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Tool Interface Standards

DWARF Debugging Information Format, Version 2.0

The DWARF Debugging Information Format Specification, Version 2.0, is the result of the work
of the Tool Interface Standards (TIS) Committee--an association of members of the
microcomputer industry formed to work toward standardization of the software interfaces visible
to development tools for 32-bit Intel Architecture operating environments.  Such interfaces
include object module formats, executable file formats, and debug record information and
formats.

The goal of the committee is to help streamline the software development process throughout the
microcomputer industry, currently concentrating on 32-bit operating environments.  To that end,
the committee has developed  specifications--some for file formats that are portable across
leading industry operating systems, and others describing formats for 32-bit Windows operating
systems. Originally distributed collectively as the TIS Portable Formats Specifications, Version
1.1, these specifications are now separated and distributed individually.

The DWARF Debugging Information Format Specification, Version 2.0, is  the latest deliverable
of the TIS Committee.  It is based on existing, proven formats in keeping with the TIS
Committee's goal to adopt, and when necessary, extend existing standards rather than invent new
ones.

TIS Committee members include representatives from Absoft Corporation, Autodesk
Corporation, Borland International Corporation, IBM Corporation, Intel Corporation, Lahey
Corporation, Lotus Corporation, MetaWare Corporation, Microtec Research, Microsoft
Corporation, Novell Corporation, The Santa Cruz Operation, and WATCOM International
Corporation.  PharLap Software Incorporated and Symantec Corporation also participated in the
specification definition efforts.

DWARF Debugging Information Format Specification

This document describes the DWARF specification, a portable debugging information format.
The TIS Committee formed a debug subcommittee to evaluate the widely available formats with
the objective of adopting one as the TIS standard.  After studying many different formats, the
TIS Committee approved DWARF Version 1.0 as the most flexible format for handling the
present and future computer language debugging needs.  The major advantages of DWARF are:

• it can be easily adopted across numerous 32-bit Intel Architecture environments

• it has been designed from the beginning to be easily extensible

• there is a standardization committee (PLSIG) working on extending it.  TIS members can use
this committee to extend the format as needed.

• it is a publicly available specification with no licensing requirements.  The full report from
the debug subcommittee is available from the TIS archives.

There are two versions of DWARF currently available, Version 1.0 and an industry review
Version 2.0.  Version 1.0 is fully compatible with sdb, an existing debugger from USL, and
covers C and Fortran completely.  There are also some basic extensions for 64-bit architectures.



UNIX International has published this version of DWARF.  This document was originally
designed by USL (UNIX System Laboratories) and turned over to the PLSIG (Programming
Languages Special Interest Group) of UNIX International in an effort to extend and standardize
the format.

This current version, DWARF Version 2.0, adds significant new functionality, but its main thrust
is to achieve a much denser encoding of the DWARF information.  Because of the new
encoding, DWARF Version 2.0 is not binary compatible with DWARF Version 1.0.

Version 2.0 expands DWARF functionality by addressing the needs of more languages and
reducing the size of the DWARF information in the object file.  The TIS Committee supports the
efforts of the PLSIG by actively reviewing the emerging DWARF Version 2.0 specification.  To
this end, the following changes are worth noting:

• DASI:  Dwarf Augmented Statement Information.  This is an enhanced line number
information table, and the on-disk version of this is a compressed version.  This was
proposed by Borland International, which claims a large reduction in the size of DWARF
information with DASI.  Some experiments have shown a reduction of more than 20% in the
DASI.

• Abbreviations:  This is a means of pre-defining the TAG-attribute combination in the
compilation unit in a table.  In some experiments, this has cut the size of DWARF in half.

Industry review Version 2.0 provides a feature for expressing MACRO information.  It also
provides a new and improved location description method, which is an extremely powerful
means for describing variable locations and expressing compiler optimizations.  More extensive
support for C++ has also been added, and at this point, the PLSIG believes that this document
sufficiently supports the debugging needs of C, C++, FORTRAN 77, Fortran90, Modula2 and
Pascal.

The industry review draft of  the DWARF Version 2.0 specification is presented here.  The final
Version 2.0 specification may include some minor changes and will be available in 1994.
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1. IN TR O D U C TI O N

T h is d ocu m e n t d efin e s t h e f or m a t f o r t h e in f or m a t ion ge n e r a t e d b y c om pile r s, a ssem b le r s
a n d lin k a ge e d it or s t h a t is n e c essa r y f or sym b oli c, so u r c e - lev el d e b u gg in g. T h e d e b u gg in g
in f or m a t ion f or m a t d oes n ot f a v o r t h e d e sign of a n y c omp iler or d e b u gg er . I n st e a d , t h e
goa l is t o c r ea t e a m e t h od of c omm u n ic a t in g a n a cc u r a t e p ic t u r e of t h e so u r c e p r ogr a m to
a n y d eb u gge r in a f or m t h a t is e con omic a lly e xt en sib le t o d iffer e n t la n gu a ge s w h ile
r e t a in in g b a c k wa r d c omp a t ib ilit y.

T h e d esign o f t h e d e b u ggin g in f or m a t ion f or m a t is open - e n d e d , a llo w ing f or t h e a d d it ion o f
n e w d eb u ggin g in f or m a t ion t o a c c o m m oda t e n ew la n gu a ge s or d eb u gge r c a pa b ilit ies while
r e m a in in g com p a t ib le w it h ot h e r la n gu a ge s or d iffer e n t d e b u gge r s.

1. 1 P u r p ose an d S c op e

T h e d eb u ggin g in f or m a t ion f o r m a t d e scr ib e d in t h is d ocu m e n t is d e sign e d t o m e e t t h e
sym b o lic, so u r c e - le v el d e b u ggin g n e e d s o f d iffer e n t la n gu a ge s in a u n ified f a sh ion b y
r e q u ir in g la n gu a ge in d ep e n d en t d e b u gg in g in f o r m a t ion whe n e v er p os sible . I n d iv id u a l
n e e d s, su c h a s C + + v ir t u a l f u n ct ions or F or t r a n com m o n b lo ck s a r e a c c o m m oda t e d b y
cr e a t in g a t t r ib u t e s t h a t a r e u sed only f or t h o se la n gu a ge s. T h e UN I X I n t e r n a t iona l
P r ogr a m m in g L a n gu a ge s S I G b e liev es t h a t t h is d ocu m e n t su fficie n t ly c ov er s t h e d e b u ggin g
in f or m a t ion n e e d s of C , C + + , F O R T R A N 7 7 , F o r t r a n 9 0 , M o d u la 2 a n d P a sca l.

T h is d ocu m e n t d esc r ib es D W A R F Ve r sio n 2 , t h e sec o n d ge n e r a t io n of d e b u ggin g
in f or m a t ion b a sed on t h e D W A R F f or m a t . W h ile D W A R F Ve r sio n 2 p r ov id es n e w
d e b u ggin g in f or m a t ion n ot a v a ila b le in Ve r sio n 1 , t h e p r im a r y f ocu s of t h e c h a n ge s f or
Ve r sio n 2 is t h e r e pr e sen t a t ion of t h e in f or m a t ion, r a t h e r t h a n t h e in f or m a t ion con t e n t
it self . T h e b a sic st r u c t u r e of t h e Ve r sio n 2 f or m a t r e m a in s a s in Ve r sio n 1 : t h e d eb u gg in g
in f or m a t ion is r e pr e sen t e d a s a ser ies of d e b u gg in g in f or m a t ion e n t r ie s, ea c h con t a in in g one
o r m or e a t t r ib u t e s ( n a m e/ v a lu e p a ir s) . T h e Ve r sio n 2 r ep r e sen t a t io n , h ow ev er , is m u ch
m or e com p a c t t h a n t h e Ve r sio n 1 r e pr e sen t a t ion. I n so m e c a ses, t h is gr e a t e r d e n sit y h a s
b e e n a c h ie v ed a t t h e e xpe n se o f a d d it iona l c om ple xit y or gr ea t e r d ifficu lt y in p r odu c in g a n d
pr ocessin g t h e D W A R F in f or m a t io n . W e b e lie v e t h a t t h e r e d u c t io n in I / O a n d in m e m or y
pa gin g sh ould m o r e t h a n m a k e u p f o r a n y in c r e a se in p r oce ss in g t im e .

Bec a u se t h e r e p r ese n t a t ion of in f or m a t ion h a s ch a n ge d f r om Ve r sio n 1 t o Ve r sio n 2 ,
Ve r sio n 2 D W A R F in f o r m a t io n is n ot b in a r y c omp a t ib le wi t h Ve r sio n 1 in f or m a t io n . T o
m a k e it e a sier f or con su m e r s t o su p por t b ot h Ve r sio n 1 a n d Ve r sio n 2 D W A R F
in f or m a t ion, t h e Ve r sio n 2 in f or m a t ion h a s b e e n m ov ed t o a d iffer e n t o b j e c t file sec t ion,
. d e b u g _ i n f o .

T h e in t e n d ed a u d ien c e f or t h is d ocu m e n t a r e t h e d e v elope r s o f b ot h p r odu c e r s a n d
con su m e r s o f d e b u gg in g in f o r m a t io n , t ypic a lly la n gu a ge c o m p iler s, d eb u gge r s a n d ot h er
t oo ls t h a t n ee d t o in t e r p r e t a b in a r y p r ogr a m in t e r m s of it s or igin a l so u r c e.

1. 2 O v er v iew

T h e r e a r e t w o m a j o r p ie ce s t o t h e d e scr ip t io n of t h e D W A R F f or m a t in t h is d ocu m e nt .
T h e fir st p ie ce is t h e in f or m a t io n a l c o n t e n t of t h e d e b u ggin g en t r ie s. T h e sec ond p ie ce is
t h e wa y t h e d e b u ggin g in f or m a t ion is e n c o d e d a n d r e pr e sen t e d in a n obj ec t file.

T h e in f or m a t iona l c ont en t is d e scr ib e d in sec t io n s t wo t h r oug h six. S e c t io n t w o d e scr ib e s
t h e ov er a ll st r u c t u r e of t h e in f o r m a t io n a n d a t t r ib u t e s t h a t a r e c om m on t o m a ny or a ll of
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t h e d iffer e n t d e b u ggin g in f or m a t ion e n t r ies. S e c t ions t h r e e , f ou r a n d fiv e d e scr ib e t h e
spe c ific d e b u gg in g in f o r m a t io n e n t r ie s a n d h ow t h e y com m u n ic a t e t h e n e c e ss a r y
in f or m a t ion a b out t h e so u r c e pr ogr a m t o a d e b u gge r . S e c t ion six d esc r ib e s d e b u gg in g
in f or m a t ion c ont a in e d o u t side of t h e d e b u gg in g in f or m a t io n e n t r ie s, t h em selv es. T h e
en c odin g of t h e D W A R F in f o r m a t io n is p r e sen t e d in sec t ion sev en .

S e c t io n e igh t d e scr ib e s so m e f u t u r e d ir e c t ions f o r t h e D W A R F spe c ifica t ion.

I n t h e f ollo w in g sec t ions, t e xt in n or m a l f o n t d e scr ib e s r e q u ir e d a spe c t s o f t h e D W A R F
f or m a t . T e xt in it a l i cs is e xp la n a t o r y or su p p lem e n t a r y m a t e r ia l, a n d n ot p a r t of t h e
f or m a t d e finit ion it self .

1. 3 Ven d or Ex ten sib il ity

T h is d ocu m e n t d o es n ot a t t e m p t t o c o v er a ll in t e r e st in g la n gu a ge s or e v en t o c o v er a ll of
t h e in t e r e st in g d e b u gg in g in f o r m a t io n n ee d s f o r it s p r im a r y t a r ge t la n gu a ge s ( C , C + + ,
F O R T R A N 7 7 , F o r t r a n 9 0 , M odu la 2 , P a sca l) . T h e r e f or e t h e d ocu m e n t pr ov ide s v en d or s a
w a y t o d e fine t h e ir ow n d e b u ggin g in f or m a t ion t a gs, a t t r ib u t e s, b a se t ype e n c o d in gs,
lo ca t io n oper a t ions, la n gu a ge n a m es, c a llin g c o n v en t ions a n d c a ll f r a m e in st r u c t ions b y
r e ser v in g a por t ion of t h e n a m e spa c e a n d v a lid v a lu e s f or t h e se c onst r u c t s f or v en d or
spe c ific a d d it ions. F u t u r e v er sio n s o f t h is d ocu m e n t w ill n ot u se n a m e s o r v a lu e s r e ser v ed
f or v en d or spe c ific a d d it ions. A ll n a m e s a n d v a lu e s n o t r e ser v ed f o r v en d or a d d it ions,
h ow ev er , a r e r e ser v ed f o r f u t u r e v er sio n s o f t h is d ocu m e n t . S e e sec t ion 7 f or d et a ils.

1. 4 C h an ges f r om Ver sion 1

T h e f o llo w ing is a list of t h e m a j or c h a n ge s m a d e t o t h e D W A R F D eb u ggin g I n f or m a t ion
F or m a t sin ce Ve r sio n 1 o f t h e f or m a t wa s pu b lish e d ( J a n u a r y 2 0 , 1 99 2 ) . T h e list is n ot
m e a n t t o b e exh a u st iv e.

• D e b u ggin g in f or m a t ion e n t r ies h a v e b e e n m ov ed f r om t h e . d e b u g t o t h e
. d e b u g _ i n f o sec t io n of a n obj e ct file.

• T h e t a g, a t t r ib u t e n a m e s a n d a t t r ib u t e f or m s e n c o d in gs h a v e b e e n m ov ed ou t of t h e
d e b u ggin g in f or m a t ion it self t o a sep a r a t e a b b r ev ia t io n s t a b le .

• E xp licit sib lin g p o in t e r s h a v e b e e n m a d e o pt iona l. E a ch e n t r y n ow spe c ifies ( t h r ou gh
t h e a b b r e v ia t ions t a b le ) wh e t h e r or n ot it h a s c h ild r e n .

• N e w m or e c o m p a c t a t t r ib u t e f or m s h a v e b e e n a d d e d , in c lu d in g a v a r ia b le le n gt h
con st a n t d a t a f or m . A t t r ib u t e v a lu e s m a y n ow h a v e a n y f or m wit h in a giv en c la ss of
f or m s.

• L oca t ion d esc r ip t ions h a v e b ee n r e pla c e d b y a n ew, m o r e c omp a c t a n d m or e e xpr e ss iv e
f or m a t . T h er e is n o w a w a y of exp r e ss in g m u lt ip le loca t ions f or a n o b j e c t wh os e
lo ca t io n c h a n ge s d u r in g it s lif et im e .

• T h e r e is a n e w f or m a t f or lin e n u m b er in f or m a t io n t h a t p r ov ide s in f or m a t ion f o r c ode
con t r ib u t e d t o a c o m p ila t ion u n it f r o m a n in c lu d e d file. L in e n u m b e r in f o r m a t io n is
n ow in t h e . d e b u g _ l i n e sec t io n of a n obj e ct file.

• T h e r ep r e sen t a t io n of t h e t yp e of a d ec la r a t ion h a s b e e n r e wo r k e d .

• A n e w sec t io n p r ov id e s a n e n cod in g f or p r e- p r ocesso r m a c r o in f or m a t io n .
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• D e b u ggin g in f or m a t ion e n t r ies n ow p r ov id e f or t h e r ep r e sen t a t io n of n o n - d e finin g
d e c la r a t ions of obj e c t s, f u n c t io n s or t yp e s.

• M or e com ple t e su p p or t f or M o d u la 2 a n d P a sca l h a s b ee n a d d e d .

• T h e r e is n ow a wa y of d e scr ib in g loca t ions f or segm e n t e d a d d r e ss spa c e s.

• A n e w sec t io n p r ov id e s a n e n cod in g f or in f or m a t ion a b ou t c a ll f r a m e a c t iv a t io n s.

• T h e r ep r e sen t a t io n of e n u m e r a t ion a n d a r r a y t ype s h a s b e e n r e wo r k e d so t h a t D W A RF
pr e sen t s only a sing le wa y of r ep r e sen t in g list s of it e m s.

• S u p p o r t h a s b e e n a d d e d f or C + + t e m p la t e s a n d e xce p t io n s.
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2. G E N ER A L D ES C R IP TIO N

2. 1 Th e D eb u ggin g In for m ation En tr y

D W A R F u ses a ser ie s of d e b u ggin g in f or m a t ion e n t r ies t o d efin e a low - lev el r ep r e sen t a t io n
o f a so u r c e p r ogr a m . E a ch d e b u gg in g in f o r m a t io n e n t r y is d esc r ib ed b y a n id e n t if yin g t a g
a n d c o n t a in s a ser ies of a t t r ib u t e s. T h e t a g spe c ifies t h e c la ss t o wh ich a n en t r y b elon gs,
a n d t h e a t t r ib u t e s d e fin e t h e spe c ific ch a r a ct e r ist ic s of t h e e n t r y.

T h e set of r e qu ir e d t a g n a m e s is list e d in F igu r e 1 . T h e d eb u ggin g in f or m a t ion en t r ie s
t h e y id e n t if y a r e d esc r ib e d in sec t ions t h r ee , f ou r a n d fiv e.

T h e d eb u ggin g in f or m a t ion en t r ie s in D W A R F Ve r sio n 2 a r e in t e n d e d t o e xist in t h e
. d e b u g _ i n f o sec t io n of a n obj e ct file.
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ a c c e s s _ d e c l a r a t i o n D W _ T A G _ a r r a y _ t y p e
D W _ T A G _ b a s e _ t y p e D W _ T A G _ c a t c h _ b l o c k
D W _ T A G _ c l a s s _ t y p e D W _ T A G _ c o m m o n _ b l o c k
D W _ T A G _ c o m m o n _ i n c l u s i o n D W _ T A G _ c o m p i l e _ u n i t
D W _ T A G _ c o n s t _ t y p e D W _ T A G _ c o n s t a n t
D W _ T A G _ e n t r y _ p o i n t D W _ T A G _ e n u m e r a t i o n _ t y p e
D W _ T A G _ e n u m e r a t o r D W _ T A G _ f i l e _ t y p e
D W _ T A G _ f o r m a l _ p a r a m e t e r D W _ T A G _ f r i e n d
D W _ T A G _ i m p o r t e d _ d e c l a r a t i o n D W _ T A G _ i n h e r i t a n c e
D W _ T A G _ i n l i n e d _ s u b r o u t i n e D W _ T A G _ l a b e l
D W _ T A G _ l e x i c a l _ b l o c k D W _ T A G _ m e m b e r
D W _ T A G _ m o d u l e D W _ T A G _ n a m e l i s t
D W _ T A G _ n a m e l i s t _ i t e m D W _ T A G _ p a c k e d _ t y p e
D W _ T A G _ p o i n t e r _ t y p e D W _ T A G _ p t r _ t o _ m e m b e r _ t y p e
D W _ T A G _ r e f e r e n c e _ t y p e D W _ T A G _ s e t _ t y p e
D W _ T A G _ s t r i n g _ t y p e D W _ T A G _ s t r u c t u r e _ t y p e
D W _ T A G _ s u b p r o g r a m D W _ T A G _ s u b r a n g e _ t y p e
D W _ T A G _ s u b r o u t i n e _ t y p e D W _ T A G _ t e m p l a t e _ t y p e _ p a r a m
D W _ T A G _ t e m p l a t e _ v a l u e _ p a r a m D W _ T A G _ t h r o w n _ t y p e
D W _ T A G _ t r y _ b l o c k D W _ T A G _ t y p e d e f
D W _ T A G _ u n i o n _ t y p e D W _ T A G _ u n s p e c i f i e d _ p a r a m e t e r s
D W _ T A G _ v a r i a b l e D W _ T A G _ v a r i a n t
D W _ T A G _ v a r i a n t _ p a r t D W _ T A G _ v o l a t i l e _ t y p e
D W _ T A G _ w i t h _ s t m t_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 . T a g n a m e s

2. 2 Attr ib u te Typ es

E a c h a t t r ib u t e v a lu e is c h a r a c t e r iz e d b y a n a t t r ib u t e n a m e . T h e set o f a t t r ib u t e n a m e s is
list e d in F igu r e 2 .

T h e p er m iss ib le v a lu e s f or a n a t t r ib u t e b e lo n g t o one or m or e c la sses of a t t r ib u t e v a lu e
f or m s. E a c h f or m cla ss m a y b e r e p r ese n t e d in one or m o r e wa ys. F o r in st a n c e , so m e
a t t r ib u t e v a lu e s c o n sist o f a sing le p iec e of con st a n t d a t a . ‘ ‘ C o n st a n t d a t a ’ ’ is t h e c la ss of
a t t r ib u t e v a lu e t h a t t h os e a t t r ib u t e s m a y h a v e. T h e r e a r e sev er a l r e pr e sen t a t io n s of
con st a n t d a t a , h ow ev er ( one , t wo , f o u r , e igh t b yt e s a n d v a r ia b le le n gt h d a t a ) . T h e
pa r t icu la r r ep r e sen t a t io n f or a n y giv en in st a n c e of a n a t t r ib u t e is e n c ode d a long wit h t h e
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A T _ a b s t r a c t _ o r i g i n D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ a d d r e s s _ c l a s s D W _ A T _ a r t i f i c i a l
D W _ A T _ b a s e _ t y p e s D W _ A T _ b i t _ o f f s e t
D W _ A T _ b i t _ s i z e D W _ A T _ b y t e _ s i z e
D W _ A T _ c a l l i n g _ c o n v e n t i o n D W _ A T _ c o m m o n _ r e f e r e n c e
D W _ A T _ c o m p _ d i r D W _ A T _ c o n s t _ v a l u e
D W _ A T _ c o n t a i n i n g _ t y p e D W _ A T _ c o u n t
D W _ A T _ d a t a _ m e m b e r _ l o c a t i o n D W _ A T _ d e c l _ c o l u m n
D W _ A T _ d e c l _ f i l e D W _ A T _ d e c l _ l i n e
D W _ A T _ d e c l a r a t i o n D W _ A T _ d e f a u l t _ v a l u e
D W _ A T _ d i s c r D W _ A T _ d i s c r _ l i s t
D W _ A T _ d i s c r _ v a l u e D W _ A T _ e n c o d i n g
D W _ A T _ e x t e r n a l D W _ A T _ f r a m e _ b a s e
D W _ A T _ f r i e n d D W _ A T _ h i g h _ p c
D W _ A T _ i d e n t i f i e r _ c a s e D W _ A T _ i m p o r t
D W _ A T _ i n l i n e D W _ A T _ i s _ o p t i o n a l
D W _ A T _ l a n g u a g e D W _ A T _ l o c a t i o n
D W _ A T _ l o w _ p c D W _ A T _ l o w e r _ b o u n d
D W _ A T _ m a c r o _ i n f o D W _ A T _ n a m e
D W _ A T _ n a m e l i s t _ i t e m D W _ A T _ o r d e r i n g
D W _ A T _ p r i o r i t y D W _ A T _ p r o d u c e r
D W _ A T _ p r o t o t y p e d D W _ A T _ r e t u r n _ a d d r
D W _ A T _ s e g m e n t D W _ A T _ s i b l i n g
D W _ A T _ s p e c i f i c a t i o n D W _ A T _ s t a r t _ s c o p e
D W _ A T _ s t a t i c _ l i n k D W _ A T _ s t m t _ l i s t
D W _ A T _ s t r i d e _ s i z e D W _ A T _ s t r i n g _ l e n g t h
D W _ A T _ t y p e D W _ A T _ u p p e r _ b o u n d
D W _ A T _ u s e _ l o c a t i o n D W _ A T _ v a r i a b l e _ p a r a m e t e r
D W _ A T _ v i r t u a l i t y D W _ A T _ v i s i b i l i t y
D W _ A T _ v t a b l e _ e l e m _ l o c a t i o n_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 . A t t r ib u t e n a m e s

a t t r ib u t e n a m e a s pa r t of t h e in f or m a t ion t h a t gu id e s t h e in t e r pr e t a t ion of a d e b u gg in g
in f or m a t ion e n t r y. A t t r ib u t e v a lu e f or m s m a y b elon g t o one o f t h e f ollo w in g c la sses.

a d d r ess R e f e r s t o so m e lo ca t io n in t h e a d d r e ss spa c e of t h e d esc r ib ed p r ogr a m .

b lock A n a r b it r a r y n u m b e r of u n in t er p r e t ed b yt es of d a t a .

con st a n t O n e , t wo , f ou r o r e igh t b yt es of u n in t e r pr e t e d d a t a , o r d a t a e n c ode d in
t h e v a r ia b le le n gt h f or m a t k n o w n a s L E B12 8 ( see sec t ion 7 .6 ) .

fla g A sm a ll c onst a n t t h a t in d ica t e s t h e p r e sen c e o r a b sen c e o f a n
a t t r ib u t e .

r e f e r en c e R ef e r s t o so m e m e m b e r of t h e set of d e b u gg in g in f o r m a t ion e n t r ie s
t h a t d esc r ib e t h e p r ogr a m . T h er e a r e t wo t ype s of r e f e r en c e . T h e
fir st is a n offset r e la t iv e t o t h e b e gin n in g of t h e c omp ila t ion u n it in
w h ic h t h e r ef e r e n ce occ u r s a n d m u st r e f e r t o a n e n t r y wi t h in t h a t
sa m e com p ila t ion u n it . T h e sec ond t yp e of r e f e r en c e is t h e a d d r e ss of
a n y d eb u ggin g in f or m a t ion e n t r y w it h in t h e sa m e e xe cu t a b le or sh a r e d
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o b j e c t ; it m a y r e f e r t o a n en t r y in a d iffer e n t com p ila t ion u n it f r om
t h e u n it c ont a in in g t h e r ef e r e n c e .

st r in g A n u ll- t e r m in a t e d seq u e n c e o f z e r o or m or e ( n on- n u ll) b yt e s. D a t a in
t h is f o r m a r e ge n e r a lly pr in t a b le st r in gs. S t r in gs m a y b e r e p r e sen t ed
d ir e c t ly in t h e d e b u gg in g in f or m a t io n e n t r y or a s a n offset in a
sep a r a t e st r in g t a b le .

T h e r e a r e n o lim it a t ions on t h e or d e r in g of a t t r ib u t e s w it h in a d e b u ggin g in f or m a t ion
en t r y, b u t t o pr e v en t a m b igu it y, n o m or e t h a n one a t t r ib u t e w it h a giv en n a m e m a y a ppe a r
in a n y d e b u ggin g in f or m a t ion e n t r y.

2. 3 Re l ation sh ip of D eb u ggin g In for m ation En tr ies

A v a ri et y of need s can be m et by p erm i t t i ng a s i ngl e d ebu ggi ng i nf orm a t io n ent ry t o
‘ ‘ own’ ’ a n ar bi t ra ry nu m ber of ot h er d ebu ggi ng ent ri es a nd by p erm i t t i ng t h e sa m e
d ebu ggin g in f or m a t i on ent ry t o be one of m a ny owned by a not h er d ebu ggin g i nf or m a t i on
ent ry . T h i s m a k es it p os si bl e t o d es crib e, f or ex a m p l e, t h e s t at i c bl ock s t ru ct u re wi t h in a
so u rce fi l e, sh ow t h e m em ber s of a s t ru ct u re, u ni on, or cl a s s , a nd a ss oci at e d ecl a ra t io ns
wit h s ou rce fi l es or s ou rce fi l es wi t h sh a red ob j ect s .

T h e ow n e r sh ip r e la t ion of d e b u gg in g in f o r m a t io n e n t r ie s is a c h ie v ed n a t u r a lly b e c a u se t h e
d e b u ggin g in f or m a t ion is r e p r e sen t e d a s a t r e e . T h e n o d e s of t h e t r ee a r e t h e d e b u gg in g
in f or m a t ion e n t r ies t h e m selv es. T h e c h ild e n t r ies of a n y n ode a r e exa c t ly t h os e d e b u gg in g
in f or m a t ion e n t r ies ow ne d b y t h a t n o d e .1

T h e t r ee it self is r e pr e sen t e d b y fla t t en in g it in p r efix or d e r . E a c h d e b u gg in g in f or m a t ion
en t r y is d e fine d e it h e r t o h a v e ch ild e n t r ie s o r n ot t o h a v e c h ild e n t r ies ( see sec t io n 7.5 .3 ) .
I f a n e n t r y is d e fin ed n ot t o h a v e c h ild r e n , t h e n e xt p h ysica lly su c c e ed in g en t r y is t h e
siblin g of t h e p r ior e n t r y. I f a n en t r y is d e fine d t o h a v e c h ild r e n , t h e n e xt p h ysica lly
su c c ee d in g e n t r y is t h e fir st c h ild of t h e p r io r e n t r y. A d d it iona l c h ild r e n o f t h e p a r e nt
en t r y a r e r e pr e sen t e d a s siblin gs of t h e fir st c h ild . A c h a in of siblin g e n t r ies is t e r m in a t e d
b y a n u ll e n t r y.

I n c a ses wh er e a p r odu c er of d eb u gg in g in f or m a t ion f ee ls t h a t it wil l b e im p or t a n t f or
con su m e r s o f t h a t in f or m a t ion t o q u ic k ly sca n c h a in s o f sib lin g e n t r ie s, ign or in g t h e
ch ild r e n of in d iv idu a l siblin gs, t h a t pr odu c e r m a y a t t a c h a n A T _ s i b l i n g a t t r ib u t e t o
a n y d eb u ggin g in f or m a t ion e n t r y. T h e v a lu e of t h is a t t r ib u t e is a r e f e r e n ce t o t h e sib lin g
en t r y o f t h e en t r y t o wh ich t h e a t t r ib u t e is a t t a c h e d .

2. 4 Lo cat ion D esc r ip tion s

T h e d ebu ggin g i nf or m at i on m u s t p rov i d e cons u m ers a wa y t o fi nd t h e l ocat i on of p rogr a m
va ri a bl es , d et erm i ne t h e bo u nd s of d y na m i c a rra y s a nd s t ri ngs a nd p os si bl y t o fi nd t h e
ba s e ad d res s of a su br ou t i ne’ s s t a ck f ra m e or t h e ret u rn a d d res s of a s u bro u t i ne.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1. W h ile t h e ow n er sh ip r ela t io n of t h e d eb u ggin g in f or m a t ion en t r ies is r ep r esen t ed a s a t r ee , ot h er r ela t io n s
a m ong t h e en t r ies exist , f or exa m p le, a p oint er f r om a n en t r y r ep r esen t in g a v a r ia b le t o a n ot h er en t ry
r ep r esen t in g t h e t yp e o f t h a t v a r ia b le. I f a ll su ch r ela t ions a r e t a k en in t o a ccou n t , t h e d eb u gg in g en t r ies
for m a gr a p h , n ot a t r ee.
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Fu rt h erm ore, t o m eet t h e need s of recent com p u t er a rch i t ect u res an d op t i m i z at i on
t ech ni q u es , t h e d ebu ggin g i nf or m at i on m u s t be a bl e t o d es crib e t h e l ocat i on of a n obj ect
wh os e l oca t i on ch a nges ov er t h e ob j ect ’ s l i f et i m e.

I n f or m a t ion a b out t h e lo ca t io n of p r o gr a m obj e ct s is p r ov id ed b y lo ca t io n d e scr ip t io n s.
L oca t ion d esc r ip t ions ca n b e eit h e r o f t wo f or m s:

1. L oca t i on ex p res s io ns w h ic h a r e a la n gu a ge in d e p e n d e n t r ep r e sen t a t io n of a d d r e ss in g
r u le s o f a r b it r a r y com p lexit y b u ilt f r om a f ew b a sic b u ild in g b lock s, or op era t i on s.
T h e y a r e su fficie n t f or d e scr ib in g t h e lo ca t io n of a n y obj ec t a s lo n g a s it s lif et im e is
eit h e r st a t ic or t h e sa m e a s t h e lexic a l b lock t h a t ow n s it , a n d it d oes n ot m o v e
t h r ou gh ou t it s lif et im e .

2. L oca t i on l i st s w h ic h a r e u sed t o d e scr ib e obj ec t s t h a t h a v e a lim it e d lif e t im e or
ch a n ge t h e ir loca t ion t h r ou gh ou t t h eir lif et im e . L oca t ion list s a r e m or e com p let e ly
d e scr ib e d b elow .

T h e t w o f or m s a r e d ist in gu ish e d in a c ont ext sen sit iv e m a n n er . A s t h e v a lu e of a n
a t t r ib u t e , a lo ca t io n e xp r e ssio n is e n c ode d a s a b lo ck a n d a loca t ion list is en c ode d a s a
con st a n t offset in t o a loca t ion list t a b le .

N ot e: T h e V ers i on 1 concep t of "l oca t io n d escri p t io ns" was rep l a ced i n V ers i on 2 wi t h t h i s
new a bs t ra ct i on becau se i t i s d ens er a nd m or e d escri p t i v e.

2. 4 .1 L oc ation Ex p r ession s

A loca t ion exp r e ss io n c o n sist s of z e r o or m or e lo ca t ion ope r a t ions. A n e xpr e ss io n w it h z e r o
o pe r a t ions is u sed t o d e n ot e a n obj e ct t h a t is p r e sen t in t h e so u r c e c o d e b u t n ot p r ese n t in
t h e obj e c t c o d e ( p er h a p s b e c a u se of o pt im iz a t io n ) . T h e loca t ion oper a t io n s f a ll in t o t wo
ca t e gor ie s, r e gist er n a m e s a n d a d d r essin g ope r a t ions. R e gist e r n a m e s a lwa ys a p p e a r a lone
a n d in d ic a t e t h a t t h e r e f er r e d o b j e c t is c ont a in e d in sid e a p a r t icu la r r e gist e r . A d d ressin g
o pe r a t ions a r e m em or y a d d r e ss c omp u t a t ion r u le s. A ll loca t ion oper a t io n s a r e e n c o d e d a s a
st r e a m of opcod e s t h a t a r e e a c h f ollo w ed b y z e r o or m or e lit e r a l oper a n d s. T h e n u m b er of
o pe r a n d s is d e t e r m in e d b y t h e opc ode .

2. 4 .2 R egister N am e O p er ator s

T h e f o llo w ing oper a t ions c a n b e u sed t o n a m e a r eg ist er .

N ot e t h a t t h e regi st er nu m ber rep res ent s a DW A R F s p ecifi c m a p p i ng of nu m bers ont o t h e
act u al regi st ers of a gi v en a rch i t ect u re. T h e m a p p i ng sh ou l d be ch os en t o ga i n op t i m a l
d ens i t y a nd sh ou l d be s h a red by a l l u s ers of a gi v en a rch i t ect u re. T h e P rogr a m m i ng
L a ngu a ges S I G recom m end s t h a t t h i s m a p p i ng be d efi ned by t h e A B I2 au t h ori ng
com m i t t ee f or ea ch a rch i t ect u re.

1. D W _ O P _ r e g 0 , D W _ O P _ r e g 1 , .. ., D W _ O P _ r e g 3 1
T h e D W _ O P _ r e gn o pe r a t ions en c ode t h e n a m e s o f u p t o 3 2 r e gist e r s, n u m b e r e d
f r om 0 t h r oug h 3 1 , in c lu siv e. T h e obj e c t a d d r e ss ed is in r e gist e r n.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. S y s t em V A p p l ica t i on B i na ry I nt erf ace, con sis t in g of t h e ge n er ic in t er f a ce a n d p r ocess o r su p p lem en t s f or
ea ch t a r ge t a r ch it ec t u r e.
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2. D W _ O P _ r e g x
T h e D W _ O P _ r e g x o pe r a t ion h a s a sing le u n sign ed L E B12 8 lit e r a l o pe r a n d t h a t
en c ode s t h e n a m e of a r e gist e r .

2. 4 .3 A d d r essin g O p er ation s

E a c h a d d r e ss in g o pe r a t io n r e pr e sen t s a p o st fix o pe r a t ion on a sim ple st a c k m a ch in e . E a c h
ele m en t of t h e st a ck is t h e siz e o f a n a d d r e ss on t h e t a r ge t m a c h in e . T h e v a lu e on t h e to p
o f t h e st a c k a f t e r ‘ ‘ exe c u t in g’ ’ t h e loca t ion e xp r essio n is t a k en t o b e t h e r esu lt ( t h e ad d r e ss
o f t h e o b j e c t , or t h e v a lu e of t h e a r r a y b ou n d , or t h e le n gt h of a d yn a m ic st r in g) . I n t h e
ca se o f loca t ions u sed f o r st r u ct u r e m e m b er s, t h e c om pu t a t io n a ssum e s t h a t t h e b a se
a d d r ess of t h e c ont a in in g st r u ct u r e h a s b e en p u sh e d on t h e st a c k b e f or e e v a lu a t ion of t he
a d d r essin g o pe r a t ion.

2. 4 .3 .1 Liter al En cod in gs

T h e f o llo w ing oper a t ions a ll pu sh a v a lu e o n t o t h e a d d r e ssing st a c k.

1. D W _ O P _ l i t 0 , D W _ O P _ l i t 1 , .. ., D W _ O P _ l i t 3 1
T h e D W _ O P _ l i tn o pe r a t ions en c ode t h e u n sign ed lit e r a l v a lu e s f r o m 0 t h r ou gh 3 1 ,
in c lu siv e.

2. D W _ O P _ a d d r
T h e D W _ O P _ a d d r o pe r a t ion h a s a sing le oper a n d t h a t e n c ode s a m a c h in e a d d r ess
a n d whose size is t h e siz e of a n a d d r e ss on t h e t a r ge t m a ch in e .

3. D W _ O P _ c o n s t 1 u
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 1 u o pe r a t ion p r ov id es a 1 - b yt e u n sign ed
in t e ge r c onst a n t .

4. D W _ O P _ c o n s t 1 s
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 1 s o pe r a t ion p r ov id es a 1 - b yt e sign e d
in t e ge r c onst a n t .

5. D W _ O P _ c o n s t 2 u
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 2 u o pe r a t ion p r ov id es a 2 - b yt e u n sign ed
in t e ge r c onst a n t .

6. D W _ O P _ c o n s t 2 s
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 2 s o pe r a t ion p r ov id es a 2 - b yt e sign e d
in t e ge r c onst a n t .

7. D W _ O P _ c o n s t 4 u
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 4 u o pe r a t ion p r ov id es a 4 - b yt e u n sign ed
in t e ge r c onst a n t .

8. D W _ O P _ c o n s t 4 s
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 4 s o pe r a t ion p r ov id es a 4 - b yt e sign e d
in t e ge r c onst a n t .

9. D W _ O P _ c o n s t 8 u
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 8 u o pe r a t ion p r ov id es a n 8 - b yt e u n sign e d
in t e ge r c onst a n t .
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10 . D W _ O P _ c o n s t 8 s
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t 8 s o pe r a t ion p r ov id es a n 8 - b yt e sign e d
in t e ge r c onst a n t .

11 . D W _ O P _ c o n s t u
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t u o pe r a t ion p r ov id es a n u n sign ed L E B12 8
in t e ge r c onst a n t .

12 . D W _ O P _ c o n s t s
T h e sing le o pe r a n d of t h e D W _ O P _ c o n s t s o pe r a t ion p r ov id es a sign e d L E B1 28
in t e ge r c onst a n t .

2. 4 .3 .2 Register Based Ad d r essin g

T h e f o llo w ing oper a t ions p u sh a v a lu e ont o t h e st a c k t h a t is t h e r e su lt of a d d in g t h e
con t e n t s of a r e gist e r wit h a giv en sign e d offset .

1. D W _ O P _ f b r e g
T h e D W _ O P _ f b r e g o pe r a t ion p r ov id es a sign e d L E B1 28 offset f r o m t h e a d d r e ss
spe c ified b y t h e loca t ion d e scr ip t or in t h e D W _ A T _ f r a m e _ b a s e a t t r ib u t e of t h e
cu r r e n t f u n ct ion. ( T h i s is t y p i cal l y a "st a ck p oi nt er" regi s t er p l u s or m in u s s om e
off set . On m or e s op h is t i cat ed s y st em s it m i gh t be a l oca t i on l i s t t h a t a d j u s t s t h e
off set a cc ord i ng t o ch a nges i n t h e s t a ck p oi nt er a s t h e P C ch a nges .)

2. D W _ O P _ b r e g 0 , D W _ O P _ b r e g 1 , .. ., D W _ O P _ b r e g 3 1
T h e sing le o pe r a n d of t h e D W _ O P _ b r e gn o pe r a t ions pr ov ide s a sign e d L E B1 28
o ffset f r o m t h e spe c ified r e gist e r .

3. D W _ O P _ b r e g x
T h e D W _ O P _ b r e g x o pe r a t ion h a s t wo ope r a n d s: a sign e d L E B12 8 offset f r o m t h e
spe c ified r e gist e r w h ic h is d e fine d w it h a n u n sign e d L E B1 2 8 n u m b e r .

2. 4 .3 .3 S tac k O p er ation s

T h e f o llo w ing oper a t ions m a n ip u la t e t h e ‘ ‘ lo ca t ion st a c k .’ ’ L oca t ion oper a t io n s t h a t in d ex
t h e loca t ion st a c k a ssu m e t h a t t h e t op of t h e st a c k ( m os t r e c e n t ly a d d e d e n t r y) h a s in d ex 0.

1. D W _ O P _ d u p
T h e D W _ O P _ d u p o pe r a t ion d u p lic a t e s t h e v a lu e a t t h e t op of t h e loca t ion st a c k .

2. D W _ O P _ d r o p
T h e D W _ O P _ d r o p o pe r a t ion p o ps t h e v a lu e a t t h e t op of t h e st a c k .

3. D W _ O P _ p i c k
T h e sing le o pe r a n d of t h e D W _ O P _ p i c k o pe r a t ion p r ov id es a 1 - b yt e in d e x. T h e
st a c k en t r y w it h t h e spe cifie d in d e x ( 0 t h r o u gh 2 55 , in clu siv e) is p u sh e d o n t h e st a c k .

4. D W _ O P _ o v e r
T h e D W _ O P _ o v e r o pe r a t ion d u p lic a t e s t h e e n t r y c u r r en t ly sec ond in t h e st a c k a t
t h e t op of t h e st a c k. T h is is e q u iv a le n t t o a n D W _ O P _ p i c k o pe r a t ion, w it h in d e x 1 .

5. D W _ O P _ s w a p
T h e D W _ O P _ s w a p o pe r a t ion sw a p s t h e t op t wo st a c k e n t r ie s. T h e e n t r y a t t h e t op
o f t h e st a c k b e c ome s t h e sec ond st a ck e n t r y, a n d t h e sec ond e n t r y b ec om es t h e t o p of
t h e st a c k .
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6. D W _ O P _ r o t
T h e D W _ O P _ r o t o pe r a t ion r o t a t e s t h e fir st t h r e e st a c k e n t r ies. T h e e n t r y a t t h e
t op of t h e st a c k b e com e s t h e t h ir d st a ck e n t r y, t h e sec ond e n t r y b e c o m e s t h e t op o f
t h e st a c k , a n d t h e t h ir d e n t r y b ec om es t h e sec ond e n t r y.

