp & Star, Seripts will b
upon entering run-level 3 from runw”fevel 2. Kill scnpts in th

script is executed as a start script (ﬁrst ¢h: ;ar is “S") oras a kill scﬁpt

(first character is “Kn) 2ok
3. A three digit number is® us:»dfor sCCIuencmg sml‘»‘*&?’?"thm the sequencer

4. Following the sequence numt;% i
must match ﬂ;c,g,cnpt to which

1 script sequcncér' jéSociated with the example start
script /sbm/rc3 d/S" gd Tve ﬁwlll be locgﬁed in the directory /sbin/rc2.d.
The scquqnﬁanum berasit th BAME Y

Afguments to Scrjgts S :
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m stop. The “stop” argument is passed to scripts whose names start with
“K”. Upon recelvmg the “stop” argument, the script should perform its
stop actions, &

start_msg. The taft,_ msg” argument is passed to scripts whose names
i g thc script to report back a short message

all status messages to stdout, and all
ved to write directly to the system
didtely write to the console.

¢ _--""%

iy

se the convent; or%;ftyalues listed in Table 8-5.

-ﬁfuw%rsmﬁand Kill Scnp%m

Table 8.5

Exit Value
0
1
2
Run Levels

ats of the system.
7at which a
in Table 8-6.

As discussed previously, the various run levels denote differi
Not all run levels are defined by the PRO ABI. The rufi:le
conforming application may use a start or kill script are ligp
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Table 8-6: Run Level Definitions

Run Level Definition
1 Run level 1 is defined by the PRO XB rin as the level

may expect that any S file sys%ms are 1mportcd 01;

i -
E

' a'. F s "'a&*‘-‘ .l
e iz
&

exported at this level

-

4

W
-

User-shell Inltlallzatlon e B

Applications may require that ccnmlt%fahzai;zm"fun ions b&perfomed when a
user logs onto a system. For example, i ;agics $PATH and

$SHLIB_PATH ma ___n_cgd_to have enmesn%g

:

If an apphcaud%knecds to m”:j.' fy the shells prcﬁle it may include a shell script in

its dlrectoryf‘ﬁ $) and include aisymﬁohc link in /etc/opt/profile.d.
The link itself will‘sfigte. the pdme-of the apphcatipn directory (fopt/<application>.)
When auserdogs onto’ agp prmmg Systerm: z”{sﬁlg sh, the system is required to

: h%ﬁtcd byfﬁelmks located in the /ctc/opt/proﬁlc d dlrectory

Ty s dlrcctory (/opt/<apphcat10n>) with a
¢ fiﬁk to it located m‘fctc/opt/csh login.d sharing the name of the application
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Terminal and Windowing Interfa %%%

This chapter is intended to provide support for or%y
base level system as defined by the PRO API. Fif f,%;l
specified in the options of the PRO API will _ a:{- in supﬁfgiﬁqnts
document. o
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pty - Pseudo Terminal Drivers
4.
The pty driver provides sif port for a dcvice-pair termed a pscudo terminal. A

The slave dcvace sto apphcanon processes an interface as is described in the
vat-H apter found in the System Interface Definitions,

fiast ef half of the pse da%p'muna! Ahus anything written on the master device
is gy 'n to the slave devite as inpu }/thmg written on the slave device is

preseﬁigd as mput. an- zmastcrﬁe, fice. 'Ih'i’s*zs illustrated in Figure 9-1.

Application

Server
! Process

Process

Figure 9-1: Pseudq’l’gﬂmnal Ope rati
- ac
-9} o T-1k

Open and Close Processng/ 47 % R ﬁé%{

%..
The slave side of the pty interprets opemn‘g“l «losing the ’gaastcr side as a mogle
conncctxon or disconnection on a real terminai, Only one open to the mas| w'*'::_, €

EBUSY. The potemJal problem of ptys being found bugy,_y £
avoided by using the clone open functionality discussedi
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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 open() of a slave pty with a mode containing£), NONBLOCK when
the master side of that pty is not open, shall return (-1) a.rﬁ‘! s’éteg%no to EAGAIN.

Any ioctl() or write() request made on the slave side of f""“"ty after the master side is
closed returns (-1) and sets the external variable er_v;fxo EI0. A read() request

made on the slave side of a pty after the master s{l;gg sc turns O bytes.

Closing the master side of a pty sends a SIGHUE hign n&éiathe calling
process and flushes pending input and outpugs =, N

- a ‘ N "\‘-,\‘h‘ ‘\3“\_ &
Master/Slave Pairing F v .

,»2-:» ! ""':?ﬁ:f::;;._ .!.,.
The master and slave pty device files that may: bz irectlyaccessed on a confdfming
system are listed in “Reqmred Files and Du‘ectoﬁés”
files are paired with the “tty” present in the file name..%

with “pty” in the file name of th fnater.

Both slave and master device file § m 2Pt
numbers. .9 - - {,

Clone Open .~

In typlcal Pty ggéfge, thcré"’fs n%prefcrencc amnng pty pairs. Thus, it 1s useful to be
able to 1ssue Sir 'glc opcno%ét internally opert yavaulablc pty. An open on the
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Termios Special Character Initialization

2,
The ¢_cc array in the term:bs structure (see’ <temuos h>" on page B-51) deﬁncs

spemal characters with#3¢l

system must provxdeafé dcfzm’i{ are hsted below in Table 9-1.

Tab%&? l Imhal Valims for Termios Special Character Array

‘fi\'
Charactg

ccc[]

Default Value

START % VSTAI‘(‘!'?_‘?“'-V‘__
STOP VSTOP/ ~
SUSP v§u5’%
SWTCH VSWCH &

Control-D

9-4 Terminal and Windowing Interfaces
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The X Window System

The PRO API currently specifies that X Window System .+
MIT X Consortium Standard: X Window System Verszo 5
system that desire to support this option shall suppo
the X Window System Protocol, Version 11 Specg‘icm‘f

Full binary support for this option on PA-RISC. 4
the PRO ABL

15 specified in the
eledise 5. Conforming
nctionality specified in

@ supplerment to
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10

Relocatable Objects

Applications that wish to avoid the requn'emen_ c
so by using rclocatable objccts Sl

R

Header. It may optionally include compiler recordémxd addmonal auxiliary
headers. L ,

target system to produce complete: KCCUta
conform to the PRO ABI and are not‘%uaranteé

g,
This chapter contains the additional 1nfo@a£§@n requireti, :
objects. 1#&# @;%ﬁ
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Dynamic Library Version Auxiliary Header

The dynamic library vex:sf' auxiliary header is used to record the version number
of the object module.4 mﬁi:r must use this auxiliary headcr to determine the

header_Id

This field contains the auxiliéy
version header. See *Auxili

version
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Standard Spaces and Subspaces

The concept of a space is discussed in “Virtual Address 3
Spaces are fundamental to the PA-RISC architecture. S) "3pace§"are loglcal

subdivision of a space used for grouping code and dath, -

sort_key values. Subspaces within a space ar&hig?%‘ﬁ%: 1

values. . )
The standard spaces, subspaces and sort. j-:"j}",,s are listc%i:g_\'\l'ablc 10-1.

250 i 2

: il .""-' s e f:\.:\:’i\
RS HE ",
Note ; ;
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 STEXT$ or $PRIVATES spaces.

%

Relocatable Objects 10-3
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Table 10-1: Standard Spaces, Subspaces and Sort Keys

Space éi’,}g?pacc IS(ZI; Use
STEXTS 8
0 Dynamic library information
: 8 Millicode routines
‘@ 16  Literals
24 Normal code
{56 Stack unwind table
" 72 Stub stack unwind table
73 Reserved
88 Resc;x;vcd
$PRIVATES iV *1(% w4
$S *fDATA$ | shared lbrary data
SDATAS$ € 16 Global arraysand structures
$SH0RTDA*‘1“A$ :
$PLT
$DLTS$ %f 4 fa kage tabl%é 7N
$GLOBALS$ 5%., Af’f Globm%mblc bﬂsﬂ" %
$SHORTBSSS @0 Uninifalized data and a3
common
$BSS$ 82 Umlnmm@Wd

common_«

1. A sort key of 7 is used for the SPLT$ subspace in a dynamic fiby
2. A sort key of 6 is used for the $DLTS subspace in a dynamic lib;r@.
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Space Dictionary

The space dictionary consists of a collection of space recomfg*m contiguous bytes in
the file. A space record is a template which defines attnbn’%?s of ‘& space (which

correspond to the address spaces defined in the PA- Archltecunc) Spaces, in
general, are used as logical divisions of virtual mcmary i icati
are limited to one code and one data space, w1th

quadrant. The access_control_bits field of a s

to the start of the subSpacc list, and a poil
initialization pointers that are to be app

struct space_dictionary_record | "
int " mdéxmﬁilbspace name ¥/
unsigned int * space is *f
unsigned int g l"' space is def"ﬁ 5 _35" ﬂhiﬁ’ file */
unsigned int is_private : 13 "‘ ; */
unsigned int reserved! : 13"";
unsigned int sort  key : §; "/
unsigned int, <" " Féserved2 : 8;
ﬂt /‘ E/ :zb%emn‘?mben ’ %mme index N */
sm index; i dqgc into subspace dictionary*/
uns:gﬁcd'm( subsp;mc quanuly. fber of subspaces in space */
jqad i S ‘g'eserved ./
quantity;, 7 reserved */
er_index; /* index into init pointer array */
'g_ygnhgi :  /* number of data (init) pointers */
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Space Dictionary Fields

name ' :
The field nap - idn ifidex into the space string area which points to the first

If namg is gt ._'f'ji' : th =-'ﬁ1e== Heft spdce strmgs size in the SOM header it is
an error:gei {5 {0 zero in name indicates a null name pointer. name
must havea%value ;n gc range 0 to 231-1, M?

4
Is_loadable 4 \%

If a space is loadable.thisfla s .
is set to zero. Code a d ;
spaces.

Is_defined

If a space is defined in the file . whiclt
set to one. If a space is not defined
resides then the flag is set to zero.

Is _private

reservedi
This field is reserved for future use. It must be initialized 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 each ce defines sort_key
for that space. g7 %
The linker arranges the spaces in ascending oz using sort_key.
reserved2 P
These bits are reserved and must be fi{fed with 0.
. 3 N e -
'4-:‘;—‘ o p—

space_number L

5
e
iy,
g

#0ithig $pace. Conforming loaders

This field specifies the number assiéﬁé’
must ignore this field.

g e =>\.

subspace_Index W

- e

This field is an index into theisubspaegdictionary. All dfthe subspace
records for a particular space Wil be ingoritigye ords i
dictionary. subspdce_index can bécosverted to
ofgﬁét# sibspace_index * size

: /,g ' .guf‘fmgé%_dicrionary_ ication (found in the SOM header)

S+ address of the first byt’féyfme SOM header.
Tuiis is gréater than the field3ubspace_dictionary total in the
Xk sun) ~gAidex is negative then there are no

e

efine at space. Stibspace_index must have a value in the

VSR
L A T
éfsubﬁ ce_quantity 4
%ﬁpa - X &

.%@‘P@“ﬂuﬂnﬁo’ ﬁ number indicating how many subspaces are in a
sp ac%iﬁgz{bspace_i z:?ex + subspace quantity is greater than the field

subspats ';;;;ggaianag;g;}oml in the SOM header it is an error. If
subspace qikitity ;s zero then there are no subspaces in that space.

Subspace_quﬁgty must have a value in the range 0 to 2311,
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loader_fix_Index - loader_fix_quantity

These ﬁelds are cgrrently reserved. Conforming applications must set both

init_polnter. ¢ antity
This field i émc n}f

iber of initialization po ntﬂm the space. If
init_pointer_ md %4 init_pointer QW&J than init_array_total
adeg it is an error: o

R fsf’
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Subspace Dictionary

54 %%z;ce. A subspace
e subspacc

dictionary consists of a collection of subspace reco d .
file. The subspace records are grouped by space. They

reference. Compilers are responsible fg}:
beginning of their subspace.
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struct subspace_dictionary_record {

int Space_ index;

unsigned int ;;access control_bits:7;  /* access for PDIR entries */

unsigned int j /* lock in memory during
execution */

f* data name clashes allowed */
/* subspace is a common block*/

/* quadrant request L7}

. ¥ /% reserved ¢/

oy /* undefined */

/* must contain only code */
/* subspace sort key 'l

; ,n igned int
./ unsignedint
N, unsigned int o

/* reserved ¥/
unsigned int /* reserved ¥/
unsigned int _- [* reserved */
int %ol /* file location or

T initialization value  */
unsigned it
unsigned int
unsigned int
unsigned int
unsigned int
unsigned int name;
int fixup_reques ex;
unsigned int fixup_ requestj%d%nlllyf

Figure 10-3: Subspace chtlo%ry Record Deﬁnition A‘:«/“ -l g
o
S
4
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Subspace Dictionary Fields

space_index ,z"

",
This field is a index into the space dictionary. A‘ﬁ of the space records will
be in contiguous records in the space dlCth}}
converted to a file byte offset by: &
offset = space_index * size of (spacegecord) “-
+ space_dictionary 105(21 &%md in the‘S.thadcr)
ft}yte of the SOM headcr e

+ address of the first;
If a space_index is greater than thé
record it is an error. Space_indgx

access_control_bits

The access_control_bi Jt;‘5
subspace. They also spec

- %1 2 bi f PL2 (2 bits)
3 ~ % La yout ofg%s_cantfﬂl_bifs

) . érs milfémung systems must confonn to the
in¥ittal Address Space” on page 3-12.