7. D W _ O P _ d e r e f
T h e D W _ O P _ d e r e f o pe r a t ion p o ps t h e t op st a c k e n t r y a n d t r e a t s it a s a n a d d r e ss.
T h e v a lu e r et r ie v ed f r om t h a t a d d r e ss is p u sh e d . T h e size of t h e d a t a r e t r iev ed f r om
t h e d e r e f e r en c e d a d d r e ss is t h e siz e o f a n a d d r e ss on t h e t a r ge t m a c h in e .

8. D W _ O P _ d e r e f _ s i z e
T h e D W _ O P _ d e r e f _ s i z e o pe r a t ion b eh a v es lik e t h e D W _ O P _ d e r e f o pe r a t ion:
it p ops t h e t o p st a c k e n t r y a n d t r e a t s it a s a n a d d r e ss . T h e v a lu e r e t r ie v ed fr om t h a t
a d d r ess is p u sh e d . I n t h e D W _ O P _ d e r e f _ s i z e o pe r a t ion, h ow ev er , t h e siz e in
b yt e s o f t h e d a t a r et r ie v ed f r om t h e d er e f e r e n c e d a d d r ess is spe c ified b y t h e sin gle
o pe r a n d . T h is oper a n d is a 1 - b yt e u n sign e d in t e gr a l c o n st a n t wh os e v a lu e m a y n ot b e
la r ge r t h a n t h e siz e of a n a d d r e ss on t h e t a r ge t m a ch in e . T h e d a t a r e t r ie v ed is z e r o
ext e n d e d t o t h e size of a n a d d r ess on t h e t a r ge t m a c h in e b e f or e b e in g p u sh e d on t h e
exp r essio n st a c k .

9. D W _ O P _ x d e r e f
T h e D W _ O P _ x d e r e f o pe r a t ion p r ov id es a n e xt e n d ed d e r ef e r e n c e m ec h a n ism . T h e
en t r y a t t h e t o p of t h e st a ck is t r ea t e d a s a n a d d r e ss . T h e sec ond st a c k e n t r y is
t r e a t ed a s a n ‘ ‘ a d d r e ss spa c e id e n t ifier ’ ’ f o r t h os e a r c h it e c t u r e s t h a t su p por t m u lt iple
a d d r ess spa ce s. T h e t op t wo st a c k e lem e n t s a r e p o pp e d , a d a t a it e m is r e t r iev ed
t h r ou gh a n im p le m e n t a t ion- d e fin e d a d d r e ss c a lcu la t ion a n d p u sh e d a s t h e n e w st a c k
t op. T h e siz e of t h e d a t a r et r ie v ed f r om t h e d e r e f er e n c e d a d d r e ss is t h e siz e of a n
a d d r ess on t h e t a r ge t m a ch in e .

10 . D W _ O P _ x d e r e f _ s i z e
T h e D W _ O P _ x d e r e f _ s i z e o pe r a t ion b eh a v es lik e t h e D W _ O P _ x d e r e f
o pe r a t ion: t h e e n t r y a t t h e t op o f t h e st a c k is t r e a t ed a s a n a d d r ess. T h e sec o n d st ack
en t r y is t r e a t e d a s a n ‘ ‘ a d d r e ss spa c e id e n t ifier ’ ’ f or t h o se a r c h it e c t u r e s t h at su p p o r t
m u lt iple a d d r e ss spa c e s. T h e t op t wo st a c k e le m e n t s a r e p oppe d , a d a t a it em is
r e t r ie v ed t h r ou gh a n im ple m en t a t io n - d e fine d a d d r e ss c a lc u la t ion a n d pu sh e d a s t h e
n e w st a c k t o p. I n t h e D W _ O P _ x d e r e f _ s i z e o pe r a t ion, h ow ev er , t h e siz e in b yt e s
o f t h e d a t a r et r ie v ed f r om t h e d er e f e r e n c e d a d d r ess is spe c ified b y t h e sin gle oper a n d .
T h is o pe r a n d is a 1- b yt e u n sign e d in t e gr a l c onst a n t whose v a lu e m a y n ot b e la r ge r
t h a n t h e siz e of a n a d d r e ss on t h e t a r ge t m a ch in e . T h e d a t a r e t r ie v ed is z e r o
ext e n d e d t o t h e size of a n a d d r ess on t h e t a r ge t m a c h in e b e f or e b e in g p u sh e d on t h e
exp r essio n st a c k .

2. 4 .3 .4 Ar ith m etic an d L ogical O p er ation s

T h e f o llo w ing p r o v id e a r it h m e t ic a n d logica l oper a t io n s. T h e a r it h m e t ic ope r a t ions
pe r f or m ‘ ‘ a d d r e ss in g a r it h m et ic ,’ ’ t h a t is, u n sign e d a r it h m et ic t h a t wr a ps on a n a d d r e ss-
size d b ou n d a r y. T h e oper a t ions d o n ot c a u se a n exc e p t ion on ov er flo w .

1. D W _ O P _ a b s
T h e D W _ O P _ a b s o pe r a t ion p o ps t h e t op st a c k e n t r y a n d p u sh e s it s a b so lu t e v a lu e .
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2. D W _ O P _ a n d
T h e D W _ O P _ a n d o pe r a t ion p o ps t h e t op t w o st a ck v a lu e s, p er f or m s a b it w ise an d
o pe r a t ion on t h e t w o , a n d p u sh e s t h e r e su lt .

3. D W _ O P _ d i v
T h e D W _ O P _ d i v o pe r a t ion p o ps t h e t op t w o st a ck v a lu e s, d iv id e s t h e f or m e r sec ond
en t r y b y t h e f or m er t op o f t h e st a c k u sing sign e d d iv isio n , a n d p u sh es t h e r e su lt .

4. D W _ O P _ m i n u s
T h e D W _ O P _ m i n u s o pe r a t ion p o ps t h e t op t w o st a ck v a lu e s, su b t r a c t s t h e f o r m e r
t op of t h e st a c k f r om t h e f or m e r sec ond e n t r y, a n d p u sh es t h e r e su lt .

5. D W _ O P _ m o d
T h e D W _ O P _ m o d o pe r a t ion p o ps t h e t op t w o st a ck v a lu e s a n d p u sh e s t h e r e su lt of
t h e c a lcu la t io n : f o r m e r sec ond st a c k e n t r y m odu lo t h e f or m er t op o f t h e st a c k .

6. D W _ O P _ m u l
T h e D W _ O P _ m u l o pe r a t ion p o ps t h e t op t w o st a ck e n t r ie s, m u lt ip lies t h em t oget h e r ,
a n d p u sh e s t h e r e su lt .

7. D W _ O P _ n e g
T h e D W _ O P _ n e g o pe r a t ion p o ps t h e t op st a c k e n t r y, a n d p u sh e s it s n e ga t ion.

8. D W _ O P _ n o t
T h e D W _ O P _ n o t o pe r a t ion p o ps t h e t op st a c k e n t r y, a n d p u sh e s it s b it wi se
com ple m e n t .

9. D W _ O P _ o r
T h e D W _ O P _ o r o pe r a t ion p o ps t h e t op t w o st a ck e n t r ie s, p er f or m s a b it wis e or
o pe r a t ion on t h e t w o , a n d p u sh e s t h e r e su lt .

10 . D W _ O P _ p l u s
T h e D W _ O P _ p l u s o pe r a t ion p o ps t h e t op t w o st a ck e n t r ie s, a d d s t h em t oget h e r ,
a n d p u sh e s t h e r e su lt .

11 . D W _ O P _ p l u s _ u c o n s t
T h e D W _ O P _ p l u s _ u c o n s t o pe r a t ion p o ps t h e t op st a c k e n t r y, a d d s it t o t h e
u n sign e d L E B1 2 8 c onst a n t oper a n d a n d pu sh e s t h e r esu lt . T h i s op era t io n i s su p p l ied
sp ecifi cal l y t o be ab l e t o encod e m ore fi el d off set s i n t wo by t es t h a n can be d one wi t h
"D W _ O P _ l i tn D W _ O P _ a d d".

12 . D W _ O P _ s h l
T h e D W _ O P _ s h l o pe r a t ion p o ps t h e t op t w o st a ck e n t r ie s, sh if t s t h e f or m e r sec ond
en t r y lef t b y t h e n u m b e r o f b it s spe c ified b y t h e f o r m e r t op of t h e st a ck , a n d p u sh es
t h e r e su lt .

13 . D W _ O P _ s h r
T h e D W _ O P _ s h r o pe r a t ion p o ps t h e t op t w o st a ck e n t r ie s, sh if t s t h e f or m e r sec ond
en t r y r igh t ( lo gic a lly) b y t h e n u m b e r of b it s spe c ified b y t h e f o r m e r t op of t h e st a c k ,
a n d p u sh e s t h e r e su lt .

14 . D W _ O P _ s h r a
T h e D W _ O P _ s h r a o pe r a t ion p o ps t h e t op t w o st a ck e n t r ie s, sh if t s t h e f or m e r
sec ond e n t r y r igh t ( a r it h m e t ica lly) b y t h e n u m b er of b it s spe cifie d b y t h e f or m er t op
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o f t h e st a c k , a n d p u sh e s t h e r e su lt .

15 . D W _ O P _ x o r
T h e D W _ O P _ x o r o pe r a t ion p o ps t h e t op t w o st a ck e n t r ie s, p er f or m s t h e lo gic a l
ex cl u si v e- or o pe r a t ion on t h e t w o , a n d p u sh e s t h e r e su lt .

2. 4 .3 .5 C on tr ol Flow O p er ation s

T h e f o llo w ing oper a t ions p r o v id e sim p le c ont r o l of t h e flo w of a lo ca t ion e xp r essio n.

1. R e la t iona l ope r a t or s
T h e six r e la t iona l o pe r a t or s e a c h p ops t h e t op t wo st a c k v a lu es, c omp a r e s t h e f o r m e r
t op of t h e st a c k wit h t h e f o r m e r sec ond e n t r y, a n d p u sh es t h e con st a n t v a lu e 1 ont o
t h e st a c k if t h e r e su lt of t h e ope r a t ion is t r u e or t h e con st a n t v a lu e 0 if t h e r e su lt of
t h e oper a t io n is f a lse. T h e c omp a r iso n s a r e d one a s sign e d oper a t io n s. T h e six
o pe r a t or s a r e D W _ O P _ l e ( le ss t h a n or e q u a l t o) , D W _ O P _ g e ( gr e a t e r t h a n or
eq u a l t o) , D W _ O P _ e q ( e q u a l t o) , D W _ O P _ l t ( le ss t h a n ) , D W _ O P _ g t ( gr e a t e r
t h a n ) a n d D W _ O P _ n e ( n ot e qu a l t o ) .

2. D W _ O P _ s k i p
D W _ O P _ s k i p is a n u n c ond it iona l b r a n c h . I t s sin gle ope r a n d is a 2 - b yt e sign e d
in t e ge r c onst a n t . T h e 2 - b yt e c o n st a n t is t h e n u m b e r of b yt e s o f t h e lo ca t io n
exp r essio n t o skip f r om t h e c u r r e n t o pe r a t io n , b eg in n in g a f t er t h e 2- b yt e c onst a n t .

3. D W _ O P _ b r a
D W _ O P _ b r a is a c ond it io n a l b r a n c h . I t s sin gle oper a n d is a 2 - b yt e sign e d in t e ge r
con st a n t . T h is oper a t ion p ops t h e t op of st a c k . I f t h e v a lu e p oppe d is n ot t h e
con st a n t 0 , t h e 2 - b yt e c o n st a n t ope r a n d is t h e n u m b e r o f b yt es of t h e loca t ion
exp r essio n t o skip f r om t h e c u r r e n t o pe r a t io n , b eg in n in g a f t er t h e 2- b yt e c onst a n t .

2. 4 .3 .6 S p ecial O p er ation s

T h e r e a r e t w o spe cia l oper a t io n s c u r r e n t ly d e fine d :

1. D W _ O P _ p i e c e
M a ny com p i l ers st or e a si ngl e v a ri ab l e i n set s of regi s t ers , or s t or e a v a ri a bl e
p a rt i al l y i n m em ory a nd p a rt i al l y i n regi s t ers . D W _ O P _ p i e c e p ro v i d es a way of
d es crib i ng h ow l ar ge a p a rt of a v a ri ab l e a p a rt i cu l a r ad d res s i ng ex p res s i on ref ers
t o.

D W _ O P _ p i e c e t a k e s a sin gle a r gu m e n t w h ic h is a n u n sign e d L E B1 2 8 n u m b e r .
T h e n u m b e r d e scr ib e s t h e siz e in b yt e s of t h e p ie ce of t h e obj ec t r e f er e n c ed b y t h e
a d d r essin g exp r e ss io n w h os e r e su lt is a t t h e t op o f t h e st a c k .

2. D W _ O P _ n o p
T h e D W _ O P _ n o p o pe r a t ion is a p la c e h olde r . I t h a s n o effec t on t h e loca t ion st a c k
o r a n y of it s v a lu e s.

2. 4 .4 S am p le S tac k O p er ation s

T h e s t ack op era t i ons d efi ned in s ect io n 2 .4 .3 .3 ar e f a i rl y conv ent i ona l , bu t t h e f ol l owi ng
ex a m p l es i l l u s t ra t e t h eir beh av i or gra p h ica l l y .
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Bef or e O p e r a t ion A f t e r_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0 1 7 D W _ O P _ d u p 0 1 7
1 2 9 1 1 7
2 1 0 0 0 2 2 9

3 1 0 0 0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0 1 7 D W _ O P _ d r o p 0 2 9
1 2 9 1 1 0 0 0
2 1 0 0 0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0 1 7 D W _ O P _ p i c k 2 0 1 0 0 0
1 2 9 1 1 7
2 1 0 0 0 2 2 9

3 1 0 0 0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0 1 7 D W _ O P _ o v e r 0 2 9
1 2 9 1 1 7
2 1 0 0 0 2 2 9

3 1 0 0 0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0 1 7 D W _ O P _ s w a p 0 2 9
1 2 9 1 1 7
2 1 0 0 0 2 1 0 0 0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0 1 7 D W _ O P _ r o t 0 2 9
1 2 9 1 1 0 0 0
2 1 0 0 0 2 1 7_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 










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
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













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




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
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
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

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











2. 4 .5 Ex am p le Lo c ation Ex p r ession s

T h e a d d res si ng ex p res si on rep res ent ed by a l ocat i on ex p res s i on , i f ev a l u a t ed , genera t es t h e
ru nt i m e a d d res s of t h e v al u e of a s y m bo l ex cep t wh ere t h e D W _ O P _ r e gn, or
D W _ O P _ r e g x op era t i on s ar e u s ed .

H ere ar e s om e ex am p l es of h ow l ocat i on op era t io ns a re u s ed t o f orm l ocat i on ex p res s i on s:
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D W _ O P _ r e g 3
T h e v al u e i s in regi s t er 3 .

D W _ O P _ r e g x 5 4
T h e v al u e i s in regi s t er 5 4.

D W _ O P _ a d d r 0 x 8 0 d 0 0 4 5 c
T h e v al u e of a s t a t ic v a ri ab l e i s
at m a ch i ne ad d res s 0 x 8 0d 0 0 45 c.

D W _ O P _ b r e g 1 1 4 4
A d d 4 4 t o t h e v a l u e i n
regi s t er 1 1 t o get t h e a d d res s of a n
au t om a t i c va ri a bl e i ns t a nce.

D W _ O P _ f b r e g - 5 0
Giv en a n D W _ A T _ f r a m e _ b a s e va l u e of
"O P B R E G 3 1 6 4 ," t h i s ex a m p l e
com p u t es t h e a d d res s of a l ocal v a ri ab l e
t h a t i s - 5 0 by t es f rom a l ogi cal f ra m e
p oi nt er t h a t i s com p u t ed by a d d i ng
64 t o t h e cu rren t s t a ck p oi nt er ( regi st er 3 1) .

D W _ O P _ b r e g x 5 4 3 2 D W _ O P _ d e r e f
A cal l - by - ref erence p a ra m et er
wh os e a d d res s i s in t h e
word 32 by t es f ro m wh ere regi s t er
54 p oi nt s .

D W _ O P _ p l u s _ u c o n s t 4
A s t ru ct u re m em ber i s f ou r by t es
f ro m t h e s t a rt of t h e s t ru ct u re
in s t a nce. T h e ba s e a d d res s i s
as s u m ed t o be a l rea d y on t h e s t a ck .

D W _ O P _ r e g 3 D W _ O P _ p i e c e 4 D W _ O P _ r e g 1 0 D W _ O P _ p i e c e 2
A v a ri a bl e wh os e fi rs t f ou r by t es res id e
in regi s t er 3 a nd wh os e nex t t wo by t es
res i d e i n regi s t er 10 .

2. 4 .6 L oc ation Li sts

L oca t ion list s a r e u sed in p la c e of loca t ion exp r e ss io n s wh e n e v er t h e obj ec t whose lo ca t ion
is b e in g d e scr ib e d c a n c h a n ge lo ca t io n d u r in g it s lif e t im e . L o ca t io n list s a r e c ont a in ed in a
sep a r a t e obj e c t file sec t io n c a lled . d e b u g _ l o c . A loca t ion list is in d ic a t ed b y a
lo ca t io n a t t r ib u t e w h os e v a lu e is r e pr e sen t e d a s a c onst a n t offset f r o m t h e b e gin n in g o f t h e
. d e b u g _ l o c sec t io n t o t h e fir st b yt e of t h e list f or t h e obj ec t in qu e st io n .

E a c h en t r y in a loca t ion list c onsist s o f :
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1. A b eg in n in g a d d r e ss. T h is a d d r e ss is r e la t iv e t o t h e b a se a d d r e ss o f t h e com p ila t ion
u n it r ef e r e n cin g t h is loca t ion list . I t m a r k s t h e b e gin n in g of t h e a d d r e ss r a n ge ov er
w h ic h t h e lo ca t ion is v a lid .

2. A n en d in g a d d r ess, a ga in r e la t iv e t o t h e b a se a d d r e ss of t h e c om pila t ion u n it
r e f e r en c in g t h is lo ca t ion list . I t m a r ks t h e fir st a d d r e ss pa st t h e e n d o f t h e a d d r e ss
r a n ge ov er w h ic h t h e loca t ion is v a lid .

3. A lo ca t ion e xp r essio n d e scr ib in g t h e loca t ion of t h e o b j e c t ov er t h e r a n ge spe c ified b y
t h e b e gin n in g a n d e n d a d d r e ss es.

A d d r ess r a n ge s m a y ov er la p . W h e n t h e y d o, t h e y d e scr ib e a sit u a t io n in w h ic h a n obj ec t
exist s sim u lt a n e o u sly in m or e t h a n o n e p la c e . I f a ll of t h e a d d r e ss r a n ge s in a giv en
lo ca t io n list d o n ot c ollect iv ely c ov er t h e e n t ir e r a n ge o v er whic h t h e obj ec t in qu e st io n is
d e fin ed , it is a ssu m e d t h a t t h e o b j e c t is n ot a v a ila b le f or t h e p o r t ion o f t h e r a n ge t h a t is n ot
cov er e d .

T h e e n d of a n y giv en loca t ion list is m a r k e d b y a 0 f or t h e b e gin n in g a d d r e ss a n d a 0 f or
t h e e n d a d d r e ss; n o loca t ion d esc r ip t ion is pr e sen t . A lo ca t ion list c o n t a in in g only su ch a 0
en t r y d e scr ib e s a n obj e ct t h a t exist s in t h e so u r c e c ode b u t n ot in t h e exe c u t a b le pr ogr a m .

2. 5 Typ es of D eclar ation s

A n y d e b u ggin g in f or m a t ion en t r y d e scr ib in g a d e c la r a t ion t h a t h a s a t ype h a s a
D W _ A T _ t y p e a t t r ib u t e , whose v a lu e is a r e f er e n c e t o a n ot h e r d eb u ggin g in f or m a t ion
en t r y. T h e e n t r y r ef e r e n ce d m a y d e scr ib e a b a se t yp e , t h a t is, a t yp e t h a t is n ot d e fin e d in
t e r m s of ot h er d a t a t yp e s, or it m a y d esc r ib e a u ser - d e fine d t ype , su ch a s a n a r r a y,
st r u c t u r e or en u m er a t io n . A lt er n a t iv ely, t h e e n t r y r e f er e n c ed m a y d e scr ib e a t ype m od ifier :
con st a n t , p a c k e d , p oint er , r e f er e n c e or v o la t ile , wh ic h in t u r n will r e f e r e n c e a n ot h e r en t ry
d e scr ib in g a t yp e o r t yp e m odifier ( u sing a D W _ A T _ t y p e a t t r ib u t e of it s ow n) . S e e
sec t io n 5 f or d e scr ip t ions of t h e e n t r ies d e scr ib in g b a se t yp e s, u ser - d e fine d t ype s a n d t yp e
m odifier s.

2. 6 Acces sib il ity of D ec lar ation s

S om e l a ngu a ges , not a bl y C + + a nd A d a , h a v e t h e concep t of t h e a cc ess i bi l i t y of a n obj ect
or of s om e ot h er p rogr a m ent i t y . T h e a ccessi bi l it y s p ecifi es wh i ch cl a s s es of ot h er
p ro gra m obj ect s ar e p erm i t t ed a cce ss t o t h e ob j ect i n qu es t i on.

T h e a cc e ssibilit y o f a d e cla r a t io n is r e p r e sen t e d b y a D W _ A T _ a c c e s s i b i l i t y
a t t r ib u t e , whose v a lu e is a c onst a n t d r a wn f r om t h e set o f c ode s list ed in F igu r e 3.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A C C E S S _ p u b l i c
D W _ A C C E S S _ p r i v a t e
D W _ A C C E S S _ p r o t e c t e d_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 










Figu r e 3 . A c c e ss ib ilit y c ode s

2. 7 Visib il ity of D ec la r ation s

M od u l a 2 h as t h e concept of t h e v i s i bi l i t y of a d ecl a ra t io n. T h e v i s i bi l i t y sp ecifi es wh ich
d ecl a ra t i ons a re t o be v is i bl e ou t s i d e of t h e m od u l e i n wh i ch t h ey a re d ecl a red .

T h e v is ib ilit y of a d e c la r a t ion is r e p r ese n t ed b y a D W _ A T _ v i s i b i l i t y a t t r ib u t e ,
w h os e v a lu e is a c o n st a n t d r a w n f r om t h e set of c o d e s list e d in F igu r e 4 .
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ V I S _ l o c a l
D W _ V I S _ e x p o r t e d
D W _ V I S _ q u a l i f i e d_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 










Figu r e 4 . Visib ilit y c o d e s

2. 8 Vir tu al ity of D ec l ar ation s

C+ + p ro v i d es f or v i rt u al a nd p u re v ir t u a l s t ru ct u re or cl a s s m em ber f u nct i on s a nd f or
vi rt u al ba s e cl a s s es.

T h e v ir t u a lit y of a d e c la r a t ion is r e p r e sen t ed b y a D W _ A T _ v i r t u a l i t y a t t r ib u t e ,
w h os e v a lu e is a c o n st a n t d r a w n f r om t h e set of c o d e s list e d in F igu r e 5 .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ V I R T U A L I T Y _ n o n e
D W _ V I R T U A L I T Y _ v i r t u a l
D W _ V I R T U A L I T Y _ p u r e _ v i r t u a l_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 










Figu r e 5 . Vir t u a lit y c o d e s

2. 9 Ar tifi cial En tr ies

A com p i l er m a y wis h t o genera t e d ebu ggi ng i nf orm a t io n ent ri es f or ob j ect s or t y p es t h a t
were not a ct u a l l y d ecl a red i n t h e s ou rce of t h e a p p l i cat i on . A n ex a m p l e i s a f or m a l
p a ra m et er ent ry t o rep res ent t h e h i d d en t h i s p a ra m et er t h a t m os t C + +
im p l em ent at i on s p a s s as t h e fi rs t a rgu m ent t o non - s t at i c m em ber f u nct i ons .

A n y d e b u ggin g in f or m a t ion en t r y r ep r e sen t in g t h e d ec la r a t ion of a n obj e c t or t yp e
a r t ificia lly ge n e r a t e d b y a c omp ile r a n d n o t e xp licit ly d e c la r e d b y t h e so u r c e p r ogr a m m a y
h a v e a D W _ A T _ a r t i f i c i a l a t t r ib u t e . T h e v a lu e of t h is a t t r ib u t e is a fla g.

2. 1 0 Tar get- S p ecific Ad d r essin g In for m ation

I n s om e s y s t em s , ad d res s es a re s p ecifi ed as off set s wit h i n a gi v en s egm ent ra t h er t h a n a s
l oca t io ns wit h i n a s i ngl e fl a t a d d res s s p a ce.

A n y d e b u ggin g in f or m a t ion en t r y t h a t c ont a in s a d e scr ip t io n of t h e loca t ion of a n obj e c t or
su b r o u t in e m a y h a v e a D W _ A T _ s e g m e n t a t t r ib u t e , whose v a lu e is a loca t ion d e scr ipt ion.
T h e d esc r ipt ion e v a lu a t e s t o t h e seg m e n t v a lu e o f t h e it e m b ein g d esc r ib ed . I f t h e en t r y
con t a in in g t h e D W _ A T _ s e g m e n t a t t r ib u t e h a s a D W _ A T _ l o w _ p c o r
D W _ A T _ h i g h _ p c a t t r ib u t e , or a loca t ion d esc r ipt ion t h a t e v a lu a t e s t o a n a d d r e ss , t h e n
t h os e v a lu e s r e p r ese n t t h e offset p or t ion o f t h e a d d r e ss wit h in t h e segm en t spe c ified b y
D W _ A T _ s e g m e n t .

I f a n e n t r y h a s n o D W _ A T _ s e g m e n t a t t r ib u t e , it in h e r it s t h e segm en t v a lu e f r om it s
pa r e n t e n t r y. I f n one of t h e e n t r ie s in t h e c h a in of pa r e n t s f or t h is e n t r y b a c k t o it s
con t a in in g com p ila t ion u n it en t r y h a v e D W _ A T _ s e g m e n t a t t r ib u t e s, t h e n t h e e n t r y is
a ssu m e d t o exist w it h in a fla t a d d r e ss spa c e. S im ila r ly, if t h e en t r y h a s a
D W _ A T _ s e g m e n t a t t r ib u t e c ont a in in g a n em p t y loca t io n d e scr ip t io n , t h a t e n t r y is
a ssu m e d t o exist w it h in a fla t a d d r e ss spa c e.

S om e sy s t em s s u p p or t d i ff erent cl a s s es of a d d res ses . T h e a d d res s cl as s m ay a ffect t h e
way a p oi nt er i s d eref erenced or t h e way a su br ou t i ne is cal l ed .

A n y d e b u ggin g in f or m a t ion en t r y r ep r e sen t in g a p oint e r or r e f e r e n c e t ype or a su b r o u t in e
o r su b r ou t in e t yp e m a y h a v e a D W _ A T _ a d d r e s s _ c l a s s a t t r ib u t e , whose v a lu e is a
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con st a n t . T h e set o f p e r m issible v a lu e s is spe c ific t o e a ch t a r ge t a r c h it e c t u r e . T h e v a lu e
D W _ A D D R _ n o n e , h ow ev er , is c om m on t o a ll e n cod in gs, a n d m e a n s t h a t n o a d d r e ss cla ss
h a s b ee n spe c ified .

Fo r ex a m p l e, t h e I nt el 3 86p ro cess or m i gh t u s e t h e f ol l owi ng v al u es :
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N a m e Va lu e M e a n in g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A D D R _ n o n e 0 n o c la ss spe cifie d
D W _ A D D R _ n e a r 1 6 1 16 - b it offset , n o seg m e n t
D W _ A D D R _ f a r 1 6 2 16 - b it offset , 1 6- b it segm e n t
D W _ A D D R _ h u g e 1 6 3 16 - b it offset , 1 6- b it segm e n t
D W _ A D D R _ n e a r 3 2 4 32 - b it offset , n o seg m e n t
D W _ A D D R _ f a r 3 2 5 32 - b it offset , 1 6- b it segm e n t_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 6 . E xa m p le a d d r e ss cla ss cod e s

2. 1 1 N on - D efi n in g D ec lar ation s

A d e b u gg in g in f or m a t io n e n t r y r e p r e sen t in g a pr ogr a m obj ec t or t ype t ypic a lly r e p r ese n t s
t h e d e finin g d e c la r a t ion of t h a t obj e ct or t ype . I n ce r t a in c ont ext s, h ow ev er , a d eb u gge r
m igh t n e e d in f or m a t ion a b ou t a d e c la r a t io n of a su b r out in e , o b j e c t or t ype t h a t is n ot a lso a
d e fin it ion t o e v a lu a t e a n e xp r essio n c or r e ct ly.

A s a n ex a m p l e, cons i d er t h e f ol l owi ng f ra gm ent of C cod e:

v o i d m y f u n c ( )
{

i n t x ;
{

e x t e r n f l o a t x ;
g ( x ) ;

}
}

A N S I - C s cop i ng ru l es req u i re t h a t t h e v a l u e of t h e v a ri a bl e x p a s s ed t o t h e f u nct i on g
is t h e va l u e of t h e gl ob a l va ri a bl e x ra t h er t h a n of t h e l oca l v ers i on.

D e b u ggin g in f or m a t ion e n t r ies t h a t r e p r ese n t n o n - d efin in g d e c la r a t ions of a pr ogr a m obj e c t
o r t yp e h a v e a D W _ A T _ d e c l a r a t i o n a t t r ib u t e , whose v a lu e is a fla g.

2. 1 2 D ec la r ation C oor d in ates

I t i s s om et i m es u s ef u l i n a d ebu gger t o be a bl e t o as s oci at e a d ecl a ra t i on wit h i t s
occu rren ce i n t h e p ro gra m s ou rce.

A n y d e b u ggin g in f or m a t ion en t r y r ep r e sen t in g t h e d ec la r a t ion of a n obj e c t , m odu le,
su b p r ogr a m or t ype m a y h a v e D W _ A T _ d e c l _ f i l e , D W _ A T _ d e c l _ l i n e a n d
D W _ A T _ d e c l _ c o l u m n a t t r ib u t e s, ea c h of wh os e v a lu e is a c o n st a n t .

T h e v a lu e of t h e D W _ A T _ d e c l _ f i l e a t t r ib u t e c or r e spond s t o a file n u m b er f r om t h e
st a t e m e n t in f or m a t ion t a b le f o r t h e com p ila t ion u n it c o n t a in in g t h is d e b u gg in g in f o r m at ion
en t r y a n d r e pr e sen t s t h e so u r c e file in wh ich t h e d e c la r a t ion a p p e a r e d ( see sec t io n 6 .2 ) .
T h e v a lu e 0 in d ic a t e s t h a t n o so u r c e file h a s b e e n spe c ified .
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T h e v a lu e of t h e D W _ A T _ d e c l _ l i n e a t t r ib u t e r e pr e sen t s t h e so u r c e lin e n u m b er a t
w h ic h t h e fir st c h a r a c t e r of t h e id e n t ifier of t h e d ec la r e d obj e ct a p p ea r s. T h e v a lu e 0
in d ic a t e s t h a t n o so u r c e lin e h a s b e e n spe c ified .

T h e v a lu e of t h e D W _ A T _ d e c l _ c o l u m n a t t r ib u t e r e pr e sen t s t h e so u r c e c olu m n n u m b e r
a t wh ich t h e fir st c h a r a c t e r of t h e id e n t ifier o f t h e d e c la r e d obj e c t a p pe a r s. T h e v a lu e 0
in d ic a t e s t h a t n o c o lu m n h a s b ee n spe c ified .

2. 1 3 Id en tifi er N am es

A n y d e b u ggin g in f or m a t ion en t r y r ep r e sen t in g a p r ogr a m en t it y t h a t h a s b e e n giv en a
n a m e m a y h a v e a D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a st r in g r e p r e sen t in g t h e n a m e
a s it a pp e a r s in t h e so u r c e p r ogr a m . A d e b u gg in g in f or m a t ion e n t r y c ont a in in g n o n a m e
a t t r ib u t e , or c ont a in in g a n a m e a t t r ib u t e whose v a lu e con sist s of a n a m e con t a in in g a sing le
n u ll b yt e , r e pr e sen t s a p r ogr a m e n t it y f or w h ic h n o n a m e wa s giv en in t h e so u r c e.

N ot e t h a t s i nce t h e na m es of p rogr a m ob j ect s d escri bed by DW A R F a re t h e na m es a s t h ey
ap p ear i n t h e s ou rce p rogr a m , i m p l em ent a t i on s of l a ngu a ge t ra ns l a t ors t h a t u s e s om e
f or m of m a ngl ed na m e ( as d o m a ny i m p l em ent a t i on s of C + + ) s h ou l d u s e t h e u nm a ngl ed
f or m of t h e na m e i n t h e DW A R F D W _ A T _ n a m e at t ri bu t e, i ncl u d i ng t h e k ey word
o p e r a t o r , i f p res ent . S eq u ences of m u l t ip l e wh i t es p ace ch a ra ct ers m ay be com p res s ed .
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3. P R O G R A M S C O P E EN TR IE S

T h is sec t ion d e scr ib e s d e b u ggin g in f or m a t ion en t r ie s t h a t r ela t e t o d iffer e n t lev els o f
pr ogr a m scope : c o m p ila t ion u n it , m odu le, su b pr ogr a m , a n d so on. T h e se e n t r ies m a y b e
t h ou gh t of a s b ou n d e d b y r a n ge s of t ext a d d r e sses wit h in t h e pr ogr a m .

3. 1 C om p il ation U n it En tr ies

A n obj e c t file m a y b e d e r iv ed f r om one or m or e c o m p ila t ion u n it s. E a c h su c h c o m p ila t ion
u n it w ill b e d e scr ib e d b y a d e b u gg in g in f or m a t io n e n t r y wit h t h e t a g
D W _ T A G _ c o m p i l e _ u n i t .

A com p i l a t io n u ni t t y p i cal l y rep res ent s t h e t ex t an d d at a cont ri bu t ed t o an ex ecu t a bl e by
a s i ngl e rel ocat a bl e ob j ect fi l e. I t m ay be d eri v ed f ro m sev era l s ou rce fi l es, i ncl u d i ng
p re- p roces sed ‘ ‘ incl u d e fi l es .’ ’

T h e c o m p ila t ion u n it e n t r y m a y h a v e t h e f o llo w ing a t t r ib u t es:

1. A D W _ A T _ l o w _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of t h e fir st
m a c h in e in st r u c t io n ge n e r a t ed f or t h a t c omp ila t ion u n it .

2. A D W _ A T _ h i g h _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of t h e fir st
lo ca t io n p a st t h e la st m a ch in e in st r u ct ion ge n e r a t e d f o r t h a t com p ila t ion u n it .

T h e a d d res s m a y be bey ond t h e l a s t va l i d i ns t ru ct i on i n t h e ex ecu t ab l e, of cou rs e,
f or t h is a nd ot h er si m i l a r a t t ri bu t es .

T h e p r e sen ce of lo w a n d h igh pc a t t r ib u t e s in a c omp ila t ion u n it e n t r y im ply t h a t t h e
cod e ge n e r a t e d f o r t h a t com p ila t ion u n it is c ont igu ou s a n d e xist s t o t a lly w it h in t h e
b ou n d a r ie s spe c ified b y t h os e t wo a t t r ib u t e s. I f t h a t is n ot t h e c a se, n o low a n d h igh
pc a t t r ib u t e s sh ou ld b e pr odu ce d .

3. A D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e
f u ll or r e la t iv e p a t h n a m e of t h e p r im a r y so u r c e file f r om wh ich t h e com p ila t ion u n it
w a s d er iv ed .

4. A D W _ A T _ l a n g u a g e a t t r ib u t e whose c o n st a n t v a lu e is a c o d e in d ic a t in g t h e
so u r c e la n gu a ge o f t h e c o m p ila t ion u n it . T h e set of la n gu a ge n a m es a n d t h e ir
m e a n in gs a r e giv en in F igu r e 7.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ L A N G _ C N on- A N S I C , su ch a s K & R
D W _ L A N G _ C 8 9 I S O / A N S I C
D W _ L A N G _ C _ p l u s _ p l u s C + +
D W _ L A N G _ F o r t r a n 7 7 F O R T R A N 7 7
D W _ L A N G _ F o r t r a n 9 0 F or t r a n 9 0
D W _ L A N G _ M o d u l a 2 M odu la 2
D W _ L A N G _ P a s c a l 8 3 I S O / A N S I P a sca l_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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

Figu r e 7 . L a n gu a ge n a m e s

5. A D W _ A T _ s t m t _ l i s t a t t r ib u t e whose v a lu e is a r e f e r e n c e t o lin e n u m b er
in f or m a t ion f or t h is c omp ila t io n u n it .

T h is in f or m a t ion is p la ce d in a sep a r a t e obj e c t file sec t io n f r o m t h e d e b u ggin g
in f or m a t ion e n t r ies t h e m selv es. T h e v a lu e of t h e st a t e m e n t list a t t r ib u t e is t h e o ffset
in t h e . d e b u g _ l i n e sec t io n of t h e fir st b yt e of t h e lin e n u m b e r in f or m a t ion f or
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t h is c o m p ila t ion u n it . S ee sec t ion 6 .2 .

6. A D W _ A T _ m a c r o _ i n f o a t t r ib u t e whose v a lu e is a r e f e r e n c e t o t h e m a c r o
in f or m a t ion f or t h is c omp ila t io n u n it .

T h is in f or m a t ion is p la ce d in a sep a r a t e obj e c t file sec t io n f r o m t h e d e b u ggin g
in f or m a t ion e n t r ies t h e m selv es. T h e v a lu e of t h e m a c r o in f o r m a t io n a t t r ib u t e is t h e
o ffset in t h e . d e b u g _ m a c i n f o sec t io n of t h e fir st b yt e of t h e m a c r o in f or m a t ion
f or t h is c om pila t io n u n it . S e e sec t ion 6 .3 .

7. A D W _ A T _ c o m p _ d i r a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g
t h e c u r r e n t w o r k in g d ir ec t or y of t h e com p ila t ion c om m a n d t h a t p r odu c ed t h is
com pila t ion u n it in wh a t e v er f or m m a k e s sen se f or t h e h os t sys t e m .

T h e s u gges t ed f orm f or t h e v a l u e of t h e D W _ A T _ c o m p _ d i r at t ri bu t e on UN I X

sy s t em s i s ‘ ‘ h os t na m e:p a t h na m e’ ’ . I f no h os t na m e i s a v a i l ab l e, t h e s u ggest ed f or m
is ‘ ‘:p a t h na m e’ ’ .

8. A D W _ A T _ p r o d u c e r a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g
in f or m a t ion a b out t h e c o m p iler t h a t p r odu c e d t h e c omp ila t io n u n it . T h e a c t u a l
con t e n t s of t h e st r in g wil l b e spe c ific t o e a ch p r odu c e r , b u t sh o u ld b e gin w it h t h e
n a m e o f t h e com p iler v en d or o r so m e ot h e r id e n t if yin g c h a r a c t e r seq u e n c e t h a t
sh ou ld a v o id c onf u sio n wit h o t h e r pr odu ce r v a lu e s.

9. A D W _ A T _ i d e n t i f i e r _ c a s e a t t r ib u t e whose c o n st a n t v a lu e is a c o d e
d e scr ib in g t h e t r e a t m e n t of id en t ifier s wit h in t h is c omp ila t io n u n it . T h e set of
id e n t ifier c a se c ode s is giv en in F igu r e 8 .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ I D _ c a s e _ s e n s i t i v e
D W _ I D _ u p _ c a s e
D W _ I D _ d o w n _ c a s e
D W _ I D _ c a s e _ i n s e n s i t i v e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 8 . I d e n t ifier c a se c ode s

D W _ I D _ c a s e _ s e n s i t i v e is t h e d e f a u lt f or a ll c om pila t io n u n it s t h a t d o n ot
h a v e t h is a t t r ib u t e. I t in d ic a t e s t h a t n a m e s giv en a s t h e v a lu e s of D W _ A T _ n a m e
a t t r ib u t e s in d e b u ggin g in f or m a t ion e n t r ies f or t h e c omp ila t ion u n it r e flec t t h e n a m es
a s t h e y a p p ea r in t h e so u r c e p r o gr a m . T h e d e b u gge r sh o u ld b e sen sit iv e t o t h e c a se
o f id e n t ifier n a m es wh e n d oing id e n t ifier lo o ku ps.

D W _ I D _ u p _ c a s e m e a n s t h a t t h e p r o d u c e r of t h e d e b u ggin g in f or m a t ion f or t h is
com pila t ion u n it con v er t e d a ll so u r ce n a m e s t o u p p e r ca se. T h e v a lu e s of t h e n a m e
a t t r ib u t e s m a y n ot r e flec t t h e n a m e s a s t h e y a p p e a r in t h e so u r c e p r o gr a m . T h e
d e b u gge r sh ou ld con v er t a ll n a m e s t o u p p er c a se wh e n d oing loo ku p s.

D W _ I D _ d o w n _ c a s e m e a n s t h a t t h e p r o d u c e r of t h e d e b u ggin g in f or m a t ion f or
t h is c o m p ila t ion u n it c o n v er t ed a ll so u r c e n a m es t o low er c a se. T h e v a lu es of t h e
n a m e a t t r ib u t e s m a y n ot r e flec t t h e n a m e s a s t h e y a p p e a r in t h e so u r c e p r o gr a m .
T h e d eb u gge r sh o u ld c o n v er t a ll n a m e s t o lo w er c a se w h e n d oing lo o ku ps.

D W _ I D _ c a s e _ i n s e n s i t i v e m e a n s t h a t t h e v a lu e s of t h e n a m e a t t r ib u t es
r e flec t t h e n a m e s a s t h e y a p p e a r in t h e so u r ce p r ogr a m b u t t h a t a c a se in sen sit iv e
lo o ku p sh ould b e u sed t o a c c e ss t h os e n a m e s.
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10 . A D W _ A T _ b a s e _ t y p e s a t t r ib u t e whose v a lu e is a r e f e r e n c e . T h is a t t r ib u t e
poin t s t o a d eb u ggin g in f or m a t ion e n t r y r ep r e sen t in g a n ot h er c omp ila t io n u n it . I t
m a y b e u sed t o spe c if y t h e c omp ila t io n u n it c ont a in in g t h e b a se t ype e n t r ies u sed b y
en t r ies in t h e c u r r en t c omp ila t ion u n it ( see sec t io n 5 .1 ) .