ﬁm\e;:mory resldent w .

is flag is set to m}&xhcn the subspace is to be locked in physical memory
the subspace go&% into execution. Conforming applications must use a

PRO ABI for PA-RISC Systems Relocatable Objects 10-11
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Type value
(in binary)

Privilege check

000 s

%JV'“ 001

. A
s

010
011
100
101
110

111

read: PL < PL1
write: Not allowed
execute: Not allowed

read; PL < PL1
write; PL £ PL2
execute: Not allowed

read;: PL <PL1
write: Not allowed
execute: PL2 <PL £PL1

read; Bji < PL1
filgrPL < PL2

e ;{geutc PL2 <PL<PLI

;ead Not allovied

1. Change of privilege level only occurs if the indicated new v.
than the current privilege level, otherwise the target of the GA

same privilege as the GATEWAY itself.

10-12 Relocatable Objects
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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 dupligate.definition type of
error. This field is used to facilitate 1mp1cmcntatx o1 of Fortran initialized

common and Cobol common.

Is_common N ]
This flag is set to one if the subspace ﬁﬁo deﬁnc*an mma]lzed camrnon data
block. For example, Fortran 1n1t1%1:z,ed commop, and Cobol coifify

blocks. Only one initialized datz,b“imk is allowea"perxs common su

Is_loadable

This flag is set to 1 for lpadable subspaces Lo e
in loadable spaces. Unloaa‘ﬂ’;le Subspaccs Tmust resi

quadrant . a
This is to specxfy Wthh of the f

G

'I‘hig ,,'Qs not dcﬁn&%ry the PRO ABL

i

.r

code_only "*«W - _/
If set spcciﬁes?‘a'f this subspace contains only code (no literal data).
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sort_key

This field contama the primary sort key by which the linker arranges
subspaces in an ut file. Subspaces are first placed in ascending order by
the sort key, thei & -'ﬁs:dmg to thc subspacc name. Within sort keys the

e E ﬂ-’ .r 4 “
file_loc |n|t value - ™

on: feng!éﬁé'ldasﬁﬁn -zero, this field contains a byte offset

7 of the SOM header. The ﬁcld file_loc_init_value
points to thé data ysed to initialize a subspacev
If initialization lﬁ;"th is zero then this, j}fﬂd ‘congdins a 32 bit quantity which
i ation pattemiéi‘ the eribist

field is zero then the value contal i
as the initialization pattern fo e

subspace_start ﬁ :

This is a byte address of where the s%smcc is to start relative te’ ig
beginning of a space. This value in conjunction with subspacé..i vﬁ
be used to insure that subs J)accs do not overlap. Subspac .--’-?,i?&??‘f must ha

a value in the range 0 to 2%2 o
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subspace_[ength

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 letgg fields in a space is
greater than 2 321 then it is an error. 25 ,

reserved2 ,
These bits are reserved and must be se;m;(}vw ke
L "%%% 2 i
alignment y 4 %

This field specifies what ali gnmenf
subspace will start on the alignment
must be greater than zero.

name

f:xfﬁp request iﬁdéx

by b i 1
offsét ﬁ.xup;a; request_index * size of (fixup record)

ficup_request_location (found in the SOM header)
;;faddress of the first byte of the SOM header.
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If fixup_request_index is greater than the field fixup_request_total in the
SOM header record it is an error. If fixup_request_index is negative then
there are no fixup fequests for that subspace. The fixup_request_index must
have a value in inge (-231) to 23L.1.

ant - is a number indicating how many fixup requcsts
""::'Ifﬁxuﬁ%fequest index + fixup_request quanmy is
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Compilation Unit Dictionary

A compilation unit is defined as the set of procedures co
invocation of a given compiler. The compilation unit di

{ ﬁed by a single

Pt R

{6nary Gontains one entry

for each SOM created by an invocation of a compiler. £ ompilation Unit Record
contains information for version identification of the ;;compizl@; whxch generated the
given SOM. Each entry contains information whig &4

.o identify the

which identify the last modification mad l
compilation. é e

struct compilation_unit {

unsi ne.d int name; .
unsig i@im. language_name; .|
mpe R Ny
unsigned int - nsid: i
unsigned int ‘v}i vtk . . &
unsigned int ‘ﬁ% pile umem, i

" wnsigned int w@am_umeu], &

PP of Compilation Ynit Dictionary Record

:3‘

e

Moo,
i LT mﬁ‘
Sl
\._ »-.,,_,_"“"
¢
e
B
-
: =
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Compilation Unit Directory Fields

name

j a“bytc offset relative to the symbol string area which
t charanger of the string defining the entry name. The

j—blt index into the symbol strings area which points
of the 1dent1ﬁcanon w’é’é};ﬁf the compiler.

.-'.\

\‘ff: 4 ﬁ) e ﬁ ”f ":\
complle_time + 47 %

compile time is a 64 bit value that represents the time the ﬁle‘“\gﬁ last
compiled. The file time is actually composed of two 32 b { quantities whefe

the first 32 bits is the number of seconds that h%ve c,lapgad since January 1,

1970 (at 0:00 GMT), and the second 32 bits is thé;‘__,_, ; second of the second
i
{which requires 30 bits to represent). W
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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 ﬁcld is optional, but if it is
not used it will be set to zero.

source_time

The file time is a 64 bit value that represet;%fhe titag the file was last
modified. The time is represented in the s format agt@npde time.
This value is independent of any mods -iffor time maintaig yy other
subsystems (e.g. the file system). 'Th%:ﬁsc of th1s ﬁcld is opti onﬁfgbm if it 1s
not used it will be set to zero.
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Symbol Dictionary

The symbol dictionary fm‘ 3:SOM consists of symbol records strung together in
contiguous space wuhm;: *QOM The byte offset of the dictionary, relative to the
SOM header, is ce ﬁtﬂlcd in theﬁvmablc symbol_dictionary_location in the SOM
header and thcm; tiber of entrig§ is contained in the variable

.symbo! d;cjwnaty total, also,ﬁi he SOM header.

&y Tar symbol in the /Gfegénary cmbc located either by scanning the
;--3 mdcx can be used to index into the

unsigned int ", T 4
unsigned int ;'
unsigned int
unsigned int
unsigned int
unsigned int
unsigned int memory_resident
unsigned int is_common
unsigned int dup_common®,_
unsigned int xleast *“%
unsigned int arg_reloc
unsigned int name;
unsigned int qualifier_name;
unsigned int symbol_info;
unsigned int symbol_value;
L

Figure 10-6: Symbol Dictionary Record Definition

‘(%
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Symbol Dictionary Record Fields

hidden p (i,
If this flag is set to one, it indicates that the symhfﬂ is to be hidden from the
loader for the purpose of resolving external (j {gﬁtqrrSQM) references. It has

no effect on linking. This flag allows a pracidure b a;nade private to its
own executable SOM, although it has umv '-'j'-‘ al scope Within ;hat SOM.

secondary_def

If this flag is set to one, the symb :
additional name that is preceded by ** Fhe lisiker will ignore duphcate
definitions involving secondary deﬁnltmns,

symbol_type « ..

This field deﬁnes what l’ypé’%f lﬁF

however only certain ones may
export, reloblﬁ/cxccutablc, etc’}

f o

"’ "\}_ Tableio-3 symbol W&_Deﬁmtlon

4/\._
gl
P

A‘i{( 3 T , " Abmﬁm rgpnst_ant

&3 %.ST_DATA % Nonn&;,ﬁmahzcd data. Initialized data symbols
's mcludmg Fortran and Cobol initialized common
| data blocks, as well as C initialized data. Data can
G B i ﬁe either unported or exported. For example C
“ . £ ‘comstruct“extern int i” would be imported
e ?’ data. And the C construct “int i = 1" would be

; exported data.
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Table 10-3: symbol_type Definition

Symbol % Description

12
13

ST_CODE -~  Unspecified code. For example, code labels. Code
’iabels are only rclevant up to link time, and they

6 y point. Includes both primary and
omts Code entry point symbols

4 ‘i:i -of ihe area is given. If a matching definition
‘ {Q‘not found storage is allocated within the $BSS$
_ " or $SSHORTBSS$ subspac¢ by the linker and the
e symbol s value beg ;he virtual address of that
& .,-;" storage. Th t witkgonvert the symbol to the
(| Somee Theg y ?" ¥

ST_STUB

AP o 9 outbound}gég
ZBLuD. ate

ST_MODULE  This symbol is a source module name, <" I
ST_MILLICODE  This symbol is the name of a millicbd >,
ST_PLABEL This symbol defines an expor¢&int

‘Ibeen generated.

5 fora procedure
for which a procedure labe
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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 sy In addition, this field

is used to determine whether the requested symbot record-is a import or
export request. =

The scope of a symbol will be one of the fgﬂnwmg,

Table 10-4 shows the vglid values of the sc;f)’
symbol. Elements not magkeg:by an “X” are inv

. Ty B,

Table 10-4: Vﬁii{‘g& synibot

TYPE \ SCOPE  SS_UNSAT SS_UNIV
ST_PRI_PROG :
ST _SEC_ PRO%‘%'
ST_STUB “"*K\ *‘« ,w% X
X X
X X
X X
X X
X X
X
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check_level
This field is reseryed. It shall be initialized to 0.

must_qualify

iindicates that there is more than one entry in the
he same name as this entry, and is the same

Hel 1%010 will only be used to qualify the
‘beingighmpared with is also fully qualified.

i

Inltially_frozen. 4

This fielddg rescrv’géeaﬁ shall be initialized to 0. _,

e
=

'l

memory_resident ‘{; y
This field is reserved. It

is_common

dup_common

If this flag is set to one, it specifies that this symbol namg ¢
another symbol of the same name if both are of typeda
the Cobol “common” feature, since Cobol allowi:
“common” data blocks. This flag would be set to 64 if the language allows
duplicate initialization, otherwise it will be set to zeto for symbols of type
data.
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xleast
This field is not defined by the PRO ABIL

arg_reloc

The hnker matchcs the argument T
the argument relocation bits in e
finds a mismatch, it builds an at‘g
to that stub.

The ten bits of thls ﬁeld are broken do" ;
bits 22-23 o
bits 24-25
bits 26-27
bits 28-29
bits 30- 3}

g

2 upper tagga.g be used only"i’ paramcter list words 0 and 2, or
'on retun; If itis used for parameter list words 0 or 2 then
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Table.10-5: Argument Relocation Values

Locatien

36, not relocate - Mismatch is not an error.
Asrgument Register
Hlpating point coprocessor register, bits 0 to 31,

bit number that céiﬁ?ins the number of cha

is terminated with:#n 8 bit zero, b&;ﬁ% Byt fr isnotinelided.as part of

the length, , ;

The size of the symBotd ction ST ‘ &'hounds check

this variable such that3t is a value i #i it

variable symbol_strings_size found

i 7 1

qualifier_name \s_‘ ,; y . . . N

This field contains a byte offset r@lan 240 the bcgmf:mg of the symboq‘:

strings area which points to the first Gjjaracter of a sfmbol name whigh ma

be used to further qualify the currcnt%mbol y 4

If there is no qualifier, this field should be set to 0.
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symbol_Info

This field contains the index of the subspace containing this symbol when
the symbol_value is of type CVA, DVA, or LEN a§=_"j,"f_ fcated in Table 10-6.

The symbol_info field is not defined in absolute

symbol_value

This field contains the 32 bit value of ﬁ _.ﬁfnwgular symbo}*-‘«

Depending on the type and scope oﬂ-ﬁxe sﬁnﬁﬁ’ol this field ma i
different meaning. Table 10-6 shows
each valid combination of type 4
denoted as a blank cell in the matrix..
the symbol is a duplicate and may be 1gna_,f"_ﬁ_ f
mnemonics used are;

CVA - This stands for coi’fg ‘
space {(when it is Ioaded in viz
contain the privilege level that} X
privilege lcvel chcckmg at load t;me gid during xecmlon)
gtands:for data virtual Qﬂdress and it i§'the byte offset within a
space (wﬁ it ls“k;'_f_ ed in virtual méilnory)

CONZ4#.This stand: : "ﬁr a numeric coljtant or its value may be the virtual
addtéss &f:___jocatlo thm a subspace éeﬁncd by this SOM.
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Table 10-6: Valid symbol value Mnemonics

TYPE S5_UNSAT ~ SS_EXTERNAL SS_LOCAL  SS_UNIV
ST_PRI_PROG o CVA
ST_SEC_PROG CVA
ST_ENTRY .0 CVA CVA

CVA

UNUSED  UNUSED
CONST CONST
CVA CVA
CVA CVA
DVA DVA

ST_STORAGE

ST_PLABEL 4, DVA
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Fixups

In newer object files, relocation entries consist of a stream of bytes The
fixup_request_index field in the subspace dictionary entry.,;Mt byte offset into the
fixup dictionary defined by the file header, and the ﬁ.xu 5
defines the length of the fixup request stream, in bytes aof:

byte of each fixup request (the opcode) identifies ths’reques(ﬁad determmes the

length of the request. P, A
s;%,

In general, the ﬁxup stream is a series of lmjge;r’lns ons that éov

one or more bytes from the input subspa"""
while others d1rect the lmker to relocate worg

Rt 'pace or to leave areas
uninitialized without copying any data from the if’i‘p;;t :'space, and others describe
points in the code without con@bunng any new data tg i

Many fixup requests use a range: gf icedes; refer to Table 9.for:a listing of

opcode values. ;E-A‘ ™

;’ onstaﬁt before evaluating expression, set bits 0-
);:add (constant - round(constant)) round(constant)
5 ant + 0x1000) & ~O0x1FFF

ot .,:{%?21) then add 0x800 arithmetic shift right 11 bits
RS’ §ign extend from bit 21
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Fixup Requests

equest is described below. The opcode ranges and
_,_gicscribed in Table 10-9.

The meaning of each fixuj
parameters for each fixy

10-8: Fixup Requests

y L bytes with no relocation.
‘ I;:sert L%gro bytes into the output subspace.

Sk1p L,ibyt@zs in the output subspace.
"3sonc dat&zword with rclocatlon Thc word is

R_DATA_PLAB& ‘,-" Copy one data word _,
7 referring to th%
‘é the woni»sito dbeé,, '

R_SPACE_REF
R_REPEATED_INIT

R_PCREL_CALL

is identified b ymbol S, and the parame n >
relocation bits are R.

R_ABS_CALL Copy one instruction word with redi \Gition.
word is assumed to be an abs ﬁwprocedurc call
instruction (for example,*-.... : 4

procedure is identified by s¥
parameter relocation bits are R.
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Table 10-8: Fixup Requests

R_DP_RELATIVE Copy one instruction word with relocation, The
word is assumcd tobeaD gve load or store

iy een the value of the
. #3‘@ ) ythhol $g10ba1$ By

convention, the "‘}iﬁﬁ%$ global

contained in GR 5

R_DLT_REL

LDW, LDO, STW).
.by symbol §. The

posmonﬂndependefrg

-'"i:5’

4{ et 4
R_CODE_ONE SYMBOL Copy one’ mstmcnon wordwuh relocanon The

Copy ;}e instruction word with relocation. The
‘* word §§ assumed to be part of a code sequence
3,formmg a procedure label (for example, LDIL,
_ 1.DO), referring to symbol S. The LDO instruction
- y g,;'should contain the value O (no static link) or 2
"N, s o (static link required) in its displacement field.
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Table 10-8: Fixup Requests

R_BREAKPOINT 5, Copy one instruction word conditionally. The linker
~  must always replace the word with a NOP
.-+ instruction,

R_ENTRY .« ’ lcﬁne a procedure entry point. The stack unwind

e ]3;{5 U, and the frame size, F, may be recorded in a
: ;itgck unwmd descriptor.
{ ‘eﬁne aﬁ%altemate procedure entry pomt
w Deﬁaaa prbgpdure exit point.
4 .

% j fmglon to the bcglnnmg of the recover block.
R_BEGIN_BRTAB ¢ - Define the beginning of adfanch table.
R_END_BRTAB f . Define the en gﬁ%meﬁ table.

R_STATEMENT ginnilgiof statement gumber N,
e figr
R_DATA_EXPR i o n&;k and copy
subspacep, the output
Adding the pop‘ﬁ_:@ e to its:
R_CODE_EXPR : 4 _ ‘ ssmn stack '
R_FSEL Use an F* field%elector for the next fixupes

instead of the default appropriate for.gfig.;
instruction. An F’ field selector d e’ja 1

change”. The “default” modes%
class or L-class field sel&i#

an-be any of the R-
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Table 10-8: Fixup Requests

R_LSEL Use an L-class field selector for the next fixup
request instead of the defa éﬂfag propriate for the
instruction. Dependmg 0

e cﬁﬁwznt rounding

R_RSEL
R_N_MODE
R_S_MODE de (LS’/RS’). This
_,l,ig;,_iiﬂy changed or
R_D_MODE ) This setting
. Temains i ffe‘{fx until cxp itly changed or until
Jg:ﬁ...,h “»  the end of the ubspace #
R_R_MODE i N Sclcct round-do’,._yn-wnh adjustcd-constam mode
é:’_‘"""\"r yl'f?‘ }
<

"‘m

2,

R DATAgg&YEBRIDE* Use the»wnsmm: V for the next fixup request in
§ of the constant from the data word or

; (;110',3,9“‘ the input subspace.

/’ <ad ey
f -i" ﬂ"‘\a,__‘ \

Dcﬁne f auxiliary unwind table. CN is a symbol
; ndcx%f the symbol that labels the beginning of the
% comp:latlon unit string table. SN is the offset,
j relative to the CN symbol, of the scope name string.
“SK is an integer specifying the scope Kind.
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Table 10-8: Fixup Requests
R_COMP1! . Stack operations. The second byte of this fixup

- = request contains a secondary opcode. In the
descnptmns below, A refers to the top of the stack

;and B refers to the next item on the stack. All items

a1t the stack are considered signed 32-bit integers.

2""‘

R MAX ) ' 0 A and &;. then push max(A B).
k o " Pgp-Arand B;;ﬂncn push min(A, B).
A and Bithen push A + B.
y LB, then push B - A.
R_MULT  : id B, then push A * B.
R_DIV / Pop X4 B, then push B/ A.
R_MOD", £ Pop A and B, then push B ;9

R_AND * _,." PopAandB then pus

R_PUSH_NCON1 Push the (ncgave) constant V.
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Table 10-8: Fixup Requests

R_COMP2! More stack operations.

R_PUSH_PCON2  Push the (positive) constaiu’v %
R_PUSH_SYM Push the value of the 1.

R_PUSH_PLABEL  Push the value of a i
R_PUSH_NCON2

R_COMpP3!
R_PUSH_PROC
R_PUSH_CONST

The hnker keeps a queﬁa@g the last four umquc

35

ﬁxup requests; th

R_PREV_FIXUP

QP
ol ea.ﬁ

.

R_SEc_smdfi"

R RESERVED

b

.- N4

16 10-9 shows the mnéﬁ?émc ﬁxgp request type and length and parameter
mfonnaltﬁ&for each range ‘gt :opcodes In the parameters column, the symbol D

" the opcode and the beginning of the range described

Parameter relocation ¥ ' &r encoded in the fixup requests in two ways, noted as
rbits1 and rbits2 in Tabje

€ 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 3 1?’1herc is a return value in a general rcglstcr

adified. Thc second contribution is 9 if the first two

the return vaiﬁ% Which are no }n
iy doublc-prccmon parameter otherwise, itis 3

f

o y i
wést fﬁ'pcodes and Parameters

odes length parameters

L= (D+1},»4

gD<e8 +Bl+1)*4

'216+32+ 1)*4

R_UNINIT

R_RELOCATION
R_DATA_ONE_SYMBOL

R_DATA_PLABEL

R_SPACE_REF
R_REPEATED_INIT

4 M=(B3+1)*4
1M=B4+1
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Table 10-9: Fixup Request Opcodes and Parameters

mnemonic opcodes length _parameters
R_PCREL_CALL 48-57 2 R=rhitsl(By5eB1
58-59 3 itsg (B«s feﬁn S=B1
60-61 5
R_ABS_CALL 64-73 2
74-15 3
76-77 5 ;
R_DP_RELATIVE g80-111 ¥
12 £
13 4
R_DLT_REL 120 s
121 4
R_CODE_ONE_SYMBOL  28:159 1

R_MILLI REL

R_CODE_PLABEL 7

FIZ B8 (U is 37 bits; F is 27 bits)
..,D’-BS»S F=pop A

Bl w none
1 none
.. 1 none
1 R=0
2 R=Bl1%*4
4 R =sign-extend(B3) * 4
1 none
1 none
2 N =Bl
3 N=B2
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Table 10-9: Fixup Request Opcodes and Parameters

mnemonic %, opcodes length parameters

5 101 4 N=B3

R_DATA EXPR .4 192 1 none
R_CODE EXPR.< - 193 1 none
RFSEL o~ < 194 1 none
; 7 195 1 none

< 196 <rl none

197 “3« none

198 1. none

E T 399 ' none

- 4G, 200 none
R_DATA_OVERRIDE ~ ; St V=0

V =sign-extend(B1)
V = sign-extend(B2)
V = gigfi-extend(B3)

R_AUX_UNWIND

R_COMP1
R_COMP2

R_COMP3
R_PREV_FIXUP 211-214

R_SEC_STMT 215
R_RESERVED 224-255
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Table 10-10: Fixup Request Secondary Opcodes

Fixup Request Secondary Mnemonic §ggondaw Opcode
R_COMP1 R_PUSH_PCONI o0
R_PUSH_DOT
R_MAX
R_MIN #42
R_ADD 0x43, s
R_SUB . Ox44 g E#;.E:ﬁ‘
R_MULT o 0x45 &
R_DIV 0x46
R_MOD. e 0x47
R AI\.I_'D;(_ -.?::-: % WA 3
ROR % S0x49
RXOR 5 0x4a
. b Ox4b
‘0x60 - 0x7f
0x80 - O0x9f
0xal0 - 0Oxbf
Oxc0O - Oxff
0x00
0x80
0x82
0xc0 - Oxff
0x00 - 0x01
" R_PUSH_CONST 0%02
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Relocatable Library File Definition

A relocatable library is a i of one or more SOMs and the data structures needed
to efﬁcxently managgmg : Ms embedded in an archive format. At the front of the
Abo T) header. The header is used to identify the file
1b-structures of the library. In particular, the header
fibiol directory, the SOM directory, the i import table,
‘headers wd the free space list. _

%hc archive magic string, which consists
b fwhcrc \n' refers to the newline or line
i stnng are a series of archive headers

LST Header
Record

Symbol
Directory

N
Figure 10-7: Block Diagram of an LST
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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 secnons gach contain a single
SOM. y ,%

If the archive contains SOMs with names of a length gféaigr than 15 characters, the
archive will contain a string table as thc second archii? segittn, The string table will

in Figure 10-8, the SOM thxs1saverylongﬁlenamg,_" ﬁ’have an ar_name of “/0”
while the SOM thisisalsolong.o w1ll have an ar r?bm éf “/27”

PRO ABI for PA-RISC Systems Relocatable Objects 10-41



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

Archive Header

The archive header appears in front of every SOM and in front of the LST in 2
relocatable library. It deﬁ' és the name of the SOM that follows and its length (in
bytes), as well as severz 4 grfields that are used by the archiver utility.

All of the mforma&’m in the af¢h1ve header is in printable ascii format.

" /* file member date - decimal */
4 i /* file member user id - decimal */

© 7 /* file member group id - decimal */

“ " /* file member mode - octal */

/* file member size decimal */

hiv
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Archive Header Fields

ar_name e
**sf»

This field contains the name of the following S@M The name is that of the

“.0"” file that was copied into the llbrary Thefiamemust be left ]usnﬁed in

ar_date £
This field contains the modlﬁcat_wrﬁrdatc and nrﬁ;: of the followmgSQM;ﬁir

R
ar_uid

This field contains the user fc} of 1
. should be a decimal number (m AS

"\‘J .

1 size of the following SOM or LST in bytes. It is an
i ber, left adjusted and blank padded. The size does not
include the m?u ﬁji}ieader
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ar_fmag

(1332

This field always gontains the two ASCII characters “‘” and newline (or line

feed, hex 0A).
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LST Header

The Library Symbol Table always begins with a LST header record. For a
relocatable library, the LST begins immediately followi 5:8-byte archive
“magic string” and the 60-byte archive header; the file pgme fieldt in the archive
header is empty (i.e., “/” followed by 15 blanks). ;
The first four bytes of the LST header will contai
as a library format file (actually it has a sub-structie
addition, the header is used to locate the maj Fstibg

list. & .._‘_f , k
struct Ist_header { %
shortint | system%_.,égg,_% ) e -
short int a_magic;\ W, o
unsigned int version_id; " e
unsigned in file_time[2]; © : . - .;?y -

unsigned int hash_loc;
uns:gned mt ,,......bash size;

un51gned 1nt

unsigned mt
unsngncd int

Eigure 10-10: LST Header Definition
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LST Header Fields

system_id

4 tify the architecture that this object file is targeted
itecture system _id is 210 (hexadecimal). Both
common to the LST and the SOM header. See

i,

version_id % :
This is a numbcr thaﬁis used to associate the LST__w;th the correct deﬁnmon

of its mtemal orga:r;;zanon The value of the 4
the date the LSngmun was dcﬁn%,

MM is the month, Dljfas the day, i

The only version_id that is currt?pég, efined for uséf
applications is 85082112, 4...c : f" L

file_time

4 ;ﬁtamed by other
s optional, but if it is

subsystems (e.g. the file system). The use of thls G
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_slze £F
This is the number of entries in the LST diregtory, Hash table.
Since the number of entries in the hash taﬁfgls also’ & flumber of symbol
lists in the directory, changing this valu&%’&{fcct the length
lists. The length of the symbol hsts mj;urn, affeéts the overhe
locate a symbol. 3 % :
This value must be a number betgice:
hash table is not constrained by the
resource constraints (e.g. file size).

G e,
K B !
W o “

module_count

- % ‘
i ,}_~pumber of SOMS that can bé?m this file. Therefore, it
'f’."_:‘__mcs in the S@i@ dxrectory table and the number of

. b
- "'.,zu- -"‘,;‘ .\ "?m_‘
loc M‘\;. s i

'I'hls is the LST re?auﬁc bytgbffset to the SOM directory.

e

- "4 :
e it
export_loc - o
- Y }“"’“ /‘f
This is the'Ey Iclétlve byte offset to the export table. Not all exported
symbols are n¢ sanly contained within the bounds defined by export_loc

and export cawtt but most symbols should be. These fields are provided to
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allow programs that process the export table to read in the majority of the
symbol table efficiently.

export_count < -

Syinbols contained in the main portion of the export
symbols allocated after this table is full) may be

st be settqzero by a conforming application.