T h i s at t ri bu t e p rov i d es a cons u m er a wa y t o fi nd t h e d efi ni t i on of ba s e t y p es f or a
com p il a t i on u ni t t h a t d oes no t i t s el f cont a in s u ch d efi ni t i on s. T h i s al l ows a
cons u m er, f or ex am p l e, t o i nt erp ret a t y p e conv ers i on t o a ba s e t y p e corr ect l y .

A c omp ila t io n u n it e n t r y ow n s d e b u gg in g in f or m a t io n e n t r ies t h a t r e p r ese n t t h e
d e c la r a t ions m a d e in t h e c or r esp ond in g c o m p ila t ion u n it .

3. 2 M od u l e En tr ies

S ev era l l a ngu a ges h a v e t h e concep t of a ‘ ‘ m od u l e.’ ’

A m odu le is r e p r e sen t e d b y a d eb u ggin g in f or m a t ion en t r y w it h t h e t a g
D W _ T A G _ m o d u l e . M odu le e n t r ie s m a y ow n ot h er d e b u gg in g in f or m a t io n e n t r ie s
d e scr ib in g pr ogr a m e n t it ie s w h os e d e c la r a t ion scopes e n d a t t h e e n d of t h e m odu le it self .

I f t h e m odu le h a s a n a m e, t h e m odu le e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is
a n u ll- t e r m in a t e d st r in g c ont a in in g t h e m o d u le n a m e a s it a p pe a r s in t h e so u r c e pr ogr a m .

I f t h e m odu le c ont a in s in it ia liz a t ion c ode , t h e m o d u le en t r y h a s a D W _ A T _ l o w _ p c
a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of t h e fir st m a c h in e in st r u ct ion ge n e r a t e d f or
t h a t in it ia liz a t ion c ode . I t a lso h a s a D W _ A T _ h i g h _ p c a t t r ib u t e whose v a lu e is t h e
r e loca t e d a d d r e ss of t h e fir st lo ca t ion p a st t h e la st m a c h in e in st r u c t ion ge n e r a t ed f or t h e
in it ia liz a t io n c ode .

I f t h e m odu le h a s b e e n a ss ign ed a p r io r it y, it m a y h a v e a D W _ A T _ p r i o r i t y a t t r ib u t e .
T h e v a lu e of t h is a t t r ib u t e is a r ef e r e n c e t o a n ot h er d e b u gg in g in f or m a t io n e n t r y desc r ib in g
a v a r ia b le wi t h a c o n st a n t v a lu e. T h e v a lu e of t h is v a r ia b le is t h e a c t u a l c onst a n t v a lu e o f
t h e m o d u le ’ s p r ior it y, r ep r e sen t e d a s it wo u ld b e on t h e t a r ge t a r c h it e c t u r e .

A M od u l a 2 d efi ni t i on m od u l e m a y be rep res ent ed by a m od u l e ent ry cont a i ni ng a
D W _ A T _ d e c l a r a t i o n at t ri bu t e.

3. 3 S u b r ou tin e an d En tr y P oin t En tr ies

T h e f o llo w ing t a gs e xist t o d e scr ib e d e b u ggin g in f or m a t ion e n t r ies f or su b r out in e s a n d
en t r y poin t s:

D W _ T A G _ s u b p r o g r a m A globa l or file st a t ic su b r ou t in e or f u n c t io n .

D W _ T A G _ i n l i n e d _ s u b r o u t i n e A p a r t ic u la r in lin ed in st a n c e o f a su b r ou t in e or
f u n c t io n .

D W _ T A G _ e n t r y _ p o i n t A F or t r a n e n t r y p o in t .

3. 3 .1 G en er al S u b r ou tin e an d En tr y P oin t In f or m ation

T h e su b r ou t in e or e n t r y poin t en t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll-
t e r m in a t e d st r in g con t a in in g t h e su b r ou t in e or en t r y p o in t n a m e a s it a p p ea r s in th e so u r c e
pr ogr a m .

I f t h e n a m e o f t h e su b r out in e d esc r ib e d b y a n e n t r y wit h t h e t a g
D W _ T A G _ s u b p r o g r a m is v isible ou t sid e o f it s c o n t a in in g c o m p ila t ion u n it , t h a t e n t r y
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h a s a D W _ A T _ e x t e r n a l a t t r ib u t e , whose v a lu e is a fla g.

A d d i t io na l at t ri bu t es f or f u nct i on s t h a t a re m em ber s of a cl as s or s t ru ct u re a re d es crib ed
in s ect i on 5 .5 .5 .

A com m on d ebu gger f eat u re i s t o a l l ow t h e d ebu gger u s er t o cal l a su br ou t i ne wit h i n t h e
su bj ect p ro gra m . I n cert a i n cas es , h owev er, t h e genera t ed cod e f or a s u bro u t in e wi l l no t
obey t h e s t a nd a rd cal l i ng conv ent i ons f or t h e t a rget a rch i t ect u re an d wil l t h eref or e not be
sa f e t o cal l f rom wit h i n a d ebu gger.

A su b r ou t in e e n t r y m a y con t a in a D W _ A T _ c a l l i n g _ c o n v e n t i o n a t t r ib u t e , whose
v a lu e is a c onst a n t . I f t h is a t t r ib u t e is n ot p r ese n t , o r it s v a lu e is t h e c o n st a n t
D W _ C C _ n o r m a l , t h e n t h e su b r ou t in e m a y b e sa f e ly c a lle d b y obe yin g t h e ‘ ‘ st a n d a r d ’ ’
ca llin g c onv en t io n s of t h e t a r ge t a r c h it e c t u r e . I f t h e v a lu e of t h e c a llin g c o n v en t io n
a t t r ib u t e is t h e c onst a n t D W _ C C _ n o c a l l , t h e su b r ou t in e d o es n ot obe y st a n d a r d c a llin g
con v en t ions, a n d it m a y n ot b e sa f e f o r t h e d e b u gge r t o ca ll t h is su b r ou t in e.

I f t h e sem a n t ic s of t h e la n gu a ge of t h e c om pila t io n u n it c ont a in in g t h e su b r ou t in e e n t r y
d ist in gu ish e s b e t w ee n o r d in a r y su b r ou t in e s a n d su b r ou t in es t h a t c a n ser v e a s t h e ‘ ‘ ma in
pr ogr a m ,’ ’ t h a t is, su b r o u t in es t h a t ca n n ot b e c a lled d ir e c t ly f ollo w in g t h e or d in a r y ca llin g
con v en t ions, t h e n t h e d eb u ggin g in f or m a t ion e n t r y f o r su c h a su b r ou t in e m a y h a v e a c a llin g
con v en t ion a t t r ib u t e whose v a lu e is t h e c o n st a n t D W _ C C _ p r o g r a m .

T h e D W _ C C _ p r o g r a m va l u e is i nt end ed t o s u p p or t F ort ra n m a i n p ro gra m s . I t i s no t
in t end ed a s a wa y of fi nd in g t h e ent ry a d d res s f or t h e p rogr a m .

3. 3 .2 S u b r ou tin e an d En tr y P oin t Retu r n Typ es

I f t h e su b r out in e o r e n t r y p oint is a f u n c t ion t h a t r et u r n s a v a lu e , t h e n it s d eb u gg in g
in f or m a t ion e n t r y h a s a D W _ A T _ t y p e a t t r ib u t e t o d e n ot e t h e t ype r e t u r n e d b y t h a t
f u n c t io n .

Debu ggin g i nf or m a t i on ent ri es f or C v o i d f u nct io ns s h ou l d not h a ve a n at t ri bu t e f or t h e
ret u rn t y p e.

I n A N S I - C t h ere i s a d i ff erence bet ween t h e t y p es of f u nct i ons d ecl a red u s i ng f u nct i on
p ro t ot y p e s t y l e d ecl a ra t i on s an d t h os e d ecl a red u s i ng no n- p ro t ot y p e d ecl a ra t i on s.

A su b r ou t in e e n t r y d e c la r e d w it h a f u n c t io n p r ot ot yp e st yle d e c la r a t ion m a y h a v e a
D W _ A T _ p r o t o t y p e d a t t r ib u t e , whose v a lu e is a fla g.

3. 3 .3 S u b r ou tin e an d En tr y P oin t Location s

A su b r ou t in e e n t r y h a s a D W _ A T _ l o w _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss
o f t h e fir st m a c h in e in st r u c t ion ge n er a t e d f or t h e su b r o u t in e . I t a lso h a s a
D W _ A T _ h i g h _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of t h e fir st loca t ion p a st
t h e la st m a c h in e in st r u c t ion ge n e r a t e d f or t h e su b r ou t in e .

N ot e t h a t f or t h e l ow a nd h i gh p c a t t ri bu t es t o h a ve m ean i ng, DW A R F m ak es t h e
as s u m p t i on t h a t t h e cod e f or a si ngl e s u br ou t i ne i s a l l ocat ed i n a s i ngl e cont i gu ou s bl ock
of m em or y .

A n e n t r y p oi n t h a s a D W _ A T _ l o w _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of
t h e fir st m a ch in e in st r u ct ion ge n e r a t e d f or t h e e n t r y p o in t .
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S u b r o u t in es a n d en t r y poin t s m a y a lso h a v e D W _ A T _ s e g m e n t a n d
D W _ A T _ a d d r e s s _ c l a s s a t t r ib u t e s, a s a p p r opr ia t e , t o spe c if y wh ic h seg m e n t s t h e
cod e f or t h e su b r out in e r e sid e s in a n d t h e a d d r e ss in g m ode t o b e u sed in c a llin g t h a t
su b r o u t in e .

A su b r ou t in e e n t r y r e p r ese n t in g a su b r ou t in e d ec la r a t ion t h a t is n o t a lso a d e finit ion d oes
n ot h a v e low a n d h igh p c a t t r ib u t e s.

3. 3 .4 D ec lar ation s O w n ed b y S u b r ou tin es an d En tr y P oin ts

T h e d ec la r a t ions en c los ed b y a su b r o u t in e or e n t r y p oi n t a r e r e p r e sen t e d b y d e b u gg in g
in f or m a t ion e n t r ies t h a t a r e ow n e d b y t h e su b r out in e o r e n t r y p oint e n t r y. E n t r ies
r e p r e sen t in g t h e f o r m a l p a r a m e t e r s of t h e su b r out in e o r e n t r y p oint a p p ea r in t h e sa m e
o r d e r a s t h e cor r e spond in g d e cla r a t io n s in t h e so u r c e pr ogr a m .

T h ere i s no ord eri ng req u i rem ent on ent ri es f or d ecl a ra t i ons t h a t ar e ch il d ren of
su br ou t i ne or ent ry p oi nt ent ri es bu t t h a t d o no t rep res ent f orm a l p a ra m et ers . T h e f orm a l
p a ra m et er ent ri es m a y be i nt ers p ers ed wit h ot h er ent ri es u sed by f or m a l p a ra m et er ent ri es,
su ch as t y p e ent ri es.

T h e u n spe c ified pa r a m et e r s o f a v a r ia b le pa r a m et e r list a r e r ep r e sen t e d b y a d e b u gg in g
in f or m a t ion e n t r y wit h t h e t a g D W _ T A G _ u n s p e c i f i e d _ p a r a m e t e r s .

T h e e n t r y f o r a su b r ou t in e or e n t r y p o in t t h a t in c lu d e s a F or t r a n c omm on b lock h a s a ch ild
en t r y w it h t h e t a g D W _ T A G _ c o m m o n _ i n c l u s i o n . T h e com m o n in c lu sio n e n t r y h a s a
D W _ A T _ c o m m o n _ r e f e r e n c e a t t r ib u t e whose v a lu e is a r e f e r e n c e t o t h e d e b u ggin g
en t r y f or t h e c om m on b lo ck b ein g in c lu d ed ( see sec t io n 4 .2 ) .

3. 3 .5 L ow - L ev el In f or m ation

A su b r ou t in e or e n t r y p o in t e n t r y m a y h a v e a D W _ A T _ r e t u r n _ a d d r a t t r ib u t e , whose
v a lu e is a loca t ion d e scr ipt ion. T h e lo ca t io n c a lcu la t e d is t h e p la c e w h e r e t h e r e t u r n
a d d r ess f or t h e su b r ou t in e or e n t r y p o in t is st or e d .

A su b r ou t in e or e n t r y p o in t e n t r y m a y a lso h a v e a D W _ A T _ f r a m e _ b a s e a t t r ib u t e ,
w h os e v a lu e is a lo ca t ion d e scr ip t ion t h a t com p u t e s t h e ‘ ‘ f r a m e b a se’ ’ f o r t h e su b ro u t in e or
en t r y poin t .

T h e f ra m e ba s e f or a p ro ced u re i s t y p i cal l y a n a d d res s fi x ed rel a t i ve t o t h e fi rs t u ni t of
st or a ge a l l ocat ed f or t h e p ro ced u re’ s s t a ck f ra m e. T h e D W _ A T _ f r a m e _ b a s e at t ri bu t e
can be u s ed in s ev era l way s :

1. I n p roced u res t h a t need l ocat i on l is t s t o l oca t e l oca l va ri a bl es , t h e
D W _ A T _ f r a m e _ b a s e can h ol d t h e need ed l ocat i on l is t , wh i l e a l l va ri a bl es ’
l oca t io n d escri p t io ns can be si m p l er l oca t i on ex p res si on s i nv ol v in g t h e f ra m e ba s e.

2. I t can be u sed a s a k ey i n res ol v i ng "u p - l evel" ad d res s i ng wi t h nes t ed rou t i nes . ( S ee
D W _ A T _ s t a t i c _ l i n k , bel ow)

S om e l a ngu a ges su p p ort nes t ed s u bro u t i nes . I n s u ch l a ngu ages , it i s p os s i bl e t o ref erence
t h e l ocal v a ri a bl es of a n ou t er su br ou t i ne f ro m wit h i n an i nn er s u bro u t i ne. T h e
D W _ A T _ s t a t i c _ l i n k an d D W _ A T _ f r a m e _ b a s e at t ri bu t es a l l ow d ebu ggers t o
su p p ort t h i s s a m e k i nd of ref erenci ng.
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I f a su b r ou t in e or en t r y p o in t is n e st e d , it m a y h a v e a D W _ A T _ s t a t i c _ l i n k a t t r ib u t e ,
w h os e v a lu e is a lo ca t ion d e scr ip t ion t h a t com p u t e s t h e f r a m e b a se of t h e r e le v a n t in st an c e
o f t h e su b r out in e t h a t im m e d ia t e ly en c los es t h e su b r out in e o r e n t r y p oint .

I n t h e con t e xt of su p p or t in g n est e d su b r out in e s, t h e D W _ A T _ f r a m e _ b a s e a t t r ib u t e
v a lu e sh ou ld obe y t h e f o llo w ing c onst r a in t s:

1. I t sh ou ld com p u t e a v a lu e t h a t d oes n ot c h a n ge d u r in g t h e lif e of t h e p r oced u r e, a n d

2. T h e c om pu t e d v a lu e sh ou ld b e u n iqu e a m ong in st a n c e s of t h e sa m e su b r ou t in e . ( F o r
t yp ic a l D W _ A T _ f r a m e _ b a s e u se, t h is m e a n s t h a t a r e c u r siv e su b r o u t in e’ s st a ck
f r a m e m u st h a v e n on- z er o siz e. )

I f a d ebu gger i s a t t em p t in g t o res ol v e a n u p - l ev el ref erence t o a v a ri a bl e, i t u s es t h e
nes t i ng s t ru ct u re of DW A R F t o d et erm i ne wh i ch s u br ou t i ne i s t h e l ex i cal p a rent a nd t h e
D W _ A T _ s t a t i c _ l i n k va l u e t o i d ent i f y t h e a p p rop ri at e a ct i v e f ra m e of t h e p ar ent . I t
can t h en a t t em p t t o fi nd t h e ref erence wi t h in t h e cont ex t of t h e p a rent .

3. 3 .6 Typ es Th r ow n b y Ex c ep tion s

I n C + + a s u bro u t in e m ay d ecl a re a set of t y p es f or wh i ch t h a t s u br ou t i ne m a y genera t e
or ‘ ‘ t h ro w’ ’ a n ex cept i on.

I f a su b r ou t in e e xplic it ly d e c la r e s t h a t it m a y t h r o w a n exc e p t ion f o r one o r m or e t yp e s,
ea c h su c h t ype is r ep r e sen t e d b y a d e b u gg in g in f o r m a t ion e n t r y wi t h t h e t a g
D W _ T A G _ t h r o w n _ t y p e . E a c h su c h en t r y is a c h ild of t h e e n t r y r e p r ese n t in g t h e
su b r o u t in e t h a t m a y t h r o w t h is t yp e . A ll t h r ow n t yp e e n t r ie s sh ou ld f ollo w a ll en t r ies
r e p r e sen t in g t h e f o r m a l p a r a m e t e r s of t h e su b r out in e a n d p r ec e d e a ll e n t r ie s r epr e sen t in g
t h e loca l v a r ia b le s or le xica l b lo ck s con t a in e d in t h e su b r ou t in e . E a c h t h r ow n t ype e n t r y
con t a in s a D W _ A T _ t y p e a t t r ib u t e , whose v a lu e is a r e f er e n c e t o a n e n t r y d esc r ib in g t h e
t yp e o f t h e e xce p t io n t h a t m a y b e t h r o w n .

3. 3 .7 Fu n c tion Tem p la te In stan tiation s

I n C + + a f u nct i on t em p l a t e i s a generi c d efi ni t i on of a f u nct i on t h a t i s i ns t a nt i a t ed
d i ff erent l y wh en cal l ed wi t h v a l u es of d iff erent t y p es . DW A R F d oes no t rep res ent t h e
generi c t em p l a t e d efi ni t i on , bu t d oes rep res ent each i ns t a nt i a t i on.

A t e m p la t e in st a n t ia t ion is r e pr e sen t e d b y a d e b u gg in g in f or m a t io n e n t r y wit h t h e t a g
D W _ T A G _ s u b p r o g r a m . W it h t h r e e exc e pt ions, su c h a n e n t r y will con t a in t h e sa m e
a t t r ib u t e s a n d h a v e t h e sa m e t ype s of c h ild en t r ies a s wo u ld a n e n t r y f or a su b r out in e
d e fin ed e xplic it ly u sin g t h e in st a n t ia t ion t yp e s. T h e e xce p t io n s a r e:

1. E a ch f or m a l p a r a m e t er iz e d t yp e d e c la r a t ion a p p e a r in g in t h e t e m p la t e d e finit ion is
r e p r e sen t e d b y a d eb u ggin g in f or m a t ion en t r y w it h t h e t a g
D W _ T A G _ t e m p l a t e _ t y p e _ p a r a m e t e r . E a c h su c h en t r y h a s a
D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e
n a m e o f t h e f or m a l t yp e pa r a m e t e r a s it a p pe a r s in t h e so u r c e pr ogr a m . T h e
t e m p la t e t ype p a r a m e t er e n t r y a lso h a s a D W _ A T _ t y p e a t t r ib u t e d e scr ib in g t h e
a c t u a l t yp e b y wh ich t h e f or m a l is r e pla c e d f or t h is in st a n t ia t io n . A ll t e m pla t e t ype
pa r a m e t e r en t r ie s sh ou ld a p p ea r b e f or e t h e e n t r ies d e scr ib in g t h e in st a n t ia t e d f or ma l
pa r a m e t e r s t o t h e f u n c t io n .
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2. I f t h e c om pile r h a s ge n e r a t e d a spe c ia l c o m p ila t ion u n it t o h old t h e t e m p la t e
in st a n t ia t io n a n d t h a t c o m p ila t ion u n it h a s a d iffer e n t n a m e f r om t h e c omp ila t io n
u n it c o n t a in in g t h e t e m pla t e d e fin it io n , t h e n a m e a t t r ib u t e f o r t h e d e b u ggin g e n t r y
r e p r e sen t in g t h a t com p ila t ion u n it sh ou ld b e e m p t y or om it t e d .

3. I f t h e su b pr ogr a m e n t r y r e p r e sen t in g t h e t e m pla t e in st a n t ia t ion o r a n y of it s ch ild
en t r ies c ont a in d e cla r a t io n c o o r d in a t e a t t r ib u t es, t h os e a t t r ib u t e s sh ou ld r e f e r t o t h e
so u r c e f or t h e t e m pla t e d e fin it ion, n o t t o a n y so u r c e ge n e r a t ed a r t ificia lly b y t h e
com pile r f o r t h is in st a n t ia t ion.

3. 3 .8 In lin e S u b r ou tin es

A d e c la r a t io n or a d e fin it ion of a n in lin a b le su b r o u t in e is r e p r e sen t e d b y a d e b u ggin g
in f or m a t ion e n t r y wit h t h e t a g D W _ T A G _ s u b p r o g r a m . T h e en t r y f o r a su b r ou t in e t h a t
is e xp licit ly d e c la r e d t o b e a v a ila b le f or in lin e e xpa n sio n or t h a t wa s e xp a n d e d in lin e
im p licit ly b y t h e com p iler h a s a D W _ A T _ i n l i n e a t t r ib u t e whose v a lu e is a c onst a n t .
T h e set of v a lu e s f o r t h e D W _ A T _ i n l i n e a t t r ib u t e is giv en in F igu r e 9 .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N a m e M e a n in g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ I N L _ n o t _ i n l i n e d N ot d ec la r e d in lin e n or in lin e d b y t h e c om pile r
D W _ I N L _ i n l i n e d N ot d ec la r e d in lin e b u t in lin e d b y t h e c om pile r
D W _ I N L _ d e c l a r e d _ n o t _ i n l i n e d D e c la r e d in lin e b u t n ot in lin e d b y t h e c om pile r
D W _ I N L _ d e c l a r e d _ i n l i n e d D e c la r e d in lin e a n d in lin e d b y t h e c o m p iler_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 9 . I n lin e c ode s

3. 3 .8 .1 Ab str act In stan ces

F or t h e r e m a in d e r of t h is d iscu ssio n, a n y d e b u ggin g in f or m a t ion en t r y t h a t is o w n e d ( e it h er
d ir e c t ly or in d ir e ct ly) b y a d e b u gg in g in f o r m a t io n e n t r y t h a t c ont a in s t h e
D W _ A T _ i n l i n e a t t r ib u t e wil l b e r ef e r r e d t o a s a n ‘ ‘ a b st r a c t in st a n c e e n t r y.’ ’ A n y
su b r o u t in e en t r y t h a t c ont a in s a D W _ A T _ i n l i n e a t t r ib u t e wil l b e k n ow n a s a n ‘ ‘ a b st r a c t
in st a n c e r oo t .’ ’ A n y set o f a b st r a c t in st a n ce e n t r ies t h a t a r e a ll c h ild r e n ( e it h e r d ir e c t ly or
in d ir ec t ly) o f so m e a b st r a c t in st a n c e r oo t , t oget h e r wit h t h e r oo t it self , wi ll b e kn ow n as a n
‘ ‘ a b st r a c t in st a n ce t r e e .’ ’

A d e b u gg in g in f or m a t io n e n t r y t h a t is a m em b e r of a n a b st r a ct in st a n c e t r e e sh o u ld n o t
con t a in a D W _ A T _ h i g h _ p c , D W _ A T _ l o w _ p c , D W _ A T _ l o c a t i o n ,
D W _ A T _ r e t u r n _ a d d r , D W _ A T _ s t a r t _ s c o p e , or D W _ A T _ s e g m e n t a t t r ib u t e .

I t wou l d no t m a k e sen s e t o p u t t h es e at t ri bu t es i nt o a bs t ra ct i ns t a nce ent ri es s i nce s u ch
ent ri es d o not rep res ent a ct u al ( concret e) i ns t a nces a nd t h u s d o not a ct u a l l y ex i s t a t ru n-
t i m e.

T h e r u le s f or t h e r ela t iv e loca t io n of en t r ie s b e longin g t o a b st r a c t in st a n ce t r e e s a r e e xa c t ly
t h e sa m e a s f or ot h er sim ila r t ype s of en t r ie s t h a t a r e n ot a b st r a c t . S pe c ifica lly, t h e r u le
t h a t r eq u ir e s t h a t a n e n t r y r e p r ese n t in g a d ec la r a t ion b e a d ir ec t c h ild of t h e e n t ry
r e p r e sen t in g t h e scope o f t h e d e c la r a t ion a p p lie s e q u a lly t o b ot h a b st r a c t a n d n o n - a b st r a c t
en t r ies. A lso , t h e o r d e r in g r u les f or f o r m a l p a r a m e t e r en t r ie s, m e m b e r e n t r ie s, a nd so on,
a ll a p ply r e ga r d le ss of w h e t h er or n o t a giv en e n t r y is a b st r a c t .
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3. 3 .8 .2 C on cr ete In lin ed In stan ces

E a c h in lin e exp a n sio n o f a n in lin a b le su b r ou t in e is r e pr e sen t e d b y a d e b u gg in g in f or m a t io n
en t r y w it h t h e t a g D W _ T A G _ i n l i n e d _ s u b r o u t i n e . E a c h su c h en t r y sh ou ld b e a
d ir e c t c h ild o f t h e en t r y t h a t r e pr e sen t s t h e scope w it h in wh ich t h e in lin in g occ u r s.

E a c h in lin e d su b r o u t in e e n t r y c ont a in s a D W _ A T _ l o w _ p c a t t r ib u t e , r e pr e sen t in g t h e
a d d r ess of t h e fir st in st r u c t ion a sso cia t e d w it h t h e giv en in lin e e xp a n sio n. E a c h in lin e d
su b r o u t in e en t r y a lso c o n t a in s a D W _ A T _ h i g h _ p c a t t r ib u t e , r e pr e sen t in g t h e a d d r e ss o f
t h e fir st loca t ion p a st t h e la st in st r u c t ion a ss o cia t e d wit h t h e in lin e exp a n sio n .

F or t h e r e m a in d e r of t h is d iscu ssio n, a n y d e b u ggin g in f or m a t ion en t r y t h a t is o w n e d ( e it h er
d ir e c t ly or in d ir e ct ly) b y a d e b u gg in g in f o r m a t io n e n t r y wit h t h e t a g
D W _ T A G _ i n l i n e d _ s u b r o u t i n e w ill b e r e f e r r e d t o a s a ‘ ‘ conc r et e in lin e d in st a n c e
en t r y.’ ’ A n y e n t r y t h a t h a s t h e t a g D W _ T A G _ i n l i n e d _ s u b r o u t i n e w ill b e k n ow n
a s a ‘ ‘ conc r et e in lin e d in st a n c e r oo t .’ ’ A n y set of c onc r e t e in lin e d in st a n ce e n t r ie s t h a t a re
a ll c h ild r e n ( e it h e r d ir e ct ly or in d ir e ct ly) o f so m e c onc r e t e in lin e d in st a n c e r oo t , t oget h er
w it h t h e r oo t it self , will b e k n ow n a s a ‘ ‘ conc r e t e in lin e d in st a n c e t r e e .’ ’

E a c h con c r et e in lin e d in st a n ce t r e e is u n iqu e ly a sso cia t e d w it h one ( a n d o n ly o n e ) a b st r a c t
in st a n c e t r e e.

N ot e, h owev er, t h a t t h e rev ers e i s not t ru e. A ny giv en a bs t ra ct i ns t an ce t ree m ay be
as s ocia t ed wit h s ever a l d i ff erent concret e i nl in ed i ns t a nce t rees , or m a y ev en be a ss oci at ed
wit h z ero concret e i nl i ned i ns t a nce t rees .

A lso , ea c h sep a r a t e e n t r y wit h in a giv en c o n c r e t e in lin e d in st a n c e t r e e is u n iq u ely
a sso cia t e d w it h one p a r t ic u la r e n t r y in t h e a sso cia t e d a b st r a ct in st a n c e t r e e . I n o t h er
w o r d s, t h e r e is a one - t o-one m a p p in g f r om e n t r ies in a giv en con c r et e in lin e d in st a n ce t r e e
t o t h e en t r ie s in t h e a sso cia t e d a b st r a c t in st a n c e t r e e .

N ot e, h owev er, t h a t t h e rev ers e i s not t ru e. A gi v en a bs t ra ct i ns t a nce t ree t h a t i s
as s ocia t ed wit h a giv en concret e i nl in ed i ns t a nce t ree m a y ( an d q u i t e p rob a bl y wi l l )
cont ai n m ore ent ri es t h an t h e as s ocia t ed concret e i nl in ed i ns t a nce t ree ( s ee bel ow) .

C onc r e t e in lin e d in st a n c e e n t r ie s d o n ot h a v e m o st of t h e a t t r ib u t e s ( e xc ep t f or
D W _ A T _ l o w _ p c , D W _ A T _ h i g h _ p c , D W _ A T _ l o c a t i o n ,
D W _ A T _ r e t u r n _ a d d r , D W _ A T _ s t a r t _ s c o p e a n d D W _ A T _ s e g m e n t) t h a t
su c h en t r ie s wo u ld ot h e r wis e n or m a lly h a v e. I n pla c e o f t h e se om it t e d a t t r ib u t es, e a ch
con c r e t e in lin e d in st a n ce e n t r y h a s a D W _ A T _ a b s t r a c t _ o r i g i n a t t r ib u t e t h a t m a y
b e u sed t o obt a in t h e m iss in g in f or m a t ion ( in d ir ec t ly) f r om t h e a sso cia t ed a b st r a c t in st a n ce
en t r y. T h e v a lu e of t h e a b st r a c t or igin a t t r ib u t e is a r e f e r e n c e t o t h e a sso cia t e d a b st r a c t
in st a n c e e n t r y.

F or e a c h p a ir of e n t r ie s t h a t a r e a sso cia t e d v ia a D W _ A T _ a b s t r a c t _ o r i g i n
a t t r ib u t e , b o t h m em b e r s of t h e p a ir w ill h a v e t h e sa m e t a g. S o , f or e xa m p le, a n e n t ry wit h
t h e t a g D W _ T A G _ l o c a l _ v a r i a b l e ca n only b e a sso cia t e d w it h a n o t h e r en t r y t h a t
a lso h a s t h e t a g D W _ T A G _ l o c a l _ v a r i a b l e . T h e only e xce p t io n t o t h is r u le is t h a t
t h e r oo t of a con c r et e in st a n c e t r e e ( w h ic h m u st a lw a ys h a v e t h e t a g
D W _ T A G _ i n l i n e d _ s u b r o u t i n e) c a n o n ly b e a sso cia t e d w it h t h e r oo t of it s
a sso cia t e d a b st r a ct in st a n c e t r e e ( whic h m u st h a v e t h e t a g D W _ T A G _ s u b p r o g r a m) .
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I n ge n e r a l, t h e st r u c t u r e a n d c o n t e n t o f a n y giv en c onc r e t e in st a n c e t r e e w ill b e d ir e c t ly
a n a logo u s t o t h e st r u c t u r e a n d c ont en t of it s a sso cia t e d a b st r a c t in st a n c e t r e e. T h e r e a r e
t wo e xce p t io n s t o t h is ge n e r a l r u le h o w ev er .

1. N o en t r ie s r e p r ese n t in g a n o n ym o u s t ype s a r e e v er m a d e a pa r t of a n y c o n c r e t e
in st a n c e in lin e d t r e e .

2. N o en t r ie s r e p r ese n t in g m e m b e r s of st r u c t u r e, u n ion or c la ss t ype s a r e ev er m a d e a
pa r t of a n y c o n c r e t e in lin e d in st a n c e t r e e .

E nt ri es t h a t rep res ent m em bers a nd a no ny m ou s t y p es a re om i t t ed f ro m concret e i nl i ned
in s t a nce t rees becau s e t h ey wou l d s im p l y be red u nd a nt d u p l i cat es of t h e corr esp on d i ng
ent ri es i n t h e a s s ocia t ed a bs t ra ct i ns t a nce t rees . I f a ny ent ry wi t h i n a concret e in l i ned
in s t a nce t ree need s t o ref er t o an a non y m ou s t y p e t h a t was d ecl a red wi t h i n t h e scop e of
t h e rel ev a nt i nl i ne f u nct i on , t h e ref erence sh ou l d s i m p l y ref er t o t h e a bs t ra ct i ns t a nce ent ry
f or t h e gi v en a no ny m ou s t y p e.

I f a n e n t r y wi t h in a c onc r e t e in lin e d in st a n ce t r e e c ont a in s a t t r ib u t es d e scr ib in g t h e
d e c la r a t ion c oo r d in a t e s of t h a t e n t r y, t h e n t h os e a t t r ib u t e s sh ou ld r e f e r t o t h e file, lin e a n d
colu m n of t h e or igin a l d ec la r a t ion of t h e su b r ou t in e , n o t t o t h e p oint a t whic h it w a s
in lin ed .

3. 3 .8 .3 O u t- of- Lin e In stan ces of In lin e S u b r ou tin es

U n d e r so m e c ond it ions, c om pile r s m a y n ee d t o ge n e r a t e c onc r e t e e xe c u t a b le in st a n c e s of
in lin e su b r o u t in e s ot h e r t h a n a t p oint s wh er e t h o se su b r ou t in e s a r e a c t u a lly c a lled . F o r t h e
r e m a in d e r o f t h is d iscu ss io n , su c h c o n c r e t e in st a n c e s o f in lin e su b r ou t in e s wil l b e r ef er r e d
t o a s ‘ ‘ con c r e t e out - of- lin e in st a n c es.’ ’

I n C + + , f or ex a m p l e, t a k i ng t h e a d d res s of a f u nct i on d ecl a red t o be i nl i ne can
necess i t a t e t h e genera t io n of a concret e ou t - of - l i ne i ns t a nce of t h e gi v en f u nct io n.

T h e D W A R F r e p r e sen t a t ion o f a c onc r e t e ou t - o f - lin e in st a n c e of a n in lin e su b r ou t in e is
essen t ia lly t h e sa m e a s f o r a c onc r e t e in lin ed in st a n c e o f t h a t su b r out in e ( a s d e scr ib e d in
t h e p r ec e d in g sec t ion) . T h e r e pr e sen t a t ion of su ch a c o n c r e t e ou t - o f - lin e in st a n c e m a kes
u se of D W _ A T _ a b s t r a c t _ o r i g i n a t t r ib u t e s in e xa c t ly t h e sa m e w a y a s t h e y a r e
u sed f o r a c onc r e t e in lin ed in st a n c e ( t h a t is, a s r e f e r e n c es t o c o r r e spond in g e n t r ie s wi t hin
t h e a ss o cia t e d a b st r a c t in st a n ce t r e e) a n d , a s f or con c r et e in st a n c e t r e e s, t h e e n t r ie s f or
a n onym ou s t yp e s a n d f o r a ll m e m b er s a r e o m it t ed .

T h e d iffer e n c es b e t w ee n t h e D W A R F r e p r ese n t a t ion of a c onc r e t e o u t - of- lin e in st a n ce of a
giv en su b r o u t in e a n d t h e r e p r ese n t a t ion of a c onc r e t e in lin e d in st a n c e of t h a t sa m e
su b r o u t in e a r e a s f ollo w s:

1. T h e r oo t e n t r y f o r a c onc r e t e o u t - of- lin e in st a n c e of a giv en in lin e su b r o u t in e h a s t h e
sa m e t a g a s d oes it s a sso cia t e d ( a b st r a c t ) in lin e su b r out in e e n t r y ( t h a t is, it d oes n ot
h a v e t h e t a g D W _ T A G _ i n l i n e d _ s u b r o u t i n e) .

2. T h e r oo t e n t r y f o r a c onc r e t e o u t - of- lin e in st a n c e t r e e is a lw a ys d ir e c t ly ow n ed b y t h e
sa m e pa r e n t e n t r y t h a t a lso ow ns t h e r oo t e n t r y of t h e a ss o cia t e d a b st r a c t in st a n ce .

3. 4 Le x ic al Bl ock En tr ies

A l ex i cal bl ock i s a br a ck et ed s equ ence of so u rce s t a t em ent s t h a t m a y cont a i n an y nu m ber
of d ecl a ra t io ns . I n s om e l a ngu a ges ( C a nd C + + ) bl ock s can be nes t ed wit h i n ot h er
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bl ock s t o a ny d ep t h .

A le xica l b lo ck is r e p r e sen t e d b y a d eb u gg in g in f or m a t ion e n t r y wi t h t h e t a g
D W _ T A G _ l e x i c a l _ b l o c k .

T h e lexic a l b lock en t r y h a s a D W _ A T _ l o w _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d
a d d r ess of t h e fir st m a c h in e in st r u c t io n ge n e r a t ed f or t h e le xica l b lo ck . T h e le xica l b lo ck
en t r y a lso h a s a D W _ A T _ h i g h _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of t h e
fir st lo ca t ion p a st t h e la st m a c h in e in st r u c t ion ge n e r a t ed f or t h e le xica l b lo ck .

I f a n a m e h a s b e e n giv en t o t h e lexic a l b lock in t h e so u r ce p r ogr a m , t h e n t h e c or r esp ond in g
lexic a l b lock e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g
con t a in in g t h e n a m e of t h e le xica l b lo ck a s it a p p ea r s in t h e so u r c e pr ogr a m .

T h i s i s no t t h e s a m e a s a C or C + + l a bel ( s ee bel ow) .

T h e lexic a l b lock en t r y o w n s d e b u ggin g in f or m a t ion en t r ie s t h a t d e scr ib e t h e d e c la r a t ions
w it h in t h a t lexic a l b lock. T h e r e is one su c h d e b u ggin g in f or m a t ion e n t r y f or e a c h loca l
d e c la r a t ion of a n id e n t ifier or in n e r lexic a l b lock.

3. 5 La b el En tr ies

A l a bel i s a way of i d ent i f y i ng a s ou rce s t a t em ent . A l a bel ed s t a t em ent i s u s u a l l y t h e
t a rget of on e or m ore ‘ ‘ go t o’ ’ st a t em ent s .

A la b el is r e pr e sen t e d b y a d e b u gg in g in f or m a t io n e n t r y wit h t h e t a g D W _ T A G _ l a b e l .
T h e e n t r y f o r a la b el sh ould b e o w n e d b y t h e d e b u gg in g in f or m a t io n e n t r y r e p r ese n t in g t h e
scope wit h in wh ich t h e n a m e o f t h e la b e l c o u ld b e le ga lly r e f er e n c ed wit h in t h e so u r ce
pr ogr a m .

T h e la b e l e n t r y h a s a D W _ A T _ l o w _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of
t h e fir st m a ch in e in st r u ct ion ge n e r a t e d f or t h e st a t e m en t id e n t ified b y t h e la b e l in t h e
so u r c e p r ogr a m . T h e la b e l e n t r y a lso h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a
n u ll- t er m in a t e d st r in g con t a in in g t h e n a m e of t h e la b el a s it a p p e a r s in t h e so u r ce pr ogr a m .

3. 6 With S tatem en t En tr ies

B ot h Pa s cal a nd M od u l a s u p p or t t h e concep t of a ‘ ‘ wit h ’ ’ s t at em ent . T h e wi t h st a t em ent
sp ecifi es a s equ ence of ex ecu t ab l e s t a t em ent s wit h i n wh i ch t h e fi el d s of a record v a ri ab l e
m a y be ref erenced , u nq u a l i fi ed by t h e na m e of t h e record v a ri a bl e.

A wit h st a t e m e n t is r e p r ese n t ed b y a d e b u ggin g in f or m a t ion e n t r y w it h t h e t a g
D W _ T A G _ w i t h _ s t m t . A wit h st a t em e n t e n t r y h a s a D W _ A T _ l o w _ p c a t t r ib u t e
w h os e v a lu e is t h e r e loca t e d a d d r e ss of t h e fir st m a c h in e in st r u c t ion ge n er a t e d f or t he b ody
o f t h e w it h st a t e m en t . A w it h st a t e m en t e n t r y a lso h a s a D W _ A T _ h i g h _ p c a t t r ib u t e
w h os e v a lu e is t h e r e loca t e d a d d r e ss of t h e fir st lo ca t ion a f t e r t h e la st m a c h in e in st r uct ion
ge n e r a t e d f o r t h e b ody of t h e st a t e m en t .

T h e w it h st a t e m e n t e n t r y h a s a D W _ A T _ t y p e a t t r ib u t e , d en ot in g t h e t ype of r e c or d
w h os e field s m a y b e r e f er e n c ed wit h ou t f u ll q u a lifica t ion wi t h in t h e b ody of t h e st a t em e n t .
I t a lso h a s a D W _ A T _ l o c a t i o n a t t r ib u t e , d esc r ib in g h o w t o find t h e b a se a d d r e ss of t h e
r e c or d obj e ct r e f e r e n c e d wit h in t h e b ody o f t h e w it h st a t e m e n t .
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3. 7 Tr y an d C atch Bl ock En tr ies

I n C + + a l ex i cal bl ock m a y be d es i gna t ed as a ‘ ‘ c at ch bl ock .’ ’ A cat ch bl ock i s an
ex cept i on h an d l er t h a t h a nd l es ex cept i ons t h rown by an i m m ed i at el y p reced in g ‘ ‘ t ry
bl ock .’ ’ A cat ch bl ock d esi gna t es t h e t y p e of t h e ex cep t io n t h at i t can h a nd l e.

A t r y b lock is r e p r ese n t ed b y a d e b u ggin g in f or m a t ion e n t r y w it h t h e t a g
D W _ T A G _ t r y _ b l o c k . A c a t ch b lock is r ep r e sen t e d b y a d e b u gg in g in f o r m a t io n e n t r y
w it h t h e t a g D W _ T A G _ c a t c h _ b l o c k . Bot h t r y a n d c a t c h b lock e n t r ies c ont a in a
D W _ A T _ l o w _ p c a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of t h e fir st m a c h in e
in st r u c t ion ge n e r a t e d f o r t h a t b lock . T h e se e n t r ies a lso c ont a in a D W _ A T _ h i g h _ p c
a t t r ib u t e whose v a lu e is t h e r e lo ca t e d a d d r e ss of t h e fir st loca t ion p a st t h e la st m a c h in e
in st r u c t ion ge n e r a t e d f o r t h a t b lock .

C a t c h b lock e n t r ies h a v e a t le a st one ch ild en t r y, a n e n t r y r e p r e sen t in g t h e t yp e o f
exc e pt ion a cc e p t ed b y t h a t c a t c h b lo ck . T h is c h ild e n t r y will h a v e o n e of t h e t a gs
D W _ T A G _ f o r m a l _ p a r a m e t e r o r D W _ T A G _ u n s p e c i f i e d _ p a r a m e t e r s , a n d
w ill h a v e t h e sa m e f or m a s ot h er p a r a m e t e r e n t r ies.