V- i
P g
# o ] _P"'".I i
This is 't -'ﬁ%byi‘é"ffffset to the auxiliary header area. If no
auxiliary he; e present this variable will{bg_,,sg:t to zero.
] 2L

o

.'../.; /, -

aux_slze & il
o i _.;_-\r’
This is the size of‘ﬁcau@ﬁf@d

are present this variabif will be set 0.4 6.

rin
string_loc i

This is the LST relative byte 655t

strin Q_SIZB "ﬂ

This is the size of the LST string area in bytes.

free_list %M"Wr’
This field is reserved. It must be set to zero by a éﬁfonmng application.
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file_end
This is the LST relative offset to the first byte past the end of the file.

i,
o

checksum

This field contains the value of all the other: ﬁeI
field) in the LST header record after mcygzave be
togcthcr

_not including this

i

T A,

..,..g.a:

o 8
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Symbol Directory

The symbol directory prq%jdcs direct access to the definitions of all the exported
symbols in the library. E ymbol definition, in turn, contains the index number
of the SOM that exported; §3{mbol. The SOM index can be used to index into the

r it can be quall: :
<. code, data or stni}};,f

modulo hash s:z e hash yisad bytc variable where the first byte is the length
of the symbol, 1, the Secon of the key is the sec @i#fisracter in the symbol, the
third byte of the key is ext to last charac_ 7 thie:symbol, and the last byte of
the key is the last charafe¥ in the symbof- § 1is only one character long,
then that character is us thssﬁ%nd"
key are the same as the first'ty Jo bytcs i
table entry number, not the offset into the

Note If a symbol is grcater'tg:.x
of the key will be the sy leripy, 28 136 wffi%t use&

@ to eliminate any affect the'sjgn blt may have, ';m the modulo ,,,w B
operation). Y 1/ k. {s\
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hash_loc -

Hash
hash_index Table

“\%i - p :_.:,' i ,.~..._‘A“w‘ ;‘/- j
el ’_‘;-' ;ﬁﬁﬂd of List

X}

.,.;ﬁ%ock Diagrani%ﬁ&r{yhoi Directory

" j
o e .

k-

24 31

)] chr(len-1) chr(len)

PRO ABI for PA-RISC Systems
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v _
e ez
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LST Symbol Record
A symbol record consists of a symbol header record and 0 to 255 argument
descriptors constructed as shown in Figure 10-14. s

Symbol records are used for the symbol entries in botb ‘fhc LST symboI directory
and the import list symbol entries.

struct Ist_symbol_record {

unsigned int hidden ’
unsigned int secondary_def e |
unsigned int symbol_type f
unsigned int symbol_scope 4" 4
unsigned int check_level é'
unsigned int must_qualify

unsigned int initially _frozen 1

unsigned int memory:iisident :

unsigned int
unsigned int
unsigned int
unsigned int

unsigned int _.

unsigned i

",
unsngned mt

unsigned int

is_commaon,
dup_common;
xleast

arg_reloc

PRO ABI for PA-RISC Systems
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LST Symbol Record Fields

hidden

f_xh

request.

v
See “symbol_scope” on page 10-23.<
\\. 2
check_level + - ?, v
This field is reserved. It must be set to 0 in conforming M gaﬁ’ons

__-‘- ,;r
C l“y"
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must_qualify

If this bit is set to one, it indicates that there is more t than one entry in the
symbol directory that has the same name as this ¢ and is the same
generic type (i.e. code, data, or stub). Thcreforc the qua’hﬁer name must be
used to fully qualify the symbol.

If this flag is not set, the quahﬁer name w111 iny g tised to qualify the
symbol name if the name it is being compamd with Tsa?so fully qualified.

must_qualify is used for both 1mport eisg?%requests e
% h

Initially_frozen

If this flag is set to one it 1ndxcates thag the code: xmpbmng or cxporm;g’ thls
symbol is to be locked in physical memoy when the operatmg system is
being booted.

memory_resldent

: IS " ' pek Tesides: m?ms own subspace. For example, a

i 'tlahzc&;: gmmon dgc aratioh'would produce a symbol of type

caw')'néi?‘ﬂag set to one.

; T

A

W

%;tn pc01ﬁcs that this symbol name may conflict with
game name if both are of type data ThIS isto facﬂltate

geks. This ﬂag would be set to one if the language allows
duplicate imtm’zy‘flon otherwise it will be set to zero for symbols of type
data.
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xleast

This field is undegncd by the PRO ABI. Conforming applications and

systems should notimerprct the contents of this field.

,.f"" £ el '*’e E

arg_reloc .~} ‘-.‘
This: e&d is uscd to COmy umcate the location of the first four words of the
Daran eter list, and mq»‘f"' : f the function return value to the linker and
%+ Joader. This field is Epni fily for exported ENTRY, PRI_PROG, and
“. . SEC_PROG symbﬁis“

q,,Sce arg,,m}ﬁ?’ﬁn pagc 10425,

name

Catéthe name of the symbol in the string table of
£ byte offset, relative to the bcginning of the string

zero, but the termif
This variable may p
must always be relativ
particular, it may point to a strings
one of the SOMs contained vitl

Note e
Zero is not a legal string table offset since the first ndf
@ string will be at offset 4. Ky}
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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 off‘x %lanve to the
beginning of the LST string table, to the first charayter (not:the length) of the
qualifier name. The name begins on a word bgkinidary and is preceded by a
32 bit number that contains the number of ch&actexs'ia the name. The name
is terminated with an 8 bit zero, but the terjginator i's‘ttgﬁ%agluded as part of
the length.
This variable may point to any locat;cn w1thm the library ﬁ]e\{&!though it
must always be relative to the be 'an'mg of the: ST string table}.Jhin.
particular, it may point to a stm;g hin thc syrﬁ ] smng table- b&uﬁ g
to one. of the SOMs contamcd Wi : 7

performance. h
If there is no quahﬁcr,%:s field should be set to G

symbol Info

}
Sfield is reserv%ae;e;x shall be initialized to 0.
; ;

g

reserved b w 4
. b
This field is re:‘g‘ved It shall be initialized to 0.
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som_lindex

This value is an index that identifies the SOM that defines this symbol. The
index can be uscd{ hen multiplied by the entry size) to index into the SOM
pointer table hdt. Bws LST header and be used to locate the SOM

::tguﬁe'f‘orem:;" armg each égte of the symbol to determine if this
ol:Re fer to “Sf@bol Dictionary” on page 10-20 for the

......

next_entry %

This value is thez
contains this sym%l If this sﬁnbﬁf"’is the f
settozero. Y. .. #

i:next entry in the list that
fentry in the list, this field is
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SOM Directory

The SOM directory is a table of entries that contain the locatlon and length of every
SOM within the file. Both the location and length are in b 'I'he location is

relative to the start of the file (not to the LST hcadcr), omts s'to the first byte of
the SOM header (not to the archive header). The lcngth not include the archive

2

header. The index of a SOM is used to index into thg

Since each SOM will require a SOM dlrcctory pitey, the vanaﬁiﬁmodule limit in
the LST header will contain the number of cn;_'. esin.the SOM di j ry. The table
is pointed to by dir_loc, which contains the:] L ST header relative bytc éﬁm to the

beginning of the SOM dlrcctory r 4 g, W fﬁ’
of the SOM directory.
dir_loc
/"’JI r s . Symbol
P B S 4‘( ._‘H " — E
P - ék 'SO - L Directory
@ Dircctiiy -
' b B u’ﬂ,.:‘,-c--.»,\ ¥ 3
o ., "w“ -t "«mS’M Index
e e hFﬁ\ TR,
s 3 - .
M“«-‘\‘ b Archive Header
4 i‘.& -
T
. N T
- 4

F:gm%i(}-ls Structure of the SOM directory
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SOM Directory Entry

Each entry in the SOM digectory has the format indicated in Figure 10-16.
Y

location;
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Parameter Relocation

The procedure calling convention specifies that the first qu "WQI‘dS of the argument
list and the function return value will be passed in reglstém ﬁoatmg-pomt registers
for floating-point values, general registers otherwise. H Fgver, Some programming
languages do not require type checking of parametefs; which

formal and actual parameter types may be 11‘,;_.
checking occurs. i

parameters to the,1r expected locatlon If a procedure s
calling sequence, a relocation Stﬂb;s nccdcd for each n@ﬂ-—matchmg calhng
scquencc

the parameter list and the location of
loader. To accomplish this, ten bits of il
added to the definitiGAEH: 4 symbol and aﬁﬁ—up request.;The following diagram

shows the first yférdm?a*ﬁ! 6t ol dictionary f?@cord in the object file. See “Symbol
Dictionary’ ﬁ pagc 10—204i %

I 1 10

M| R| argument location

The argumcnt lo St
corresponding to thefirst:
shown below: i

PRO ABI for PA-RISC Systems Relocatable Objects 10-61



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

Bits 22-23  : define the location of parameter list word 0
Bits 24-25  : define thig location of parameter list word 1
Bits 26-27 :

Bits 28-29
Bits 30- 31.

Thc valnﬁfnf an argument Ioeatmn is mtcrpreted as follows:

o f-"‘é%ﬁapng-pom
11 fmpper | ’ g8

1. For retum\@lnes. '10° mi 418 a single precision floating-point value, and '11' means
double preciston floabﬁg;poxm value, g ‘,37

"
When the linker resolves
argument location bits o

procedure.
The execution of a relocation stub can bé |
path. During the call path, only the ‘;‘fgur words:.s Iy
relocated, while only the function retufff will be:f& @
The control flow is shown in Figure 10-1”%“ ' e
If the function return does not need to be réiatated the mlﬁ‘n path can be offiifted:
and the branch and link will be changed to a Branch. The call path mugsdlyay
executed, but if the first four words of the parameter list do not need tt¢ €
it can be reduced to the code required to establish the return pa f
branch and link to the callee). £
When multiple stubs occur during a single call (e.g. 1m i b and relocation
stub), the stubs can be cascaded (i.c. used sequentially); in'§ich a case, both RP' and
RP" would be used. (The relocation stub uses RP".)
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Parameter
Relocation Stub

Relocate
Arguments
Branch & Link

Relocate
Return V,

a;u

Caller “7 “export

stub

fé-executable, it will generate stubs for each
fr her load module (i.e, called dynamically). In
% for each possible calling sequence. Each of these
both rclocanon and cxtcmal return, and will be
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Millicode CaIIs

In a complex mstructlon,ese omputer, 1t is relatively easy at system design ume to

: _i_;"’a reduced mstructmn set computer, however, this
¢ because it has been shown to be potentially
%rformaacc (not only is instruction decode

tlme o thg machine may be lengthened).

wmicrocoded instructions (e.g. string
-8 RISC-based system is confronted

Ta;(gpllcrs are given sole rcsponmbxhty for
'"Tﬁng in-line code expansion becomes a

with a clas cSpa e-ti > dilemr
generaung the necess ; jue '{

overhead cxpcn:;g;:.~z curred {3i¢; parameter passing, stack usage, etc.) is
unacceptable. - % £

In an effort to retain me,f_féfj' :
concept of “millicode”
complex microcoded instrogct
level subroutines that perfo fhe dessx asks
comparably to their microcode counterp
other standard library routines, differing 6ol
accessed. As a result, millicode is pprtabig
machines, rather than being unique to,%mgle mac
traditional microcode).

There are many advantages to 1mplcmcnt1rzg=

ach approach, the alternative
A-RISC’s simulation of

improved in the future.
The PRO ABI does not require that any specific millicods; raries are present on a
conforming system. For an application to ship as a conforriting object file, any
millicode libraries required by the object must ship as part of the application.

10-64 Relocatable Objects PRO ABI for PA-RISC Systems



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

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 reg1sters r all temporary
exgess stack frames.

dwith a standard procedure

Thus, a great majority of the overhead expense associa

call is avoided, thereby reducing the cost of executign.-. .
Note - . ,
If a procedure only makes millicode calls, it may be considered a
@ leaf routine. See “Leaf and Non-Leaf Procedures” on page 4-2.

Making a Millicode Call

It is intended that the standard reglsger s
exceptions: -
m The return address (MRP) is passed iri R, 31 and

er_cntions be folipwed, with two

£l
£

m Functon results;,_ re.retiirned in GR 29.”"

There are, how,é’ﬁ%r many“q?ax-standard practi,ces regarding millicode register
usage. g,.{ b, Wt

Mllhcode can be't essed wm;'j,hrce dlfferent mf:thods dependmg on its location
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P

Glossary

ABI
Application Binary Interface.

ANSI

American National Standards Instlmte
API i

Application Programming Interface

PA-RISC
The processor architectyre defined by the “PAHRISC 1 1 Architecture and

T,

Instruction Set Referenc: "'Manual”

PRO
The Precision Risc Orgamzaﬁ’

SOM — h, &
S ta.nda.rd }w N Edule o,

absolute pat J"_.pame o ;
An ﬁf)sof {é"gath name
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callee-saves register
The value in a callee-save register must be saved by a procedure
immediately aftcr‘ihc procedure is entered, and restored immediately before
the procedure c;gﬁj -a{ﬁ:‘xt is used by the current procedure. The values in the
callee- savesresgli ers a&;f; guaranteed to be preserved across procedure calls.

scc 1mport stub f : - ;

complete executag’é” ;‘-
An cxc ”f

,,w“!?‘

conforming a pplicatlor; i’
An application thﬁt‘;iscs only the fu oI ;.?}fowcd by the PRO ABI and
fmance tests.

7
T e,

conforming system 4= N
A system that prov1de$.al1 of the fun’-:f‘
API and has been certified by the Bf

data linkage table W

API and has Gertified by |

& vﬁ'@hcon insdg,

A table that is initialized by thedynamic,
entry for each data item that is réfere; 6q. y PIC
dynamic library A ¢

A library that is bound to an mcompéc executable by the dynasf A
A dynamic library is named with the *.s1” suffix.

dynamic loader A
A dynamic library, dld.sl, that is called by an irigonfpiste executables start-
up code and binds all unresolved data and procediif# references.
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exception
An interruption of program execution due to exceptional conditions that
must be resolved before execution may continue. ..