T h e fir st sib lin g of e a c h t r y b lock e n t r y will b e a c a t c h b lo ck e n t r y.
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4. D A TA O BJ E C T A N D O BJ E C T L IS T EN TR IE S

T h is sec t ion p r e sen t s t h e d e b u gg in g in f or m a t io n e n t r ies t h a t d e scr ib e in d iv id u a l d a ta
o b j e c t s: v a r ia b le s, p a r a m e t e r s a n d con st a n t s, a n d list s of t h o se obj e c t s t h a t m a y b e gr o upe d
in a sing le d ec la r a t ion, su c h a s a c om m on b lock .

4. 1 D ata O b j ect En tr ies

P r ogr a m v a r ia b les, f or m a l p a r a m e t e r s a n d c onst a n t s a r e r e pr e sen t e d b y d e b u ggin g
in f or m a t ion e n t r ies wit h t h e t a gs D W _ T A G _ v a r i a b l e ,
D W _ T A G _ f o r m a l _ p a r a m e t e r a n d D W _ T A G _ c o n s t a n t , r e spe c t iv ely.

T h e t ag D W _ T A G _ c o n s t a n t is u s ed f or l an gu a ges t h at d i s t in gu i sh bet ween va ri a bl es
t h a t m a y h a ve cons t a nt va l u e an d t ru e na m ed cons t a nt s .

T h e d eb u ggin g in f or m a t ion en t r y f o r a p r o gr a m v a r ia b le , f or m a l pa r a m et e r or c onst a n t
m a y h a v e t h e f ollo w in g a t t r ib u t e s:

1. A D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e
d a t a obj e c t n a m e a s it a p pe a r s in t h e so u r c e pr ogr a m .

I f a v a r ia b le en t r y d e scr ib e s a C + + a n onym ou s u n ion, t h e n a m e a t t r ib u t e is om it t e d
o r c onsist s o f a sin gle z e r o b yt e.

2. I f t h e n a m e of a v a r ia b le is v is ib le out sid e of it s en c los in g c o m p ila t ion u n it , t h e
v a r ia b le e n t r y h a s a D W _ A T _ e x t e r n a l a t t r ib u t e , whose v a lu e is a fla g.

T h e d efi ni t i ons of C+ + st a t i c d a t a m em bers of s t ru ct u res or cl a s s es a re rep res ent ed
by v a ri a bl e ent ri es fl a gged a s ex t erna l . B ot h fi l e st a t i c an d l ocal v ar i a bl es i n C an d
C+ + ar e rep res ent ed by no n- ex t erna l v a ri a bl e ent ri es.

3. A D W _ A T _ l o c a t i o n a t t r ib u t e , whose v a lu e d e scr ib e s t h e loca t io n of a v a r ia b le or
pa r a m e t e r a t r u n - t im e .

A d a t a obj e ct e n t r y r e p r ese n t in g a n o n - d e finin g d e c la r a t ion o f t h e o b j e c t will n o t
h a v e a loca t io n a t t r ib u t e, a n d w ill h a v e t h e D W _ A T _ d e c l a r a t i o n a t t r ib u t e .

I n a v a r ia b le e n t r y r e p r e sen t in g t h e d e fin it io n of t h e v a r ia b le ( t h a t is, wit h n o
D W _ A T _ d e c l a r a t i o n a t t r ib u t e ) if n o loca t ion a t t r ib u t e is p r e sen t , or if t h e
lo ca t io n a t t r ib u t e is p r e sen t b u t d e scr ib e s a n u ll en t r y ( a s d e scr ib e d in sec t ion 2 .4 ) ,
t h e v a r ia b le is a ssum e d t o e xist in t h e so u r ce c ode b u t n o t in t h e e xe cu t a b le p r ogr a m
( b u t see n u m b e r 9 , b e low ) .

T h e lo ca t ion of a v a r ia b le m a y b e f u r t h e r spe c ified wit h a D W _ A T _ s e g m e n t
a t t r ib u t e , if a p p r opr ia t e .

4. A D W _ A T _ t y p e a t t r ib u t e d e scr ib in g t h e t yp e o f t h e v a r ia b le, c onst a n t o r f or m a l
pa r a m e t e r .

5. I f t h e v a r ia b le e n t r y r e pr e sen t s t h e d e fin in g d e cla r a t io n f or a C + + st a t ic d a t a
m e m b e r of a st r u c t u r e , c la ss or u n ion, t h e e n t r y h a s a D W _ A T _ s p e c i f i c a t i o n
a t t r ib u t e , whose v a lu e is a r e f er e n c e t o t h e d e b u ggin g in f or m a t ion en t r y r e p r e sen t in g
t h e d e cla r a t io n of t h is d a t a m e m b e r . T h e r ef e r e n ce d e n t r y wi ll b e a ch ild o f so m e
cla ss, st r u c t u r e or u n ion t yp e en t r y.
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Va r ia b le e n t r ie s c o n t a in in g t h e D W _ A T _ s p e c i f i c a t i o n a t t r ib u t e d o n ot n ee d
t o d u plic a t e in f or m a t ion p r ov id e d b y t h e d e c la r a t ion en t r y r ef e r e n c e d b y t h e
spe c ifica t io n a t t r ib u t e . I n p a r t ic u la r , su c h v a r ia b le e n t r ie s d o n ot n ee d t o con t a in
a t t r ib u t e s f o r t h e n a m e o r t yp e o f t h e d a t a m em b e r wh os e d e finit ion t h e y r e p r e sen t.

6. S om e l a ngu a ges d i s t i ngu i s h bet ween p a ra m et ers wh os e v al u e i n t h e cal l i ng f u nct i on
can be m od ifi ed by t h e cal l ee ( va ri a bl e p a ra m et ers ) , a nd p a ra m et ers wh os e v al u e i n
t h e cal l i ng f u nct i on can not be m od i fi ed by t h e cal l ee ( cons t an t p a ra m et ers ) .

I f a f or m a l p a r a m et e r e n t r y r e pr e sen t s a p a r a m e t er wh o se v a lu e in t h e c a llin g
f u n c t io n m a y b e m odified b y t h e c a llee , t h a t e n t r y m a y h a v e a
D W _ A T _ v a r i a b l e _ p a r a m e t e r a t t r ib u t e , whose v a lu e is a fla g. T h e a b sen ce
o f t h is a t t r ib u t e im p lie s t h a t t h e p a r a m e t e r ’ s v a lu e in t h e c a llin g f u n c t ion ca n n o t b e
m odified b y t h e c a lle e .

7. Fo rt ra n9 0 h a s t h e concep t of an op t io na l p a ra m et er.

I f a p a r a m e t er e n t r y r e p r ese n t s a n opt iona l p a r a m e t e r , it h a s a
D W _ A T _ i s _ o p t i o n a l a t t r ib u t e , whose v a lu e is a fla g.

8. A f o r m a l pa r a m e t e r e n t r y d esc r ib in g a f o r m a l pa r a m e t e r t h a t h a s a d e f a ult v a lu e
m a y h a v e a D W _ A T _ d e f a u l t _ v a l u e a t t r ib u t e . T h e v a lu e of t h is a t t r ib u t e is a
r e f e r en c e t o t h e d eb u gg in g in f or m a t ion e n t r y f o r a v a r ia b le o r su b r o u t in e. T h e
d e f a u lt v a lu e of t h e p a r a m e t e r is t h e v a lu e o f t h e v a r ia b le ( wh ich m a y b e c o n st a nt )
o r t h e v a lu e r e t u r n e d b y t h e su b r ou t in e . I f t h e v a lu e of t h e
D W _ A T _ d e f a u l t _ v a l u e a t t r ib u t e is 0, it m e a n s t h a t n o d ef a u lt v a lu e h a s b ee n
spe c ified .

9. A n en t r y d e scr ib in g a v a r ia b le wh o se v a lu e is con st a n t a n d n ot r e pr e sen t e d b y a n
o b j e c t in t h e a d d r ess spa c e of t h e p r ogr a m , or a n en t r y d esc r ib in g a n a m e d c onst a n t ,
d oes n ot h a v e a loca t ion a t t r ib u t e . S u c h e n t r ie s h a v e a D W _ A T _ c o n s t _ v a l u e
a t t r ib u t e , whose v a lu e m a y b e a st r in g or a n y of t h e c onst a n t d a t a or d a t a b lo ck
f or m s, a s a p pr opr ia t e f o r t h e r ep r e sen t a t io n of t h e v a r ia b le ’ s v a lu e. T h e v a lu e of t h is
a t t r ib u t e is t h e a c t u a l c onst a n t v a lu e o f t h e v a r ia b le , r e pr e sen t e d a s it wo u ld b e o n
t h e t a r ge t a r ch it e ct u r e .

10 . I f t h e scope of a n obj ec t b e gin s so m e t im e a f t er t h e lo w p c v a lu e f or t h e scope m os t
closely e n c lo sing t h e obj e c t , t h e obj ec t e n t r y m a y h a v e a D W _ A T _ s t a r t _ s c o p e
a t t r ib u t e . T h e v a lu e of t h is a t t r ib u t e is t h e o ffset in b yt e s o f t h e b eg in n in g of t h e
scope f or t h e obj e ct f r om t h e lo w p c v a lu e o f t h e d eb u ggin g in f or m a t ion en t r y t h a t
d e fin es it s scope .

T h e s cop e of a v a ri a bl e m a y begi n s om ewh ere i n t h e m id d l e of a l ex ica l bl ock i n a
l a ngu a ge t h a t a l l ows ex ecu t ab l e cod e i n a bl ock bef or e a v a ri a bl e d ecl a ra t i on, or
wh ere on e d ecl a ra t i on cont a in i ng i ni t i a l iz a t i on cod e m a y ch a nge t h e s cop e of a
su bs equ ent d ecl ar a t i on. F or ex a m p l e, i n t h e f ol l owi ng C cod e:
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f l o a t x = 9 9 . 9 9 ;

i n t m y f u n c ( )
{

f l o a t f = x ;
f l o a t x = 8 8 . 9 9 ;

r e t u r n 0 ;
}

A N S I - C s cop i ng ru l es req u i re t h a t t h e v a l u e of t h e v a ri a bl e x as s i gned t o t h e
va ri a bl e f in t h e in i t i a l i z a t i on s eq u ence is t h e va l u e of t h e gl ob a l va ri a bl e x ,
ra t h er t h a n t h e l ocal x , beca u s e t h e s cop e of t h e l oca l v a ri a bl e x onl y s t a rt s af t er
t h e f u l l d ecl ar a t or f or t h e l oca l x .

4. 2 C om m on Bl ock En tr ies

A F or t r a n c o m m o n b lock m a y b e d e scr ib ed b y a d e b u ggin g in f or m a t ion e n t r y w it h t h e t a g
D W _ T A G _ c o m m o n _ b l o c k . T h e com m o n b lo ck e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e
w h os e v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e c om m on b lo ck n a m e a s it a p p ea r s in
t h e so u r c e p r ogr a m . I t a lso h a s a D W _ A T _ l o c a t i o n a t t r ib u t e whose v a lu e d esc r ib es
t h e loca t ion of t h e b e gin n in g o f t h e c o m m o n b lock. T h e c om m on b lock en t r y ow n s
d e b u ggin g in f or m a t ion e n t r ies d e scr ib in g t h e v a r ia b les c ont a in e d wit h in t h e com m on b lo ck .

4. 3 Im p or ted D ec lar ation En tr ies

S om e l a ngu a ges su p p ort t h e concept of i m p or t i ng i nt o a gi v en m od u l e d ecl a ra t i on s m a d e
in a d i ff erent m od u l e.

A n im p or t e d d e c la r a t io n is r e pr e sen t e d b y a d e b u gg in g in f or m a t io n e n t r y wit h t h e t a g
D W _ T A G _ i m p o r t e d _ d e c l a r a t i o n . T h e en t r y f o r t h e im p or t e d d e cla r a t io n h a s a
D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e n a m e of
t h e e n t it y whose d ec la r a t ion is b e in g im p o r t e d a s it a p pe a r s in t h e so u r c e pr ogr a m . T h e
im p or t e d d ec la r a t ion e n t r y a lso h a s a D W _ A T _ i m p o r t a t t r ib u t e , whose v a lu e is a
r e f e r en c e t o t h e d eb u gg in g in f or m a t ion e n t r y r e pr e sen t in g t h e d e cla r a t io n t h a t is bein g
im p or t e d .

4. 4 N am el ist En tr ies

A t l ea st on e l a ngu age, Fo rt ra n9 0 , h a s t h e concept of a na m el i s t . A na m el i s t i s an or d ered
l i s t of t h e na m es of s om e set of d ecl a red ob j ect s . T h e na m el i s t ob j ect i t s el f m a y be u s ed
as a rep l a cem ent f or t h e l i s t of na m es i n v a ri ou s cont ex t s .

A n a m e list is r e p r ese n t ed b y a d e b u ggin g in f or m a t ion e n t r y w it h t h e t a g
D W _ T A G _ n a m e l i s t . I f t h e n a m e list it self h a s a n a m e , t h e n a m e list e n t r y h a s a
D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e n a m e list ’ s
n a m e a s it a pp e a r s in t h e so u r c e p r ogr a m .

E a c h n a m e t h a t is pa r t of t h e n a m e list is r e p r e sen t e d b y a d e b u gg in g in f or m a t io n e nt r y
w it h t h e t a g D W _ T A G _ n a m e l i s t _ i t e m . E a c h su c h en t r y is a c h ild of t h e n a m elist
en t r y, a n d a ll of t h e n a m elist it em e n t r ie s f o r a giv en n a m e list a r e or d e r e d a s wer e t h e list
o f n a m e s t h ey c or r e spond t o in t h e so u r c e pr ogr a m .
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E a c h n a m e list it e m e n t r y c ont a in s a D W _ A T _ n a m e l i s t _ i t e m a t t r ib u t e whose v a lu e is
a r e f e r e n c e t o t h e d e b u ggin g in f or m a t ion en t r y r ep r e sen t in g t h e d ec la r a t ion of t h e it em
w h os e n a m e a p p ea r s in t h e n a m e list .
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5. TY P E EN TR IE S

T h is sec t ion p r e sen t s t h e d e b u gg in g in f or m a t io n e n t r ies t h a t d e scr ib e p r ogr a m t yp es: b a se
t yp e s, m odified t ype s a n d u ser - d e fine d t ype s.

I f t h e scope o f t h e d e c la r a t ion o f a n a m e d t ype b e gin s so m e t im e a f t er t h e lo w p c v a lu e f or
t h e scope m o st c lo sely e n c los ing t h e d e c la r a t ion, t h e d e c la r a t ion m a y h a v e a
D W _ A T _ s t a r t _ s c o p e a t t r ib u t e . T h e v a lu e of t h is a t t r ib u t e is t h e o ffset in b yt e s o f
t h e b e gin n in g of t h e scope f or t h e d e cla r a t io n f r o m t h e lo w p c v a lu e of t h e d e b u ggin g
in f or m a t ion e n t r y t h a t d e fin e s it s scope .

5. 1 Base Typ e En tr ies

A ba s e t y p e is a d a t a t y p e t h a t i s no t d efi ned in t erm s of ot h er d at a t y p es. E a ch
p ro gra m m in g l a ngu a ge h a s a s et of ba s e t y p es t h a t a re cons id ered t o be bu i l t i nt o t h at
l a ngu a ge.

A b a se t yp e is r e p r ese n t ed b y a d e b u ggin g in f or m a t ion e n t r y wit h t h e t a g
D W _ T A G _ b a s e _ t y p e . A b a se t yp e e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e
is a n u ll- t e r m in a t ed st r in g d e scr ib in g t h e n a m e o f t h e b a se t ype a s r ec ogn iz e d b y t h e
pr ogr a m m in g la n gu a ge of t h e c om pila t io n u n it con t a in in g t h e b a se t yp e e n t r y.

A b a se t yp e en t r y a lso h a s a D W _ A T _ e n c o d i n g a t t r ib u t e d e scr ib in g h ow t h e b a se t ype
is e n c o d e d a n d is t o b e in t e r p r e t e d . T h e v a lu e of t h is a t t r ib u t e is a c onst a n t . Th e set o f
v a lu e s a n d t h e ir m e a n in gs f or t h e D W _ A T _ e n c o d i n g a t t r ib u t e is giv en in F igu r e 1 0 .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
N a m e M e a n in g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A T E _ a d d r e s s lin e a r m a c h in e a d d r e ss
D W _ A T E _ b o o l e a n t r u e or f a lse
D W _ A T E _ c o m p l e x _ f l o a t com ple x flo a t in g- p oint n u m b e r
D W _ A T E _ f l o a t flo a t in g- p o in t n u m b e r
D W _ A T E _ s i g n e d sign e d b in a r y in t eg e r
D W _ A T E _ s i g n e d _ c h a r sign e d c h a r a c t e r
D W _ A T E _ u n s i g n e d u n sign e d b in a r y in t e ge r
D W _ A T E _ u n s i g n e d _ c h a r u n sign e d c h a r a c t er_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 0 . E n c odin g a t t r ib u t e v a lu e s

A ll e n c odin gs a ssum e t h e r e p r e sen t a t ion t h a t is ‘ ‘ n or m a l’ ’ f o r t h e t a r ge t a r c h it ec t u r e.

A b a se t yp e en t r y h a s a D W _ A T _ b y t e _ s i z e a t t r ib u t e , whose v a lu e is a c onst a n t ,
d e scr ib in g t h e siz e in b yt e s of t h e st or a ge u n it u sed t o r ep r e sen t a n obj e c t o f t h e giv en t ype .

I f t h e v a lu e o f a n obj e c t of t h e giv en t ype d oes n ot f u lly o cc u p y t h e st o r a ge u n it d esc r ib e d
b y t h e b yt e size a t t r ib u t e, t h e b a se t ype e n t r y m a y h a v e a D W _ A T _ b i t _ s i z e a t t r ib u t e
a n d a D W _ A T _ b i t _ o f f s e t a t t r ib u t e , b o t h of w h os e v a lu e s a r e c o n st a n t s. T h e b it size
a t t r ib u t e d e scr ib es t h e a ct u a l size in b it s u sed t o r ep r e sen t a v a lu e of t h e giv en t ype . T h e
b it offset a t t r ib u t e d e scr ib e s t h e offset in b it s of t h e h igh or d er b it of a v a lu e of t h e giv en
t yp e f r om t h e h igh or d e r b it of t h e st or a ge u n it u sed t o c o n t a in t h a t v a lu e .

Fo r ex a m p l e, t h e C t y p e i n t on a m a ch i ne t h a t u s es 3 2- bi t i nt egers wou l d be rep res ent ed
by a ba s e t y p e ent ry wi t h a na m e a t t ri bu t e wh os e va l u e was ‘ ‘i n t ,’ ’ a n encod in g a t t ri bu t e
wh os e v a l u e wa s D W _ A T E _ s i g n e d an d a by t e s i z e a t t ri bu t e wh os e v a l u e wa s 4 .
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5. 2 Typ e M od ifi er En tr ies

A b a se or u ser - d e fine d t ype m a y b e m odified in d iffer e n t w a ys in d iffer e n t la n gu a ge s. A
t yp e m odifier is r e pr e sen t e d in D W A R F b y a d e b u gg in g in f o r m a t io n e n t r y wit h one o f t h e
t a gs giv en in F igu r e 1 1 .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

T a g M e a n in g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ c o n s t _ t y p e C or C + + c onst q u a lified t yp e
D W _ T A G _ p a c k e d _ t y p e P a sca l p a c ke d t ype
D W _ T A G _ p o i n t e r _ t y p e T h e a d d r e ss of t h e obj e ct wh os e t yp e is b e in g m odified
D W _ T A G _ r e f e r e n c e _ t y p e A C + + r e f e r e n c e t o t h e obj e c t w h os e t yp e is b e in g m odified
D W _ T A G _ v o l a t i l e _ t y p e C or C + + v o la t ile qu a lified t ype_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 1 . T yp e m odifier t a gs

E a c h o f t h e t ype m o d ifier e n t r ies h a s a D W _ A T _ t y p e a t t r ib u t e , whose v a lu e is a
r e f e r en c e t o a d e b u gg in g in f or m a t io n e n t r y d e scr ib in g a b a se t yp e , a u ser - d e fine d t ype or
a n ot h e r t yp e m odifier .

A m odified t yp e e n t r y d esc r ib in g a poin t e r or r e f er e n c e t yp e m a y h a v e a
D W _ A T _ a d d r e s s _ c l a s s a t t r ib u t e t o d e scr ib e h ow obj e ct s h a v in g t h e giv en p oint e r or
r e f e r en c e t ype ou gh t t o b e d e r ef e r e n c e d .

W h e n m u lt iple t ype m odifier s a r e c h a in e d t oget h e r t o m odif y a b a se or u ser - d efin e d t yp e ,
t h e y a r e or d er e d a s if p a r t of a r igh t - a ss o cia t iv e e xpr e ss io n in v o lv ing t h e b a se o r u ser -
d e fin ed t yp e.

A s ex am p l es of h ow t y p e m od i fi ers a re or d ered , t a k e t h e f ol l owi ng C d ecl a ra t i ons :

c o n s t c h a r * v o l a t i l e p ;
wh i ch rep res ent s a v ol at i l e p oi nt er t o a cons t a nt ch a ra ct er.
T h i s i s encod ed i n DW A R F a s :
D W _ T A G _ v o l a t i l e _ t y p e →

D W _ T A G _ p o i n t e r _ t y p e →
D W _ T A G _ c o n s t _ t y p e →

D W _ T A G _ b a s e _ t y p e

v o l a t i l e c h a r * c o n s t p ;
on t h e ot h er h a nd , rep res ent s a cons t a nt p oi nt er
t o a v ol a t i l e ch a ra ct er.
T h i s i s encod ed a s:
D W _ T A G _ c o n s t _ t y p e →

D W _ T A G _ p o i n t e r _ t y p e →
D W _ T A G _ v o l a t i l e _ t y p e →

D W _ T A G _ b a s e _ t y p e

5. 3 Typ ed ef En tr ies

A n y a r b it r a r y t yp e n a m ed v ia a t yp e d e f is r ep r e sen t e d b y a d e b u gg in g in f o r m a t ion e n t r y
w it h t h e t a g D W _ T A G _ t y p e d e f . T h e t ype d ef e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e
w h os e v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e n a m e of t h e t yp e d ef a s it a p p e a rs in
t h e so u r c e p r ogr a m . T h e t yp e d e f e n t r y a lso c ont a in s a D W _ A T _ t y p e a t t r ib u t e .
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I f t h e d e b u ggin g in f or m a t ion en t r y f or a t ype d e f r e p r e sen t s a d e c la r a t ion of t h e t yp e t h at is
n ot a lso a d e finit io n , it d o es n ot c ont a in a t ype a t t r ib u t e .

5. 4 Ar r ay Typ e En tr ies

M a ny l a ngu a ges sh a re t h e concep t of a n ‘ ‘ ar ra y ,’ ’ wh ich i s a t a bl e of com p on ent s of
id ent ica l t y p e.

A n a r r a y t ype is r e pr e sen t e d b y a d e b u gg in g in f o r m a t io n e n t r y wit h t h e t a g
D W _ T A G _ a r r a y _ t y p e .

I f a n a m e h a s b e e n giv en t o t h e a r r a y t ype in t h e so u r c e p r ogr a m , t h e n t h e c o r r e spond in g
a r r a y t yp e e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g
con t a in in g t h e a r r a y t ype n a m e a s it a p p e a r s in t h e so u r ce p r ogr a m .

T h e a r r a y t ype e n t r y d e scr ib in g a m u lt id im e n sio n a l a r r a y m a y h a v e a
D W _ A T _ o r d e r i n g a t t r ib u t e whose c o n st a n t v a lu e is in t e r p r e t e d t o m e a n eit h e r r ow -
m a j or or c ol u m n - m a j or or d e r in g of a r r a y ele m e n t s. T h e set o f v a lu e s a n d t h e ir m e a n in gs
f or t h e or d e r in g a t t r ib u t e a r e list e d in F igu r e 1 2 . I f n o or d e r in g a t t r ib u t e is pr e sen t, t h e
d e f a u lt or d er in g f o r t h e so u r c e la n gu a ge ( w h ic h is in d ica t e d b y t h e D W _ A T _ l a n g u a g e
a t t r ib u t e of t h e e n closing c omp ila t io n u n it e n t r y) is a ss u m e d .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ O R D _ c o l _ m a j o r
D W _ O R D _ r o w _ m a j o r_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 





Figu r e 1 2 . A r r a y or d e r in g

T h e or d e r in g a t t r ib u t e m a y opt iona lly a p pe a r on one - d im e n sio n a l a r r a ys; it wi ll b e ign or e d .

A n a r r a y t ype e n t r y h a s a D W _ A T _ t y p e a t t r ib u t e d e scr ib in g t h e t yp e o f e a c h ele m en t of
t h e a r r a y.

I f t h e a m ou n t of st o r a ge a lloca t e d t o h old e a c h e lem e n t of a n o b j e c t o f t h e giv en a r r a y t ype
is d iffer e n t f r om t h e a m o u n t of st or a ge t h a t is n or m a lly a lloca t e d t o h old a n in d iv id u a l
o b j e c t of t h e in d ic a t e d e lem e n t t yp e , t h e n t h e a r r a y t yp e e n t r y h a s a
D W _ A T _ s t r i d e _ s i z e a t t r ib u t e , whose con st a n t v a lu e r e p r e sen t s t h e size in b it s of
ea c h ele m e n t of t h e a r r a y.

I f t h e size of t h e e n t ir e a r r a y c a n b e d e t e r m in e d st a t ic a lly a t c omp ile t im e , t h e a r r ay t yp e
en t r y m a y h a v e a D W _ A T _ b y t e _ s i z e a t t r ib u t e , whose con st a n t v a lu e r e p r e sen t s t h e
t ot a l size in b yt e s o f a n in st a n c e of t h e a r r a y t yp e .

N ot e t h a t i f t h e s i z e of t h e a rr a y can be d et erm i ned s t a t i cal l y at com p i l e t i m e, t h is v a l u e
can u su a l l y be com p u t ed by m u l t i p l y i ng t h e nu m ber of a rr a y el em ent s by t h e s i z e of each
el em ent .

E a c h a r r a y d im e n sio n is d e scr ib e d b y a d e b u gg in g in f o r m a t io n e n t r y wit h e it h e r t h e ta g
D W _ T A G _ s u b r a n g e _ t y p e o r t h e t a g D W _ T A G _ e n u m e r a t i o n _ t y p e . T h e se
en t r ies a r e c h ild r en of t h e a r r a y t yp e en t r y a n d a r e or d e r e d t o r efle c t t h e a p pe a r a n c e of t h e
d im e n sio n s in t h e so u r c e p r ogr a m ( i.e . le f t m os t d im e n sio n fir st , n ext t o lef t m o st sec o n d , a nd
so on) .

I n l a ngu a ges, s u ch a s A N S I - C, i n wh i ch t h ere i s no concep t of a ‘ ‘ m u l t i d i m ens io na l
ar ra y ,’ ’ a n ar ra y of a rr ay s m ay be rep res ent ed by a d ebu ggi ng i nf orm a t io n ent ry f or a
m u l t i d i m ens i on al a rr ay .
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5. 5 S tr u ct u r e, U n ion , an d C l ass Typ e En tr ies

T h e l an gu a ges C , C+ + , a nd Pa s cal , a m ong ot h ers , a l l ow t h e p ro gra m m er t o d efi ne t y p es
t h a t a re col l ect i ons of rel a t ed com p onen t s. I n C an d C + + , t h es e col l ect i ons a re cal l ed
‘ ‘ st ru ct u res .’ ’ I n Pa s cal , t h ey a re cal l ed ‘ ‘ record s .’ ’ T h e com p onen t s m a y be of d i ff erent
t y p es . T h e com p onen t s ar e cal l ed ‘ ‘ m em bers ’ ’ in C a nd C + + , a nd ‘ ‘ fi el d s ’ ’ i n Pa s cal .

T h e com p onen t s of t h es e col l ect i on s ea ch ex i s t i n t h ei r own sp a ce in com p u t er m em ory .
T h e com p onen t s of a C or C + + ‘ ‘ u ni on’ ’ a l l coex i s t i n t h e s a m e m em or y .

Pa s cal a nd ot h er l a ngu ages h a v e a ‘ ‘ d i s crim i na t ed u ni on ,’ ’ a l s o cal l ed a ‘ ‘ va ri a nt record .’ ’
H ere, s el ect i on of a nu m ber of al t erna t i v e su bs t ru ct u res ( ‘ ‘ va ri a nt s ’ ’ ) i s ba s ed on t h e v a l u e
of a com p onen t t h at i s not p a rt of a ny of t h os e s u bs t ru ct u res ( t h e ‘ ‘ d i s cri m i na nt ’ ’ ) .

A m ong t h e l an gu ages d is cu s sed i n t h i s d ocu m ent , t h e ‘ ‘ cl a ss ’ ’ concep t is u ni qu e t o C+ + .
A cl a ss i s s i m i l a r t o a s t ru ct u re. A C + + cl a ss or s t ru ct u re m a y h a v e ‘ ‘ m em ber
f u nct io ns ’ ’ wh i ch a re s u br ou t i nes t h a t a re wi t h in t h e scop e of a cl as s or s t ru ct u re.

5. 5 .1 G en er al S tr u c tu r e D esc r ip tion

S t r u c t u r e , u n ion, a n d c la ss t ype s a r e r e p r e sen t e d b y d e b u gg in g in f or m a t ion e n t r ie s w it h t h e
t a gs D W _ T A G _ s t r u c t u r e _ t y p e , D W _ T A G _ u n i o n _ t y p e a n d
D W _ T A G _ c l a s s _ t y p e , r e spe c t iv ely. I f a n a m e h a s b e en giv en t o t h e st r u c t u r e , u n ion,
o r c la ss in t h e so u r ce p r ogr a m , t h e n t h e c or r e spond in g st r u c t u r e t ype , u n io n t ype , or c la ss
t yp e e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g
con t a in in g t h e t ype n a m e a s it a p p e a r s in t h e so u r ce p r o gr a m .

I f t h e size of a n in st a n c e o f t h e st r u c t u r e t yp e, u n io n t yp e, or c la ss t ype e n t r y c a n be
d e t e r m in e d st a t ica lly a t c om pile t im e , t h e e n t r y h a s a D W _ A T _ b y t e _ s i z e a t t r ib u t e
w h os e c onst a n t v a lu e is t h e n u m b e r o f b yt es r e q u ir e d t o h old a n in st a n c e o f t h e st ru c t u r e,
u n ion, or c la ss, a n d a n y pa d d in g b yt es.

Fo r C an d C + + , a n i ncom p l et e s t ru ct u re, u ni on or cl a ss t y p e i s rep res ent ed by a
st ru ct u re, u ni on or cl a s s ent ry t h a t d oes not h a v e a by t e s i z e a t t ri bu t e a nd t h a t h as a
D W _ A T _ d e c l a r a t i o n at t ri bu t e.

T h e m e m b er s of a st r u c t u r e , u n ion, o r c la ss a r e r ep r e sen t e d b y d e b u gg in g in f or m a t io n
en t r ies t h a t a r e ow n e d b y t h e c o r r e spond in g st r u ct u r e t yp e , u n ion t ype , or c la ss t yp e en t ry
a n d a pp e a r in t h e sa m e or d e r a s t h e c o r r e spond in g d e c la r a t io n s in t h e so u r c e p r ogr a m .

Da t a m em ber d ecl a ra t io ns occu rr in g wi t h i n t h e d ecl ar a t i on of a st ru ct u re, u ni on or cl a s s
t y p e a re cons i d ered t o be ‘ ‘ d efi ni t i ons ’ ’ of t h os e m em bers , wit h t h e ex cept i on of C + +
‘ ‘ st a t ic’ ’ d at a m em ber s, wh os e d efi ni t i ons a p p ear ou t s i d e of t h e d ecl a ra t i on of t h e
encl os i ng s t ru ct u re, u ni on or cl a s s t y p e. Fu nct i on m em ber d ecl a ra t i ons a p p ear i ng wi t h i n a
st ru ct u re, u ni on or cl a s s t y p e d ecl a ra t i on a re d efi ni t i ons on l y i f t h e bo d y of t h e f u nct i on
al s o a p p ea rs wi t h i n t h e t y p e d ecl a ra t i on .

I f t h e d e fin it ion f or a giv en m e m b e r o f t h e st r u c t u r e , u n io n or cla ss d oes n o t a p p ea r wit h in
t h e b o d y of t h e d e cla r a t io n , t h a t m e m b e r a lso h a s a d e b u gg in g in f or m a t io n e n t r y d escr ib in g
it s d e finit ion. T h a t e n t r y will h a v e a D W _ A T _ s p e c i f i c a t i o n a t t r ib u t e r e f e r e n cin g
t h e d e b u gg in g e n t r y ow ne d b y t h e b o d y of t h e st r u c t u r e, u n io n or c la ss d e b u gg in g e nt r y
a n d r ep r e sen t in g a n on- d e fin in g d e cla r a t io n of t h e d a t a or f u n c t ion m e m b e r . T h e
r e f e r en c e d en t r y w ill n o t h a v e in f or m a t ion a b out t h e lo ca t ion of t h a t m e m b e r ( lo w a nd
h igh pc a t t r ib u t e s f or f u n c t ion m e m b e r s, lo ca t io n d e scr ip t io n s f or d a t a m e m b er s) a n d w ill
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h a v e a D W _ A T _ d e c l a r a t i o n a t t r ib u t e .

5. 5 .2 D er iv ed C la sses an d S tr u c tu r es

T h e c la ss t ype or st r u c t u r e t yp e e n t r y t h a t d esc r ib e s a d er iv ed c la ss o r st r u ct u r e ow n s
d e b u ggin g in f or m a t ion e n t r ies d e scr ib in g e a c h of t h e cla sses or st r u c t u r e s it is d e r iv ed
f r om , or d e r ed a s t h e y wer e in t h e so u r c e p r o gr a m . E a c h su c h en t r y h a s t h e t a g
D W _ T A G _ i n h e r i t a n c e .

A n in h e r it a n c e e n t r y h a s a D W _ A T _ t y p e a t t r ib u t e whose v a lu e is a r e f e r e n c e t o t h e
d e b u ggin g in f or m a t ion e n t r y d e scr ib in g t h e st r u c t u r e or c la ss f r om wh ich t h e pa r e n t
st r u c t u r e or cla ss o f t h e in h e r it a n c e en t r y is d e r iv ed . I t a lso h a s a
D W _ A T _ d a t a _ m e m b e r _ l o c a t i o n a t t r ib u t e , whose v a lu e is a loca t ion d e scr ipt ion
d e scr ib in g t h e loca t ion o f t h e b e gin n in g of t h e d a t a m e m b e r s c ont r ib u t e d t o t h e e n t ir e cla ss
b y t h is su b obj e c t r e la t iv e t o t h e b e gin n in g a d d r ess of t h e d a t a m e m b e r s of t h e e n t ir e c la ss.

A n in h e r it a n c e e n t r y m a y h a v e a D W _ A T _ a c c e s s i b i l i t y a t t r ib u t e . I f n o
a c c e ss ib ilit y a t t r ib u t e is p r e sen t , p r iv a t e a cc e ss is a ssum e d . I f t h e st r u c t u r e or c la ss
r e f e r en c e d b y t h e in h e r it a n c e en t r y ser v es a s a v ir t u a l b a se c la ss, t h e in h e r it a n c e en t r y h a s
a D W _ A T _ v i r t u a l i t y a t t r ib u t e .

I n C + + , a d eri v ed cl a s s m a y cont a i n a ccess d ecl a ra t i ons t h at ch a nge t h e a ccessi bi l it y of
in d i v id u a l cl a s s m em bers f ro m t h e ov era l l a ccessi bi l it y s p ecifi ed by t h e in h eri t a nce
d ecl a ra t i on. A s i ngl e a cc ess d ecl a ra t i on m a y ref er t o a s et of ov erl oa d ed na m es.

I f a d e r iv ed cla ss or st r u ct u r e c o n t a in s a c c ess d e cla r a t io n s, e a c h su ch d e cla r a t io n m a y b e
r e p r e sen t e d b y a d eb u ggin g in f or m a t ion en t r y w it h t h e t a g
D W _ T A G _ a c c e s s _ d e c l a r a t i o n . E a c h su c h en t r y is a c h ild of t h e st r u ct u r e or
cla ss t yp e e n t r y.

A n a c ce ss d ec la r a t ion e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll-
t e r m in a t e d st r in g r e p r e sen t in g t h e n a m e u sed in t h e d e cla r a t io n in t h e so u r c e p ro gr a m ,
in c lu d in g a n y c la ss or st r u c t u r e q u a lifier s.

A n a c ce ss d ec la r a t ion e n t r y a lso h a s a D W _ A T _ a c c e s s i b i l i t y a t t r ib u t e d e scr ib in g
t h e d e cla r e d a c c e ss ib ilit y of t h e n a m e d e n t it ie s.

5. 5 .3 Fr ien d s

E a c h ‘ ‘ f r ie n d ’ ’ d ec la r e d b y a st r u c t u r e , u n io n or cla ss t ype m a y b e r ep r e sen t e d b y a
d e b u ggin g in f or m a t ion e n t r y t h a t is a c h ild of t h e st r u c t u r e , u n ion o r c la ss t yp e en t r y; t h e
f r ie n d e n t r y h a s t h e t a g D W _ T A G _ f r i e n d .

A f r ie n d e n t r y h a s a D W _ A T _ f r i e n d a t t r ib u t e , whose v a lu e is a r e f er e n c e t o t h e
d e b u ggin g in f or m a t ion e n t r y d e scr ib in g t h e d e cla r a t io n of t h e f r ien d .

5. 5 .4 S tr u c tu r e D ata M em b er En tr ies

A d a t a m e m b e r ( a s opp o sed t o a m e m b e r f u n c t ion) is r ep r e sen t e d b y a d e b u gg in g
in f or m a t ion e n t r y wit h t h e t a g D W _ T A G _ m e m b e r . T h e m e m b er e n t r y f or a n a m e d
m e m b e r h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g
t h e m em b e r n a m e a s it a pp e a r s in t h e so u r c e p r ogr a m . I f t h e m e m b er e n t r y d escr ib es a
C + + a n onym ou s u n ion, t h e n a m e a t t r ib u t e is omit t e d o r c onsist s of a sin gle z e r o b yt e .

Tool In ter face S tan d ar d s ( TI S ) D WAR F S p ecifi cation , Ver sion 2 .0 41



-- - -

D WAR F D eb u ggin g In for m ation For m at

T h e st r u c t u r e d a t a m e m b e r e n t r y h a s a D W _ A T _ t y p e a t t r ib u t e t o d e n ot e t h e t ype of t h a t
m e m b e r .

I f t h e m e m b e r e n t r y is d efin e d in t h e st r u c t u r e or cla ss b o d y, it h a s a
D W _ A T _ d a t a _ m e m b e r _ l o c a t i o n a t t r ib u t e whose v a lu e is a loca t ion d esc r ip t ion
t h a t d esc r ib e s t h e lo ca t io n of t h a t m em b e r r e la t iv e t o t h e b a se a d d r ess of t h e st r uct u r e ,
u n ion, or c la ss t h a t m os t c los ely e n c lo ses t h e c or r e spond in g m e m b e r d e cla r a t io n .

T h e a d d res si ng ex p res si on rep res ent ed by t h e l ocat i on d es crip t i on f or a s t ru ct u re d a t a
m em ber ex p ect s t h e ba s e a d d res s of t h e s t ru ct u re d a t a m em ber t o be on t h e ex p res s i on
st a ck bef or e bei ng ev a l u a t ed .

T h e l ocat i on d es crip t i on f or a d a t a m em ber of a u ni on m a y be om i t t ed , s i nce a l l d a t a
m em bers of a u ni on begi n a t t h e s a m e a d d res s .

I f t h e m e m b e r e n t r y d e scr ib e s a b it field , t h en t h a t e n t r y h a s t h e f ollo w in g a t t r ib ut e s:

1. A D W _ A T _ b y t e _ s i z e a t t r ib u t e whose c o n st a n t v a lu e is t h e n u m b e r of b yt e s t h a t
con t a in a n in st a n ce of t h e b it field a n d a n y pa d d in g b it s.

T h e by t e s i z e a t t ri bu t e m a y be om i t t ed i f t h e s i z e of t h e obj ect cont a i ni ng t h e bi t
fi el d can be in f err ed f ro m t h e t y p e a t t ri bu t e of t h e d a t a m em ber cont a i ni ng t h e bi t
fi el d .

2. A D W _ A T _ b i t _ o f f s e t a t t r ib u t e whose c o n st a n t v a lu e is t h e n u m b e r of b it s t o
t h e le f t of t h e le f t m os t ( m os t sign ifica n t ) b it of t h e b it field v a lu e .

3. A D W _ A T _ b i t _ s i z e a t t r ib u t e whose c o n st a n t v a lu e is t h e n u m b e r of b it s
o cc u pie d b y t h e b it field v a lu e .

T h e lo ca t ion d e scr ip t ion f or a b it field c a lc u la t e s t h e a d d r e ss o f a n a n onym ou s o b j e c t
con t a in in g t h e b it field . T h e a d d r e ss is r e la t iv e t o t h e st r u c t u r e, u n io n , or cla ss t h at m os t
closely e n c lo ses t h e b it field d ec la r a t ion. T h e n u m b e r o f b yt es in t h is a n onym o u s obj e c t is
t h e v a lu e of t h e b yt e siz e a t t r ib u t e of t h e b it field . T h e offset ( in b it s) f r om t h e m os t
sign ifica n t b it of t h e a n onym o u s obj e c t t o t h e m o st sign ifica n t b it o f t h e b it field is t h e
v a lu e o f t h e b it offset a t t r ib u t e.