“lj::’f.,--..v:%
4y rform the required inter-
cumplete executable. Also

éz% E2

export stub
A stub used to trap the return from a routlnc )
space branch between a dynamic library andan
known as a called stub. <

B B h &
E a ',
2 \ b~ .
. 'E:;.-.v----z.;';-.‘i';, - i
Xup i

A request provided to the linker rcgardmg the placement of da
resultant executable. e

Fie
:
-

frame marker
An eight word area at the top of a stack f y
values used by stubs.

gateway page : .
The first page of the fourth q}l&
executable and the kernel for Usew
be used to allow the start-up coéif: to agtess't

.

high water marl”™ "= ) 4
A vempf;"adcnuﬁetg;‘iﬁed in dynamlc ﬁbrancs to mark an incompatible
chan :

q% jrmjdtion thc export stub will need to return to
Alio know%gas a calling stub.

the calling codc

mcomptete executable‘%

1"&kebutable that cﬂams unsatisfied references to external code and/or
oyided in a dygjamic library. These external references are resolved
amilodder when the incomplete executable is executed.
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initializer
Aninitializerisa routme that is called whenever a dynamic library is loaded
or unloaded. .,

leaf procedure :
A proced =it does mat make any procedure calls.

A pomtcr 1nt,gc' zin i ; ‘t_iseﬁ w1th import stubs in a dynamic library.
The LT, stored maéﬁ’ 19°by convention.

A g

linker 5 o
A utility that comim&es relocatable ob_]cct&’a“ raries into a single
(usually execu Eg file. e
|00p ﬂr*;(’ o - j .%
See recursion. 4 Nl
% av & %
millicode y: 4 9

A special function calling cogy

erh ad than stanﬁrg;d calls,
or code accessed using the mi i,

e calhng rééﬁvéﬁnon o

] U 2
milllcode return pointer P b 5 - o

The return address used in a nulhcc;t;le call, Storcd,,m GR 31.
%

non-leaf procedure
A procedure that makes calls to other procedures before %}

parameter relocation y -
The rearrangement of parameters during a procégh wﬂ' reqmred when the

caller and callee do not agree upon their proper 10&%%1-1011
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parameter relocation stub
A stub inserted between a caller and callee to pcrfonn parameter relocation.

plabel
A 32-bit procedure label that defines a proccduré ﬂddrcssﬁnd space.

position independent code y .
Code that does not contain references to agsolutc ad&tfzsacs All addresses
are relative to the program counter, or té” n!(age table omter

A‘Q'

procedure linkage table y
A linkage table found in incomplg
stores the addresses of all unresglvedext
the dynamic loader. -9

quad precision -
A floating-point format; af 128 bltS or twice the; sm; of double precision.

et

quadrant k
An area of virtual mcmory 011% glgab i

_‘g’.OAbytcs) ih sizt and alignment.
recursion oy

See loop .
relocatable ILbrary
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signal
A message passed bctwccn processes. A signal may also be viewed as an

sort key P 3
A valuc usﬁd.:w'conn'ol thc order of spaces and subspaces in memory.

space

. A quue 1deguﬁﬁ;; Tor a; g,

stack Mpewsals” 0 .}
A region of Vlrtuafgmmory used. b?&n application for data storage and

managed by sé?gware £onYe: ti5r

stack frame .~ .f‘ F

The stack 1s;acccsse<i pieces that are an inte gcr mﬂltlplc of 64 bytes in size
and aligned on a £ o PHECt -are called stack frames.

£

stack pointer : i y. .
The stack grows ég?s%ﬁ{%ef' demord sifdresses with Cé%fnguous stack
frames. The stack poigter (SP or ] the top of the

3303 Kolds the addr;sé
current stack frame, ‘ /
stub

A short code segment inserted 'ﬁ%
and used for a specific purpose'$
procedure call. :

subspace
A logical partition of a space used to group code and data intp#
segments. &

symbol
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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 pag

virtual address

An address consisting of a space identi; : 4l
independent of location in real memofs
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B

Data Structures and Constants_ «;l S,

This appendix specifies the PA-RISC 1mplementat1(ﬁifor th;" em data structures.

They are defined using ANSI C, as descriibed in cﬁggtcr 3y as 1 yenient notation.
These headers are listed to describe the data stiiitarés,. and const t&used by the
system libraries on a conforming system. Cenforrmng systems are riq______eqmrcd to

provide these headers.
Any structure elements specified as ‘1'333 %

¢"o o
"’{__'“"-- “\:""«\
extern void _assert{char *, ‘gg,ljlar TR ;r,«'
"4 S ""f:.mvm.p
f#define assert(_EX) T A\
((_EX¥ % %woid) 0 : assg?:@’{ ¥_EX, __E“fLE__, -_LINE_))

T Lolow%{ __c)
o Eoupper(__c)
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typedef unsigned long ino_t;
#define _MAXNAMLE} 255
struct dirent.
A L
pe =
ni &
" d_namlen;;
d_name [_] ;‘AMLE¥ + 1);
; ib
.

#define
#define
#define
#define
#define
#define
#define
#define
#define

#define DYNAMIC_PATH

typedef wvoid *shl_t; =
extern int __text_start;“%w?

#define PROG_HANDLE

#define MAXPATHLEN 1024

Figure 7-4: <dL.h>
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struct shl_descriptor (
unsigned long tstart;

unsigned long tend; i

unsigned long dstart; _i;f*»%%@

unsigned long dend; } B

void *ltptr; S

shl_t handle; /%F “&‘1332

char filename [MAXPATHLEN+1]; { { b

void *initializer; . N Wk

unsigned long ref_count; _;V"'J%a e
} H .l':: \'“-,. "\. ‘

% : -\.\.'t. e \/5‘5'

struct shl_symbol ( S : -

char *name; @/

short type;

void *value;

shl_t handle; Yoo
Vs ot

g ..

o, 10

#define TYPE_UNDEFINED . 8.

#define TYPE_DATA % 2
#define TYPE_PROCEDURE %3 4
#define TYPE STORAGE g% F
#define ZMPORT_SYMBOLS 0x0%,
#define g3 i 0x02
#definé ™ 0x04
#define GL s, 0X08 &
#define - 3 ?

Figure 7-4: <dl.h>

e o
N e #
k. o
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#define EPERM 1
#define ENOENT 2
#define ESRCH 3
#define EINTR & 4
#define EIO . 5
#define 3 6
#define .4 7
#defip# FNOEXEC 8
fi" EBADF ¢ 9
ECHILD 10

EAGAIN 1

ENOMEM " 14
i 135
ENOTBLE." :
#define EBUSYy:

#define %@ g o3
#define Eﬂ&??
#define ENOHEV
#define ENOTDIR
#define EISDIR
#define EINVAL
#define ENFILE
#define EMFILE
#define ENOTTY
#define ETXTBSY
#define EFBIG
#define ENOSPC
#define ESPIPE
#define EROFS
#define EMLINK
#define EPIPE
#define EDOM
#define ERANGE
#define ENOMSG
#define EIDRM
#define EDEADLK
#define ENOLCK
#define EILSEQ

Figure B-5: <errno.h>
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#define
#define
#define
#define
#define
#define
#define
#idefine
#define
#define
#define
f#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

#define #

ENOSYM

ENOTSOCK
EDESTADDRREQ
EMSGSIZE
EPROTOTYPE
ENOPROTOQOPT
EPROTONOSUPPCORT
ESOCKTNCSUPPORT
EOPNOTSUPP
EPFNOSUPPORT
EAFNOSUPPORT
EADDRINUSE
EADDRNOTAVAIL
ENETDOWN
ENETUNREACH
ENETRESET

ECONNABORTEDQM*

)

ECONNRESET *;, =

ENOBUFS Ng

EISCONN
ENOTCONN

ESHUTDOWN

. 240 %0
e, - 241 ".w’

Ba?

PRO ABI for PA-RISC Systems
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#define ~ F_DUPFD 0
#define F_GETFD .. 1
#define F_SETFD N 2
#define F_GETFLs 3
#define Lo 4
#define : ' 5
#define A4 $FTLK 3
#defip ¥ SETLKW 7
%.#dkgihe FD_CLOEXEC/ sl
Jafine F_RDLE "1.
RABe. 2z
#defira, B 34
,KIHJ;
#define ©O_ =7 #H00000
#define “ 0000001
#define 0000002
#define O

< ) 0000003 o
#define O_NDELAY: sl
#define O_APPEND
#define O_CREAT !
#define O_TRUNC ¥,
#define O_EXCL
#define O_SYNC
#define ©O_SYNCIO
#define O_NONBLOCK
#define O_NOCTTY

struct flock {
short 1_type;
short 1_whence;
off_t 1_start;
off t 1_len;
pid_t 1_pid;

Figure B-6: <fcntlh>
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#define
#define
#define
#define 4
#define
#deflne

#define LDBL"““-
#define LDBL_EFPS]

} r( 1021}

?

#define FLT_RADIX 2
#define FLT_ROUNDS 1
/* FLT_EPSILON 0x34000000
FLT_MIN 0x00800000
FLT_MAX OX7ETEEFEE
*f
#define FLT _MANT DIG 24 3
#define FLT_EPSILON 1.1920929QF
#define FLT_DIG 6 "
#define FLT_MIN_EXP (-125) g R,
#define FLT_MIN 1.175454358 N
#define FLT MIN_10_EXP (-37) = = <
#define FLT_MAX_EXP 128 A
#define FLT_MAX 40282347E+38ﬁ
#define FLT_MAX_IO_EXP 38
/* DBL_EPSTILON B
DBL_MIN ‘1 #
DBL_MAX &
2 4

B 2204460492503131E 16
:15

0733535032014E 308

113
1.5255295443872358530559779425849273E-34L

b

PRO ABI for PA-RISC Systems
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#define LDBL_DIG 33
#define LDBL_MIN_EXP (-16381)
#define LDBL_MIN :°

0935062626778173217526026E-4932L,
#define : (-4931)
#define

#define LIS

#define
#define

#idefine
#define
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#define FTW_F
#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 for PA-RISC Systems
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typedef struct ({
size_t gl_pa%?c;

char **gl_pathv;

size_t gl_qﬁw;%t

char gt m ;"G
) globt; A%

¥ GLOB_ERR ; ‘ f
GLOB_MARK 4

#define
#define
#define
#define

struct group &
char *gr name;

char *gr_ passwd;
gid_t gr_gid;

char **gr_mem;

typedef int iconv_t;

Figure B-12: <iconv.h>
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#define D_T_ FMT il
#define D_FMT 2
#define T_FMT 3
#define DAY_1 [
#define DAY_2 7
#define DAY_3 8
#define DAY_4 9
#define DAY_5S 10 g
#define DAY 6 11 iy _
#define DAY 7 4 & T
; o
#define ABDAY_1 ti3 g - . 4
#define ABDAY, 2 o &
#define ABDAY_3 15 g
#define ABDAY_4 16
#define ABDAY_ 5 . 17
#define ABDAY_6 N, 18
#define ABDAY_7 A . TN
#define MON_1 W 20 e
#define MON_2 2l 4
#define 5-“5
#define 25
#define ; 24"
#define 3 25
#define i 26
#define b S—
#define i by
e T T
1) 30
A % oy s
ABMON_l\s;\' k. a2
ABMON_2 1 & 33
#defipng™ ABMON 3 ' | 34
#defineg, XBMON_4 3 ; 35
#define Apbwn 5 // 36
#define ABMGNIS. o 37

r Figure B-13: <langinfo.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
#define
#define
#define
#define

typedef

{ WADIXCHAR . | a4

ABMON_7 38
ABMON_8 39
ABMON_9 40

THOUSEP ;
YESSTR 4 P46

TR 1/
YEAR UNITY
MON_UNIT!
DAY_UNILF
HOUR_UN1:
MIN_UNIT
SEC_UNIT _
ERA_D_FMT %
CODESET
YESEXPR
NOEXPR
T_FMT_AMPM
ALT DIGITS
ERA
ERA_D_T_FMT
ERA_T_FMT

e

int nl_item;

extern char *nl_langinfo(nl_item);

Figure B-13: <langinf0.?§g3
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#undef ARG_MAX

#undef BC_BASE_MAX
#undef BC_DIM MAX
#undef BC_SCALE_MAX
#undef BC_STRING_MAX
#iundef CHILD_MAX

#undef COLL_WEIGHTS_MAX
#undef EXPR_NEST MAX
#undef LINE_MAX

#undef NGROUPS_MAX
#undef OPEN_MAX "
#undef PASS_MAX i s, ek

#undef  RE_DUP_MAX (% e N
#undef  STREAM_MAX . T, &

#undef TZNAME_MAX

#define _POSIX_ARG_MaX
#define _POSIX_CHILD |
#define _POSIX_LINK MAX
#define _POSIX_MAX_CANON
#define _POSIX_MAX_INPUT
#define _POSIX NAME MAX

#define
#define
#define

i

Wainas

#define
#defiqe

32
2048
255

32767

Figure B-14: <limits.h>
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#define MAX CANON 512
#define MAX INPUT 512
#define NAME_MAX: 14
#define PATH_MAX 1023
#define PIPELBUR" 8192
#define ,HER BIT 8

 £HAR_MAX 127

" DBL_DIG 15

DBL_MAX 1.7976931348623157e+308

FLT_DIG « =
£ .40282347e+38
2147483647
#define 2147483647L
#define
#define 127
#define 32767
#define INT_MAX.
#define 2558
#define 4965295V

#define
#define
#define WORD_BIT

#define CHAR_MIN
#define INT_MIN

#define LONG_MIN
#define SCHAR_MIN
#define SHRT_MIN

#define CHARCLASS_NAME MAX
#define NL_ARGMAX

#define NL_LANGMAX 44
#define NL_MSGMAX 65534
#define NL_NMAX 2
#define NL_SETMAX 255
#define NL_TEXTMAX 8192
#define NZERO 20
#define TMP_MAX 17576

Figure B-14: <limits.h>
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#define LC_ALL 0

#define LC_COLLATE 1

#define LC_CTYPE 2

#define LC_MONETARY 3

#define LC_NUMERIC 4

#define LC_TIME 5

#define LC_MESSAGES [ .