Fo r ex a m p l e, t a k e on e p os s i bl e rep res ent at i on of t h e f ol l owi ng s t ru ct u re d efi ni t i on in bo t h
bi g a nd l i t t l e end i an by t e or d ers :

s t r u c t S {
i n t j : 5 ;
i n t k : 6 ;
i n t m : 5 ;
i n t n : 8 ;

} ;

I n bo t h cas es, t h e l ocat i on d es crip t i ons f or t h e d ebu ggin g i nf or m at i on ent ri es f or j , k ,
m an d n d es crib e t h e a d d res s of t h e s a m e 3 2 - bi t word t h at cont ai ns a l l t h ree m em bers .
( I n t h e bi g- end i a n cas e, t h e l ocat i on d es crip t i on a d d res s es t h e m os t s i gni fi cant by t e, i n t h e
l i t t l e- end i an cas e, t h e l eas t s i gni fi cant ) . T h e f ol l owi ng d i a gra m s h ows t h e s t ru ct u re l a y ou t
an d l i st s t h e bi t off set s f or ea ch cas e. T h e off set s a re f ro m t h e m os t s i gni fi cant bi t of t h e
obj ect a d d res s ed by t h e l oca t io n d escri p t io n.
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Bit O ffset s:
j : 0
k : 5
m : 1 1
n : 1 6

Big- E n d ia n

j
0

31
k

26
m

20
n

15
p a d

7 0

Bit O ffset s:
j : 2 7
k : 2 1
m : 1 6
n : 8

L it t le - E n d ia n

p a d
31

n
23

m
15

k
10

j
0

4 0

5. 5 .5 S tr u c tu r e M em b er Fu n c tion En tr ies

A m e m b e r f u n c t io n is r ep r e sen t e d in t h e d eb u ggin g in f or m a t ion b y a d e b u gg in g
in f or m a t ion e n t r y wit h t h e t a g D W _ T A G _ s u b p r o g r a m . T h e m e m b er f u n ct ion en t r y
m a y c o n t a in t h e sa m e a t t r ib u t es a n d f ollo w s t h e sa m e r u le s a s n on- m e m b e r globa l
su b r o u t in e en t r ie s ( see sec t ion 3 .3 ) .

I f t h e m e m b e r f u n ct ion en t r y d e scr ib e s a v ir t u a l f u n c t io n , t h en t h a t e n t r y h as a
D W _ A T _ v i r t u a l i t y a t t r ib u t e .

A n e n t r y f or a v ir t u a l f u n c t ion a lso h a s a D W _ A T _ v t a b l e _ e l e m _ l o c a t i o n
a t t r ib u t e whose v a lu e c o n t a in s a loca t ion d e scr ipt ion yield in g t h e a d d r e ss of t h e slo t f or t h e
f u n c t io n wit h in t h e v ir t u a l f u n c t ion t a b le f or t h e en c los in g c la ss or st r u c t u r e .

I f a su b r ou t in e e n t r y r e p r e sen t s t h e d e fin in g d e c la r a t io n of a m e m b e r f u n ct ion a n d t h a t
d e fin it ion a pp e a r s ou t side of t h e b ody of t h e e n c lo sing c la ss o r st r u ct u r e d e c la r a t ion, t h e
su b r o u t in e en t r y h a s a D W _ A T _ s p e c i f i c a t i o n a t t r ib u t e , whose v a lu e is a r e f er e n c e
t o t h e d e b u ggin g in f or m a t ion e n t r y r e p r e sen t in g t h e d ec la r a t ion o f t h is f u n c t io n m e m b e r .
T h e r ef e r e n ce d e n t r y wi ll b e a ch ild o f so m e c la ss or st r u c t u r e t yp e en t r y.

S u b r o u t in e e n t r ies c ont a in in g t h e D W _ A T _ s p e c i f i c a t i o n a t t r ib u t e d o n ot n e ed t o
d u p lica t e in f or m a t ion pr ov ide d b y t h e d e cla r a t io n e n t r y r e f er e n c ed b y t h e spe cific a t ion
a t t r ib u t e . I n p a r t icu la r , su c h e n t r ie s d o n ot n e e d t o c ont a in a t t r ib u t es f or t h e n a m e or
r e t u r n t yp e o f t h e f u n c t io n m e m b e r w h os e d e fin it ion t h e y r e pr e sen t .

5. 5 .6 C lass Tem p late In stan tiation s

I n C + + a cl as s t em p l a t e i s a generi c d efi ni t i on of a cl a s s t y p e t h a t i s in s t a nt i a t ed
d i ff erent l y wh en a n i ns t a nce of t h e cl a s s i s d ecl a red or d efi ned . T h e generi c d es cri p t i on of
t h e cl as s m ay i ncl u d e bot h p a ra m et eri z ed t y p es an d p ar a m et eri z ed cons t a nt va l u es.
DW A R F d oes no t rep res ent t h e generi c t em p l a t e d efi ni t i on , bu t d oes rep res ent ea ch
in s t a nt i a t i on.

A c la ss t e m pla t e in st a n t ia t ion is r e p r e sen t e d b y a d e b u gg in g in f or m a t ion wit h t h e t a g
D W _ T A G _ c l a s s _ t y p e . W it h f ou r e xce p t io n s, su c h a n e n t r y will c o n t a in t h e sa m e
a t t r ib u t e s a n d h a v e t h e sa m e t ype s of c h ild en t r ies a s wo u ld a n e n t r y f or a cla ss t ype
d e fin ed e xplic it ly u sin g t h e in st a n t ia t ion t yp e s a n d v a lu e s. T h e e xce p t io n s a r e:

1. E a ch f or m a l p a r a m e t er iz e d t yp e d e c la r a t ion a p p e a r in g in t h e t e m p la t e d e finit ion is
r e p r e sen t e d b y a d eb u ggin g in f or m a t ion en t r y w it h t h e t a g
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D W _ T A G _ t e m p l a t e _ t y p e _ p a r a m e t e r . E a c h su c h en t r y h a s a
D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e
n a m e o f t h e f or m a l t yp e pa r a m e t e r a s it a p pe a r s in t h e so u r c e pr ogr a m . T h e
t e m p la t e t ype p a r a m e t er e n t r y a lso h a s a D W _ A T _ t y p e a t t r ib u t e d e scr ib in g t h e
a c t u a l t yp e b y wh ich t h e f or m a l is r e pla c e d f or t h is in st a n t ia t io n .

2. E a ch f or m a l p a r a m e t er iz e d v a lu e d e c la r a t ion a p p e a r in g in t h e t em p la t e d d efin it io n is
r e p r e sen t e d b y a d eb u ggin g in f or m a t ion en t r y w it h t h e t a g
D W _ T A G _ t e m p l a t e _ v a l u e _ p a r a m e t e r . E a c h su c h en t r y h a s a
D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e
n a m e o f t h e f or m a l v a lu e p a r a m e t e r a s it a pp e a r s in t h e so u r c e p r ogr a m . T h e
t e m p la t e v a lu e p a r a m e t e r e n t r y a lso h a s a D W _ A T _ t y p e a t t r ib u t e d e scr ib in g t h e
t yp e o f t h e p a r a m et e r iz ed v a lu e . F in a lly, t h e t e m p la t e v a lu e pa r a m e t e r e n t r y ha s a
D W _ A T _ c o n s t _ v a l u e a t t r ib u t e , whose v a lu e is t h e a ct u a l c o n st a n t v a lu e of t h e
v a lu e pa r a m e t e r f o r t h is in st a n t ia t io n a s r e pr e sen t e d on t h e t a r ge t a r c h it ec t ur e .

3. I f t h e c om pile r h a s ge n e r a t e d a spe c ia l c o m p ila t ion u n it t o h old t h e t e m p la t e
in st a n t ia t io n a n d t h a t c o m p ila t ion u n it h a s a d iffer e n t n a m e f r om t h e c omp ila t io n
u n it c o n t a in in g t h e t e m pla t e d e fin it io n , t h e n a m e a t t r ib u t e f o r t h e d e b u ggin g e n t r y
r e p r e sen t in g t h a t com p ila t ion u n it sh ou ld b e e m p t y or om it t e d .

4. I f t h e c la ss t yp e en t r y r ep r e sen t in g t h e t e m p la t e in st a n t ia t io n or a n y of it s c hild
en t r ies c ont a in d e cla r a t io n c o o r d in a t e a t t r ib u t es, t h os e a t t r ib u t e s sh ou ld r e f e r t o t h e
so u r c e f or t h e t e m pla t e d e fin it ion, n o t t o a n y so u r c e ge n e r a t ed a r t ificia lly b y t h e
com pile r .

5. 5 .7 Var ian t En tr ies

A v a r ia n t p a r t of a st r u c t u r e is r ep r e sen t e d b y a d e b u gg in g in f o r m a t ion e n t r y wi t h t h e t a g
D W _ T A G _ v a r i a n t _ p a r t a n d is o w n e d b y t h e c or r esp ond in g st r u c t u r e t yp e e n t r y.

I f t h e v a r ia n t p a r t h a s a d iscr im in a n t , t h e d iscr im in a n t is r e p r ese n t ed b y a sep a r a t e
d e b u ggin g in f or m a t ion e n t r y wh ic h is a c h ild of t h e v a r ia n t pa r t e n t r y. T h is e n t r y h a s t he
f or m o f a st r u c t u r e d a t a m e m b er e n t r y. T h e v a r ia n t p a r t e n t r y w ill h a v e a
D W _ A T _ d i s c r a t t r ib u t e whose v a lu e is a r e f e r e n c e t o t h e m e m b er e n t r y f or t h e
d iscr im in a n t .

I f t h e v a r ia n t p a r t d oes n o t h a v e a d iscr im in a n t ( t a g field ) , t h e v a r ia n t p a r t en t r y ha s a
D W _ A T _ t y p e a t t r ib u t e t o r e p r e sen t t h e t a g t ype .

E a c h v a r ia n t of a p a r t ic u la r v a r ia n t p a r t is r ep r e sen t e d b y a d e b u gg in g in f o r m a t io n e n t r y
w it h t h e t a g D W _ T A G _ v a r i a n t a n d is a c h ild of t h e v a r ia n t p a r t en t r y. T h e v a lu e t h a t
sele c t s a giv en v a r ia n t m a y b e r e p r e sen t e d in one of t h r ee wa ys. T h e v a r ia n t e n t r y m a y
h a v e a D W _ A T _ d i s c r _ v a l u e a t t r ib u t e whose v a lu e r ep r e sen t s a sing le ca se la b e l. T h e
v a lu e o f t h is a t t r ib u t e is en c ode d a s a n L E B12 8 n u m b e r . T h e n u m b e r is sign e d if t h e t a g
t yp e f o r t h e v a r ia n t p a r t con t a in in g t h is v a r ia n t is a sign ed t ype . T h e n u m b e r is u n sign ed
if t h e t a g t yp e is a n u n sign e d t ype .

A lt e r n a t iv ely, t h e v a r ia n t e n t r y m a y c ont a in a D W _ A T _ d i s c r _ l i s t a t t r ib u t e , whose
v a lu e r e p r e sen t s a list of d iscr im in a n t v a lu e s. T h is list is r e p r ese n t ed b y a n y of t h e b lock
f or m s a n d m a y c ont a in a m ixt u r e of ca se la b e ls a n d la b el r a n ge s. E a c h it e m on t h e list is
pr e fixed wit h a d iscr im in a n t v a lu e d e scr ipt or t h a t d e t er m in es wh et h e r t h e list it e m
r e p r e sen t s a sin gle la b e l or a la b e l r a n ge . A sing le c a se la b e l is r e p r e sen t e d a s a n L E B12 8
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n u m b e r a s d e fin e d a b ov e f or t h e D W _ A T _ d i s c r _ v a l u e a t t r ib u t e . A la b e l r a n ge is
r e p r e sen t e d b y t w o L E B12 8 n u m b er s, t h e low v a lu e of t h e r a n ge f o llo w ed b y t h e h igh
v a lu e . Bot h v a lu e s f ollo w t h e r u le s f o r sign e d n e ss j u st d e scr ib e d . T h e d iscr im in a n t v a lu e
d e scr ipt or is a c onst a n t t h a t m a y h a v e one o f t h e v a lu e s giv en in F igu r e 1 3 .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ D S C _ l a b e l
D W _ D S C _ r a n g e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 





Figu r e 1 3 . D iscr im in a n t d e scr ip t o r v a lu e s

I f a v a r ia n t e n t r y h a s n e it h e r a D W _ A T _ d i s c r _ v a l u e a t t r ib u t e n or a
D W _ A T _ d i s c r _ l i s t a t t r ib u t e , or if it h a s a D W _ A T _ d i s c r _ l i s t a t t r ib u t e wit h 0
size , t h e v a r ia n t is a d e f a u lt v a r ia n t .

T h e c o m p one n t s sele c t ed b y a p a r t icu la r v a r ia n t a r e r e pr e sen t e d b y d e b u gg in g in f or m a t io n
en t r ies ow ne d b y t h e c or r e spond in g v a r ia n t e n t r y a n d a p p e a r in t h e sa m e o r d e r a s t h e
cor r e spond in g d ec la r a t ions in t h e so u r c e pr ogr a m .

5. 6 En u m er ation Typ e En tr ies

A n ‘ ‘ enu m era t i on t y p e’ ’ i s a s cal a r t h a t can a s s u m e one of a fi x ed nu m ber of s y m bo l i c
va l u es.

A n e n u m e r a t ion t ype is r e p r e sen t e d b y a d eb u ggin g in f or m a t ion e n t r y w it h t h e t a g
D W _ T A G _ e n u m e r a t i o n _ t y p e .

I f a n a m e h a s b e e n giv en t o t h e en u m er a t ion t yp e in t h e so u r c e p r ogr a m , t h e n t h e
cor r e spond in g e n u m e r a t ion t yp e e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a
n u ll- t er m in a t e d st r in g con t a in in g t h e e n u m e r a t ion t ype n a m e a s it a p p e a r s in t h e so u rce
pr ogr a m . T h e se e n t r ie s a lso h a v e a D W _ A T _ b y t e _ s i z e a t t r ib u t e whose c o n st a n t v a lu e
is t h e n u m b er of b yt e s r e qu ir e d t o h ol d a n in st a n ce of t h e e n u m e r a t io n .

E a c h en u m er a t ion lit e r a l is r e pr e sen t e d b y a d e b u gg in g in f or m a t io n e n t r y wit h t h e t a g
D W _ T A G _ e n u m e r a t o r . E a c h su c h en t r y is a c h ild of t h e e n u m e r a t io n t ype e n t r y, a n d
t h e e n u m e r a t or e n t r ie s a p p e a r in t h e sa m e o r d e r a s t h e d e c la r a t ions of t h e en u m er a t io n
lit e r a ls in t h e so u r ce p r ogr a m .

E a c h en u m er a t or en t r y h a s a D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll- t e r m in a t e d
st r in g c ont a in in g t h e n a m e of t h e e n u m e r a t ion lit e r a l a s it a p pe a r s in t h e so u r c e pr ogr a m .
E a c h en u m er a t or en t r y a lso h a s a D W _ A T _ c o n s t _ v a l u e a t t r ib u t e , whose v a lu e is t h e
a c t u a l n u m er ic v a lu e of t h e e n u m e r a t or a s r e p r e sen t e d on t h e t a r ge t syst em .

5. 7 S u b r ou tin e Typ e En tr ies

I t i s p os s i bl e i n C t o d ecl ar e p oi nt ers t o s u bro u t i nes t h at ret u rn a v al u e of a s p ecifi c t y p e.
I n bo t h A N S I C a nd C + + , i t i s p os s i bl e t o d ecl a re p oi nt ers t o su br ou t i nes t h a t not on l y
ret u rn a v a l u e of a sp ecifi c t y p e, bu t accep t onl y a rgu m ent s of s p ecifi c t y p es. T h e t y p e of
su ch p oi nt ers wou l d be d es crib ed wit h a ‘ ‘ po i nt er t o’ ’ m od i fi er a p p l i ed t o a u s er- d efi ned
t y p e.

A su b r ou t in e t yp e is r e p r e sen t e d b y a d e b u ggin g in f or m a t ion e n t r y wit h t h e t a g
D W _ T A G _ s u b r o u t i n e _ t y p e . I f a n a m e h a s b e e n giv en t o t h e su b r o u t in e t yp e in t h e
so u r c e p r ogr a m , t h e n t h e c or r esp ond in g su b r out in e t ype e n t r y h a s a D W _ A T _ n a m e
a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e su b r ou t in e t ype n a m e a s it
a p p e a r s in t h e so u r c e p r o gr a m .
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I f t h e su b r out in e t ype d esc r ib es a f u n c t ion t h a t r et u r n s a v a lu e, t h e n t h e su b r ou t in e type
en t r y h a s a D W _ A T _ t y p e a t t r ib u t e t o d e n ot e t h e t ype r e t u r n e d b y t h e su b r out in e . I f t h e
t yp e s o f t h e a r gu m e n t s a r e n e c essa r y t o d e scr ib e t h e su b r ou t in e t ype , t h e n t h e
cor r e spond in g su b r ou t in e t ype e n t r y ow ns d e b u gg in g in f or m a t io n e n t r ie s t h a t d e scr ib e t h e
a r gu m e n t s. T h e se d e b u ggin g in f or m a t ion e n t r ies a p pe a r in t h e or d e r t h a t t h e
cor r e spond in g a r gu m e n t t yp es a p p ea r in t h e so u r c e p r o gr a m .

I n A N S I - C t h ere i s a d i ff erence bet ween t h e t y p es of f u nct i ons d ecl a red u s i ng f u nct i on
p ro t ot y p e s t y l e d ecl a ra t i on s an d t h os e d ecl a red u s i ng no n- p ro t ot y p e d ecl a ra t i on s.

A su b r ou t in e e n t r y d e c la r e d w it h a f u n c t io n p r ot ot yp e st yle d e c la r a t ion m a y h a v e a
D W _ A T _ p r o t o t y p e d a t t r ib u t e , whose v a lu e is a fla g.

E a c h d e b u ggin g in f or m a t ion e n t r y o w n e d b y a su b r out in e t ype e n t r y h a s a t a g w h os e v a lu e
h a s one of t w o p os s ib le in t e r p r e t a t io n s.

1. E a ch d e b u gg in g in f or m a t io n e n t r y t h a t is ow ne d b y a su b r o u t in e t yp e en t r y a n d t h a t
d e fin es a sing le a r gu m e n t of a spe c ific t yp e h a s t h e t a g
D W _ T A G _ f o r m a l _ p a r a m e t e r .

T h e f o r m a l pa r a m e t e r e n t r y h a s a t ype a t t r ib u t e t o d e n o t e t h e t yp e of t h e
cor r e spond in g f or m a l pa r a m et e r .

2. T h e u n spe c ified p a r a m e t e r s of a v a r ia b le p a r a m e t e r list a r e r e p r ese n t e d b y a
d e b u ggin g in f or m a t ion e n t r y ow n ed b y t h e su b r ou t in e t yp e en t r y w it h t h e t a g
D W _ T A G _ u n s p e c i f i e d _ p a r a m e t e r s .

5. 8 S tr in g Typ e En tr ies

A ‘ ‘ st ri ng’ ’ is a s equ ence of ch ar a ct ers t h at h a v e s p ecifi c s em a nt i cs a nd op era t i on s t h a t
sep a ra t e t h em f rom a rr ay s of ch a ra ct ers . Fo rt ra n i s one of t h e l a ngu a ges t h a t h a s a s t ri ng
t y p e.

A st r in g t yp e is r e pr e sen t e d b y a d e b u gg in g in f or m a t io n e n t r y wit h t h e t a g
D W _ T A G _ s t r i n g _ t y p e . I f a n a m e h a s b e e n giv en t o t h e st r in g t yp e in t h e so u r c e
pr ogr a m , t h e n t h e c or r e spond in g st r in g t ype e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose
v a lu e is a n u ll- t e r m in a t ed st r in g c ont a in in g t h e st r in g t yp e n a m e a s it a p p ea r s in t h e so u r c e
pr ogr a m .

T h e st r in g t ype e n t r y m a y h a v e a D W _ A T _ s t r i n g _ l e n g t h a t t r ib u t e whose v a lu e is a
lo ca t io n d e scr ip t io n yield in g t h e loca t ion wh e r e t h e len gt h o f t h e st r in g is st or ed in t h e
pr ogr a m . T h e st r in g t ype e n t r y m a y a lso h a v e a D W _ A T _ b y t e _ s i z e a t t r ib u t e , whose
con st a n t v a lu e is t h e siz e in b yt e s of t h e d a t a t o b e r e t r ie v ed f r o m t h e lo ca t io n ref e r e n c e d
b y t h e st r in g le n gt h a t t r ib u t e . I f n o b yt e siz e a t t r ib u t e is pr e sen t , t h e size of t h e da t a t o b e
r e t r ie v ed is t h e sa m e a s t h e siz e of a n a d d r e ss on t h e t a r ge t m a ch in e .

I f n o st r in g len gt h a t t r ib u t e is pr e sen t , t h e st r in g t ype e n t r y m a y h a v e a
D W _ A T _ b y t e _ s i z e a t t r ib u t e , whose con st a n t v a lu e is t h e le n gt h in b yt e s of t h e st r in g.

5. 9 S et En tr ies

Pa s cal p ro vi d es t h e concep t of a ‘ ‘ set ,’ ’ wh i ch rep res ent s a grou p of v a l u es of ord i na l t y p e.

A set is r e p r ese n t ed b y a d e b u ggin g in f or m a t ion en t r y w it h t h e t a g
D W _ T A G _ s e t _ t y p e . I f a n a m e h a s b e e n giv en t o t h e set t ype , t h e n t h e set t yp e e n t r y
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h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e set
t yp e n a m e a s it a p pe a r s in t h e so u r c e pr ogr a m .

T h e set t yp e e n t r y h a s a D W _ A T _ t y p e a t t r ib u t e t o d e n ot e t h e t ype of a n e le m e n t of t h e
set .

I f t h e a m ou n t of st o r a ge a lloca t e d t o h old e a c h e lem e n t of a n o b j e c t o f t h e giv en set t ype is
d iffer e n t f r om t h e a m o u n t of st or a ge t h a t is n or m a lly a lloca t e d t o h old a n in d iv id u a l obj e ct
o f t h e in d ic a t e d e lem e n t t yp e , t h e n t h e set t ype e n t r y h a s a D W _ A T _ b y t e _ s i z e
a t t r ib u t e , whose con st a n t v a lu e r e p r e sen t s t h e size in b yt e s of a n in st a n c e of t h e set t ype .

5. 1 0 S u b r an ge Typ e En tr ies

S ev era l l a ngu a ges s u p p or t t h e concep t of a ‘ ‘ su bra nge’ ’ t y p e ob j ect . T h ese obj ect s can
rep res ent a su bs et of t h e v a l u es t h a t an ob j ect of t h e ba si s t y p e f or t h e s u bra nge can
rep res ent . S u br a nge t y p e ent ri es m ay a l s o be u s ed t o rep res ent t h e bo u nd s of a rra y
d i m ens i on s.

A su b r a n ge t yp e is r e p r e sen t e d b y a d e b u ggin g in f or m a t ion en t r y w it h t h e t a g
D W _ T A G _ s u b r a n g e _ t y p e . I f a n a m e h a s b e e n giv en t o t h e su b r a n ge t ype , t h en t h e
su b r a n ge t ype e n t r y h a s a D W _ A T _ n a m e a t t r ib u t e whose v a lu e is a n u ll- t e r m in a t e d st r in g
con t a in in g t h e su b r a n ge t yp e n a m e a s it a p pe a r s in t h e so u r c e p r ogr a m .

T h e su b r a n ge e n t r y m a y h a v e a D W _ A T _ t y p e a t t r ib u t e t o d e scr ib e t h e t yp e of obj e ct of
w h os e v a lu es t h is su b r a n ge is a su b set .

I f t h e a m ou n t of st o r a ge a lloca t e d t o h old e a c h e lem e n t of a n o b j e c t o f t h e giv en su b r a n ge
t yp e is d iffer e n t f r om t h e a m o u n t of st or a ge t h a t is n or m a lly a lloca t e d t o h old a n in d iv id u a l
o b j e c t of t h e in d ic a t e d e lem e n t t yp e , t h e n t h e su b r a n ge t yp e en t r y h a s a
D W _ A T _ b y t e _ s i z e a t t r ib u t e , whose con st a n t v a lu e r e p r e sen t s t h e size in b yt e s of e a c h
ele m en t of t h e su b r a n ge t yp e .

T h e su b r a n ge e n t r y m a y h a v e t h e a t t r ib u t es D W _ A T _ l o w e r _ b o u n d a n d
D W _ A T _ u p p e r _ b o u n d t o d e scr ib e , r e spe ct iv ely, t h e lo w er a n d u pp e r b o u n d v a lu e s o f
t h e su b r a n ge . T h e D W _ A T _ u p p e r _ b o u n d a t t r ib u t e m a y b e r ep la c ed b y a
D W _ A T _ c o u n t a t t r ib u t e , whose v a lu e d e scr ib e s t h e n u m b e r of ele m e n t s in t h e su b r a n ge
r a t h e r t h a n t h e v a lu e of t h e la st ele m en t . I f a b ou n d or c oun t v a lu e is d e scr ib e d b y a
con st a n t n ot r e p r ese n t e d in t h e p r ogr a m ’ s a d d r ess spa ce a n d c a n b e r e p r ese n t e d b y one of
t h e c onst a n t a t t r ib u t e f or m s, t h e n t h e v a lu e of t h e low er or u p pe r b oun d or c ou n t a t t r ib u te
m a y b e one o f t h e con st a n t t yp es. O t h e r wis e, t h e v a lu e o f t h e lo w er o r u p p er b oun d or
cou n t a t t r ib u t e is a r e f e r en c e t o a d e b u gg in g in f or m a t io n e n t r y d e scr ib in g a n obj e c t
con t a in in g t h e b oun d v a lu e or it self d e scr ib in g a c onst a n t v a lu e .

I f e it h er t h e lo w er o r u p p er b oun d or cou n t v a lu e s a r e m iss in g, t h e b o u n d v a lu e is a ssu m e d
t o b e a la n gu a ge - d e p e n d e n t d ef a u lt con st a n t .

T h e d ef a u l t l ower bo u nd v a l u e f or C or C + + i s 0 . Fo r F ort ra n, i t i s 1. N o ot h er d ef a u l t
va l u es a re cu rr ent l y d efi ned by DW A R F .

I f t h e su b r a n ge e n t r y h a s n o t ype a t t r ib u t e d e scr ib in g t h e b a sis t yp e , t h e b a sis t ype is
a ssu m e d t o b e t h e sa m e a s t h e o b j e c t d e scr ib e d b y t h e lo w er b o u n d a t t r ib u t e ( if it
r e f e r en c e s a n obj ec t ) . I f t h e r e is n o lo w er b o u n d a t t r ib u t e , or it d oes n ot r e f e r e n ce a n
o b j e c t , t h e b a sis t ype is t h e t yp e of t h e u p p e r b ou n d or c o u n t a t t r ib u t e ( if it r e f e r e n c e s an
o b j e c t ) . I f t h e r e is n o u p pe r b oun d or cou n t a t t r ib u t e or it d oes n ot r e f e r e n ce a n obj e c t ,
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t h e t ype is a ss u m ed t o b e t h e sa m e t ype , in t h e so u r c e la n gu a ge of t h e c om pila t io n u n it
con t a in in g t h e su b r a n ge e n t r y, a s a sign e d in t e ge r wit h t h e sa m e size a s a n a d d r ess on t h e
t a r ge t m a c h in e .

5. 1 1 P oin ter to M em b er Typ e En tr ies

I n C + + , a p oi nt er t o a d at a or f u nct i on m em ber of a cl a ss or s t ru ct u re i s a u ni q u e t y p e.

A d e b u gg in g in f or m a t io n e n t r y r e p r e sen t in g t h e t yp e o f a n obj e c t t h a t is a p oint e r t o a
st r u c t u r e or cla ss m e m b e r h a s t h e t a g D W _ T A G _ p t r _ t o _ m e m b e r _ t y p e .

I f t h e poin t er t o m em b e r t yp e h a s a n a m e , t h e p oint e r t o m e m b e r e n t r y h a s a
D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e t ype n a m e
a s it a pp e a r s in t h e so u r c e p r ogr a m .

T h e p o in t e r t o m e m b e r en t r y h a s a D W _ A T _ t y p e a t t r ib u t e t o d e scr ib e t h e t yp e of t h e
cla ss o r st r u ct u r e m e m b e r t o w h ic h o b j e c t s of t h is t yp e m a y p o in t .

T h e p o in t e r t o m e m b e r en t r y a lso h a s a D W _ A T _ c o n t a i n i n g _ t y p e a t t r ib u t e , whose
v a lu e is a r e f er e n c e t o a d eb u ggin g in f or m a t ion en t r y f o r t h e cla ss or st r u ct u r e t o wh os e
m e m b e r s obj e c t s o f t h is t yp e m a y p o in t .

F in a lly, t h e poin t er t o m em b e r e n t r y h a s a D W _ A T _ u s e _ l o c a t i o n a t t r ib u t e whose
v a lu e is a loca t ion d e scr ipt ion t h a t c o m p u t e s t h e a d d r ess of t h e m e m b e r o f t h e c la ss or
st r u c t u r e t o w h ic h t h e p o in t e r t o m e m b e r t ype e n t r y c a n p oint .

T h e m et h od u s ed t o fi nd t h e a d d res s of a gi ven m em ber of a cl as s or st ru ct u re i s com m on
t o a ny i ns t a nce of t h a t cl as s or st ru ct u re a nd t o a ny i ns t an ce of t h e p oi nt er or m em ber
t y p e. T h e m et h od is t h u s as s ocia t ed wit h t h e t y p e ent ry , ra t h er t h a n wi t h each i ns t a nce of
t h e t y p e.

T h e D W _ A T _ u s e _ l o c a t i o n ex p res s i on , h owev er, cann ot be u s ed on i t s own , bu t m u s t
be u s ed i n conj u nct i on wit h t h e l oca t i on ex p res si on s f or a p ar t i cu l a r ob j ect of t h e gi ven
p oi nt er t o m em ber t y p e an d f or a p a rt i cu l ar s t ru ct u re or cl a ss i ns t an ce. T h e
D W _ A T _ u s e _ l o c a t i o n at t ri bu t e ex p ect s t wo v al u es t o be p u s h ed ont o t h e l ocat i on
ex p res s i on st a ck bef or e t h e D W _ A T _ u s e _ l o c a t i o n ex p res s i on is ev a l u a t ed . T h e fi rs t
va l u e p u s h ed s h ou l d be t h e v a l u e of t h e p oi nt er t o m em ber obj ect i t sel f . T h e s econd v al u e
p u s h ed s h ou l d be t h e ba se a d d res s of t h e ent i re s t ru ct u re or u ni on i ns t a nce cont a i ni ng t h e
m em ber wh os e a d d res s i s bei ng cal cu l a t ed .

S o, f or a n ex p res s io n l i k e

o b j e c t . * m b r _ p t r

wh ere m b r _ p t r h a s s om e p oi nt er t o m em ber t y p e, a d ebu gger s h ou l d :

1. P u sh t h e va l u e of m b r _ p t r ont o t h e l ocat i on ex p res s i on st a ck .

2. P u sh t h e ba s e a d d res s of o b j e c t ont o t h e l ocat i on ex p res s i on st a ck .

3. E v al u a t e t h e D W _ A T _ u s e _ l o c a t i o n ex p res s i on f or t h e t y p e of m b r _ p t r .

5. 1 2 Fil e Typ e En tr ies

S om e l a ngu a ges , su ch as P a s cal , p rov i d e a fi rs t cl a s s d a t a t y p e t o rep res ent fi l es.
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A file t yp e is r e p r e sen t e d b y a d eb u ggin g in f or m a t ion en t r y w it h t h e t a g
D W _ T A G _ f i l e _ t y p e . I f t h e file t ype h a s a n a m e, t h e file t yp e e n t r y h a s a
D W _ A T _ n a m e a t t r ib u t e , whose v a lu e is a n u ll- t e r m in a t e d st r in g c ont a in in g t h e t ype n a m e
a s it a pp e a r s in t h e so u r c e p r ogr a m .

T h e file t yp e e n t r y h a s a D W _ A T _ t y p e a t t r ib u t e d e scr ib in g t h e t yp e o f t h e obj e c t s
con t a in e d in t h e file.

T h e file t yp e e n t r y a lso h a s a D W _ A T _ b y t e _ s i z e a t t r ib u t e , whose v a lu e is a c onst a n t
r e p r e sen t in g t h e size in b yt e s o f a n in st a n c e of t h is file t ype .
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6. O T H ER D EB U G G IN G IN FO R M AT IO N

T h is sec t ion d e scr ib e s d e b u ggin g in f or m a t ion t h a t is n ot r e pr e sen t e d in t h e f or m of
d e b u ggin g in f or m a t ion e n t r ies a n d is n ot con t a in e d wi t h in t h e . d e b u g _ i n f o sec t io n .

6. 1 Acceler ated Acc ess

A d ebu gger f req u ent l y need s t o fi nd t h e d ebu ggi ng i nf orm a t i on f or a p rogr a m obj ect
d efi ned ou t si d e of t h e com p i l at i on u ni t wh ere t h e d ebu gged p ro gra m i s cu rr ent l y s t op p ed .
S om et i m es it wi l l k no w onl y t h e na m e of t h e ob j ect ; s om et i m es on l y t h e a d d res s. T o fi nd
t h e d ebu ggin g i nf orm a t i on a ss oci at ed wit h a gl oba l obj ect by na m e, u s i ng t h e DW A R F
d ebu ggin g in f or m a t i on ent ri es a l one, a d ebu gger wou l d need t o ru n t h rou gh al l ent ri es a t
t h e h i gh es t scop e wit h i n ea ch com p il a t i on u ni t . Fo r l ook u p by a d d res s , f or a s u br ou t i ne,
a d ebu gger can u se t h e l ow a nd h i gh p c a t t ri bu t es of t h e com p i l a t i on u ni t ent ri es t o
qu i ck l y na rro w d own t h e s ea rch , bu t t h es e a t t ri bu t es onl y cover t h e ra nge of a d d res ses f or
t h e t ex t a s s ocia t ed wi t h a com p i l a t i on u ni t ent ry . T o fi nd t h e d ebu ggin g i nf or m a t i on
as s ocia t ed wit h a d a t a obj ect , a n ex h a u s t i ve s ea rch wou l d be need ed . F u rt h erm or e, a ny
sea rch t h ro u gh d ebu ggin g i nf or m at i on ent ri es f or d i ff erent com p il a t i on u ni t s wi t h i n a
l a rge p ro gra m wou l d p ot ent i al l y req u i re t h e a cc ess of m a ny m em ory p ages , p rob a bl y
h u rt i ng d ebu gger p erf orm a nce.

T o m a k e loo ku p s o f p r ogr a m o b j e c t s b y n a m e or b y a d d r e ss f a st e r , a p r odu c e r of D W AR F
in f or m a t ion m a y pr ov ide t wo d iffer e n t t yp e s o f t a b les c ont a in in g in f or m a t io n a b o u t t h e
d e b u ggin g in f or m a t ion e n t r ies ow ne d b y a p a r t icu la r com p ila t ion u n it en t r y in a m or e
con d en sed f or m a t .

6. 1 .1 L ook u p b y N am e

F or loo ku p b y n a m e , a t a b le is m a in t a in e d in a sep a r a t e o b j e c t file sec t ion ca lle d
. d e b u g _ p u b n a m e s . T h e t a b le c o n sist s of set s of v a r ia b le le n gt h e n t r ies, e a ch set
d e scr ib in g t h e n a m e s of glob a l obj e ct s whose d efin it io n s or d e c la r a t ions a r e r ep r e sen t e d b y
d e b u ggin g in f or m a t ion e n t r ies ow ne d b y a sin gle c omp ila t io n u n it . E a c h set b eg in s w it h a
h e a d er c ont a in in g f ou r v a lu e s: t h e t o t a l le n gt h of t h e e n t r ie s f or t h a t set , n o t in c lu d in g t h e
len gt h field it self , a v er sio n n u m b e r , t h e offset f r o m t h e b e gin n in g o f t h e . d e b u g _ i n f o
sec t io n of t h e c omp ila t io n u n it e n t r y r e f e r en c e d b y t h e set a n d t h e size in b yt e s of t h e
con t e n t s of t h e . d e b u g _ i n f o sec t io n ge n er a t e d t o r e pr e sen t t h a t c o m p ila t ion u n it . T h is
h e a d er is f ol lo w ed b y a v a r ia b le n u m b e r of offset / n a m e p a ir s. E a c h p a ir c onsist s of t h e
o ffset f r o m t h e b e gin n in g o f t h e c o m p ila t ion u n it e n t r y c or r e spond in g t o t h e c u r r en t set t o
t h e d e b u gg in g in f o r m a t ion e n t r y f or t h e giv en obj e c t , f ollo w ed b y a n u ll- t e r m in a t e d
ch a r a ct e r st r in g r ep r e sen t in g t h e n a m e of t h e obj e c t a s giv en b y t h e D W _ A T _ n a m e
a t t r ib u t e of t h e r e f er e n c ed d e b u gg in g e n t r y. E a ch set o f n a m es is t e r m in a t e d b y z e r o.

I n t h e ca se of t h e n a m e of a st a t ic d a t a m e m b e r or f u n c t io n m e m b e r o f a C + + st r u ct ur e ,
cla ss o r u n io n , t h e n a m e pr e sen t e d in t h e . d e b u g _ p u b n a m e s sec t io n is n o t t h e sim p le
n a m e giv en b y t h e D W _ A T _ n a m e a t t r ib u t e of t h e r e f er e n c ed d e b u gg in g e n t r y, b u t r a t h e r
t h e f u lly c la ss q u a lified n a m e o f t h e d a t a or f u n c t io n m em b e r .

6. 1 .2 L ook u p b y A d d r ess

F or loo ku p b y a d d r e ss, a t a b le is m a in t a in ed in a sep a r a t e obj ec t file sec t io n c a lled
. d e b u g _ a r a n g e s . T h e t a b le c o n sist s of set s of v a r ia b le le n gt h e n t r ies, e a ch set
d e scr ib in g t h e p or t ion o f t h e p r ogr a m ’ s a d d r e ss spa c e t h a t is cov er ed b y a sin gle
com pila t ion u n it . E a c h set b e gin s wi t h a h ea d e r con t a in in g fiv e v a lu e s:
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1. T h e t ot a l len gt h of t h e en t r ie s f or t h a t set , n ot in clu d in g t h e len gt h field it self .

2. A v er sio n n u m b e r .

3. T h e offset f r o m t h e b e gin n in g o f t h e . d e b u g _ i n f o sec t io n of t h e c omp ila t io n u n it
en t r y r e f e r e n c e d b y t h e set .

4. T h e siz e in b yt e s of a n a d d r e ss on t h e t a r ge t a r c h it e c t u r e . F o r seg m e n t e d a d d r essin g,
t h is is t h e size of t h e offset p or t ion o f t h e a d d r e ss .

5. T h e siz e in b yt e s of a segm e n t d e scr ip t or on t h e t a r ge t a r c h it e c t u r e . I f t h e t a r ge t
sys t e m u ses a fla t a d d r e ss spa ce , t h is v a lu e is 0 .

T h is h e a d e r is f ollo w ed b y a v a r ia b le n u m b e r of a d d r e ss r a n ge d e scr ip t or s. E a ch d e scr ip t or
is a p a ir c onsist in g of t h e b e gin n in g a d d r e ss of a r a n ge o f t e xt o r d a t a c ov er e d b y so m e
en t r y o w n e d b y t h e c or r esp ond in g c o m p ila t ion u n it e n t r y, f o llo w ed b y t h e le n gt h of t h a t
r a n ge . A p a r t ic u la r set is t e r m in a t e d b y a n en t r y c o n sist in g of t wo z er oes. By sca n n in g
t h e t a b le , a d eb u gge r c a n q u ic kly d e cid e whic h c o m p ila t ion u n it t o loo k in t o find t h e
d e b u ggin g in f or m a t ion f or a n obj e ct t h a t h a s a giv en a d d r e ss .

6. 2 Li n e N u m b er In for m ation

A s ou rce- l evel d ebu gger wi l l need t o k no w h ow t o a s s ocia t e st a t em ent s in t h e s ou rce fi l es
wit h t h e corres p ond i ng m a ch i ne i ns t ru ct io n a d d res s es i n t h e ex ecu t a bl e ob j ect or t h e
sh a red ob j ect s u s ed by t h a t ex ecu t a bl e ob j ect . S u ch a n a s s ocia t i on wou l d m a k e i t
p os s i bl e f or t h e d ebu gger u s er t o s p ecif y m a ch i ne i ns t ru ct i on a d d res s es i n t erm s of s ou rce
st a t em ent s . T h i s wou l d be d one by s p ecif y in g t h e l i ne nu m ber a nd t h e s ou rce fi l e
cont ai ni ng t h e s t at em ent . T h e d ebu gger can a l so u s e t h i s i nf orm a t i on t o d i s p l ay l ocat i on s
in t erm s of t h e s ou rce fi l es a nd t o s i ngl e s t ep f ro m st a t em ent t o s t a t em ent .

A s m en t ione d in sec t ion 3 .1 , a b ov e, t h e lin e n u m b e r in f or m a t ion ge n e r a t e d f or a
com pila t ion u n it is r e p r ese n t ed in t h e . d e b u g _ l i n e sec t io n of a n obj e ct file a n d is
r e f e r en c e d b y a c or r e spond in g c om pila t io n u n it d e b u ggin g in f or m a t ion e n t r y in t h e
. d e b u g _ i n f o sec t io n .

I f s p a ce were no t a cons i d era t io n, t h e i nf orm a t i on p rov i d ed i n t h e . d e b u g _ l i n e
sect i on cou l d be rep res ent ed as a l a rge m at ri x , wit h one ro w f or ea ch i ns t ru ct i on i n t h e
em i t t ed ob j ect cod e. T h e m a t ri x wou l d h a ve col u m ns f or:

— t h e so u rce fi l e na m e

— t h e so u rce l i ne nu m ber

— t h e so u rce col u m n nu m ber

— wh et h er t h i s i ns t ru ct io n i s t h e begi nn i ng of a so u rce s t a t em ent

— wh et h er t h i s i ns t ru ct io n i s t h e begi nn i ng of a ba s i c bl ock .

S u ch a m a t ri x , h owev er, wou l d be i m p ra ct i cal l y l a rge. W e s h ri nk it wi t h t wo t ech ni q u es .
Fi rs t , we d el et e f rom t h e m a t ri x ea ch ro w wh os e fi l e, l i ne a nd s ou rce col u m n i nf or m at i on
is i d ent i cal wit h t h a t of i t s p red ecess or s . S econd , we d esi gn a by t e- cod ed l a ngu a ge f or a
st a t e m a ch i ne a nd s t or e a s t rea m of by t es i n t h e obj ect fi l e i ns t ea d of t h e m at ri x . T h i s
l a ngu a ge can be m u ch m or e com p a ct t h a n t h e m at ri x . W h en a cons u m er of t h e st a t em ent
in f or m a t i on ex ecu t es , i t m u s t ‘ ‘ ru n’ ’ t h e s t a t e m ach i ne t o genera t e t h e m at ri x f or ea ch
com p il a t i on u ni t it i s i nt eres t ed i n. T h e concep t of a n encod ed m a t ri x a l s o l ea v es ro om

Tool In ter face S tan d ar d s ( TI S ) D WAR F S p ecifi cation , Ver sion 2 .0 52



-- - -

D WAR F D eb u ggin g In for m ation For m at

f or ex p a ns i on. I n t h e f u t u re, col u m ns can be a d d ed t o t h e m a t ri x t o encod e ot h er t h i ngs
t h a t a re rel at ed t o in d i v id u a l i ns t ru ct i on ad d res s es .