#define LOCALE_STATUS pi i,

#define MODIFIER_STATUS 2 N

#tdefine ERROR_STATUS 3 e

.,

struct lconv ( . @ e bt
char *decimal_point; e S b
char *thousands_sep; : @Gy éﬂ

char *grouping;

char *int_curr_symbol;
char *currency_symbol;
char DY
char iz "
char *meon_grouping; g W“wﬁm Bt
char *positive_sign; 1%33 TR B
char *negative_sign; k- d &

char
char
char
char .
char®

Sl xrm;gn_poq .

Gt &
;T':“ e
A‘," il "«,

Figure B-15: <locale.h>
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/* HUGE_ VAL = 0Ox7fefffff Oxfffeffff */
#define HUGE_VAL 1.79768131348623157e4308
#define FP_PLUS_|
#define
#define
#define ag{
#define

#define
#define
#define
#define

typedef struct {;f.;' ,xﬁfﬁ'
unsigned 1nt{ wordl, word2 §§ﬁ§§3.3

} long_double;

.
typedef long E%%gﬁ
typedef int fp_lexcept;
extern int signgam;

typedef enum ( %?
FP_RZ,
FP_RN,
FP_RP,
FP_RM
} fp_rnd;

Figure B-16: <math.h>
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typedef unsigned int size_t;
typedef int ssize_t;

L%
b i

#define NL_SETD 1
#define NL_CAT LOCALE 1

typedef int nl_catd;
typedef int nl_item;

Figure B-18:

struct pollfd {
int fd;
short events;
short revents;

1

#define POLLIN
#define POLLNORM

#define EERT T
#define

#defin@i*"
#define
#define
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struct passwd {
char *pw_name,;
char
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#define REG_NPAREN 255
#define REG_EXTENDED 0001
#define REG_NEWLINE 0002
#define REG_ICASE 0004
#define REG_NOSUB 0010

#define REG_NOTBOL
#define REG_NOTEOL

#define REG_NOMATCH

#define REG_BADPAT - u;
#define REG_ECOLLATE ‘a‘.
#define REG_ECTYPE &

#define REG_EESCAPE
#define REG_ESUBREG
#define REG_EBRACK
#idefine REG_EPAREN
#define REG_EBRACE
#define REG_BADER
#define REG_ERANGE
#define REG_ESPAC
#define
fidefine
#define
#define ;
#defind i
#define

¥bedef struct (N

x

£ff t rm_sojxkﬁ

“m .. Figure B-21: <regex.h>

&
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typedef struct {
unsigned char
unsigned char 3

; es 1dant1f1ed in regexp.h must
an appllqggnon These routines must
it is recommended that

appllcatlonﬁ hﬁé Eﬁﬁ”ragqﬁgéﬁterface */f

(ﬂ:»ﬂ wrem s Y
char *loci, iioc2 }%@ts,

,:?
char *complle(reg;f? r char *1nstr1n%wff%§ister char *ep,\

const char *e £, int se;é%ﬁgg
frlng, cong ar *
..?
o

step{const char %
advance (const cha

typedef struct entry ( chg?_ﬂ?”

typedef enum ( FIND, ENTER )\ac'rm A
%’“‘f '

typedef enum [ preorder, postor ; endorde;#kieaf } VIsI _qi':

Figure B-23: <search.h>

typedef double jmp_buf[25];
typedef double sigimp_buf[25];

Figure B-24: <setjmp.h>
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#define DL_HDR_VERSION_ID 895060912
#define SHLIB_UNW_VERS_ID 89081712

#define DLT_ENTRY int

dl_header {
hdr_version;
ltptr_value;
shlib_list_loc;
shlib_list_count;
import_list_loc;
import_list_count;
hash_table_loc;
hash_table_size;
export_list_loc;
export_list count;
string_table_leg;
int string_table_ sl'”
int dreloc_loc; N
int dreloc_count; %ﬁ.";mw
int

struct
int
int
int
int
int
int
int
int
int
int
int

o ko
SSRErErext_lodgs
1nt moduwf % ? §

dlt_loc; H%~ -ffzf:‘

PRO ABI for PA-RISC Systems
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#define ELAB_DEFINED Ox1
#define INITLDEFI%FD 0x2
#define i Ox4
#define 0x8
#define 0x10
struct
B
sablefy -

serveddty”

?H
WL
L]

.rr

o

struct export_eq%
int next;
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;

Figure B-25: <shl.h>
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struct shlib_list_entry (
int shlib_name;
unsigned char dash_1l reference;
unsigned char bind;
short highwater_mark;

Y

struct PLT entry
int proc_addr;
int ltptr_value;
Yi

struct dreloc_record f
int shlib;
int symbol;
int location:
int value; G
unsigned char typefﬁ.m“=
char reserved; :
short module_index;

" - ;
% dhynamic Relgication Types */
- i

&

#define
#define
#define
#define
#define” DR}
#define DR_INNGR]
#define DR_TEXT. I
M'M-..__

| W W
imports;\_ & b
2 import_coutss ‘E?’
*Bar flags; H{ ‘
ba reservedl ; ﬁ'i
% iule_dependencies;

Figure B-25: <shlL.h>
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#define ELAB_REF 0x1
struct dld_parms EL.
long version i
long text_ aﬁ

/* version num of dld_parms */

/* text address of dld */

text end of d1d4 */

start of data in program file */
environment pointer */

int maglc,

i*ﬁm sh

i
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typedef unsigned int sig_atomic_t;

typedef struct (
long sigset[8];
} sigset_t;

#define sv_onstack

struct sigaction {
void (*sa_handler) ();
sigset_t sa_mask;
int sa_flags;

};

struct sigstack (
char *ss_sp;
int ss_onstack;

i

struct sigvec {

void (*sv_handler){};
int sv_mask;

int sv_flagsg....
}" ..I‘

#define
¥define
#define
#defi e !

SIGFPE 3 '8

.. SIGKILL \\ k. 9
“SIGBUS -§ 10
#define & 11
#define ‘féé 12
#define e S 13
#define oo o 14

Figure B-26: <signal.h>
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#define
#define
#define
#define
#define
#define
#define

#deflne
#define
#define
#define
#define

#define
#define
#define
#define

#define
#define
#define

#define
#define
#define

#define
#define

#define
#define

#define &

SIGTERM
SIGUSR1
SIGUSR2 :
SIGCHLD .

SIGCLD<

SIG_ERR 7
SIG_DFL
SIG_IGN

SIG_HOLD

SA_ONSTACK
SA_RESETHAND
SA_NOCLDSTOP

SIG_BLOCK
SIG_UNBLOCK
SIG_SETMASK

KILL_ALL_OTHERS ((pid_t) Ox7fff)

SV_ONSTACK
SV_BSDsSIG
SV_RESETHEAND

15
16
17
18
SIGCHLD
19

002”%&

SA_ONSTACK
0x00000002 %}
SA_RESETHAND -,

B-26 Data Structures and Constants

Figure B-26: <signal.h>
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struct fp_dbl_block (
double ss_fp0; /* Must be double word
double ss_£fpl; 3
double ss_fp2;
double ss_fp3;
double ss_fp4;
double ss_fp5;
double ss_fpé6;
double ss_f£p7;
double ss_fp8;
double ss_f£fp5;
double ss_fpl0;
double ss_fpll;
double ss_fpl2;
double ss_£fpl3;
double ss_£fpl4;
double ss_f£fpl5;
double ss_fplé6;
double ss_£fpl7;
double ss_fpl§;
double ss_£fplY;
double ss_f£fp20;
double ssg Ak
double ssgfipsi;

ligned */
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struct fp_int_block {
int ss_fpstat; % /* Must be double word aligned */
int ss fpexceptl‘h
int ss fpexcepgg%p“g

"~ fpexcept?;

T _fpd4_hi;

ss_fpd_lo;
ss_fp5_ h;ﬁ W

ss_fp8ilo;
ss_fp9_hi;
ss_fp9_lo; @3
ss_fplo_hi?fg
ss_fpl0_lo;

ss_fpll_hi;
ss_f£fpll_lo;
ss_fpl2_hi;
gs_fpl2_lo;
int ss_fpl3_hi;
int ss_f£fpl3_lo;
int ss_fpld_hi;
int ss_fpld_lo;
int ss_fpl5_hi;
int ss_£pl5_lo;
int ss_fplé_hi;
int ss_fplé_lo;
int ss_f£pl7_hi;
int ss_£fpl7_lo;
int ss_fpl8_hi;
int ss_fpl8_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

save_stat&;?

ss_fpl9_hi;
sg_fpl9_lo;
ss_£fp20_hi;
ss_f£fp20_lo;
ss_fp2l1_hi;
ss_fp2l_lo;
ss_fp22_hi;
ss_fp22_lo;
as_£p23_hi;
ss_fp23_lo;
ss_fp24_hi;
ss_fp24_lo;
ss_£fp25_hi;
ss_fp25_1lo;
ss_fp26_hi;
ss_fp26_lo;
ss_fp27_hi;
ss_fp27_lo;
ss_fp28_hi;
as_fp28_lo;
ss_fp29_hi;
ss_£fp2%_lo;
ss_£p30_hds..
ss_fp@ﬁﬁﬁgﬁj“
A%1_hi;

8; €=

“ﬁﬁfSave State Flags */
/* General Registers */

¥ int ss_rp;-

;'hiint ss_gr3; H&m b
TG }« pt  ss_grd; T

Figure B-26: <signal.h>
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int ss_grill;
int ss_grl2; 2
int ss_grl3;

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

int ss_grl4; W‘L”‘

ss_pcsq_ﬁ@%%

ss_pcog_ta
ss_pcsg_tail
sa_crl5;
ss_crly;
ss_cr20;
ss_cr2l;
sa_cri2;
as_cpustate;
ssa_sard;
sa_srl;
ss_srl;
sg_gr2;
ss_sr3;
ss_srS5;
as_sré;
ss_sr7;
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unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

ss_cr(;
ss_cr8;
ss_cr9;
ss_crlo;
ss_crl2;
ss_crl3;
ss_cr2d;

unsigned ss_cr25; A
unsigned ss_cr26; v
unsigned ss_mpsfu_high; ey,
unsigned ss_mpsfu_low;

unsigned ss_mpsfu_ovflo;

int ss_pad;

union {
struct fp_dbl_block fpdbl;
struct fp_int_blegk fpint;
Jas_£fpblock; g

unsigned ss_crlé;
unsigned ss_cr23;

);

#tdefine
#define :
#define #

Data Structures and Constants B-31
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struct frame_marker (
int fm_edp;
int fm_esrd;

int y
int
int
int
int uﬁiﬁ
ing _ﬁhiPSP;
AN
i g
b ] £ ¥
stEct siglocal
int & s

int sl_mask;

int =1_rval2; £
int sl _arg(4]l;
struct save_sté’i'gg sl_ss; %

] 3 ?%‘-w = ; o

struct sigcontext { &
struct siglocal sc_sl;
int sc_args[4];

)i

#define SIG_RETURN
#define SIG_RESTART
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#define __WORD_MASK O0xFFFFFFFC

#define _ DW_MASK OxFFFFFFF8

typedef double *va_list;

#define va_start(_ list,_ parmN}
__builtin_wva_start (__ list,

#define va_arg(__list,__mode)
(sizeof(__mode) > 8 7 ;
((__list = (va_list) ({(char 4§ _
(*{{__mode *) (*{(int *)
((__list = %{
(va_list) ({(long) {{char *)_’

& (sizeof(__mode} > 4 7 __DW_Ma:
(*({(__mode *) ((char *)__list + :
{((8 - 51zeof{ﬁ,_mod6)) % 4)))))}

#tdefine va_end(___ 115t)
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#define
#define

int

#define
#define

fidefine
#define

#define
#define
#define

#define
#define

#define
#define
#define

extern
extern
extern
typedef

f#define
#define
#define

typedef struct {

_NFILE
BUFSIZ

#define“m_

SEEK_SE® .
SEEK_CUR %
SEEK_END
P_tmpdir
L_tmpnam

TMP_MAX

FILENAME_MAX

FOPEN_MAX

FILE

int

int

long int
stdin

stdout
stderr

60
1024

__iob?%;
fpos_t;

(e__iob[0])
(&__iob[1])
(&__iob[2])

flsbuf (unsigned char;ﬁg g
filbuf (FILE *); AT

Figure B-29: <stdio.h>
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typedef unsigned int size_t;
typedef double *va_list;

\D

#define L_ctermid
#define L_cuserid . 9

##define clearerr(__p)
((void) ((_p)->__flag &= -

#define feof{_ p)

#define ferror(__p)

#define putc(__c, __p)
(int) (*{(__p) R
__flsbhuf({unsigned cha¥r

#define getc{__p) {(--
(int) *(_p)->_ ptr++ :

extern char *optarg;
extern int opterr;
extern int optind;
extern int optopt;
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#define 0
#define 1
#define 0

#define M,gﬁgﬁlﬁhx

extern J.n’f, }‘L;’}ll_char_
R # 3

o

v
#desfie RAND_MAX

typedeff ghract ( o 7
int quot; @ e, &

int rem;

&
A

typedef strugt { 4
long int quotj
long int ren%f b

¥ 1div_k;

e
L
el

4
@@ﬁ%'u
#define WIFEXITED (%}
#define WIFSTOPPED(_ %)
#define WIFSIGNALED (_X)
((((int) (_X)&0377) =G}
g#¢define WEXITSTATUS (_X) {
#define WTERMSIG(_X)

#define WSTOPSIG(_X) ’%( { (gt 'ﬁ e

Figure B-30; %%diib.b

) £) (_X)&0377 )0
{5:! f‘,f

f#idefine NULL 0
typedef unsigned int size_t;
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struct corehead {

int type;
space_t space;
caddr_t addr;
size t len;

b

struct proc_exec {
struct{
int u_magic;

};:
gm

struct proc

#define CORE_NONE 0x00000000 /* reserved for future use */
#define CORE_FORMAT 0x00000001 /* core version */

#define CORE_KERNEL 0x00000002 /* kernel vefsion */

#define CORE_PROC 0x00000004 "s"“:i:éi’!;;grormation */
#define CORE_TEXT 0x00000008 for future use */
#define CORE_DATA 0x00000010

#define CORE_STACK 0x00000020

#define CORE_SHM 0x00000040

#define CORE_MMF 0x00000080

#define CORE_EXEC 0x00000100 .
#define CORE_FORMAT_VERSION l.- o , L. N

)} exdat Lo
char qﬁ%%iS],“ﬂ %%

PRO ABI for PA-RISC Systems
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#define IOCSIZE_MASK
#define IOCPARM ] MASK
#define IOC_ VOID
#define

#define

#define

em’fb (x,¥)
¢ _JOR(x,y.t)d
(I0C_oUuT|

#define
#define
#define
#define
#define
#define
#define

FIOGETOW&

FIOSNB

fidefine
#define
#define

SIOCATMARK‘K
SIOCSPGRP
SIOCGPGRP

‘%

#define
#define
#define
#define
#define
#define
#define
#define

SIOCGIFADDR
SIOCGIFDSTADDR
SIOCGIFFLAGS
SICCGIFBRDADDR
SIOCGIFCONF
SIOCGIFNETMASK
STOCGIFMETRIC
SIOCSIFMETRIC

ey

\
108 ,@RM MASK) <<16) | ( (x)<<8) |y)
\
'6f(t)&IQ£§?}..RM MASK) <<16) | { (x)<<8) |y)
JEOR(“£7, 127, int)
“_IOW(‘£’, 126, int)
_TOW(’'£', 125, int)

FIOGNBI ‘{ ’ﬁfr‘

Ox1£££0000
(IOCSIZE MASK>>16)
0x20000000
0x40000000
0x80000000
(IOC_IN|ICC_OUT})

{IOC_VOID| { (x)<<8} ly)
Y

_Iow(*f’,

fatruct
struct
gtruct
struct .«

(ri*,21,
_IOWR(’i’, 23,
_IOW(’i’, 24,

Figure B-33: <sys/i0ctl.h:%%_?
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struct ip
uid_t
gid_t
uid_t
gid_£
mode_t
unsign
key_t
unsign
unsign

¥;

t#idefine
#define
#define
#define
#define
#define
#define

c_perm (
uid;
gid;
cuid;
cgid;
mode;
ed short seq;
key;
ed short __ndx;
ed short __ wait;

IPC_CREAT
IPC_EXCL
IPC_NOWAIT
IPC_PRIVATE
IPC_RMID
IPC_SET
IPC_STAT

PRO ABI for PA-RISC Systems
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#define PROT_NONE 0x0
#define PROT_READ ., 0x1
#define PROT _WRITE *. 0x2
#define PROT_EXEER = 0x4
#define

#define

#define }

#deé&ﬁﬁjr

"" i """', : 3 - wz_‘
ﬁde% ) NOBMAL o~
#def iné. MADV- R L
#define
#define

#define
#define

#define MS_SYNC
#define MS_ASYNC

#define MS mvad"@r

#define MSEM umocxg*
#define MSEM_LOCKED

#define MSEM_IF NOWAIT
#define MSEM_IF_WAITERS

/* msemaphore must be 16 bﬁ%e

typedef void *msemaphore;
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#define MSG_NOERROR 010000

typedef unsigned short int msggnum_t;
typedef unsigned short int msglen ©;

struct msqgid_ds (
struct ipc_perm msg_perm;
struct _ _msg *msg_first;
struct __msg *msg last;
msggnum_t msdg_gnum;
msglen_t msg_gbytes;
pid_t msg_lspid;
pid_t msg_lrpid;
time_t msg_stime;
time_t msg_rtime;
time_t msg_ctime;
msglen_t msag_cbytes;
char msg_pad(22];
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#define PT_SETTRC

#define PT_RIUSER,
#define PT RDUSER: .
#define PT_RUAREA

/* 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 */

/2 Exic */

/¥"Single Step */

2 gﬁad User Registers */
e User Registers */
-%ch To Process */
{ljh From Attached Process */
User I Space */

~fﬁ* Write User I Space */
/* Write User D Space */

#define
#define
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#define SEM_UNDO 010000

#define GETNCNT
#define GETPID
#define GETVAL
#define GETALL
#define GETZCNT

W oo~ dnun e W

#define SETVAL W

#define SETALL \”Eu

struct _ sem { V.4 Oy“;hk”,
unsigned short int semval;: ; E "mﬁf

unsigned short int sempigs,
unsigned short int semnent;
unsigned short int semzcnt;

)i
struct semid_ds ( b

struct ipc_perm sem_pgE
struct _ sem *sem_bas
time_t sem_otime;
time_t sem_ctime;
unsigned shy

%\;\
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#define SHMLBA 4096
#define SHM_RDONLY 010000
#define 020000

Bdﬁ%iint shmatt_t;

typedef

¥:

#idefine

#define SHM_UNL
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struct stat
dev_t st_dev;
ino_t st_ino;
mode_t st_mode;
nlink_t st_nlink;
unsigned short st_reservedl;
unsigned short st_reserved2;

dev_t st_rdev;

off_¢t st_size;

time_t st_atime;

int st_sparel;

time_t st_mtime; e
int st_spare2; 4
time_t st_ctime; )
int st_spare3;

long st_blksize;

long st_blocksq.,,

unsigned int st_padigifs..
unsigned int st_acl:%j 5
unsigned int st_remot
dev_t st_netdev;
ino_t st_netino; . 9
unsigned lé;ust_reserveaﬁgm:"
szl BL_reservedd; |

o 0170000
“ﬁ 0100000
0060000

: 3 0020000
EDIR..< 0040000

v

ool
V Figure B-40: <sys/stat.h>

#define S_1I

PRO ABI for PA-RISC Systems Data Structures and Constants B-45



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

#define S_IFIFO 0010000
#define S_IFLNK 5 0120000

S_IFMT)==5_IFDIR}
S_IFMT)==S_IFCHR)

#define 5_1ISDI &
&
& S_IFMT)==S_IFBLK)
&
&
&

#define 5_IS¢
#define S_F

S_IFMT)==S_IFREG)
S_IFMT)==S_IFIFO}
S_IFMT)==S_IFLNK}

£ ISFIFO(_ M),
S_ISLNK(_M) :

{
{
(
(
(
(

hikkixk

S_ENFMT

ﬁ’_M & S_IFMT)==S_IFNWK)

#define Bt
e ((_M & S_IFMT)==S_IFSOCK)

#define

#define s_35eID £ 0002000 g’
$#define S_ISUID / b

#define S_IRWXd%;f -
#define S_IRUSR ¥, .o
#define S_IWUSR . .
#define S_IXUSR “

#define S_IRWXG
#define S_IRGRP
#define S_IWGRP
#define S_IXGRP

o‘b"-‘é;;fi 007

#define S_IRWXO

#define S_IROTH 0005004
#define S_IWOTH 0000002
#define S_IXOTH 0000001

Figure B-40: <sys/stat.h>,
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#idefine DELIVERY_SIGNALS 1
#define TIMEOFDAY 1

typedef long timer_t;

struct timespec (
unsigned long tv_sec;
long tv_nsec;

)5

P )
struct itimerspec [ W‘N -
. . .

struct timespec 1 7a ks k. S

struct timespec it_value;;.. . o
3 R &

Figure 7-41: <sys/timét
b
i
struct tms { g . .
£ i

clock_t tms_utime;
clock_t tms_stime;
clock_t tms_cutime;
clock_t tmg cstime;
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typedef long dev_t;

typedef unsigned long ino_t;
typedef unsigned short mode_t;
typedef short g nlink_t;

typedef long & = off by

typedef lopd pid_t;

o i gid_t;

uid t;

typedef ub1t16;
typedef ubit32; ?f'
typedef shits L

typedef short p
typedef long “‘é
#define UID_NO_CHANEE"

¢define GID_NO_CHANGE
typedef long

#define howmany(x,y)

“%

typedef struct fd_set ( %f;“";

fd_mask fds_bits[howmany (204%, (s;zeof(ﬁ{msk) * e)) b,

} fd_set; : B;},

#define FD_SET(n,p) y

((p)->fds_bits{(n)/(sizeocf (fd_mask) * 8)]
(1 << {({(n) & (sizeof(fd_mask) *Q%

#define FD_ZERO(p) ;
memset ( {char *)(p), (char) 0, sizeol{*(p}))

Figure B-43: <sys/types.h>
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#define FD_CLR(n,p) \
((p)->fds_bits{(n)/(sizeof (fd_mask) * 8)] &= \
~(1 << ((n) % (sizeof(fd_mask) * 8

#define FD_ISSET(n,p)
{(p)->fds_bits[(n)/(sizeof (fd_mask) *
(1 << ((n) % (sizeof(fd_mask) #{

struct utsname {

char
char
char
char
char

sysname[9]
nodename [9] ;
release(9];
version{9];
machine(9];

char __idnumber[13];

%
4"‘:‘ ia
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typedef long fsid_t[2];

struct statfs {

long
long
long
long

site_ t f_crnog#
short E_Qgﬁiw

#define MAXEIDSZ

#define WNOHANG 5@ ﬁw

#define WUNTRACED \‘ﬁ

#define WIFEXITED(_X)

#define WIFSTOPPED(_X) %

#define WIFSIGNALED({_X) \\'ﬁ:
(({(int) (_X)&0377)

#define WEXITSTATUS (_X)

#define WTERMSIG(_X)

#define WSTOPSIG(_X)
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#define NCCS 32

typedef unsigned int tcflag t;
typedef unsigned char cc_t;

#tdefine

#define

#define

NLDY 3

typedef unsigned int speed_t;

struct termios { : !
tcflag t c_iflag; i A N
tcflag_t c_oflag; y % e hhu
teflag t c_cflag; . ' ‘ﬁ\ B
teflag t c_lflag; - mw\ B
tecflag_t c_reserved; i 4 “u\‘““_f
cc_t c_cc[NCCs); . ; T, ﬂ,;f

i G ik &

#idefine IGNBRK 0000001

#define BRKINT

#define IGNPAR

#define PARMRK

#define INPCK

#define ISTRIP b

#define INLCR

#define &

#define il 0000400

#define JI T 0001000

#define /13 . 0002000

#defind” / 0004000

#define i

0000040
0000100
0000200
0000400

PRO ABI for PA-RISC Systems

Figure B-47: <termios.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
#define
#define
#define
#define
#define
#define

#define
#define

#define -

CRDLY
CRO

#define 4R3-

FFOLY
FFO
FF1
XTABS

EXTA
EXTB
CLOCAL
CREAD
CSIZE
CsS
Ccsé
cs?
cs8
CSTOPB
HUPCL
PARENB
PARODD
LOBLK

IsIG
ICANON

0
0000400
0003000
0
. 0001000
- 0002000
i 10003000
7 0014000

£ 5
£ ‘

£ 0040000

0100000
0

0000140
0000200 ‘¢
0004000
0001000
0002000
0020000

0000001
0000002

Figure B-47: <termios.h>
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#define

#define
#define
#define
#idefine
#define
#define
#define
#define
#define
#define

#define
#define

#define
#define
#define
#define
#define
#define
#define

#define
#deflne

#define
#define

#deflne k

XCASE 0000004

ECHO 0000010

ECHOE 0000020

ECHOK 0000040
ECHONL 0000100 y
NOFLSH 0000200 P
ECHOCTL 0000400 K |
ECHOPRT 0001000 & vy
ECHOKE 0002000 e
FLUSHO 0004000

PENDIN 00100085

TOSTOP 0020000 4
IEXTEN 0040000 o n AV
VINTR

VQUIT

VERASE

VKILL

VEOF

VEOL

T i 0000037
i 0

0000001
0000002

B110" 0000003

PRO ABI for PA-RISC Systems

Figure B-47: <termios.h>
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gdefine 0000004
#define " 0000005
#define ;E%_ 0000006
#define L . 0000007
¢define © 7 L. 0000010
#define % . 0000011

10000012
‘0000013

#define -k

tine. BOSOG
#def Tha_ BIES200 > .
#define B38B400 .~ -
#define G ;
#define
#define
#define

0000025
0000026

#define
#define
#define
#define TCIFLUSH
#define TCOFLUSH
#define TCIOFLUSH
#define TCOOFF
#define TCOON
#define TCIOFF
#define TCION
#define SSPEED

~NwWwiNEHEONMNRE O

struct winsize (
unsigned short ws_row;
unsigned short ws_col;
unsigned short ws_xpixel;
unsigned short ws_ypixel;
)i :
#define TIOCGWINSZ _IOR(‘t’, 107%jstruct winsize)
#define TIOCSWINSZ _TowWw{‘t’', 106, *struct winsize)

Figure B-47: <termios.h>

B-54 Data Structures and Constants PRO ABI for PA-RISC Systems



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

#idefine NULL Q

#define CLOCKS_PER_SEC 1000000
typedef unsigned long clock_t;
typedef long time_t;

typedef unsigned int

extern long
extern int
extern char

struct tm (

int tm_sec;

int tm_min;

int tm_hour;

int tm _mday;

int tm_mon; i
int tm_year;

int tm_wday;

int tm_yday;

int tm_isdst;

}i F
,ﬁd‘ﬂmb‘ “‘*P

struct tlmeé 1m£
1ong v;aec'
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#define UL_GETFSIZE 1
#define UL_SETFSIZE 2
#define UL_GETMA¥BRK 3