6. 2 .1 D efi n ition s

T h e f o llo w ing t e r m s a r e u sed in t h e d e scr ipt ion o f t h e lin e n u m b e r in f or m a t ion f or m a t :

st a t e m a c h in e T h e h yp o t h e t ica l m a ch in e u sed b y a c onsu m er of t h e lin e n u m b er
in f or m a t ion t o e xpa n d t h e b yt e- c ode d in st r u c t io n st r ea m in t o a
m a t r ix of lin e n u m b e r in f or m a t ion.

st a t e m e n t p r ogr a m A ser ie s of b yt e - cod e d lin e n u m b er in f or m a t io n in st r u c t io n s
r e p r e sen t in g one com p ila t ion u n it .

b a sic b lock A seq u e n c e o f in st r u c t io n s t h a t is e n t e r e d o n ly a t t h e fir st
in st r u c t ion a n d e xit e d only a t t h e la st in st r u c t ion. W e d e fin e a
pr oced u r e in v o ca t ion t o b e a n exit f r o m a b a sic b lo ck .

seq u en c e A ser ie s of c ont igu o u s t a r ge t m a c h in e in st r u c t ions. O n e c om pila t ion
u n it m a y e m it m u lt ip le seq u e n c e s ( t h a t is, n ot a ll in st r u c t ions wit h in
a c om pila t io n u n it a r e a ss u m ed t o b e c ont igu ou s) .

sbyt e S m a ll sign ed in t e ge r .

u b yt e S m a ll u n sign e d in t e ge r .

u h a lf M e d iu m u n sign e d in t e ge r .

sw o r d L a r ge sign ed in t eg e r .

u wo r d L a r ge u n sign e d in t e ge r .

L E B12 8 Va r ia b le le n gt h sign e d a n d u n sign e d d a t a . S ee sec t ion 7 .6 .

6. 2 .2 S tat e M ac h in e Re gister s

T h e st a t e m en t in f o r m a t ion st a t e m a c h in e h a s t h e f ollo w in g r e gist er s:

a d d r e s s T h e p r ogr a m - c oun t e r v a lu e c o r r e spond in g t o a m a c h in e in st r u c t io n
ge n e r a t e d b y t h e c o m p iler .

f i l e A n u n sign e d in t e ge r in d ic a t in g t h e id e n t it y of t h e so u r ce file
cor r e spond in g t o a m a c h in e in st r u c t ion.

l i n e A n u n sign e d in t e ge r in d ic a t in g a so u r c e lin e n u m b e r . L in e s a r e
n u m b e r e d b e gin n in g a t 1. T h e c om pile r m a y e m it t h e v a lu e 0 in
ca ses w h e r e a n in st r u c t io n c a n n ot b e a t t r ib u t e d t o a n y so u r c e lin e .

c o l u m n A n u n sign e d in t e ge r in d ic a t in g a c ol u m n n u m b er wit h in a so u r c e
lin e . C olu m n s a r e n u m b e r e d b e gin n in g a t 1 . T h e v a lu e 0 is
r e ser v ed t o in d ic a t e t h a t a st a t em e n t b e gin s a t t h e ‘ ‘ lef t ed ge ’ ’ of t h e
lin e .

i s _ s t m t A b oo lea n in d ic a t in g t h a t t h e cu r r e n t in st r u c t ion is t h e b e gin n in g o f
a st a t em e n t .

b a s i c _ b l o c k A b oo lea n in d ic a t in g t h a t t h e cu r r e n t in st r u c t ion is t h e b e gin n in g o f
a b a sic b lock.
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e n d _ s e q u e n c e A b oo lea n in d ic a t in g t h a t t h e cu r r e n t a d d r ess is t h a t of t h e fir st
b yt e a f t e r t h e e n d o f a seq u e n c e of t a r ge t m a c h in e in st r u c t ions.

A t t h e b e gin n in g o f e a c h seq u en c e w it h in a st a t e m e n t pr ogr a m , t h e st a t e o f t h e r eg ist er s is:

a d d r e s s 0
f i l e 1
l i n e 1
c o l u m n 0
i s _ s t m t d e t e r m in e d b y d e f a u l t _ i s _ s t m t in t h e st a t e m e n t p r ogr a m p r olo gu e
b a s i c _ b l o c k ‘ ‘ f a lse’ ’
e n d _ s e q u e n c e ‘ ‘ f a lse’ ’

6. 2 .3 S tat em en t P r ogr am In str u ct ion s

T h e st a t e m a c h in e in st r u c t ions in a st a t e m en t p r o gr a m b e long t o one of t h r e e c a t e gor ies:

spe c ia l opc o d e s T h e se h a v e a u b yt e o pc ode field a n d n o a r gu m e n t s. M os t of t h e
in st r u c t ions in a st a t e m en t p r o gr a m a r e spe c ia l o pc ode s.

st a n d a r d opcod e s T h e se h a v e a u b yt e opc o d e field wh ich m a y b e f o llo w ed b y z er o or
m or e L E B12 8 a r gu m e n t s ( e xce p t f o r
D W _ L N S _ f i x e d _ a d v a n c e _ p c , see b elow ) . T h e o pc ode
im p lies t h e n u m b er of a r gu m en t s a n d t h e ir m e a n in gs, b u t t h e
st a t e m e n t p r ogr a m p r ol o gu e a lso spe c ifies t h e n u m b er of a r gu m e n t s
f or e a ch st a n d a r d o pc ode .

ext e n d e d opcod e s T h e se h a v e a m u lt ip le b yt e f or m a t . T h e fir st b yt e is z e r o; t h e n e xt
b yt e s a r e a n u n sign e d L E B1 2 8 in t e ge r giv in g t h e n u m b e r of b yt e s
in t h e in st r u ct ion it self ( d oes n ot in c lu d e t h e fir st z e r o b yt e or t h e
size ) . T h e r em a in in g b yt e s a r e t h e in st r u c t io n it self .

6. 2 .4 Th e S tatem en t P r ogr am P r ol ogu e

T h e opt im a l e n c odin g o f lin e n u m b er in f or m a t io n d e pe n d s t o a c e r t a in d eg r e e u p on t h e
a r c h it e c t u r e of t h e t a r ge t m a c h in e . T h e st a t e m e n t p r ogr a m pr olo gu e p r o v id e s in f or ma t ion
u sed b y c onsu m e r s in d ec odin g t h e st a t e m e n t p r o gr a m in st r u c t ions f or a p a r t icu la r
com pila t ion u n it a n d a lso p r ov id e s in f or m a t ion u sed t h r ou gh ou t t h e r e st of t h e st a t e m e n t
pr ogr a m . T h e st a t e m e n t p r ogr a m f o r e a c h c om pila t ion u n it b e gin s wit h a p r olo gu e
con t a in in g t h e f oll o w ing field s in or d e r :

1. t o t a l _ l e n g t h ( u wo r d )
T h e size in b yt e s of t h e st a t e m en t in f o r m a t ion f or t h is c o m p ila t ion u n it ( n ot in c lu d in g
t h e t o t a l _ l e n g t h field it self ) .

2. v e r s i o n ( u h a lf )
Ve r sio n id en t ifier f or t h e st a t em e n t in f or m a t ion f or m a t .

3. p r o l o g u e _ l e n g t h ( u wo r d )
T h e n u m b e r of b yt e s f oll o w ing t h e p r o l o g u e _ l e n g t h field t o t h e b eg in n in g of
t h e fir st b yt e of t h e st a t e m e n t p r ogr a m it self .

4. m i n i m u m _ i n s t r u c t i o n _ l e n g t h ( u b yt e)
T h e size in b yt e s of t h e sm a lle st t a r ge t m a c h in e in st r u ct ion. S t a t e m e n t p r ogr a m
o pc ode s t h a t a lt e r t h e a d d r e s s r e gist e r fir st m u lt iply t h e ir oper a n d s b y t h is v a lu e .
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5. d e f a u l t _ i s _ s t m t ( u b yt e)
T h e in it ia l v a lu e of t h e i s _ s t m t r e gist e r .

A s i m p l e cod e genera t or t h a t em i t s m a ch i ne i ns t ru ct i ons i n t h e or d er i m p l i ed by t h e
so u rce p ro gra m wou l d set t h i s t o ‘ ‘ t ru e,’ ’ an d ever y ent ry i n t h e m at ri x wou l d
rep res ent a st a t em ent bou nd ar y . A p i p el i ne s ch ed u l i ng cod e genera t or wou l d s et t h is
t o ‘ ‘ f al s e’ ’ an d em i t a s p ecifi c st a t em ent p rogr a m op cod e f or ea ch in s t ru ct i on t h a t
rep res ent ed a s t a t em ent bo u nd a ry .

6. l i n e _ b a s e ( sb yt e)
T h is pa r a m et e r a ffec t s t h e m e a n in g o f t h e spe c ia l opc ode s. S ee b e lo w .

7. l i n e _ r a n g e ( u b yt e)
T h is pa r a m et e r a ffec t s t h e m e a n in g o f t h e spe c ia l opc ode s. S ee b e lo w .

8. o p c o d e _ b a s e ( u b yt e)
T h e n u m b e r a ssigne d t o t h e fir st spe cia l opcod e .

9. s t a n d a r d _ o p c o d e _ l e n g t h s ( a r r a y of u b yt e )
T h is a r r a y spe c ifies t h e n u m b er of L E B1 2 8 ope r a n d s f or e a c h of t h e st a n d a r d
o pc ode s. T h e fir st e le m en t of t h e a r r a y c or r e spond s t o t h e opcod e w h os e v a lu e is 1 ,
a n d t h e la st ele m e n t c or r e spond s t o t h e opcod e w h os e v a lu e is o p c o d e _ b a s e -
1 . By in c r e a sing o p c o d e _ b a s e , a n d a d d in g e le m en t s t o t h is a r r a y, n ew st a n d a r d
o pc ode s c a n b e a d d e d , w h ile a llo w ing c onsu m er s wh o d o n o t k n ow a b out t h e se n e w
o pc ode s t o b e a b le t o skip t h e m .

10 . i n c l u d e _ d i r e c t o r i e s ( seq u en c e o f p a t h n a m e s)
T h e seq u e n ce c ont a in s a n e n t r y f or e a c h p a t h t h a t wa s sea r c h ed f or in c lu d e d so u r c e
files in t h is c o m p ila t ion. ( T h e pa t h s in c lu d e t h os e d ir e ct or ie s spe c ified e xplic it ly b y
t h e u ser f or t h e c omp ile r t o sea r c h a n d t h os e t h e c o m p iler sea r c h e s w it h out e xp licit
d ir e c t ion) . E a c h pa t h e n t r y is eit h e r a f u ll p a t h n a m e or is r e la t iv e t o t h e c u r r e nt
d ir e c t or y of t h e c o m p ila t ion. T h e c u r r e n t d ir e c t o r y of t h e c omp ila t ion is u n d e r st oo d
t o b e t h e fir st e n t r y a n d is n ot e xplic it ly r e p r e sen t ed . E a ch e n t r y is a n u ll- t er m in a t e d
st r in g c ont a in in g a f u ll pa t h n a m e . T h e la st e n t r y is f ollo w ed b y a sing le n u ll b yt e.

11 . f i l e _ n a m e s ( seq u en c e o f file e n t r ie s)
T h e seq u e n ce c ont a in s a n e n t r y f or e a c h so u r c e file t h a t c ont r ib u t e d t o t h e st a t em e n t
in f or m a t ion f or t h is c omp ila t io n u n it or is u sed in ot h e r c ont ext s, su c h a s in a
d e c la r a t ion c oo r d in a t e o r a m a c r o file in c lu sio n . E a c h en t r y h a s a n u ll- t e r m in a t e d
st r in g c ont a in in g t h e file n a m e, a n u n sign ed L E B12 8 n u m b er r e p r ese n t in g t h e
d ir e c t or y in d e x of t h e d ir e c t or y in whic h t h e file w a s f oun d , a n u n sign e d L E B1 28
n u m b e r r e p r e sen t in g t h e t im e of la st m odifica t io n f or t h e file a n d a n u n sign e d
L E B12 8 n u m b e r r e p r e sen t in g t h e len gt h in b yt es of t h e file. A c om pile r m a y c h oo se
t o e m it L E B12 8 ( 0) f or t h e t im e a n d len gt h field s t o in d ica t e t h a t t h is in f or m a t io n is
n ot a v a ila b le. T h e la st e n t r y is f ollo w ed b y a sin gle n u ll b yt e .

T h e d ir e c t or y in d ex r e p r e sen t s a n e n t r y in t h e i n c l u d e _ d i r e c t o r i e s sec t io n .
T h e in d e x is L E B12 8 ( 0 ) if t h e file wa s f ou n d in t h e c u r r en t d ir e c t or y of t h e
com pila t ion, L E B12 8 ( 1 ) if it w a s f o u n d in t h e fir st d ir ec t or y in t h e
i n c l u d e _ d i r e c t o r i e s sec t io n , a n d so on. T h e d ir e c t o r y in d ex is ign or e d f or
file n a m e s t h a t r e pr e sen t f u ll p a t h n a m e s.
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T h e st a t e m en t p r o gr a m a ssigns n u m b e r s t o e a c h of t h e file e n t r ie s in or d er , b e gin n in g
w it h 1, a n d u ses t h o se n u m b e r s in st ea d of file n a m e s in t h e f i l e r e gist e r .

A c omp ile r m a y ge n e r a t e a sing le n u ll b yt e f or t h e file n a m e s field a n d d e fine file
n a m e s u sin g t h e e xt e n d ed opcod e D E F I N E _ F I L E .

6. 2 .5 Th e S tatem en t P r ogr am

A s st a t e d b ef or e , t h e goa l of a st a t e m en t p r o gr a m is t o b u ild a m a t r ix r e p r ese n t in g one
com pila t ion u n it , wh ic h m a y h a v e pr odu ce d m u lt ip le seq u en c e s o f t a r ge t - m a ch in e
in st r u c t ions. W it h in a seq u e n ce , a d d r e sses m a y only in c r e a se. ( L in e n u m b e r s m a y d e c r e a se
in c a ses of p ipe lin e sch e d u lin g.)

6. 2 .5 .1 S p ecial O p cod es

E a c h 1- b yt e spe c ia l opc o d e h a s t h e f o llo w in g e ffec t on t h e st a t e m a ch in e :

1. A d d a sign e d in t e ge r t o t h e l i n e r e gist e r .

2. M u lt ip ly a n u n sign e d in t e ge r b y t h e m i n i m u m _ i n s t r u c t i o n _ l e n g t h field o f
t h e st a t e m e n t p r ogr a m pr olo gu e a n d a d d t h e r e su lt t o t h e a d d r e s s r e gist e r .

3. A p pe n d a r ow t o t h e m a t r ix u sin g t h e c u r r e n t v a lu e s o f t h e st a t e m a c h in e r egist e r s.

4. S e t t h e b a s i c _ b l o c k r e gist e r t o ‘ ‘ f a lse. ’ ’

A ll of t h e spe c ia l o pc ode s d o t h os e sa m e f o u r t h in gs; t h e y d iffer f r om one a n ot h er only in
w h a t v a lu e s t h e y a d d t o t h e l i n e a n d a d d r e s s r e gist e r s.

I ns t ead of a ss i gni ng a fi x ed m ean i ng t o ea ch s p ecia l op cod e, t h e s t at em ent p rogr a m u s es
sev era l p a ra m et ers i n t h e p ro l ogu e t o confi gu re t h e i ns t ru ct i on s et . T h ere a re t wo rea s on s
f or t h is . F i rs t , a l t h ou gh t h e op cod e sp a ce av a i l ab l e f or s p ecia l op cod es now ra nges f ro m
10 t h rou gh 25 5 , t h e l ower bo u nd m ay i ncrea s e i f on e a d d s new s t a nd a rd op cod es . T h u s ,
t h e o p c o d e _ b a s e fi el d of t h e s t a t em ent p rogr a m p ro l ogu e giv es t h e v a l u e of t h e fi rs t
sp ecia l op cod e. S econd , t h e bes t ch oi ce of s p ecia l - op cod e m ea ni ngs d ep end s on t h e t a rget
ar ch i t ect u re. F or ex a m p l e, f or a R I S C m a ch i ne wh ere t h e com p i l er- genera t ed cod e
in t erl eav es i ns t ru ct i on s f ro m d i ff erent l i nes t o s ch ed u l e t h e p i p el i ne, it i s i m p or t a nt t o be
ab l e t o a d d a nega t i v e v al u e t o t h e l i n e regi s t er t o ex p res s t h e f act t h a t a l a t er
in s t ru ct i on m a y h av e been em it t ed f or a n ear l i er s ou rce l i ne. F or a m a ch in e wh ere
p i p el in e s ch ed u l i ng nev er occu rs , i t i s a d va nt a geou s t o t ra d e a way t h e a bi l i t y t o d ecreas e
t h e l i n e regi s t er ( a s t a nd ar d op cod e p rov i d es a n al t ern at e wa y t o d ecreas e t h e l i ne
nu m ber) i n ret u rn f or t h e a bi l i t y t o a d d l a rger p os i t i v e va l u es t o t h e a d d r e s s regi s t er.
T o p erm i t t h i s v a ri et y of st ra t egies , t h e s t a t em ent p ro gra m p ro l ogu e d efi nes a
l i n e _ b a s e fi el d t h a t s p ecifi es t h e m in i m u m v a l u e wh i ch a s p ecia l op cod e can ad d t o
t h e l i n e regi s t er a nd a l i n e _ r a n g e fi el d t h a t d efi nes t h e ra nge of v al u es it can ad d
t o t h e l i n e regi s t er.

A spe cia l opcod e v a lu e is c h os en b a sed on t h e a m ou n t t h a t n ee d s t o b e a d d e d t o t h e l i n e
a n d a d d r e s s r e gist e r s. T h e m a xim u m lin e in c r e m e n t f o r a spe c ia l opcod e is t h e v a lu e o f
t h e l i n e _ b a s e field in t h e p r olo gu e , p lu s t h e v a lu e o f t h e l i n e _ r a n g e field , m in u s 1
(l i n e b a s e + l i n e r a n g e - 1) . I f t h e d e sir e d lin e in c r em e n t is gr e a t e r t h a n
t h e m a xim u m lin e in c r em e n t , a st a n d a r d o pc ode m u st b e u sed in st ea d of a spe c ia l opcod e .
T h e ‘ ‘ a d d r ess a d v a n c e ’ ’ is c a lcu la t ed b y d iv id in g t h e d e sir e d a d d r ess in cr e m en t b y t h e
m i n i m u m _ i n s t r u c t i o n _ l e n g t h field f r om t h e p r olo gu e . T h e spe c ia l o pc ode is
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t h e n c a lc u la t e d u sing t h e f ollo w in g f or m u la :
o p c o d e = ( d e s i r e d l i n e i n c r e m e n t - l i n e _ b a s e ) +

( l i n e _ r a n g e * a d d r e s s a d v a n c e ) +
o p c o d e _ b a s e
I f t h e r e su lt in g opcod e is gr e a t er t h a n 2 5 5 , a st a n d a r d opcod e m u st b e u sed in st ea d .

T o d e cod e a spe c ia l opc o d e , su b t r a ct t h e o p c o d e _ b a s e f r om t h e opcod e it self . T h e
a m oun t t o in c r e m en t t h e a d d r e s s r e gist e r is t h e a d j u st e d opcod e d iv ide d b y t h e
l i n e _ r a n g e . T h e a m ou n t t o in cr e m en t t h e l i n e r e gist e r is t h e l i n e _ b a s e plu s
t h e r e su lt of t h e a d ju st e d opc ode m odu lo t h e l i n e _ r a n g e . T h a t is,

l i n e i n c r e m e n t = l i n e _ b a s e + ( a d j u s t e d o p c o d e %
l i n e _ r a n g e )

A s a n ex a m p l e, s u p p os e t h a t t h e o p c o d e _ b a s e is 1 6 , l i n e _ b a s e is - 1 a nd
l i n e _ r a n g e is 4 . T h i s m ean s t h at we can u s e a s p ecia l op cod e wh enev er t wo
su cce ss i v e rows i n t h e m a t ri x h a v e s ou rce l i ne nu m bers d i ff eri ng by a ny v a l u e wi t h i n t h e
ra nge [ - 1 , 2 ] ( a nd , beca u s e of t h e l i m i t ed nu m ber of op cod es a v a i l ab l e, wh en t h e d i ff erence
bet ween a d d res s es i s wit h i n t h e ra nge [ 0, 59 ] ) .

T h e op cod e m a p p i ng wou l d be:
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

O p c ode L in e a d v a n c e A d d r e ss a d v a n c e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
1 6 - 1 0
1 7 0 0
1 8 1 0
1 9 2 0
2 0 - 1 1
2 1 0 1
2 2 1 1
2 3 2 1

2 5 3 0 5 9
2 5 4 1 5 9
2 5 5 2 5 9_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 






























T h e r e is n o r eq u ir em e n t t h a t t h e e xp r e ssio n 2 5 5 - l i n e _ b a s e + 1 b e a n in t e gr a l
m u lt iple of l i n e _ r a n g e .

6. 2 .5 .2 S tan d ar d O p cod es

T h e r e a r e c u r r e n t ly 9 st a n d a r d u b yt e opc ode s. I n t h e f u t u r e a d d it iona l u b yt e opcod e s m ay
b e d e fine d b y set t in g t h e o p c o d e _ b a s e field in t h e st a t e m en t p r o gr a m p r olo gu e t o a
v a lu e gr e a t er t h a n 1 0 .

1. D W _ L N S _ c o p y
T a k e s n o a r gu m e n t s. A pp e n d a r ow t o t h e m a t r ix u sin g t h e c u r r e n t v a lu e s of t h e
st a t e - m a c h in e r e gist e r s. T h e n set t h e b a s i c _ b l o c k r e gist e r t o ‘ ‘ f a lse.’ ’

2. D W _ L N S _ a d v a n c e _ p c
T a k e s a sin gle u n sign e d L E B12 8 oper a n d , m u lt ip lie s it b y t h e
m i n i m u m _ i n s t r u c t i o n _ l e n g t h field o f t h e p r olo gu e , a n d a d d s t h e r e su lt t o
t h e a d d r e s s r e gist e r of t h e st a t e m a c h in e .
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3. D W _ L N S _ a d v a n c e _ l i n e
T a k e s a sin gle sign e d L E B1 2 8 ope r a n d a n d a d d s t h a t v a lu e t o t h e l i n e r e gist e r of
t h e st a t e m a ch in e .

4. D W _ L N S _ s e t _ f i l e
T a k e s a sin gle u n sign e d L E B12 8 oper a n d a n d st or e s it in t h e f i l e r e gist e r of t h e
st a t e m a c h in e .

5. D W _ L N S _ s e t _ c o l u m n
T a k e s a sin gle u n sign e d L E B12 8 oper a n d a n d st or e s it in t h e c o l u m n r e gist e r of
t h e st a t e m a ch in e .

6. D W _ L N S _ n e g a t e _ s t m t
T a k e s n o a r gu m e n t s. S et t h e i s _ s t m t r e gist e r of t h e st a t e m a c h in e t o t h e logica l
n e ga t io n of it s c u r r e n t v a lu e .

7. D W _ L N S _ s e t _ b a s i c _ b l o c k
T a k e s n o a r gu m e n t s. S et t h e b a s i c _ b l o c k r e gist e r of t h e st a t e m a c h in e t o
‘ ‘ t r u e. ’ ’

8. D W _ L N S _ c o n s t _ a d d _ p c
T a k e s n o a r gu m e n t s. A d d t o t h e a d d r e s s r e gist e r of t h e st a t e m a c h in e t h e
a d d r ess in c r e m e n t v a lu e c or r esp ond in g t o spe c ia l opcod e 2 55 .

T h e m ot i v a t i on f or D W _ L N S _ c o n s t _ a d d _ p c is t h i s : wh en t h e s t at em ent
p ro gra m need s t o ad v a nce t h e a d d res s by a s m a l l a m ou nt , i t can u s e a s i ngl e s p ecia l
op cod e, wh ich occu p i es a s i ngl e by t e. W h en i t need s t o a d v a nce t h e a d d res s by u p t o
t wi ce t h e ra nge of t h e l a st s p ecia l op cod e, it can u s e D W _ L N S _ c o n s t _ a d d _ p c
f ol l owed by a s p ecia l op cod e, f or a t ot a l of t wo by t es . Onl y i f i t need s t o a d va nce
t h e a d d res s by m ore t h a n t wi ce t h a t ra nge wil l i t need t o u s e bot h
D W _ L N S _ a d v a n c e _ p c an d a sp ecia l op cod e, req u i ri ng t h ree or m or e by t es .

9. D W _ L N S _ f i x e d _ a d v a n c e _ p c
T a k e s a sin gle u h a lf ope r a n d . A d d t o t h e a d d r e s s r e gist e r of t h e st a t e m a c h in e
t h e v a lu e of t h e ( u n e n c ode d ) oper a n d . T h is is t h e only ext e n d e d opcod e t h a t t a ke s a n
a r gu m e n t t h a t is n o t a v a r ia b le len gt h n u m b e r .

T h e m ot i v a t i on f or D W _ L N S _ f i x e d _ a d v a n c e _ p c is t h i s : ex i s t in g a s sem bl ers
cann ot em i t D W _ L N S _ a d v a n c e _ p c or s p ecia l op cod es becau s e t h ey cann ot
encod e L E B 1 2 8 nu m bers or j u d ge wh en t h e com p u t a t i on of a s p ecia l op cod e
ov erfl ows a nd req u i res t h e u s e of D W _ L N S _ a d v a n c e _ p c . S u ch a s s em bl ers ,
h owev er, can u s e D W _ L N S _ f i x e d _ a d v a n c e _ p c in s t ead , s a crifi cing
com p res s i on.

6. 2 .5 .3 Ex ten d ed O p cod es

T h e r e a r e t h r e e e xt e n d e d opc o d e s c u r r e n t ly d e fine d . T h e fir st b yt e f ollo w in g t h e le n gt h
field o f t h e e n c odin g f or ea c h c o n t a in s a su b - opc o d e .

1. D W _ L N E _ e n d _ s e q u e n c e
S e t t h e e n d _ s e q u e n c e r e gist e r of t h e st a t e m a c h in e t o ‘ ‘ t r u e’ ’ a n d a p p e n d a r ow
t o t h e m a t r ix u sin g t h e c u r r e n t v a lu e s of t h e st a t e - m a c h in e r e gist e r s. T h e n r eset t h e
r e gist e r s t o t h e in it ia l v a lu e s spe c ified a b ov e.
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E v er y st a t e m e n t pr ogr a m seq u e n c e m u st en d wi t h a D W _ L N E _ e n d _ s e q u e n c e
in st r u c t ion w h ic h c r e a t es a r ow wh o se a d d r e ss is t h a t o f t h e b yt e a f t er t h e la st ta r ge t
m a c h in e in st r u c t io n of t h e seq u e n c e.

2. D W _ L N E _ s e t _ a d d r e s s
T a k e s a sin gle r e lo ca t a b le a d d r e ss a s a n oper a n d . T h e size of t h e oper a n d is t h e size
a p p r o pr ia t e t o h ol d a n a d d r e ss on t h e t a r ge t m a c h in e . S e t t h e a d d r e s s r e gist e r t o
t h e v a lu e giv en b y t h e r e lo ca t a b le a d d r e ss.

A l l of t h e ot h er s t a t em ent p ro gra m op cod es t h a t affect t h e a d d r e s s regi s t er a d d a
d el t a t o i t . T h i s i ns t ru ct i on s t ores a rel oca t a bl e va l u e i nt o i t i ns t ea d .

3. D W _ L N E _ d e f i n e _ f i l e
T a k e s 4 a r gu m e n t s. T h e fir st is a n u ll t e r m in a t e d st r in g con t a in in g a so u r ce file
n a m e . T h e sec ond is a n u n sign e d L E B1 2 8 n u m b e r r e pr e sen t in g t h e d ir e ct or y in d e x
o f t h e d ir e c t o r y in w h ic h t h e file wa s f ou n d . T h e t h ir d is a n u n sign e d L E B12 8
n u m b e r r e p r e sen t in g t h e t im e of la st m odifica t io n of t h e file. T h e f o u r t h is a n
u n sign e d L E B1 2 8 n u m b e r r e pr e sen t in g t h e le n gt h in b yt e s o f t h e file. T h e t im e a n d
len gt h field s m a y con t a in L E B12 8 ( 0) if t h e in f or m a t io n is n o t a v a ila b le .

T h e d ir e c t or y in d ex r e p r e sen t s a n e n t r y in t h e i n c l u d e _ d i r e c t o r i e s sec t io n
o f t h e st a t e m e n t p r ogr a m p r olo gu e . T h e in d e x is L E B12 8 ( 0 ) if t h e file wa s f ou n d in
t h e c u r r e n t d ir e c t o r y of t h e c omp ila t ion, L E B1 28 ( 1 ) if it wa s f ou n d in t h e fir st
d ir e c t or y in t h e i n c l u d e _ d i r e c t o r i e s sec t io n , a n d so on. T h e d ir e c t o r y
in d e x is ign o r e d f o r file n a m e s t h a t r ep r e sen t f u ll pa t h n a m e s.

T h e files a r e n u m b e r e d , st a r t in g a t 1 , in t h e o r d e r in wh ich t h e y a p p ea r ; t h e n a m es in
t h e p r o lo gu e c om e b e f or e n a m e s d e fine d b y t h e D W _ L N E _ d e f i n e _ f i l e
in st r u c t ion. T h e se n u m b e r s a r e u sed in t h e t h e f i l e r e gist e r of t h e st a t e m a c h in e .

A p p end i x 3 giv es so m e sa m p l e s t a t em ent p ro gra m s .

6. 3 M ac r o In for m ation

S om e l a ngu a ges , su ch as C a nd C + + , p ro vi d e a way t o rep l a ce t ex t i n t h e so u rce
p ro gra m wit h m a cros d efi ned ei t h er i n t h e s ou rce fi l e i t s el f , or i n a not h er fi l e i ncl u d ed by
t h e s ou rce fi l e. B ecau s e t h es e m a cros a re not t h em s el ves d efi ned i n t h e t ar get l an gu age, i t
is d i fficu l t t o rep res ent t h ei r d efi ni t i ons u s in g t h e s t a nd a rd l an gu age cons t ru ct s of
DW A R F . T h e d ebu ggi ng i nf orm a t i on t h eref or e refl ect s t h e s t a t e of t h e s ou rce a f t er t h e
m a cro d efi ni t i on h a s been ex p a nd ed , ra t h er t h a n a s t h e p ro gra m m er wrot e i t . T h e m acro
in f or m a t i on t a bl e p ro v id es a way of p res erv i ng t h e or igi na l so u rce i n t h e d ebu ggi ng
in f or m a t i on.

A s d e scr ib ed in sec t ion 3. 1 , t h e m a c r o in f o r m a t io n f or a giv en c om pila t io n u n it is
r e p r e sen t e d in t h e . d e b u g _ m a c i n f o sec t io n of a n obj e ct file. T h e m a c r o in f or m a t ion
f or e a ch c omp ila t io n u n it is r e pr e sen t e d a s a ser ies of ‘ ‘ m a c in f o’ ’ e n t r ie s. E a c h m a c in f o
en t r y con sis t s of a ‘ ‘ t yp e c ode ’ ’ a n d u p t o t w o a d d it iona l ope r a n d s. T h e ser ie s of e n t r ies fo r
a giv en c omp ila t io n u n it e n d s w it h a n e n t r y c ont a in in g a t yp e c ode o f 0 .

6. 3 .1 M ac in f o Typ es

T h e v a lid m a c in f o t yp e s a r e a s f ollo w s:
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D W _ M A C I N F O _ d e f i n e A m a cr o d e finit ion.

D W _ M A C I N F O _ u n d e f A m a cr o u n - d e fin it ion.

D W _ M A C I N F O _ s t a r t _ f i l e T h e st a r t of a n e w so u r c e file in clu sio n .

D W _ M A C I N F O _ e n d _ f i l e T h e e n d of t h e c u r r e n t so u r c e file in c lu sio n.

D W _ M A C I N F O _ v e n d o r _ e x t Ve n d o r spe cific m a c r o in f or m a t ion d ir e c t iv es t h a t d o n ot
fit in t o one of t h e st a n d a r d c a t e gor ie s.

6. 3 .1 .1 D efi n e an d U n d efi n e En tr ies

A ll D W _ M A C I N F O _ d e f i n e a n d D W _ M A C I N F O _ u n d e f en t r ies h a v e t wo oper a n d s.
T h e fir st oper a n d en c ode s t h e lin e n u m b e r o f t h e so u r c e lin e o n wh ich t h e r e le v a n t d e finin g
o r u n d e fin in g p r e - p r ocesso r d ir e c t iv es a pp e a r e d .

T h e sec ond o pe r a n d c onsist s o f a n u ll- t e r m in a t ed c h a r a c t e r st r in g. I n t h e c a se o f a
D W _ M A C I N F O _ u n d e f en t r y, t h e v a lu e of t h is st r in g w ill b e sim p ly t h e n a m e of t h e
pr e - p r oce ss o r sym b ol w h ic h w a s u n d e fine d a t t h e in d ica t e d so u r ce lin e .

I n t h e ca se of a D W _ M A C I N F O _ d e f i n e en t r y, t h e v a lu e of t h is st r in g w ill b e t h e n a m e
o f t h e pr e - p r oce ss o r sym b ol t h a t wa s d e fine d a t t h e in d ica t e d so u r ce lin e , f ollo w ed
im m ed ia t e ly b y t h e m a cr o f or m a l p a r a m e t e r list in c lu d in g t h e su r r ou n d in g p a r e n t hese s ( in
t h e c a se of a f u n c t io n - like m a cr o) f ol lo w ed b y t h e d e finit ion st r in g f or t h e m a c r o. I f t h er e
is n o f o r m a l pa r a m e t e r list , t h en t h e n a m e o f t h e d efin e d m a c r o is f ol lo w ed d ir e ct ly b y it s
d e fin it ion st r in g.

I n t h e ca se of a f u n ct ion- like m a c r o d e fin it io n , n o wh it esp a c e c h a r a c t e r s sh ou ld a p p ea r
b e t ween t h e n a m e of t h e d e fin ed m a cr o a n d t h e f o llo w ing le f t p a r e n t h e sis . A lso , n o
w h it esp a c e c h a r a c t e r s sh ou ld a p p e a r b e t w ee n su c c e ss iv e f o r m a l pa r a m e t e r s in t h e f or m a l
pa r a m e t e r list . ( S u c c e ss iv e f o r m a l pa r a m e t e r s sh ou ld , h ow ev er , b e sep a r a t e d b y c omm a s.)
A lso , exa c t ly one spa c e ch a r a ct e r sh ou ld sep a r a t e t h e r igh t p a r e n t h e sis w h ic h t e r m in a t e s
t h e f or m a l pa r a m et e r list a n d t h e f oll o w in g d e finit ion st r in g.

I n t h e ca se of a ‘ ‘ n o r m a l’ ’ ( i.e . n on- f u n c t io n - lik e) m a cr o d e finit ion, e xa ct ly one spa ce
ch a r a ct e r sh ou ld sep a r a t e t h e n a m e o f t h e d e fin e d m a c r o f r om t h e f o llo w ing d e finit io n t e xt .

6. 3 .1 .2 S tar t File En tr ies

E a c h D W _ M A C I N F O _ s t a r t _ f i l e en t r y a lso h a s t wo o pe r a n d s. T h e fir st ope r a n d
en c ode s t h e lin e n u m b e r of t h e so u r ce lin e o n wh ich t h e in c lu sio n p r e - p r o ce sso r d ir e ct iv e
o cc u r r e d .

T h e sec ond o pe r a n d e n cod e s a so u r ce file n a m e in d e x. T h is in d e x cor r e spond s t o a file
n u m b e r in t h e st a t em e n t in f or m a t ion t a b le f or t h e r e le v a n t c o m p ila t ion u n it . T h is in d e x
in d ic a t e s ( in d ir e ct ly) t h e n a m e of t h e file w h ic h is b e in g in c lu d e d b y t h e in c lu sio n d ir ec t iv e
o n t h e in d ic a t e d so u r c e lin e .

6. 3 .1 .3 En d File En tr ies

A D W _ M A C I N F O _ e n d _ f i l e en t r y h a s n o ope r a n d s. T h e p r ese n c e of t h e en t r y m a r k s
t h e e n d of t h e c u r r en t so u r c e file in c lu sio n .
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6. 3 .1 .4 Ven d or Ex ten sion En tr ies

A D W _ M A C I N F O _ v e n d o r _ e x t en t r y h a s t w o ope r a n d s. T h e fir st is a con st a n t . T h e
sec ond is a n u ll- t e r m in a t e d c h a r a c t er st r in g. T h e m e a n in g a n d / or sign ifica n c e of t h e se
o pe r a n d s is in t e n t io n a lly le f t u n d e fine d b y t h is spe c ifica t ion.

A c onsu m e r m u st b e a b le t o t ot a lly ign or e a ll D W _ M A C I N F O _ v e n d o r _ e x t en t r ies t h a t
it d oes n ot u n d e r st a n d .

6. 3 .2 Base S ou r c e En tr ies

I n a d d it ion t o p r odu c in g a m a t ch e d pa ir of D W _ M A C I N F O _ s t a r t _ f i l e a n d
D W _ M A C I N F O _ e n d _ f i l e en t r ies f or e a c h in clu sio n d ir e ct iv e a c t u a lly p r ocessed d u r in g
com pila t ion, a p r o d u c e r sh ou ld ge n e r a t e su c h a m a t c h e d p a ir a lso f or t h e ‘ ‘ b a se’ ’ so u r c e file
su b m it t e d t o t h e c o m p iler f or com p ila t ion. I f t h e b a se so u r c e file f o r a c omp ila t io n is
su b m it t e d t o t h e c o m p iler v ia so m e m e a n s ot h e r t h a n v ia a n a m e d d isk file ( e .g . v ia t h e
st a n d a r d in pu t st rea m o n a U N I X sys t e m ) t h e n t h e c omp iler sh ould st ill p r odu c e t h is
m a t c h e d p a ir of D W _ M A C I N F O _ s t a r t _ f i l e a n d D W _ M A C I N F O _ e n d _ f i l e
en t r ies f or t h e b a se so u r ce file, h ow ev er , t h e file n a m e in d ic a t e d ( in d ir e c t ly) b y t h e
D W _ M A C I N F O _ s t a r t _ f i l e en t r y o f t h e pa ir sh o u ld r ef e r e n c e a st a t e m en t
in f or m a t ion file n a m e e n t r y c o n sist in g of a n u ll st r in g.

6. 3 .3 M ac in f o En tr ies f or C om m an d Li n e O p tion s

I n a d d it ion t o p r odu c in g D W _ M A C I N F O _ d e f i n e a n d D W _ M A C I N F O _ u n d e f en t r ies
f or e a ch of t h e d e fine a n d u n d e fine d ir e c t iv es p r o ce ssed d u r in g c omp ila t ion, t h e D W A R F
pr odu c e r sh ou ld ge n e r a t e a D W _ M A C I N F O _ d e f i n e o r D W _ M A C I N F O _ u n d e f en t r y
f or e a ch p r e - p r ocesso r sym b o l wh ich is d efin e d o r u n d e fin e d b y so m e m ea n s ot h e r t h a n v ia
a d e fine or u n d e fine d ir e ct iv e w it h in t h e c o m p iled so u r c e t e xt . I n p a r t ic u la r , p r e- pr oce ss o r
sym b o l d e finit ions a n d u n - d e finit io n s whic h occu r a s a r e su lt of c o m m a n d lin e opt io n s
( wh e n in v o kin g t h e c omp ile r ) sh ou ld b e r ep r e sen t e d b y t h e ir ow n
D W _ M A C I N F O _ d e f i n e a n d D W _ M A C I N F O _ u n d e f en t r ies.

A ll su ch D W _ M A C I N F O _ d e f i n e a n d D W _ M A C I N F O _ u n d e f en t r ies r e p r ese n t in g
com pila t ion opt io n s sh o u ld a pp e a r b e f or e t h e fir st D W _ M A C I N F O _ s t a r t _ f i l e en t r y
f or t h a t c omp ila t io n u n it a n d sh ou ld e n c ode t h e v a lu e 0 in t h e ir lin e n u m b er oper a n d s.

6. 3 .4 G en er al Ru les an d Restr ic tion s

A ll m a c in f o e n t r ies wit h in a . d e b u g _ m a c i n f o sec t io n f or a giv en c om pila t io n u n it
sh ou ld a p p ea r in t h e sa m e or d er in whic h t h e d ir e ct iv es wer e pr oce ss ed b y t h e c o m p iler .

A ll m a c in f o e n t r ies r e p r e sen t in g c omm a n d lin e opt ions sh o u ld a pp e a r in t h e sa m e or d e r a s
t h e r e lev a n t c om m a n d lin e opt ions w er e giv en t o t h e c o m p iler . I n t h e c a se wh e r e t h e
com pile r it self im p lic it ly su p plie s o n e or m or e m a c r o d e fin it ions o r u n - d e fin it ions in
a d d it io n t o t h os e w h ic h m a y b e spe c ified o n t h e com m a n d lin e , m a cin f o en t r ie s sh ou ld a lso
b e p r o d u c e d f or t h e se im p lic it d e fin it ions a n d u n - d e finit ions, a n d t h e se en t r ie s sh ou ld a lso
a p p e a r in t h e p r oper or d er r e la t iv e t o ea c h o t h e r a n d t o a n y d e finit ions or u n d e finit ions
giv en e xp licit ly b y t h e u ser on t h e c omm a n d lin e.

6. 4 C al l Fr am e In for m ation

Debu ggers of t en need t o be a bl e t o v iew a nd m od i f y t h e s t a t e of a ny su br ou t i ne act i v at i on
t h a t i s on t h e cal l s t a ck . A n a ct i va t i on cons is t s of :
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• A cod e l oca t i on t h at i s wit h i n t h e s u bro u t i ne. T h is l ocat i on i s ei t h er t h e p l a ce wh ere
t h e p rogr a m s t op p ed wh en t h e d ebu gger got cont ro l ( e.g. a brea k p oi nt ) , or i s a p l a ce
wh ere a s u bro u t i ne m a d e a cal l or was i nt erru p t ed by an a s y nch ro nou s even t ( e.g. a
si gna l ) .

• A n a rea of m em or y t h a t is a l l ocat ed on a s t ack cal l ed a ‘ ‘ cal l f ra m e.’ ’ T h e cal l f ra m e
is i d ent i fi ed by a n ad d res s on t h e s t a ck . W e ref er t o t h i s ad d res s a s t h e C a non i cal
Fr a m e A d d res s or C F A .

• A s et of regi st ers t h a t a re i n u s e by t h e s u br ou t i ne at t h e cod e l ocat i on.

T y p i cal l y , a s et of regi s t ers a re d es i gna t ed t o be p res erv ed a cros s a cal l . I f a cal l ee wi sh es
t o u s e su ch a regi s t er, i t sa v es t h e v a l u e t h a t t h e regi s t er h a d a t ent ry t i m e i n i t s cal l
f ra m e a nd res t or es i t on ex i t . T h e cod e t h a t al l ocat es s p a ce on t h e cal l f ra m e s t a ck a nd
p erf orm s t h e s a v e op era t i on i s cal l ed t h e s u br ou t i ne’ s p ro l ogu e, an d t h e cod e t h a t
p erf orm s t h e res t ore op era t i on a nd d ea l l ocat es t h e f ra m e i s cal l ed i t s ep il ogu e. T y p ica l l y ,
t h e p rol ogu e cod e i s p h y s i cal l y a t t h e begi nni ng of a s u bro u t in e a nd t h e ep i l ogu e cod e i s
at t h e end .

T o be ab l e t o v i ew or m od i f y a n a ct i v at i on t h a t i s not on t h e t op of t h e cal l f ra m e s t a ck ,
t h e d ebu gger m u st ‘ ‘ vi rt u a l l y u nwi nd ’ ’ t h e s t a ck of a ct i v a t i ons u nt i l i t fi nd s t h e a ct i v at ion
of i nt eres t . A d ebu gger u nwi nd s a s t ack i n st ep s . S t a rt i ng wi t h t h e cu rr ent a ct i va t i on it
res t ores a ny regi st ers t h a t were p res erv ed by t h e cu rr ent a ct i v a t i on a nd com p u t es t h e
p red ecess or’ s C FA a nd cod e l oca t i on. T h i s h a s t h e l ogi cal effect of ret u rni ng f rom t h e
cu rr ent s u bro u t i ne t o i t s p red ecess or. W e s a y t h at t h e d ebu gger v i rt u a l l y u nwi nd s t h e
st a ck becau s e i t p res erv es enou gh i nf or m at i on t o be a bl e t o ‘ ‘ rewi nd ’ ’ t h e s t a ck ba ck t o t h e
st a t e i t wa s i n bef ore i t a t t em p t ed t o u nwi nd i t .

T h e u nwi nd i ng op era t i on need s t o k no w wh ere regi s t ers a re s a v ed a nd h ow t o com p u t e t h e
p red ecess or’ s C FA a nd cod e l oca t i on. W h en cons i d eri ng a n a rch i t ect u re- i nd ep end ent way
of encod i ng t h i s i nf or m at i on one h a s t o cons i d er a nu m ber of s p ecia l t h i ngs .

• Pr ol ogu e a nd ep i l ogu e cod e i s no t a l wa y s in d i s t i nct bl ock s at t h e begi nni ng a nd end of
a s u bro u t i ne. I t i s com m on t o d u p l i cat e t h e ep i l ogu e cod e a t t h e s i t e of ea ch ret u rn
f ro m t h e cod e. S om et i m es a com p i l er br eak s u p t h e regi s t er sa v e/ u ns a v e op era t i on s
an d m ov es t h em i nt o t h e bod y of t h e s u br ou t i ne t o j u s t wh ere t h ey a re need ed .

• Co m p i l ers u s e d i ff erent way s t o m a na ge t h e cal l f ra m e. S om et i m es t h ey u s e a f ra m e
p oi nt er regi s t er, so m et im es not .

• T h e a l gor i t h m t o com p u t e t h e CF A ch a nges a s y ou p rogr es s t h ro u gh t h e p ro l ogu e a nd
ep i l ogu e cod e. ( B y d efi ni t i on , t h e C FA v a l u e d oes no t ch a nge.)

• S om e su br ou t i nes h a v e no cal l f ra m e.

• S om et i m es a regi st er i s sa v ed in a not h er regi s t er t h a t by conv ent i on d oes no t need t o
be s a ved .

• S om e ar ch i t ect u res h a ve s p ecia l i ns t ru ct io ns t h a t p erf or m so m e or a l l of t h e regi s t er
m a na gem ent i n one i ns t ru ct i on, l eav i ng s p ecia l i nf or m a t i on on t h e s t a ck t h a t in d i cat es
h ow regi s t ers a re sa v ed .

• S om e ar ch i t ect u res t rea t ret u rn a d d res s va l u es s p ecia l l y . Fo r ex am p l e, i n on e
ar ch i t ect u re, t h e cal l i ns t ru ct io n gu a ra nt ees t h at t h e l ow or d er t wo bi t s wil l be z ero
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an d t h e ret u rn i ns t ru ct i on i gnor es t h os e bi t s . T h is l ea ves t wo bi t s of s t or age t h at a re
av a i l ab l e t o ot h er u s es t h a t m u s t be t rea t ed s p ecia l l y .

6. 4 .1 S tr u c tu r e of C all Fr am e In f or m ation

D W A R F su p p or t s v ir t u a l u n w in d in g b y d e fin in g a n a r c h it e ct u r e in d e p en d e n t b a sis f or
r e c or d in g h o w p r o ce d u r e s sa v e a n d r e st or e r e gist e r s t h r ou gh ou t t h e ir lif e t im es. T h is b a sis
m u st b e a u gm e n t ed on so m e m a c h in e s wit h spe cific in f or m a t ion t h a t is d e fin e d b y e it h e r a n
a r c h it e c t u r e spe c ific A BI a u t h or in g c om m it t e e, a h a r d wa r e v en d o r , or a com pile r p r o d u c er .
T h e b o d y d efin in g a spe cific a u gm e n t a t ion is r e f e r r e d t o b e lo w a s t h e ‘ ‘ a u gm e n t e r .’ ’

A b st r a c t ly, t h is m e c h a n ism d esc r ib e s a v er y la r ge t a b le t h a t h a s t h e f ollo w in g st r u c t ur e :

L O C C F A R 0 R 1 ... R N
L 0
L 1
...
L N

T h e fir st c olum n in d ic a t e s a n a d d r e ss f or e v er y lo ca t io n t h a t con t a in s c ode in a pr ogr a m .
( I n sh a r e d obj e c t s, t h is is a n obj e c t - r ela t iv e offset .) T h e r e m a in in g c olum n s con t a in v ir t u a l
u n wind in g r u le s t h a t a r e a sso cia t e d w it h t h e in d ica t e d loca t io n . T h e fir st c olu m n of t h e
r u le s d e fin es t h e C F A r u le wh ich is a r e gist er a n d a sign ed offset t h a t a r e a d d e d t o ge t h er t o
com pu t e t h e C F A v a lu e.

T h e r em a in in g c ol u m n s a r e la b e le d b y r e gist e r n u m b er . T h is in c lu d e s so m e r e gist e r s t h at
h a v e spe c ia l d e sign a t io n on so m e a r c h it e ct u r e s su c h a s t h e P C a n d t h e st a c k p oi n t er
r e gist e r . ( T h e a c t u a l m a pp in g of r e gist e r s f or a p a r t ic u la r a r c h it e c t u r e is pe r f or m e d b y t h e
a u gm e n t e r .) T h e r e gist er c olum n s con t a in r u le s t h a t d esc r ib e wh et h e r a giv en r e gist er h a s
b e e n sa v ed a n d t h e r u le t o fin d t h e v a lu e f or t h e r e gist e r in t h e pr e v io u s f r a m e .

T h e r eg ist e r r u le s a r e :

u n d e fine d A r e gist e r t h a t h a s t h is r u le h a s n o v a lu e in t h e p r e v io u s f r a m e .
( By c o n v en t ion, it is n ot pr e ser v ed b y a c a llee .)

sa m e v a lu e T h is r eg ist e r h a s n o t b e e n m odified f r om t h e p r e v io u s f r a m e . ( By
con v en t ion, it is p r e ser v ed b y t h e c a llee , b u t t h e ca lle e h a s n ot
m odified it .)

o ffset ( N ) T h e pr e v io u s v a lu e of t h is r e gist e r is sa v ed a t t h e a d d r ess C F A + N
w h e r e C F A is t h e cu r r e n t C F A v a lu e a n d N is a sign e d offset .

r e gist e r ( R ) T h e p r e v io u s v a lu e of t h is r e gist e r is st or e d in a n o t h e r r eg ist er
n u m b e r e d R .

a r c h it e c t u r a l T h e r u le is d e fin ed e xt er n a lly t o t h is spe cific a t io n b y t h e a u gm e n t e r .

T h i s t ab l e wou l d be ex t rem el y l a rge if a ct u a l l y cons t ru ct ed as d es crib ed . M os t of t h e
ent ri es a t a ny p oi nt i n t h e t a bl e a re i d ent i cal t o t h e on es a bo v e t h em . T h e wh ol e t a bl e can
be rep res ent ed q u i t e com p a ct l y by record i ng j u st t h e d i ff erences s t a rt i ng at t h e begi nn in g
ad d res s of each s u br ou t i ne i n t h e p rogr a m .
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T h e v ir t u a l u n wind in f o r m a t io n is e n c ode d in a self - c o n t a in ed sec t ion c a lle d
. d e b u g _ f r a m e . E n t r ies in a . d e b u g _ f r a m e sec t io n a r e a lign e d on a n a d d r essin g
u n it b o u n d a r y a n d c om e in t wo f or m s: A C o m m o n I n f o r m a t io n E n t r y ( C I E ) a n d a F ra m e
D e scr ip t ion E n t r y ( F D E ) . S iz e s of d a t a obj e c t s u sed in t h e e n c odin g of t h e
. d e b u g _ f r a m e sec t io n a r e d e scr ib e d in t e r m s o f t h e sa m e d a t a d efin it io n s u sed f or t h e
lin e n u m b e r in f or m a t io n ( see sec t io n 6 .2 .1 ) .

A C omm on I n f or m a t ion E n t r y h olds in f or m a t io n t h a t is sh a r e d a m ong m a n y F r a m e
D e scr ip t or s. T h e r e is a t lea st one C I E in e v er y n on- e m pt y . d e b u g _ f r a m e sec t io n . A
C I E c o n t a in s t h e f o llo w in g field s, in or d e r :

1. l e n g t h
A u wo r d c onst a n t t h a t giv es t h e n u m b e r of b yt e s o f t h e C I E st r u c t u r e , n ot in c lu d in g
t h e le n gt h field , it self ( len gt h m od < a d d r essin g u n it size> = = 0 ) .

2. C I E _ i d
A u wo r d c onst a n t t h a t is u sed t o d ist in gu ish C I E s f r om F D E s.

3. v e r s i o n
A u b yt e v er sio n n u m b e r . T h is n u m b e r is spe c ific t o t h e c a ll f r a m e in f or m a t ion a n d is
in d e pe n d e n t of t h e D W A R F v er sio n n u m b e r .

4. a u g m e n t a t i o n
A n u ll t e r m in a t e d st r in g t h a t id e n t ifies t h e a u gm en t a t io n t o t h is C I E or t o t h e FD E s
t h a t u se it . I f a r e a d er e n c o u n t e r s a n a u gm e n t a t ion st r in g t h a t is u n e xpe c t ed , t h e n
o n ly t h e f oll o w in g field s c a n b e r e a d : C I E : l e n g t h , C I E _ i d , v e r s i o n ,
a u g m e n t a t i o n ; F D E : l e n g t h , C I E _ p o i n t e r , i n i t i a l _ l o c a t i o n ,
a d d r e s s _ r a n g e . I f t h e r e is n o a u gm e n t a t io n , t h is v a lu e is a z e r o b yt e .

5. c o d e _ a l i g n m e n t _ f a c t o r
A n u n sign e d L E B12 8 c o n st a n t t h a t is f a c t o r e d o u t of a ll a d v a n c e lo ca t ion in st r u ct ions
( see b elow ) .

6. d a t a _ a l i g n m e n t _ f a c t o r
A sign e d L E B1 2 8 c onst a n t t h a t is f a ct or e d ou t of a ll offset in st r u c t io n s ( see b e lo w .)

7. r e t u r n _ a d d r e s s _ r e g i s t e r
A u b yt e c onst a n t t h a t in d ic a t es wh ich c olum n in t h e r u le t a b le r e p r ese n t s t h e r e t u r n
a d d r ess of t h e f u n ct ion. N ot e t h a t t h is c olu m n m igh t n o t c or r esp ond t o a n a c t u a l
m a c h in e r e gist e r .

8. i n i t i a l _ i n s t r u c t i o n s
A seq u e n c e o f r u les t h a t a r e in t er p r e t e d t o cr e a t e t h e in it ia l set t in g of e a c h colu m n in
t h e t a b le .

9. p a d d i n g
E n ou gh D W _ C F A _ n o p in st r u c t ions t o m a k e t h e siz e of t h is en t r y m a t c h t h e
l e n g t h v a lu e a b ov e.

A n F D E c ont a in s t h e f ol lo w ing field s, in or d e r :

1. l e n g t h
A u wo r d c onst a n t t h a t giv es t h e n u m b e r of b yt e s o f t h e h e a d e r a n d in st r u ct ion
st r e a m f or t h is f u n c t ion ( n ot in c lu d in g t h e len gt h field it self ) ( le n gt h m od
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< a d d r essin g u n it size> = = 0 ) .

2. C I E _ p o i n t e r
A u wo r d c onst a n t offset in t o t h e . d e b u g _ f r a m e sec t io n t h a t d e n ot es t h e C I E t h a t
is a sso cia t e d wit h t h is F D E .

3. i n i t i a l _ l o c a t i o n A n a d d r e ssi n g- u n it siz ed c onst a n t in d ic a t in g t h e a d d r e ss of
t h e fir st loca t ion a ss o cia t e d wi t h t h is t a b le en t r y.

4. a d d r e s s _ r a n g e
A n a d d r e ssi n g u n it siz e d c onst a n t in d ic a t in g t h e n u m b e r of b yt e s o f p r ogr a m
in st r u c t ions d e scr ib e d b y t h is e n t r y.

5. i n s t r u c t i o n s
A seq u e n c e o f t a b le d e finin g in st r u ct ions t h a t a r e d e scr ib e d b e low .

6. 4 .2 C all Fr am e In str u c tion s

E a c h ca ll f r a m e in st r u c t io n is d e fin ed t o t a ke 0 or m or e o pe r a n d s. S o m e of t h e oper a n d s
m a y b e e n c o d e d a s p a r t o f t h e opcod e ( see sec t ion 7 .2 3 ) . T h e in st r u ct ions a r e a s f ollo w s:

1. D W _ C F A _ a d v a n c e _ l o c t a k e s a sin gle a r gu m e n t t h a t r e pr e sen t s a c o n st a n t d e lt a .
T h e r eq u ir e d a c t io n is t o c r e a t e a n e w t a b le r ow wi t h a lo ca t ion v a lu e t h a t is
com pu t e d b y t a k in g t h e cu r r e n t e n t r y’ s loca t ion v a lu e a n d a d d in g ( d e lt a *
c o d e _ a l i g n m e n t _ f a c t o r) . A ll o t h e r v a lu e s in t h e n e w r o w a r e in it ia lly
id e n t ica l t o t h e c u r r e n t r o w .

2. D W _ C F A _ o f f s e t t a k e s t wo a r gu m e n t s: a n u n sign e d L E B1 28 c onst a n t
r e p r e sen t in g a f a ct or e d o ffset a n d a r e gist e r n u m b e r . T h e r e q u ir e d a c t io n is t o
ch a n ge t h e r u le f or t h e r e gist e r in d ic a t e d b y t h e r eg ist e r n u m b e r t o b e a n offset ( N )
r u le w it h a v a lu e of ( N = f a c t or ed offset * d a t a _ a l i g n m e n t _ f a c t o r) .

3. D W _ C F A _ r e s t o r e t a k e s a sin gle a r gu m e n t t h a t r e pr e sen t s a r eg ist e r n u m b e r .
T h e r eq u ir e d a c t io n is t o c h a n ge t h e r u le f or t h e in d ic a t ed r e gist e r t o t h e r u le
a ssigne d it b y t h e i n i t i a l _ i n s t r u c t i o n s in t h e C I E .

4. D W _ C F A _ s e t _ l o c t a k e s a sin gle a r gu m e n t t h a t r e pr e sen t s a n a d d r e ss . T h e
r e q u ir e d a c t ion is t o c r e a t e a n ew t a b le r ow u sin g t h e spe c ified a d d r ess a s t h e
lo ca t io n . A ll ot h e r v a lu es in t h e n e w r ow a r e in it ia lly id e n t ic a l t o t h e c u r r en t r ow .
T h e n ew loca t ion v a lu e sh ou ld a lwa ys b e gr e a t e r t h a n t h e c u r r e n t one .

5. D W _ C F A _ a d v a n c e _ l o c 1 t a k e s a sin gle u b yt e a r gu m e n t t h a t r ep r e sen t s a
con st a n t d e lt a . T h is in st r u c t io n is id en t ic a l t o D W _ C F A _ a d v a n c e _ l o c exc e pt f or
t h e e n cod in g a n d size of t h e d e lt a a r gu m e n t .

6. D W _ C F A _ a d v a n c e _ l o c 2 t a k e s a sin gle u h a lf a r gu m e n t t h a t r e pr e sen t s a
con st a n t d e lt a . T h is in st r u c t io n is id en t ic a l t o D W _ C F A _ a d v a n c e _ l o c exc e pt f or
t h e e n cod in g a n d size of t h e d e lt a a r gu m e n t .

7. D W _ C F A _ a d v a n c e _ l o c 4 t a k e s a sin gle u wo r d a r gu m e n t t h a t r ep r e sen t s a
con st a n t d e lt a . T h is in st r u c t io n is id en t ic a l t o D W _ C F A _ a d v a n c e _ l o c exc e pt f or
t h e e n cod in g a n d size of t h e d e lt a a r gu m e n t .

8. D W _ C F A _ o f f s e t _ e x t e n d e d t a k e s t wo u n sign ed L E B12 8 a r gu m en t s
r e p r e sen t in g a r e gist e r n u m b er a n d a f a c t or e d offset . T h is in st r u c t io n is id e n t ic a l t o
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D W _ C F A _ o f f s e t exc e pt f or t h e e n c o d in g a n d size of t h e r e gist e r a r gu m e n t .

9. D W _ C F A _ r e s t o r e _ e x t e n d e d t a k e s a sin gle u n sign e d L E B1 28 a r gu m e n t t h a t
r e p r e sen t s a r e gist e r n u m b e r . T h is in st r u c t ion is id e n t ica l t o D W _ C F A _ r e s t o r e
exc e pt f or t h e e n c o d in g a n d size of t h e r e gist e r a r gu m e n t .

10 . D W _ C F A _ u n d e f i n e d t a k e s a sin gle u n sign e d L E B1 28 a r gu m e n t t h a t r e p r e sen t s a
r e gist e r n u m b e r . T h e r e qu ir e d a c t ion is t o set t h e r u le f o r t h e spe c ified r e gist e r t o
‘ ‘ u n d efin e d .’ ’

11 . D W _ C F A _ s a m e _ v a l u e t a k e s a sin gle u n sign e d L E B1 28 a r gu m e n t t h a t r e p r e sen t s
a r e gist e r n u m b e r . T h e r eq u ir ed a c t io n is t o set t h e r u le f or t h e spe c ified r e gist e r t o
‘ ‘ sa m e v a lu e .’ ’

12 . D W _ C F A _ r e g i s t e r t a k e s t wo u n sign ed L E B12 8 a r gu m e n t s r ep r e sen t in g r e gist e r
n u m b e r s. T h e r e q u ir e d a c t ion is t o set t h e r u le f or t h e fir st r e gist e r t o b e t h e sec ond
r e gist e r .

13 . D W _ C F A _ r e m e m b e r _ s t a t e

14 . D W _ C F A _ r e s t o r e _ s t a t e
T h e se in st r u c t ions d e fine a st a c k of in f or m a t ion. E n c o u n t e r in g t h e
D W _ C F A _ r e m e m b e r _ s t a t e in st r u c t ion m e a n s t o sa v e t h e r u le s f o r e v er y
r e gist e r on t h e c u r r e n t r o w on t h e st a ck . E n cou n t er in g t h e
D W _ C F A _ r e s t o r e _ s t a t e in st r u c t ion m e a n s t o p op t h e set of r u les off t h e st a c k
a n d p la c e t h em in t h e c u r r e n t r o w . ( T h i s op era t i on i s u s ef u l f or com p i l ers t h at m ov e
ep i l ogu e cod e i nt o t h e bod y of a f u nct i on .)

15 . D W _ C F A _ d e f _ c f a t a k e s t wo u n sign ed L E B12 8 a r gu m e n t s r ep r e sen t in g a r e gist e r
n u m b e r a n d a n offset . T h e r e q u ir e d a c t ion is t o d efin e t h e c u r r e n t C F A r u le t o u se
t h e p r o v id e d r e gist e r a n d offset .

16 . D W _ C F A _ d e f _ c f a _ r e g i s t e r t a k e s a sin gle u n sign e d L E B1 28 a r gu m e n t
r e p r e sen t in g a r e gist e r n u m b er . T h e r e q u ir e d a c t ion is t o d e fine t h e c u r r e n t C F A
r u le t o u se t h e p r ov id e d r e gist er ( b u t t o k e e p t h e ol d offset ) .

17 . D W _ C F A _ d e f _ c f a _ o f f s e t t a k e s a sin gle u n sign e d L E B1 28 a r gu m e n t
r e p r e sen t in g a n offset . T h e r e q u ir e d a c t ion is t o d efin e t h e c u r r e n t C F A r u le t o u se
t h e p r o v id e d offset ( b u t t o k ee p t h e old r e gist e r ) .

18 . D W _ C F A _ n o p h a s n o a r gu m e n t s a n d n o r e q u ir e d a ct ions. I t is u sed a s pa d d in g t o
m a k e t h e F D E a n a p p r opr ia t e size .

6. 4 .3 C all Fr am e In str u c tion U sage

T o d et erm i ne t h e vi rt u a l u nwi nd ru l e s et f or a gi ven l ocat i on ( L 1 ) , one s ear ch es t h ro u gh
t h e F DE h ead ers l oo k i ng a t t h e i n i t i a l _ l o c a t i o n an d a d d r e s s _ r a n g e va l u es
t o s ee if L 1 i s cont ai ned i n t h e F DE . I f so , t h en:

1. I ni t ia l i z e a regi st er s et by rea d i ng t h e i n i t i a l _ i n s t r u c t i o n s fi el d of t h e
as s ocia t ed CI E .

2. R ead a nd p ro cess t h e FD E ’ s i ns t ru ct i on s eq u ence u nt i l a
D W _ C F A _ a d v a n c e _ l o c , D W _ C F A _ s e t _ l o c , or t h e end of t h e i ns t ru ct i on
st rea m i s encou nt ered .
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3. I f a D W _ C F A _ a d v a n c e _ l o c or D W _ C F A _ s e t _ l o c in s t ru ct i on was
encou nt ered , t h en com p u t e a new l ocat i on v a l u e ( L 2 ) . I f L 1 > = L 2 t h en p roces s
t h e i ns t ru ct io n a nd go ba ck t o st ep 2 .

4. T h e end of t h e i ns t ru ct i on s t rea m can be t h ou gh t of a s a
D W _ C F A _ s e t _ l o c ( i n i t i a l _ l o c a t i o n + a d d r e s s _ r a n g e )
in s t ru ct i on . Unl ess t h e FD E i s i l l - f orm ed , L 1 s h ou l d be l es s t h a n L 2 a t t h is p oi nt .

T h e ru l es i n t h e regi s t er set no w a p p l y t o l ocat i on L 1 .

Fo r a n ex a m p l e, s ee A p p end i x 5 .
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7. D A TA R EP R ES EN TA TI O N

T h is sec t ion d e scr ib e s t h e b in a r y r e pr e sen t a t ion of t h e d e b u ggin g in f or m a t ion e n t r y it self ,
o f t h e a t t r ib u t e t ype s a n d of ot h e r f u n d a m e n t a l e lem e n t s d e scr ib e d a b ov e.

7. 1 Ven d or Ex ten sib il ity

T o r e ser v e a p or t io n of t h e D W A R F n a m e spa c e a n d r a n ge s o f e n u m e r a t io n v a lu e s f or u se
f or v en d or spe c ific e xt e n sio n s, spe cia l la b e ls a r e r e ser v ed f o r t a g n a m e s, a t t r ib u t e n a m e s,
b a se t ype e n c odin gs, loca t ion ope r a t ions, la n gu a ge n a m e s, ca llin g c onv en t io n s a n d c a ll
f r a m e in st r u c t ions. T h e la b e ls d e n ot in g t h e b e gin n in g a n d e n d of t h e r e ser v ed v a lu e r a n ge
f or v en d or spe c ific e xt e n sio n s c onsist of t h e a p p r opr ia t e p r e fix ( D W _ T A G , D W _ A T ,
D W _ A T E , D W _ O P , D W _ L A N G , or D W _ C F A r e spe ct iv ely) f ollo w ed b y _ l o _ u s e r o r
_ h i _ u s e r . F or e xa m p le, f or en t r y t a gs, t h e spe cia l la b e ls a r e D W _ T A G _ l o _ u s e r a n d
D W _ T A G _ h i _ u s e r . Va lu e s in t h e r a n ge b e t w ee n p refi x_ l o _ u s e r a n d
p refi x_ h i _ u s e r in c lu siv e, a r e r e ser v ed f or v en d or spe c ific e xt e n sio n s. Ve n d or s m a y u se
v a lu e s in t h is r a n ge wit h ou t c o n flict in g wi t h c u r r e n t or f u t u r e syst em - d e fine d v a lu e s. A ll
o t h e r v a lu e s a r e r ese r v ed f or u se b y t h e syst e m .

Ve n d o r d e fine d t a gs, a t t r ib u t es, b a se t yp e en c odin gs, lo ca t io n a t oms, la n gu a ge n a m e s,
ca llin g c onv en t io n s a n d c a ll f r a m e in st r u ct ions, c onv en t iona lly u se t h e f or m
p refi x_ven d or_id_na m e, wh e r e ven d or_id is so m e id e n t if yin g c h a r a c t e r seq u e n c e c h os en so
a s t o a v o id c o n flict s wit h ot h e r v en d o r s.

T o e n su r e t h a t e xt en sio ns a d d ed b y o n e v en d or m a y b e sa f e ly ign or e d b y con su m e r s t h a t d o
n ot u n d e r st a n d t h o se e xt e n sio n s, t h e f ollo w in g r u le s sh ou ld b e f ol lo w ed :

1. N e w a t t r ib u t e s sh ou ld b e a d d e d in su c h a wa y t h a t a d eb u gge r m a y r e c ogniz e t h e
f or m a t of a n e w a t t r ib u t e v a lu e wit h o u t k n o w in g t h e c o n t e n t o f t h a t a t t r ib u te v a lu e.

2. T h e sem a n t ic s o f a n y n e w a t t r ib u t es sh ould n o t a lt e r t h e sem a n t ics of p r e v io u sly
exist in g a t t r ib u t e s.

3. T h e sem a n t ic s o f a n y n e w t a gs sh o u ld n o t c onflict wi t h t h e sem a n t ic s of p r e v io u sly
exist in g t a gs.

7. 2 Re ser v ed Er r or Val u es

A s a c o n v en ie n c e f or c onsu m er s of D W A R F in f or m a t ion, t h e v a lu e 0 is r e ser v ed in t h e
en c odin gs f or a t t r ib u t e n a m e s, a t t r ib u t e f o r m s, b a se t ype e n cod in gs, loca t ion o pe r a t ions,
la n gu a ge s, st a t e m e n t p r ogr a m opc o d e s, m a c r o in f or m a t ion e n t r ies a n d t a g n a m e s t o
r e p r e sen t a n e r r or con d it ion or u n k n ow n v a lu e . D W A R F d o es n ot spe c if y n a m e s f or t h e se
r e ser v ed v a lu e s, sinc e t h e y d o n ot r e pr e sen t v a lid e n c o d in gs f or t h e giv en t yp e a n d sh o uld
n ot a pp e a r in D W A R F d e b u ggin g in f or m a t ion.

7. 3 Ex ec u tab l e O b j ects an d S h ar ed O b j ects

T h e r eloca t ed a d d r e sses in t h e d e b u ggin g in f or m a t ion f or a n e xe c u t a b le obj e ct a r e v ir t u a l
a d d r esses a n d t h e r e loca t e d a d d r e sses in t h e d e b u gg in g in f or m a t io n f or a sh a r ed obj ec t a r e
o ffset s r ela t iv e t o t h e st a r t of t h e lo w est segm en t u sed b y t h a t sh a r e d obj e c t .

T h i s req u i rem ent m a k es t h e d ebu ggin g i nf or m at i on f or s h ar ed obj ect s p os i t i on
in d ep end ent . V i rt u a l a d d res ses i n a s h a red ob j ect m a y be cal cu l a t ed by ad d i ng t h e off set
t o t h e ba s e a d d res s a t wh i ch t h e ob j ect wa s a t t a ch ed . T h i s off set i s av a i l a bl e i n t h e ru n-
t i m e l in k er’ s d a t a st ru ct u res .
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7. 4 Fil e C on str ain ts

A ll d eb u gg in g in f or m a t ion e n t r ie s in a r e lo ca t a b le obj e c t file, e xe cu t a b le obj ec t or sh a r e d
o b j e c t a r e r eq u ir e d t o b e ph ysica lly con t igu ou s.

7. 5 For m at of D eb u ggin g In for m ation

F or e a c h c omp ila t ion u n it c omp ile d wit h a D W A R F Ve r sio n 2 p r o d u c e r , a c ont r ib u t ion is
m a d e t o t h e . d e b u g _ i n f o sec t io n of t h e obj ec t file. E a c h su c h con t r ib u t ion c onsist s of
a c om pila t io n u n it h e a d er f ollo w ed b y a ser ie s of d e b u ggin g in f or m a t ion e n t r ies. U n lik e
t h e in f or m a t ion e n c odin g f or D W A R F Ve r sio n 1 , Ve r sio n 2 d e b u ggin g in f or m a t ion e n t r ies
d o n ot t h e m selv es c ont a in t h e d e b u ggin g in f or m a t ion e n t r y t a g or t h e a t t r ib u t e n a m e a nd
f or m en c odin gs f o r e a c h a t t r ib u t e . I n st e a d , e a c h d e b u ggin g in f or m a t ion e n t r y b egin s w it h
a c ode t h a t r ep r e sen t s a n e n t r y in a sep a r a t e a b b r ev ia t io n s t a b le . T h is c ode is f oll o w ed
d ir e c t ly b y a ser ie s of a t t r ib u t e v a lu e s. T h e a p p r o pr ia t e e n t r y in t h e a b b r e v ia t ions t ab le
gu id es t h e in t e r p r et a t ion of t h e in f or m a t io n c ont a in e d d ir e c t ly in t h e . d e b u g _ i n f o
sec t io n . E a ch c omp ila t io n u n it is a ss o cia t ed wit h a p a r t ic u la r a b b r ev ia t io n t a b le , b u t
m u lt iple c omp ila t ion u n it s m a y sh a r e t h e sa m e t a b le .

T h i s encod in g was ba s ed on t h e ob s erv a t i on t h at t y p i cal DW A R F p ro d u cers p ro d u ce a
ver y l im i t ed nu m ber of d i ff erent t y p es of d ebu ggi ng i nf orm a t i on ent ri es . B y ex t ra ct i ng t h e
com m on i nf or m a t i on f rom t h os e ent ri es i nt o a s ep a ra t e t a bl e, we ar e a bl e t o com p res s t h e
genera t ed i nf or m a t i on .

7. 5 .1 C om p ilation U n it H ead er

T h e h ea d e r f or t h e ser ie s of d e b u gg in g in f o r m a t io n e n t r ie s c o n t r ib u t e d b y a sing le
com pila t ion u n it con sis t s of t h e f ollo w in g in f or m a t io n :

1. A 4 - b yt e u n sign e d in t eg e r r ep r e sen t in g t h e le n gt h of t h e . d e b u g _ i n f o
con t r ib u t io n f or t h a t c omp ila t ion u n it , n ot in c lu d in g t h e le n gt h field it self .

2. A 2 - b yt e u n sign e d in t eg e r r ep r e sen t in g t h e v er sio n o f t h e D W A R F in f or m a t ion f o r
t h a t c o m p ila t ion u n it . F o r D W A R F Ve r sio n 2 , t h e v a lu e in t h is field is 2 .

3. A 4 - b yt e u n sign e d offset in t o t h e . d e b u g _ a b b r e v sec t io n . T h is offset a ss o cia t es
t h e c omp ila t ion u n it wit h a p a r t ic u la r set of d e b u gg in g in f or m a t ion e n t r y
a b b r ev ia t io n s.

4. A 1 - b yt e u n sign e d in t eg e r r ep r e sen t in g t h e size in b yt e s of a n a d d r e ss o n t h e t a r ge t
a r c h it e c t u r e. I f t h e syst em u ses seg m e n t e d a d d r essin g, t h is v a lu e r e p r e sen t s t h e siz e
o f t h e o ffset p or t ion o f a n a d d r e ss .

T h e com p i l at i on u ni t h ead er d oes not rep l a ce t h e D W _ T A G _ c o m p i l e _ u n i t d ebu ggin g
in f or m a t i on ent ry . I t i s ad d i t i ona l i nf or m at i on t h a t i s rep res ent ed ou t s i d e t h e st a nd ar d
DW A R F t a g/ at t ri bu t es f or m at .

7. 5 .2 D eb u ggin g In f or m ation En tr y

E a c h d e b u ggin g in f or m a t ion e n t r y b e gin s wit h a n u n sign e d L E B12 8 n u m b e r con t a in in g t h e
a b b r ev ia t io n c ode f or t h e e n t r y. T h is c ode r e p r e sen t s a n e n t r y wit h in t h e a b b r e v ia t ion
t a b le a sso cia t e d w it h t h e c om pila t io n u n it c ont a in in g t h is e n t r y. T h e a b b r e v ia t ion c o d e is
f ollo w ed b y a ser ies of a t t r ib u t e v a lu e s.
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O n so m e a r ch it e c t u r e s, t h e r e a r e a lign m e n t c onst r a in t s on sec t ion b ou n d a r ie s. T o m a k e it
ea sier t o p a d d e b u ggin g in f or m a t ion sec t io n s t o sa t isf y su c h c onst r a in t s, t h e a b b r e v ia t ion
cod e 0 is r e ser v ed . D e b u gg in g in f or m a t io n e n t r ies c onsist in g of only t h e 0 a b b r e v ia t ion
cod e a r e c onsid e r ed n u ll e n t r ies.

7. 5 .3 A b b r ev iation Tab les

T h e a b b r e v ia t ion t a b le s f or a ll c om pila t io n u n it s a r e c o n t a in e d in a sep a r a t e obj e c t file
sec t io n c a lled . d e b u g _ a b b r e v . A s m en t ione d b e f or e , m u lt iple c omp ila t io n u n it s m a y
sh a r e t h e sa m e a b b r e v ia t ion t a b le .

T h e a b b r e v ia t ion t a b le f or a sing le c o m p ila t ion u n it c o n sist s of a ser ie s of a b b r ev ia t io n
d e c la r a t ions. E a c h d e c la r a t io n spe cifie s t h e t a g a n d a t t r ib u t es f or a p a r t icu la r f o r m of
d e b u ggin g in f or m a t ion e n t r y. E a c h d e c la r a t ion b e gin s wit h a n u n sign e d L E B12 8 n u m b e r
r e p r e sen t in g t h e a b b r e v ia t ion c ode it self . I t is t h is c ode t h a t a pp e a r s a t t h e b e gin n in g o f a
d e b u ggin g in f or m a t ion e n t r y in t h e . d e b u g _ i n f o sec t io n . A s d e scr ib e d a b ov e, t h e
a b b r ev ia t io n c ode 0 is r ese r v ed f or n u ll d e b u gg in g in f o r m a t io n e n t r ie s. T h e a b b r e v ia t ion
cod e is f ollo w ed b y a n ot h e r u n sign ed L E B12 8 n u m b er t h a t en c ode s t h e en t r y’ s t a g. T h e
en c odin gs f or t h e t a g n a m e s a r e giv en in F igu r e s 14 a n d 1 5 .

F ollo w in g t h e t a g e n c odin g is a 1 - b yt e v a lu e t h a t d e t e r m in e s wh e t h e r a d eb u ggin g
in f or m a t ion e n t r y u sin g t h is a b b r e v ia t ion h a s c h ild e n t r ie s o r n ot . I f t h e v a lu e is
D W _ C H I L D R E N _ y e s , t h e n ext p h ysica lly su c ce e d in g e n t r y of a n y d e b u gg in g in f o r m a t io n
en t r y u sin g t h is a b b r e v ia t ion is t h e fir st c h ild of t h e p r io r e n t r y. I f t h e 1 - b yt e v alu e
f ollo w in g t h e a b b r e v ia t ion’ s t a g e n cod in g is D W _ C H I L D R E N _ n o , t h e n ext p h ysica lly
su c c ee d in g e n t r y o f a n y d e b u ggin g in f or m a t ion e n t r y u sin g t h is a b b r e v ia t ion is a siblin g of
t h e p r io r e n t r y. ( E it h e r t h e fir st c h ild o r sib lin g e n t r ie s m a y b e n u ll e n t r ie s) . T h e
en c odin gs f or t h e ch ild d e t e r m in a t io n b yt e a r e giv en in F igu r e 1 6 . ( A s m en t ione d in
sec t io n 2 .3 , ea c h ch a in o f sib lin g e n t r ie s is t e r m in a t e d b y a n u ll e n t r y) .

F in a lly, t h e ch ild en c odin g is f ollo w ed b y a ser ies of a t t r ib u t e spe c ifica t io n s. E a c h a t t r ib u t e
spe c ifica t io n c onsist s of t wo pa r t s. T h e fir st p a r t is a n u n sign ed L E B12 8 n u m b er
r e p r e sen t in g t h e a t t r ib u t e ’ s n a m e . T h e sec ond p a r t is a n u n sign e d L E B1 28 n u m b e r
r e p r e sen t in g t h e a t t r ib u t e ’ s f o r m . T h e ser ies of a t t r ib u t e spe cific a t ions en d s wi t h a n en tr y
con t a in in g 0 f or t h e n a m e a n d 0 f or t h e f or m .

T h e a t t r ib u t e f or m D W _ F O R M _ i n d i r e c t is a spe c ia l c a se. F o r a t t r ib u t e s wit h t h is
f or m , t h e a t t r ib u t e v a lu e it self in t h e . d e b u g _ i n f o sec t io n b e gin s wit h a n u n sign ed
L E B12 8 n u m b e r t h a t r e pr e sen t s it s f or m . T h is a llo w s pr odu c e r s t o c h oo s e f or m s f or
pa r t icu la r a t t r ib u t e s d yn a m ica lly, w it h out h a v ing t o a d d a n ew e n t r y t o t h e a b b r e via t ion
t a b le .

T h e a b b r e v ia t ions f or a giv en com p ila t ion u n it en d wit h a n e n t r y c o n sist in g of a 0 b yt e f or
t h e a b b r e v ia t ion cod e .

S ee A p p end i x 2 f or a d ep i ct i on of t h e orga ni z a t i on of t h e d ebu ggi ng i nf orm a t i on.

7. 5 .4 A ttr ib u te En c od in gs

T h e e n c odin gs f or t h e a t t r ib u t e n a m es a r e giv en in F igu r e s 1 7 a n d 1 8.