#define
#define
#define L

. ‘% J_,?
#define R_OK ey
#define W_OK £ ¢ T
#define X OK % ¢ o :
#define F_OK % o8 n 0 4 %
#define SEEK_SET
#define SEEK_CUR £ ¥
#define SEEK_END i

£ 3

#define STDIN_FILENO O 0 4
#define STDOUT_FILENO % 140
fdefine STDERR_FILENO Q‘x"‘ﬁy”
#define _SC_ARG MAX "«é
#define _SC_CHILD_MAX 1
#define _SC_CLK_TCK 2
#define _SC_NGROUPS_MAX 3
#define _SC_OPEN_MAX 4
#define _SC_JOB_CONTROL 5

Figure B-50: <unistd.h> h%
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#define _SC_SAVED_IDS

#define _SC_PASS_MAX

#define _SC_STREAM_ MAX

#define _SC_TZNAME MAX

#define _SC_1_VERSION

#define _SC_VERSION

#define _SC_BC_BASE_ MAX

#define _SC_BC_SCALE_MAX

#define _SC_EXPR_NEST_MAX
#define _SC_LINE_MAX

#define _SC_RE DUP_MAX

#define _SC_2_VERSION y
#define _SC_2_C_BIND @g
#define _SC_2_C_DEV

#define _SC_2_FORT_DEV

#define _SC_2_SW DEV

#define _SC_2_ C_VERSION

#define _SC_2_CHAR_TERM *-
#define _SC_2_FORT_| RUN %

#define _SC_2 LOCALEDEF qﬁ
#define _SC_2_UPE _
#idefine _SC_BC_STRING_MAX ~ ’\
#define _ WEIGHTS_MAX {a ‘22
#define

#define

#défine/f

#defing"’

#define

#define 0
#define 1

PRO ABI for PA-RISC Systems

" Figure B-50: <unistd.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
#define
#define
#define

#define
#define

_PC_MAX_INPUT
_PC_NAME_MAX

_PC_PAT
_PC_PIPE

[ e SRS B T I - P 8

_CS_PATH

F_ULOCK

F_LOCK

F_TLOCK

F_TEST

GF_PATH */etc/group

PF_PATH */etc/passwd”

IN_PATH */usr/include” ;
CS_PATH */usr/bin: /usr/ces/bin:*
SEC_CLASS NONE 0

SEC_CLASS C2 1

Figure B-50: <unistd.h>
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#define SEC_CLASS_B1 2
#define IO_TYPE WSIC 01
#define IO_TYPE_SIO 02

#define CPU_PA_RISCI1_0
#define CPU_PA_RISCI1_1
#define CPU_PA_RISC2_0
#define CPU_PA_RISC_MAX

. \

#define CPU_IS_PA_RISC({__x)

extern char
extern int
extern int
extern int

optopt; ™ fx\m

#define NULL
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typedef double *va_list;
int wva_alist; i

#define va_sta {((__list)=(char *)&va_alist+4)

\

__1list - sizeof (int))).\
__1list}) )}y =\

\
list - sizeof (__mode))\

: OXFFFFFFFC))) ., \
\
#¢define Va_end,(;.?;}-is}zi T v
. L £,

#define Ggﬁﬁ%l

typedef un51gned%§;t
typedef unsigned 1n
typedef unsigned lnt

#define WEOF
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typedef struct {
size_t we_wordc;
char **we_wordv;
size_t we_offs;
} wordexp_t;

#define WRDE_APPEND 0x01
#define WRDE_DOOFFS 0x02 4.
#define WRDE_NOCMD 7
#define WRDE_REUSE

#define WRDE_SHOWERR
#define WRDE_UNDEF

#define WRDE_BADCHAR
#define WRDE_BADVAL
#define WRDE_CMDSUB
#define WRDE_NOSPACE
#define WRDE_SYNTAX L
#define WRDE_INTERNAL*’%?“ e,
#define WRDE_NOSYS ko
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v

Index VN

o

Symbols argxi‘gment fcg!mrs

__argc_value 6-5
__argv_value 6-5
__data_start 6-5, 6-11
__dld_loc 6-11
__dld_sp 6-8, 6-11
__map_dld 6-4, 6-8, 6-9, 6-11
__SYSTEM_ID 6-10
_text_start 6-5, 6-8, 6-11 Q{
$global$65 6-8, 6-9, 10-31 "
$SHLIB_PATH 5-35, 6-15, 8-9 ..
$STARTS 6-4, 6-5, 6-8
/dev/console 8-3
/dev/mull 8-3 e
fdev/ptym/clone S5 ™.
[dev/tty 8-3 7 ’

A '\'\-. i.?h“

access_control_ blth A%

BIND_NOSTART 5-44, 6-19

BIND_RESTRICTED 5-44

. BSS312, 63
. ~w“$xp order 3-7

./ ¢898-81t089

#  called code 4-22

called stub, see stubzexport stub
calling code 4-20 to 4-22

calling stub,see stub:import stubs
character set 3-7

arg0, argl, arg2, arg3; gae:rcgster checksum 5-15
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clone device 9-3 DR_PLABEL_EXT 5-38
close 3-22 DR_PLABEL_INT 5-38
compilation_unit 10-17 % DR_PROPAGATE 5-38, 5-39
compilation unit djctiq.__ DR_TEXT_INT 5-38
10-17 to 10- 19 2 .Y dynamic calls 4-26 to 4-27
" dynamic libraries 4-19, 5-29 to 5-53
binding 5-41, 5-43, 6-17
DL header 5-29 to 5-36
export entry extensions 5-50 to 5-51
export list 5-47 to 5-49
export stubs 4-22
identifying 5-38, 5-46
import list 5-45 to 5-46
import stubs 4-22
initializers 6-19 to 6-20
layout 5-30
brary ligt5-42, 6-16
: 'archmg 6-15

parameter types 4- 14
types 3-8

8

dirent B-2 ;

direnth B-2 b

distribution formats k.
data 2-3 "éé
media 2-2

dL.h B-2

did.sl 5-41, 6-4, 6-11, 6-15 to 6-18

_dld_sp 6-10

dl_header 5-30, 5-31, 6-4

DLT 4-25, 5-40, 5-45

DR_DATA_EXT 5-38 _PATH,

DR_DATA_INT 5-38 _end 6-5, 6-11 %

dreloc_record 5-37 _environ 6-5
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ermo 3-21 frame marker 4-5
ermo.h B-4 frame_marker B-32
_etext 6-5, 6-11 ftw.h B-9

exception interface 3-16 to 3-18
exec auxiliary header 5-2, 5-18t05-21 G
EXEC_MAGIC 3-13, 3-15, 5-9, 5-20,
8-8
_exit 3-22, 6-4
export_entry 5-47
export_entry_ext 5-50
external calls 4-19 to 4-22

F

farg0, fargl, farg2, farg3; see register:-
argument registers 4-13 Q;_ :
fentlh B-6 . hash _string 5 49
file system layout 2-4 to 2-6, 8- 3 t%g“i
fixup request array 5-3, 5-6 % s,
fixups 5-6, 5-37, 10-29 t0 10-39
CODE PLABEL 4 26

fixup secondarg‘p?c
FSEL4-25

por’t entry 5-45
mcompletc executables 1-4, 5-3, 5-29,
5-38, 5-46, 6-2
INIT_DEFINED 5-35, 5-36
initialization data areas 5-6
initialization pointer array 5-3, 5-26 to
5-28
initialization pointers 5-6

ﬂoatmg point Stags:

terFR 0 . o init_pointer_record 5-26
fnmatc;h.h B-8 N 4 instruction set
floating-point instructions 3-2, 3-4,

PRO ABI for PA-RISC Systems Index C-3



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

3-18
processor instructions 3-2, 3-3
quad precision 3-4, 7:B.t0 7-14
interruptions 3-16, 3- 1?4 ), 4-28
ipc.h B-39
ISO/IEC 646 1991 &tandard 3«'}"

libe7-2, 34 10 7-8
libcurses 7- 16 &

libdld.sl 782 7 :.r' B e

1ibM 7-2, 7- f.‘:'», _
standard librariés 7-2 g
types 7-2

limits.h B-13 %’

linkage table 4-19, 4-24, 540, 6 .

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

Iseek 3-22

LST header 10-45 to 1049
1st_header 10-45

LST symbol record 10-53 to 10-58
Ist_symbol_record 10-53

LTP; external DP 4-4, 4-5, 4-20, 4-22

C-4 Index

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
misc_info 5-47

- mman.h B-40
- jmmap 3-22

“niodule _entry 5-52
ctary h B-17

v

4,4-25, 5-40, 10-31
to 4-27, 10-22
PLT 4-26, 5-40 to 5-41, 5-45
PLT _entry 5-40

PIC 4-19, 423
plabels 4-15,
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poll.h B-17 CR11 3-5,4-10
position independant code, see PIC CR16 3-5
posix shell 8-7 CR26 3-5 .
see sh 8-6 CR27 3-5§7° ?
primitive data types 3-8 floatingipoint registers 3-6, 4-9

privilege level 3-16
PRO ABI 1-1, 1-4, 1-5
PRO API 14, 3-19
procedure labels, see plabels
procedure linkage table, see PLT
process initialization 6-6 ,
processor instructions 3-2, 3-3 P
processor status word 3-5
pseudo devices
clone device 8-3
master/slave pairing 9-3 A :
master devices 8-3
opening and closing 9-2
slave devices §-4

pwd.h B-18 Gi
y f;--._,,\ e .. partitioning 4-7 to 4-10

Q & & . PSW 4-10

quad precisig ;

quadrants 3-12, 35§43

B sarg 4-1 1

SP, see register, GR30

space registers 3-3, 3-5, 4-11
SR4 3-12

SRS 3-12

SR6 3-12

SR7 3-12, 3-21

sret 4-11

usage 4-10 to 4-13

usage at process initialization 6-7
usage with signals 3-19

N R
b m@
. .
- s
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return values 4-18 SIGILL 3-19, 3-20
routine references 4-15 signal handlers 3-19
RP; return pointer 4-4, 4 5,4 20, 4-22, SIGPWR 3-17

4—28 4-29 SIGSEGYV 3-17, 3-18

4-20,4-  software installation
data formats 2-3
file system layout 2-4
g 4 media formats 2-2
S &7 4 % SOMS5-1t05-6
o ~SOM Directory 10-59
# 4" “$bm_exec_auxhdr 5-18

EIM header 5-3, 5-4, 5-7 0 5-15
oft_key 10-3, 10-4, 10-7, 10-14

setjmp.h B—20 P ;
sh AV space dictionary 5-3, 5-5, 10-5 to 10-8
commands$ignd ;"ii‘fﬁ'cs &%;o”g_,?w space_dictionary_record 10-5

space reglster 3 5

shared libraries ¥y
shared memory 3-¥2, 3- lﬁ» ¥15 spaces 5
SHARE_MAGIC3-12, #13,3-14,59, 3D 5-40
5-20, 8-8 4 " SPRIVATE 6-9
shift amount register 3- 5% s ATES 10-3;10-4
shlL.h B-21 b AIEXTS 529,542
shlib_list_entry 5-42 b o pized-12
SHLIB_PATH 5-35 4 stdexport 6-4,
SHLIB_PATH_ENABLE 535 4,/ tack 45 _4{
SHLIB_PATH_FIRST 5-35 it
shlib_version_aux_hdr 10-2 '*%Eésﬁ__
shm.h B-44 "’ 3
sigcontext 3-18, 3-19 < _ growth 3- 1
siglocal 3-18 layout 4-3
signal.h 3-19, B-25 ll_)cahon 3-12
signals 3-16, 3-18, 3-19 size 3-12 &
codes 3-20 stack frame 442 43, 4-4,4-5
register usage 3-19 stack o's see register, GR30
SIGBUS 3-8, 3-17, 3-18 stack rela ixups 10-34 to 10-35
SIGFPE 3-17, 3-18, 3-19, 3-20 stack unwinding 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 $SHLIB_DATAS$ 10-4

standard files and directories 8-3 to 8-5 $SHLIB_INEOS$ 5-29, 10-4

_start 6-4, 6-5, 6-9 $SHORTE S$41§,o 4

start-up code 6-8 to 6-14 $SHORTDATAS 10-4

stat.h B-45 WIN --START$ 430, 6-8,

static link register (SL), see register
GR29 ongk

static variables 4-25 sw’xic fah es 4-24 R

ST_CODE 5-48 ..éj’mbol dictionary 5-3, 5- 6, 1@»20 to 10-

stdarg.h B-33 2 % '@(

ST_DATA 5-48, 5-51 b ictivfisry

stddef.h B-33

stdio.h B-34

stdlib,h B-36

ST_PLABEL 5-48

string.h B-36

string areas 5-3, 5-5, 5-25

ST_STORAGE 5-48

stubs
export stubs 4194 :
import stubg { pt:racc hB-42
parame __g_mlgcamn stubf%O -61 sysf’gcm h B-43
relocation sm% 44 i sys/shgy. h B-44
size 4- 23 w,sys/s;at h B-45

sys/nmes.h B-47
sys/types.h B-48
sys/utsname.h B-49
sys/varargs.h B-50
sys/wait.h B-50
system calls 3-21
4 _SYSTEM_ID 6-5
$GLOBALS 6»%, :19 4 system initialization scripts 8-10 to 8-
$LITS 10-4 E 13
$MILLICODES 1(:4
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T

termios.h B-51 %
text 3-12, 3-14, 3-15, 6-
The X Window Sysu:
time.h B-55

times.h B-47

unwind table e
unwind_table_e
user names 8-2
utime.h B-59
utsname.h B-49

\%

varargs.h B-50, B-60
variable arguments area 4-6
variable references 4-25
version_string_aux_hdr 5-24
version string auxiliary header 5-24
virtual address space 3-12, 3-14, 3-15

w

wait.h B-50
wchar.h B-60
wordexp.h B-61
write 3-22
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