T h e a t t r ib u t e f or m gov er n s h o w t h e v a lu e o f t h e a t t r ib u t e is e n c ode d . T h e p os sible f or ms
m a y b e long t o one of t h e f ollo w in g f o r m c la sses:

Tool In ter face S tan d ar d s ( TI S ) D WAR F S p ecifi cation , Ver sion 2 .0 71



-- - -

D WAR F D eb u ggin g In for m ation For m at

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
T a g n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ a r r a y _ t y p e 0 x 0 1
D W _ T A G _ c l a s s _ t y p e 0 x 0 2
D W _ T A G _ e n t r y _ p o i n t 0 x 0 3
D W _ T A G _ e n u m e r a t i o n _ t y p e 0 x 0 4
D W _ T A G _ f o r m a l _ p a r a m e t e r 0 x 0 5
D W _ T A G _ i m p o r t e d _ d e c l a r a t i o n 0 x 0 8
D W _ T A G _ l a b e l 0 x 0 a
D W _ T A G _ l e x i c a l _ b l o c k 0 x 0 b
D W _ T A G _ m e m b e r 0 x 0 d
D W _ T A G _ p o i n t e r _ t y p e 0 x 0 f
D W _ T A G _ r e f e r e n c e _ t y p e 0 x 1 0
D W _ T A G _ c o m p i l e _ u n i t 0 x 1 1
D W _ T A G _ s t r i n g _ t y p e 0 x 1 2
D W _ T A G _ s t r u c t u r e _ t y p e 0 x 1 3
D W _ T A G _ s u b r o u t i n e _ t y p e 0 x 1 5
D W _ T A G _ t y p e d e f 0 x 1 6
D W _ T A G _ u n i o n _ t y p e 0 x 1 7
D W _ T A G _ u n s p e c i f i e d _ p a r a m e t e r s 0 x 1 8
D W _ T A G _ v a r i a n t 0 x 1 9
D W _ T A G _ c o m m o n _ b l o c k 0 x 1 a
D W _ T A G _ c o m m o n _ i n c l u s i o n 0 x 1 b
D W _ T A G _ i n h e r i t a n c e 0 x 1 c
D W _ T A G _ i n l i n e d _ s u b r o u t i n e 0 x 1 d
D W _ T A G _ m o d u l e 0 x 1 e
D W _ T A G _ p t r _ t o _ m e m b e r _ t y p e 0 x 1 f
D W _ T A G _ s e t _ t y p e 0 x 2 0
D W _ T A G _ s u b r a n g e _ t y p e 0 x 2 1
D W _ T A G _ w i t h _ s t m t 0 x 2 2
D W _ T A G _ a c c e s s _ d e c l a r a t i o n 0 x 2 3
D W _ T A G _ b a s e _ t y p e 0 x 2 4
D W _ T A G _ c a t c h _ b l o c k 0 x 2 5
D W _ T A G _ c o n s t _ t y p e 0 x 2 6
D W _ T A G _ c o n s t a n t 0 x 2 7
D W _ T A G _ e n u m e r a t o r 0 x 2 8
D W _ T A G _ f i l e _ t y p e 0 x 2 9_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 4 . T a g e n c odin gs ( p a r t 1 )

a d d r ess R e pr e sen t e d a s a n obj e c t of a p p r opr ia t e siz e t o h old a n a d d r e ss on t h e
t a r ge t m a c h in e (D W _ F O R M _ a d d r) . T h is a d d r ess is r eloca t a b le in a
r e loca t a b le o b j e c t file a n d is r eloca t ed in a n e xe c u t a b le file or sh a r e d
o b j e c t .

b lock Blocks c ome in f o u r f or m s. T h e fir st c onsist s of a 1 - b yt e le n gt h
f ollo w ed b y 0 t o 2 55 c ont igu ous in f o r m a t io n b yt e s
(D W _ F O R M _ b l o c k 1) . T h e sec ond c onsist s of a 2 - b yt e le n gt h
f ollo w ed b y 0 t o 6 5, 5 3 5 con t igu ou s in f or m a t ion b yt e s
(D W _ F O R M _ b l o c k 2) . T h e t h ir d con sist s of a 4- b yt e le n gt h
f ollo w ed b y 0 t o 4 ,2 9 4 ,9 6 7 ,2 95 c ont igu ous in f o r m a t io n b yt e s
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
T a g n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ f r i e n d 0 x 2 a
D W _ T A G _ n a m e l i s t 0 x 2 b
D W _ T A G _ n a m e l i s t _ i t e m 0 x 2 c
D W _ T A G _ p a c k e d _ t y p e 0 x 2 d
D W _ T A G _ s u b p r o g r a m 0 x 2 e
D W _ T A G _ t e m p l a t e _ t y p e _ p a r a m 0 x 2 f
D W _ T A G _ t e m p l a t e _ v a l u e _ p a r a m 0 x 3 0
D W _ T A G _ t h r o w n _ t y p e 0 x 3 1
D W _ T A G _ t r y _ b l o c k 0 x 3 2
D W _ T A G _ v a r i a n t _ p a r t 0 x 3 3
D W _ T A G _ v a r i a b l e 0 x 3 4
D W _ T A G _ v o l a t i l e _ t y p e 0 x 3 5
D W _ T A G _ l o _ u s e r 0 x 4 0 8 0
D W _ T A G _ h i _ u s e r 0 x f f f f_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 5 . T a g e n c odin gs ( p a r t 2 )
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C h ild d e t e r m in a t io n n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ C H I L D R E N _ n o 0
D W _ C H I L D R E N _ y e s 1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 6 . C h ild d e t e r m in a t io n e n cod in gs

(D W _ F O R M _ b l o c k 4) . T h e f ou r t h c onsist s of a n u n sign e d L E B12 8
len gt h f ollo w ed b y t h e n u m b er of b yt e s spe c ified b y t h e le n gt h
(D W _ F O R M _ b l o c k) . I n a ll f or m s, t h e len gt h is t h e n u m b er of
in f or m a t ion b yt e s t h a t f o llo w . T h e in f or m a t ion b yt e s m a y c o n t a in a n y
m ixt u r e of r eloca t e d ( or r e loca t a b le ) a d d r esses, r e f e r en c e s t o ot h er
d e b u ggin g in f or m a t ion e n t r ies or d a t a b yt e s.

con st a n t T h e r e a r e six f o r m s of c onst a n t s: o n e , t w o , f our a n d eig h t b yt e v a lu e s
( r e spe c t iv ely, D W _ F O R M _ d a t a 1 , D W _ F O R M _ d a t a 2 ,
D W _ F O R M _ d a t a 4 , a n d D W _ F O R M _ d a t a 8) . T h e r e a r e a lso
v a r ia b le le n gt h c o n st a n t d a t a f or m s en c ode d u sing L E B1 2 8 n u m b e r s
( see b elow ) . Bot h sign e d (D W _ F O R M _ s d a t a) a n d u n sign e d
(D W _ F O R M _ u d a t a) v a r ia b le le n gt h c o n st a n t s a r e a v a ila b le .

fla g A fla g is r e p r e sen t e d a s a sing le b yt e of d a t a (D W _ F O R M _ f l a g) . I f
t h e fla g h a s v a lu e z e r o, it in d ic a t e s t h e a b sen c e of t h e a t t r ib u t e. I f t h e
fla g h a s a n on- z e r o v a lu e, it in d ic a t e s t h e p r e sen ce of t h e a t t r ib u t e .

r e f e r en c e T h e r e a r e t wo t yp e s o f r e f er e n c e . T h e fir st is a n offset r e la t iv e t o t h e
fir st b yt e of t h e c omp ila t ion u n it h e a d e r f or t h e c o m p ila t ion u n it
con t a in in g t h e r e f er e n c e. T h e o ffset m u st r e f er t o a n e n t r y w it h in t h a t
sa m e com p ila t ion u n it . T h e r e a r e fiv e f or m s f or t h is t ype of r ef e r e n ce :
o n e , t w o , f our a n d eig h t b yt e offset s ( r esp e c t iv ely, D W _ F O R M _ r e f 1 ,
D W _ F O R M _ r e f 2 , D W _ F O R M _ r e f 4 , a n d D W _ F O R M _ r e f 8) .
T h e r e a r e is a lso a n u n sign e d v a r ia b le le n gt h offset e n cod e d u sin g
L E B12 8 n u m b e r s (D W _ F O R M _ r e f _ u d a t a) .
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
A t t r ib u t e n a m e Va lu e C la sses_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A T _ s i b l i n g 0 x 0 1 r e f e r en c e
D W _ A T _ l o c a t i o n 0 x 0 2 b lock, c onst a n t
D W _ A T _ n a m e 0 x 0 3 st r in g
D W _ A T _ o r d e r i n g 0 x 0 9 con st a n t
D W _ A T _ b y t e _ s i z e 0 x 0 b con st a n t
D W _ A T _ b i t _ o f f s e t 0 x 0 c con st a n t
D W _ A T _ b i t _ s i z e 0 x 0 d con st a n t
D W _ A T _ s t m t _ l i s t 0 x 1 0 con st a n t
D W _ A T _ l o w _ p c 0 x 1 1 a d d r ess
D W _ A T _ h i g h _ p c 0 x 1 2 a d d r ess
D W _ A T _ l a n g u a g e 0 x 1 3 con st a n t
D W _ A T _ d i s c r 0 x 1 5 r e f e r en c e
D W _ A T _ d i s c r _ v a l u e 0 x 1 6 con st a n t
D W _ A T _ v i s i b i l i t y 0 x 1 7 con st a n t
D W _ A T _ i m p o r t 0 x 1 8 r e f e r en c e
D W _ A T _ s t r i n g _ l e n g t h 0 x 1 9 b lock, c onst a n t
D W _ A T _ c o m m o n _ r e f e r e n c e 0 x 1 a r e f e r en c e
D W _ A T _ c o m p _ d i r 0 x 1 b st r in g
D W _ A T _ c o n s t _ v a l u e 0 x 1 c st r in g, c onst a n t , b lock
D W _ A T _ c o n t a i n i n g _ t y p e 0 x 1 d r e f e r en c e
D W _ A T _ d e f a u l t _ v a l u e 0 x 1 e r e f e r en c e
D W _ A T _ i n l i n e 0 x 2 0 con st a n t
D W _ A T _ i s _ o p t i o n a l 0 x 2 1 fla g
D W _ A T _ l o w e r _ b o u n d 0 x 2 2 con st a n t , r e f e r e n ce
D W _ A T _ p r o d u c e r 0 x 2 5 st r in g
D W _ A T _ p r o t o t y p e d 0 x 2 7 fla g
D W _ A T _ r e t u r n _ a d d r 0 x 2 a b lock, c onst a n t
D W _ A T _ s t a r t _ s c o p e 0 x 2 c con st a n t
D W _ A T _ s t r i d e _ s i z e 0 x 2 e con st a n t
D W _ A T _ u p p e r _ b o u n d 0 x 2 f con st a n t , r e f e r e n ce_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 7 . A t t r ib u t e e n c odin gs, p a r t 1

T h e sec ond t yp e of r e f e r en c e is t h e a d d r e ss of a n y d e b u ggin g
in f or m a t ion e n t r y wit h in t h e sa m e e xec u t a b le or sh a r ed obj ec t ; it m a y
r e f e r t o a n e n t r y in a d iffer e n t com p ila t ion u n it f r om t h e u n it
con t a in in g t h e r e f er e n c e. T h is t yp e o f r e f e r e n c e
(D W _ F O R M _ r e f _ a d d r) is t h e siz e of a n a d d r e ss o n t h e t a r ge t
a r c h it e c t u r e; it is r eloca t a b le in a r e lo ca t a b le obj ec t file a n d r eloca t ed
in a n e xec u t a b le file or sh a r e d o b j e c t .

T h e u se of com p i l at i on u ni t rel a t i v e ref erences wil l red u ce t h e
nu m ber of l in k - t i m e rel ocat i ons a nd s o s p eed u p l i nk i ng.

T h e u se of a d d res s- t y p e ref erences al l ows f or t h e com m on i z a t i on of
in f or m a t i on, s u ch a s t y p es , a cros s com p i l a t i on u ni t s .

st r in g A st r in g is a seq u e n c e of con t igu ou s n on- n u ll b yt e s f ol lo w ed b y one
n u ll b yt e . A st r in g m a y b e r e p r ese n t ed im m e d ia t e ly in t h e d e b u gg in g
in f or m a t ion e n t r y it self (D W _ F O R M _ s t r i n g) , or m a y b e
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
A t t r ib u t e n a m e Va lu e C la sses_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A T _ a b s t r a c t _ o r i g i n 0 x 3 1 r e f e r en c e
D W _ A T _ a c c e s s i b i l i t y 0 x 3 2 con st a n t
D W _ A T _ a d d r e s s _ c l a s s 0 x 3 3 con st a n t
D W _ A T _ a r t i f i c i a l 0 x 3 4 fla g
D W _ A T _ b a s e _ t y p e s 0 x 3 5 r e f e r en c e
D W _ A T _ c a l l i n g _ c o n v e n t i o n 0 x 3 6 con st a n t
D W _ A T _ c o u n t 0 x 3 7 con st a n t , r e f e r e n ce
D W _ A T _ d a t a _ m e m b e r _ l o c a t i o n 0 x 3 8 b lock, r e f e r en c e
D W _ A T _ d e c l _ c o l u m n 0 x 3 9 con st a n t
D W _ A T _ d e c l _ f i l e 0 x 3 a con st a n t
D W _ A T _ d e c l _ l i n e 0 x 3 b con st a n t
D W _ A T _ d e c l a r a t i o n 0 x 3 c fla g
D W _ A T _ d i s c r _ l i s t 0 x 3 d b lock
D W _ A T _ e n c o d i n g 0 x 3 e con st a n t
D W _ A T _ e x t e r n a l 0 x 3 f fla g
D W _ A T _ f r a m e _ b a s e 0 x 4 0 b lock, c onst a n t
D W _ A T _ f r i e n d 0 x 4 1 r e f e r en c e
D W _ A T _ i d e n t i f i e r _ c a s e 0 x 4 2 con st a n t
D W _ A T _ m a c r o _ i n f o 0 x 4 3 con st a n t
D W _ A T _ n a m e l i s t _ i t e m 0 x 4 4 b lock
D W _ A T _ p r i o r i t y 0 x 4 5 r e f e r en c e
D W _ A T _ s e g m e n t 0 x 4 6 b lock, c onst a n t
D W _ A T _ s p e c i f i c a t i o n 0 x 4 7 r e f e r en c e
D W _ A T _ s t a t i c _ l i n k 0 x 4 8 b lock, c onst a n t
D W _ A T _ t y p e 0 x 4 9 r e f e r en c e
D W _ A T _ u s e _ l o c a t i o n 0 x 4 a b lock, c onst a n t
D W _ A T _ v a r i a b l e _ p a r a m e t e r 0 x 4 b fla g
D W _ A T _ v i r t u a l i t y 0 x 4 c con st a n t
D W _ A T _ v t a b l e _ e l e m _ l o c a t i o n 0 x 4 d b lock, r e f e r en c e
D W _ A T _ l o _ u s e r 0 x 2 0 0 0 —
D W _ A T _ h i _ u s e r 0 x 3 f f f —_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 8 . A t t r ib u t e e n c odin gs, p a r t 2

r e p r e sen t e d a s a 4 - b yt e o ffset in t o a st r in g t a b le c ont a in e d in t h e
. d e b u g _ s t r sec t io n of t h e obj ec t file (D W _ F O R M _ s t r p) .

T h e f o r m e n c odin gs a r e list e d in F igu r e 1 9.

7. 6 Var iab l e Le n gth D ata

T h e spe c ia l con st a n t d a t a f or m s D W _ F O R M _ s d a t a a n d D W _ F O R M _ u d a t a a r e e n cod e d
u sin g ‘ ‘ L it t le E n d ia n Ba se 1 2 8’ ’ ( L E B1 2 8) n u m b e r s. L E B12 8 is a sch e m e f or en c odin g
in t e ge r s d e n sely t h a t e xploit s t h e a ss u m p t ion t h a t m os t in t e ge r s a r e sm a ll in m a gn it u d e .
( T h is en c odin g is eq u a lly su it a b le w h e t h er t h e t a r ge t m a c h in e a r c h it e c t u r e r e pr e sen t s d a t a
in b ig- e n d ia n or lit t le - e n d ia n o r d e r . I t is ‘ ‘ lit t le e n d ia n ’ ’ only in t h e sen se t h a t it a v o id s
u sin g spa c e t o r e p r e sen t t h e ‘ ‘ big ’ ’ e n d of a n u n sign e d in t e ge r , wh en t h e b ig e n d is a ll
z e r oes or sign e xt en sio n b it s) .

Tool In ter face S tan d ar d s ( TI S ) D WAR F S p ecifi cation , Ver sion 2 .0 75



-- - -

D WAR F D eb u ggin g In for m ation For m at

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
F or m n a m e Va lu e C la ss_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ F O R M _ a d d r 0 x 0 1 a d d r ess
D W _ F O R M _ b l o c k 2 0 x 0 3 b lock
D W _ F O R M _ b l o c k 4 0 x 0 4 b lock
D W _ F O R M _ d a t a 2 0 x 0 5 con st a n t
D W _ F O R M _ d a t a 4 0 x 0 6 con st a n t
D W _ F O R M _ d a t a 8 0 x 0 7 con st a n t
D W _ F O R M _ s t r i n g 0 x 0 8 st r in g
D W _ F O R M _ b l o c k 0 x 0 9 b lock
D W _ F O R M _ b l o c k 1 0 x 0 a b lock
D W _ F O R M _ d a t a 1 0 x 0 b con st a n t
D W _ F O R M _ f l a g 0 x 0 c fla g
D W _ F O R M _ s d a t a 0 x 0 d con st a n t
D W _ F O R M _ s t r p 0 x 0 e st r in g
D W _ F O R M _ u d a t a 0 x 0 f con st a n t
D W _ F O R M _ r e f _ a d d r 0 x 1 0 r e f e r en c e
D W _ F O R M _ r e f 1 0 x 1 1 r e f e r en c e
D W _ F O R M _ r e f 2 0 x 1 2 r e f e r en c e
D W _ F O R M _ r e f 4 0 x 1 3 r e f e r en c e
D W _ F O R M _ r e f 8 0 x 1 4 r e f e r en c e
D W _ F O R M _ r e f _ u d a t a 0 x 1 5 r e f e r en c e
D W _ F O R M _ i n d i r e c t 0 x 1 6 ( see sec t ion 7 .5 .3 )_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 1 9 . A t t r ib u t e f o r m e n cod in gs

D W _ F O R M _ u d a t a ( u n sign e d L E B1 28 ) n u m b e r s a r e e n c ode d a s f ol lo w s: st a r t a t t h e lo w
o r d e r en d of a n u n sign e d in t e ge r a n d c h op it in t o 7- b it c h u n k s. P la c e e a c h ch u n k in t o t h e
lo w or d e r 7 b it s of a b yt e . T yp ica lly, sev er a l of t h e h igh o r d e r b yt e s w ill b e z e r o; d isca r d
t h e m . E m it t h e r e m a in in g b yt es in a st r e a m , st a r t in g wi t h t h e lo w or d e r b yt e ; set th e h igh
o r d e r b it on ea c h b yt e e xce p t t h e la st em it t ed b yt e. T h e h igh b it of z e r o on t h e la st b yt e
in d ic a t e s t o t h e d e cod e r t h a t it h a s e n cou n t er e d t h e la st b yt e .

T h e in t e ge r z e r o is a spe cia l c a se, c onsist in g of a sing le z e r o b yt e .

Fi gu re 2 0 giv es s om e ex am p l es of D W _ F O R M _ u d a t a nu m bers . T h e 0 x 8 0 in ea ch cas e
is t h e h i gh ord er bi t of t h e by t e, in d i cat i ng t h a t a n a d d i t io na l by t e f ol l ows :

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
N u m b e r F ir st b yt e S e c o n d b yt e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 2 —
1 2 7 1 2 7 —
1 2 8 0 + 0 x 8 0 1
1 2 9 1 + 0 x 8 0 1
1 3 0 2 + 0 x 8 0 1

1 2 8 5 7 5 7 + 0 x 8 0 1 0 0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 0 . E xa m p le s o f u n sign e d L E B1 28 e n cod in gs

T h e e n c odin g f or D W _ F O R M _ s d a t a ( sign ed , 2 s com p lem e n t L E B12 8 ) n u m b er s is
sim ila r , e xce p t t h a t t h e cr it e r io n f or d isca r d in g h igh or d e r b yt e s is n ot whe t h e r t h e y a r e
z e r o, b u t whe t h e r t h e y c o n sist e n t ir ely of sign e xt e n sio n b it s. C onsid e r t h e 3 2 - b it in t eg e r
- 2 . T h e t h r e e h igh le v el b yt e s of t h e n u m b e r a r e sign e xt e n sio n , t h u s L E B1 28 wo u ld
r e p r e sen t it a s a sing le b yt e c ont a in in g t h e lo w or d e r 7 b it s, wit h t h e h igh or d e r b it c le a r e d
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t o in d ica t e t h e e n d of t h e b yt e st r e a m . N ot e t h a t t h e r e is n ot h in g wit h in t h e L E B12 8
r e p r e sen t a t io n t h a t in d ica t e s w h e t h e r a n e n c ode d n u m b e r is sign e d or u n sign ed . T h e
d e c ode r m u st k n o w wh a t t yp e of n u m b e r t o e xp ec t .

Fi gu re 2 1 giv es s om e ex am p l es of D W _ F O R M _ s d a t a nu m bers .

A p p end i x 4 giv es al gor it h m s f or encod i ng a nd d ecod in g t h ese f or m s .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N u m b e r F ir st b yt e S e c o n d b yt e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
2 2 —

- 2 0 x 7 e —
1 2 7 1 2 7 + 0 x 8 0 0

- 1 2 7 1 + 0 x 8 0 0 x 7 f
1 2 8 0 + 0 x 8 0 1

- 1 2 8 0 + 0 x 8 0 0 x 7 f
1 2 9 1 + 0 x 8 0 1

- 1 2 9 0 x 7 f + 0 x 8 0 0 x 7 e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 1 . E xa m p le s o f sign ed L E B12 8 en c odin gs

7. 7 Lo cat ion D esc r ip tion s

7. 7 .1 L oc ation Ex p r ession s

A loca t ion exp r e ss io n is st or e d in a b lo ck of c ont igu ou s b yt e s. T h e b yt e s f or m a set of
o pe r a t ions. E a c h lo ca t io n oper a t ion h a s a 1- b yt e c ode t h a t id e n t ifies t h a t ope r a t ion.
O p e r a t ions c a n b e f ollo w ed b y one o r m or e b yt e s of a d d it iona l d a t a . A ll oper a t io n s in a
lo ca t io n e xpr e ssio n a r e con c a t e n a t ed f r om le f t t o r igh t . T h e en c odin gs f o r t h e o pe r a t io n s in
a loca t ion e xpr e ss io n a r e d e scr ib e d in F igu r e s 2 2 a n d 23 .
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
O p e r a t ion C ode N o. of O p e r a n d s N o t e s_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ O P _ a d d r 0 x 0 3 1 c onst a n t a d d r e ss ( siz e t a r ge t spe c ific)
D W _ O P _ d e r e f 0 x 0 6 0
D W _ O P _ c o n s t 1 u 0 x 0 8 1 1 - b yt e c onst a n t
D W _ O P _ c o n s t 1 s 0 x 0 9 1 1 - b yt e c onst a n t
D W _ O P _ c o n s t 2 u 0 x 0 a 1 2 - b yt e c onst a n t
D W _ O P _ c o n s t 2 s 0 x 0 b 1 2 - b yt e c onst a n t
D W _ O P _ c o n s t 4 u 0 x 0 c 1 4 - b yt e c onst a n t
D W _ O P _ c o n s t 4 s 0 x 0 d 1 4 - b yt e c onst a n t
D W _ O P _ c o n s t 8 u 0 x 0 e 1 8 - b yt e c onst a n t
D W _ O P _ c o n s t 8 s 0 x 0 f 1 8 - b yt e c onst a n t
D W _ O P _ c o n s t u 0 x 1 0 1 U L E B1 2 8 c onst a n t
D W _ O P _ c o n s t s 0 x 1 1 1 S L E B1 2 8 c onst a n t
D W _ O P _ d u p 0 x 1 2 0
D W _ O P _ d r o p 0 x 1 3 0
D W _ O P _ o v e r 0 x 1 4 0
D W _ O P _ p i c k 0 x 1 5 1 1 - b yt e st a ck in d ex
D W _ O P _ s w a p 0 x 1 6 0
D W _ O P _ r o t 0 x 1 7 0
D W _ O P _ x d e r e f 0 x 1 8 0
D W _ O P _ a b s 0 x 1 9 0
D W _ O P _ a n d 0 x 1 a 0
D W _ O P _ d i v 0 x 1 b 0
D W _ O P _ m i n u s 0 x 1 c 0
D W _ O P _ m o d 0 x 1 d 0
D W _ O P _ m u l 0 x 1 e 0
D W _ O P _ n e g 0 x 1 f 0
D W _ O P _ n o t 0 x 2 0 0
D W _ O P _ o r 0 x 2 1 0
D W _ O P _ p l u s 0 x 2 2 0
D W _ O P _ p l u s _ u c o n s t 0 x 2 3 1 U L E B1 2 8 a d d e n d
D W _ O P _ s h l 0 x 2 4 0
D W _ O P _ s h r 0 x 2 5 0
D W _ O P _ s h r a 0 x 2 6 0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 2 . L oca t ion oper a t io n e n c o d in gs, p a r t 1
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
O p e r a t ion C ode N o. of O p e r a n d s N o t e s_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ O P _ x o r 0 x 2 7 0
D W _ O P _ s k i p 0 x 2 f 1 sign ed 2 - b yt e c o n st a n t
D W _ O P _ b r a 0 x 2 8 1 sign ed 2 - b yt e c o n st a n t
D W _ O P _ e q 0 x 2 9 0
D W _ O P _ g e 0 x 2 a 0
D W _ O P _ g t 0 x 2 b 0
D W _ O P _ l e 0 x 2 c 0
D W _ O P _ l t 0 x 2 d 0
D W _ O P _ n e 0 x 2 e 0
D W _ O P _ l i t 0 0 x 3 0 0 lit e r a ls 0 .. 31 = ( D W_O P_L I T 0lit e r a l)
D W _ O P _ l i t 1 0 x 3 1 0
. . .
D W _ O P _ l i t 3 1 0 x 4 f 0
D W _ O P _ r e g 0 0 x 5 0 0 r e g 0. .3 1 = ( D W_O P_R E G 0r e gn u m )
D W _ O P _ r e g 1 0 x 5 1 0
. . .
D W _ O P _ r e g 3 1 0 x 6 f 0
D W _ O P _ b r e g 0 0 x 7 0 1 S L E B1 2 8 offset
D W _ O P _ b r e g 1 0 x 7 1 1 b a se r e g 0 ..3 1 = ( D W_O P_BR E G 0r e gn u m )
. . .
D W _ O P _ b r e g 3 1 0 x 8 f 1
D W _ O P _ r e g x 0 x 9 0 1 U L E B1 2 8 r e gist e r
D W _ O P _ f b r e g 0 x 9 1 1 S L E B1 2 8 offset
D W _ O P _ b r e g x 0 x 9 2 2 U L E B1 2 8 r e gist e r f oll o w ed b y S L E B1 28 offset
D W _ O P _ p i e c e 0 x 9 3 1 U L E B1 2 8 siz e o f p ie c e a d d r essed
D W _ O P _ d e r e f _ s i z e 0 x 9 4 1 1 - b yt e siz e of d a t a r e t r iev ed
D W _ O P _ x d e r e f _ s i z e 0 x 9 5 1 1 - b yt e siz e of d a t a r e t r iev ed
D W _ O P _ n o p 0 x 9 6 0
D W _ O P _ l o _ u s e r 0 x e 0
D W _ O P _ h i _ u s e r 0 x f f_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 3 . L oca t ion oper a t io n e n c o d in gs, p a r t 2

7. 7 .2 L oc ation Li sts

E a c h en t r y in a loca t ion list c onsist s o f t wo r e la t iv e a d d r e sses f ollo w ed b y a 2 - b yt e le n gt h ,
f ollo w ed b y a b lock of c o n t igu ou s b yt e s. T h e le n gt h spe c ifies t h e n u m b er of b yt e s in t h e
b lock t h a t f o llo w s . T h e t wo a d d r e sses a r e t h e sa m e siz e a s u sed b y D W _ F O R M _ a d d r o n
t h e t a r ge t m a c h in e.

7. 8 Base Typ e En cod in gs

T h e v a lu e s o f t h e con st a n t s u sed in t h e D W _ A T _ e n c o d i n g a t t r ib u t e a r e giv en in F igu r e
24 .

7. 9 Acces sib il ity C od es

T h e e n c odin gs of t h e c onst a n t s u sed in t h e D W _ A T _ a c c e s s i b i l i t y a t t r ib u t e a r e
giv en in F igu r e 2 5.
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Ba se t yp e e n c odin g n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A T E _ a d d r e s s 0 x 1
D W _ A T E _ b o o l e a n 0 x 2
D W _ A T E _ c o m p l e x _ f l o a t 0 x 3
D W _ A T E _ f l o a t 0 x 4
D W _ A T E _ s i g n e d 0 x 5
D W _ A T E _ s i g n e d _ c h a r 0 x 6
D W _ A T E _ u n s i g n e d 0 x 7
D W _ A T E _ u n s i g n e d _ c h a r 0 x 8
D W _ A T E _ l o _ u s e r 0 x 8 0
D W _ A T E _ h i _ u s e r 0 x f f_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 4 . Ba se t yp e e n c odin g v a lu e s
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A c c e ss ib ilit y c ode n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ A C C E S S _ p u b l i c 1
D W _ A C C E S S _ p r o t e c t e d 2
D W _ A C C E S S _ p r i v a t e 3_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 5 . A c c e ss ib ilit y e n cod in gs

7. 1 0 Visib il ity C od es

T h e e n c odin gs of t h e c onst a n t s u sed in t h e D W _ A T _ v i s i b i l i t y a t t r ib u t e a r e giv en in
F igu r e 2 6 .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Visib ilit y c o d e n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ V I S _ l o c a l 1
D W _ V I S _ e x p o r t e d 2
D W _ V I S _ q u a l i f i e d 3_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 












Figu r e 2 6 . Visib ilit y e n c odin gs

7. 1 1 Vir tu al ity C od es

T h e e n c odin gs of t h e c onst a n t s u sed in t h e D W _ A T _ v i r t u a l i t y a t t r ib u t e a r e giv en in
F igu r e 2 7 .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Vir t u a lit y c o d e n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ V I R T U A L I T Y _ n o n e 0
D W _ V I R T U A L I T Y _ v i r t u a l 1
D W _ V I R T U A L I T Y _ p u r e _ v i r t u a l 2_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 7 . Vir t u a lit y e n c odin gs

7. 1 2 S ou r ce Lan gu ages

T h e e n c odin gs f or so u r ce la n gu a ge s a r e giv en in F igu r e 2 8 . N a m e s m a r ke d wit h † a n d
t h e ir a sso cia t e d v a lu e s a r e r e ser v ed , b u t t h e la n gu a ge s t h e y r ep r e sen t a r e n ot su ppor t e d in
D W A R F Ve r sio n 2 .

7. 1 3 A d d r ess C l ass En cod in gs

T h e v a lu e of t h e c o m m o n a d d r e ss c la ss e n cod in g D W _ A D D R _ n o n e is 0 .
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
L a n gu a ge n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ L A N G _ C 8 9 0 x 0 0 0 1
D W _ L A N G _ C 0 x 0 0 0 2
D W _ L A N G _ A d a 8 3 † 0 x 0 0 0 3
D W _ L A N G _ C _ p l u s _ p l u s 0 x 0 0 0 4
D W _ L A N G _ C o b o l 7 4 † 0 x 0 0 0 5
D W _ L A N G _ C o b o l 8 5 † 0 x 0 0 0 6
D W _ L A N G _ F o r t r a n 7 7 0 x 0 0 0 7
D W _ L A N G _ F o r t r a n 9 0 0 x 0 0 0 8
D W _ L A N G _ P a s c a l 8 3 0 x 0 0 0 9
D W _ L A N G _ M o d u l a 2 0 x 0 0 0 a
D W _ L A N G _ l o _ u s e r 0 x 8 0 0 0
D W _ L A N G _ h i _ u s e r 0 x f f f f_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 2 8 . L a n gu a ge e n c odin gs

7. 1 4 Id en tifi er C ase

T h e e n c odin gs of t h e c onst a n t s u sed in t h e D W _ A T _ i d e n t i f i e r _ c a s e a t t r ib u t e a r e
giv en in F igu r e 2 9.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
I d e n t ifier C a se N a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ I D _ c a s e _ s e n s i t i v e 0
D W _ I D _ u p _ c a s e 1
D W _ I D _ d o w n _ c a s e 2
D W _ I D _ c a s e _ i n s e n s i t i v e 3_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 














Figu r e 2 9 . I d e n t ifier c a se e n cod in gs

7. 1 5 C al l in g C on v en tion En cod in gs

T h e e n c odin gs f or t h e v a lu e s o f t h e D W _ A T _ c a l l i n g _ c o n v e n t i o n a t t r ib u t e a r e
giv en in F igu r e 3 0.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
C a llin g C onv en t io n N a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ C C _ n o r m a l 0 x 1
D W _ C C _ p r o g r a m 0 x 2
D W _ C C _ n o c a l l 0 x 3
D W _ C C _ l o _ u s e r 0 x 4 0
D W _ C C _ h i _ u s e r 0 x f f_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 0 . C a llin g c onv en t io n e n cod in gs

7. 1 6 In l in e C od es

T h e e n c odin gs of t h e c onst a n t s u sed in t h e D W _ A T _ i n l i n e a t t r ib u t e a r e giv en in F igu r e
31 .

7. 1 7 A r r ay O r d er in g

T h e e n c odin gs f or t h e v a lu e s o f t h e or d e r a t t r ib u t e s of a r r a ys is giv en in F igu r e 32 .

7. 1 8 D isc r im in an t L ists

T h e d esc r ipt or s u sed in t h e D W _ A T _ d i c s r _ l i s t a t t r ib u t e a r e e n c ode d a s 1- b yt e
con st a n t s. T h e d e fine d v a lu e s a r e p r ese n t ed in F igu r e 33 .
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
I n lin e C ode N a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ I N L _ n o t _ i n l i n e d 0
D W _ I N L _ i n l i n e d 1
D W _ I N L _ d e c l a r e d _ n o t _ i n l i n e d 2
D W _ I N L _ d e c l a r e d _ i n l i n e d 3_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 1 . I n lin e e n c odin gs
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

O r d e r in g n a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ O R D _ r o w _ m a j o r 0
D W _ O R D _ c o l _ m a j o r 1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 2 . O r d e r in g e n c odin gs
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D e scr ip t or N a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ D S C _ l a b e l 0
D W _ D S C _ r a n g e 1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 3 . D iscr im in a n t d e scr ip t o r e n c o d in gs

7. 1 9 N am e Look u p Tab l e

E a c h set of e n t r ie s in t h e t a b le o f globa l n a m e s c ont a in ed in t h e . d e b u g _ p u b n a m e s
sec t io n b e gin s wit h a h e a d e r c o n sist in g of: a 4 - b yt e le n gt h c o n t a in in g t h e le n gt h of t h e set
o f e n t r ie s f or t h is c o m p ila t ion u n it , n ot in c lu d in g t h e len gt h field it self ; a 2- b yt e v er sio n
id e n t ifier c o n t a in in g t h e v a lu e 2 f or D W A R F Ve r sio n 2; a 4 - b yt e offset in t o t h e
. d e b u g _ i n f o sec t io n ; a n d a 4 - b yt e le n gt h c o n t a in in g t h e siz e in b yt e s of t h e c ont en t s
o f t h e . d e b u g _ i n f o sec t io n ge n er a t e d t o r e pr e sen t t h is c o m p ila t ion u n it . T h is h ea d e r
is f ollo w ed b y a ser ie s of t u p le s. E a c h t u p le c onsist s of a 4 - b yt e offset f ol lo w ed b y a st r in g
o f n on- n u ll b yt e s t e r m in a t e d b y one n u ll b yt e . E a c h set is t e r m in a t ed b y a 4- b yt e wo r d
con t a in in g t h e v a lu e 0 .

7. 2 0 A d d r ess Ra n ge Tab l e

E a c h set of e n t r ie s in t h e t a b le o f a d d r e ss r a n ge s c o n t a in e d in t h e . d e b u g _ a r a n g e s
sec t io n b e gin s wit h a h e a d e r c o n sist in g of: a 4 - b yt e le n gt h c o n t a in in g t h e le n gt h of t h e set
o f e n t r ie s f or t h is c o m p ila t ion u n it , n ot in c lu d in g t h e len gt h field it self ; a 2- b yt e v er sio n
id e n t ifier c o n t a in in g t h e v a lu e 2 f or D W A R F Ve r sio n 2; a 4 - b yt e offset in t o t h e
. d e b u g _ i n f o sec t io n ; a 1 - b yt e u n sign e d in t eg e r c o n t a in in g t h e siz e in b yt es of a n
a d d r ess ( or t h e offset p or t ion o f a n a d d r e ss f or segm e n t e d a d d r e ssing) on t h e t a r ge t sys t e m ;
a n d a 1- b yt e u n sign e d in t e ge r con t a in in g t h e siz e in b yt e s of a seg m e n t d esc r ip t or on t h e
t a r ge t syst e m . T h is h e a d e r is f o llo w ed b y a ser ie s of t u ple s. E a c h t u ple c onsist s o f a n
a d d r ess a n d a le n gt h , e a ch in t h e siz e a p p r opr ia t e f or a n a d d r e ss on t h e t a r ge t a r c h it e ct u r e .
T h e fir st t u ple f ollo w in g t h e h ea d e r in e a c h set b eg in s a t a n offset t h a t is a m u lt ip le of t h e
size of a sin gle t u p le ( t h a t is, t w ice t h e siz e o f a n a d d r e ss) . T h e h e a d er is p a d d e d , if
n e c e ss a r y, t o t h e a pp r opr ia t e b ou n d a r y. E a c h set of t u ple s is t e r m in a t e d b y a 0 f o r t h e
a d d r ess a n d 0 f or t h e le n gt h .

7. 2 1 L in e N u m b er In for m ation

T h e size s of t h e in t e ge r s u sed in t h e lin e n u m b e r a n d c a ll f r a m e in f or m a t io n sec t ions a r e a s
f ollo w s:
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sbyt e S ign ed 1 - b yt e v a lu e .

u b yt e U n sign e d 1- b yt e v a lu e .

u h a lf U n sign e d 2 - b yt e v a lu e .

sw o r d S ign ed 4 - b yt e v a lu e .

u wo r d U n sign e d 4- b yt e v a lu e.

T h e v er sio n n u m b e r in t h e st a t e m e n t p r ogr a m p r olo gu e is 2 f o r D W A R F Ve r sio n 2 . T h e
b oo lea n v a lu e s ‘ ‘ t r u e ’ ’ a n d ‘ ‘ fa lse’ ’ u sed b y t h e st a t e m e n t in f or m a t ion pr ogr a m a re e n c o d e d
a s a sing le b yt e c ont a in in g t h e v a lu e 0 f or ‘ ‘ fa lse, ’ ’ a n d a n on- z e r o v a lu e f o r ‘ ‘ t r u e.’ ’ T h e
en c odin gs f or t h e pr e - d efin e d st a n d a r d opcod e s a r e giv en in F igu r e 3 4 .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
O p c ode N a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ L N S _ c o p y 1
D W _ L N S _ a d v a n c e _ p c 2
D W _ L N S _ a d v a n c e _ l i n e 3
D W _ L N S _ s e t _ f i l e 4
D W _ L N S _ s e t _ c o l u m n 5
D W _ L N S _ n e g a t e _ s t m t 6
D W _ L N S _ s e t _ b a s i c _ b l o c k 7
D W _ L N S _ c o n s t _ a d d _ p c 8
D W _ L N S _ f i x e d _ a d v a n c e _ p c 9_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 4 . S t a n d a r d O pc ode E n c odin gs

T h e e n c odin gs f or t h e p r e - d e fine d e xt e n d ed opcod e s a r e giv en in F igu r e 35 .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

O p c ode N a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ L N E _ e n d _ s e q u e n c e 1
D W _ L N E _ s e t _ a d d r e s s 2
D W _ L N E _ d e f i n e _ f i l e 3_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 5 . E xt e n d e d O p c ode E n c o d in gs

7. 2 2 M ac r o In for m ation

T h e so u r c e lin e n u m b e r s a n d so u r c e file in d ic e s en c ode d in t h e m a cr o in f o r m a t ion sec t ion
a r e r e pr e sen t e d a s u n sign e d L E B1 28 n u m b e r s a s a r e t h e c onst a n t s in a n
D W _ M A C I N F O _ v e n d o r _ e x t en t r y. T h e m a c in f o t yp e is e n c o d e d a s a sin gle b yt e .
T h e e n c odin gs a r e giv en in F igu r e 3 6.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
M a c in f o T ype N a m e Va lu e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ M A C I N F O _ d e f i n e 1
D W _ M A C I N F O _ u n d e f 2
D W _ M A C I N F O _ s t a r t _ f i l e 3
D W _ M A C I N F O _ e n d _ f i l e 4
D W _ M A C I N F O _ v e n d o r _ e x t 2 5 5_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 6 . M a c in f o T ype E n cod in gs
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7. 2 3 C al l Fr am e In for m ation

T h e v a lu e of t h e C I E id in t h e C I E h e a d e r is 0 x f f f f f f f f . T h e in it ia l v a lu e o f t h e
C I E v er sio n n u m b e r is 1.

C a ll f r a m e in st r u ct ions a r e e n cod e d in one or m o r e b yt es. T h e p r im a r y opcod e is e n c o d e d
in t h e h igh or d e r t w o b it s of t h e fir st b yt e ( t h a t is, opcod e = b yt e > > 6) . A n ope r a n d or
ext e n d e d opcod e m a y b e e n c o d e d in t h e low or d er 6 b it s. A d d it iona l ope r a n d s a r e e n cod e d
in su b seq u en t b yt es. T h e in st r u c t ions a n d t h e ir en c odin gs a r e p r e sen t e d in F igu r e 3 7 .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I n st r u c t ion H igh L ow O p e r a n d 1 O pe r a n d 2
2 Bit s 6 Bit s_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ C F A _ a d v a n c e _ l o c 0 x 1 d e lt a
D W _ C F A _ o f f s e t 0 x 2 r e gist e r U L E B1 28 offset
D W _ C F A _ r e s t o r e 0 x 3 r e gist e r
D W _ C F A _ s e t _ l o c 0 0 x 0 1 a d d r ess
D W _ C F A _ a d v a n c e _ l o c 1 0 0 x 0 2 1- b yt e d e lt a
D W _ C F A _ a d v a n c e _ l o c 2 0 0 x 0 3 2- b yt e d e lt a
D W _ C F A _ a d v a n c e _ l o c 4 0 0 x 0 4 4- b yt e d e lt a
D W _ C F A _ o f f s e t _ e x t e n d e d 0 0 x 0 5 U L E B12 8 r e gist er U L E B1 2 8 offset
D W _ C F A _ r e s t o r e _ e x t e n d e d 0 0 x 0 6 U L E B12 8 r e gist er
D W _ C F A _ u n d e f i n e d 0 0 x 0 7 U L E B12 8 r e gist er
D W _ C F A _ s a m e _ v a l u e 0 0 x 0 8 U L E B12 8 r e gist er
D W _ C F A _ r e g i s t e r 0 0 x 0 9 U L E B12 8 r e gist er U L E B1 2 8 r e gist e r
D W _ C F A _ r e m e m b e r _ s t a t e 0 0 x 0 a
D W _ C F A _ r e s t o r e _ s t a t e 0 0 x 0 b
D W _ C F A _ d e f _ c f a 0 0 x 0 c U L E B12 8 r e gist er U L E B1 2 8 offset
D W _ C F A _ d e f _ c f a _ r e g i s t e r 0 0 x 0 d U L E B12 8 r e gist er
D W _ C F A _ d e f _ c f a _ o f f s e t 0 0 x 0 e U L E B12 8 o ffset
D W _ C F A _ n o p 0 0
D W _ C F A _ l o _ u s e r 0 0 x 1 c
D W _ C F A _ h i _ u s e r 0 0 x 3 f_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Figu r e 3 7 . C a ll f r a m e in st r u ct ion e n c odin gs

7. 2 4 D ep en d en cies

T h e d eb u ggin g in f or m a t ion in t h is f o r m a t is in t en d e d t o e xist in t h e . d e b u g _ a b b r e v ,
. d e b u g _ a r a n g e s , . d e b u g _ f r a m e , . d e b u g _ i n f o , . d e b u g _ l i n e ,
. d e b u g _ l o c , . d e b u g _ m a c i n f o , . d e b u g _ p u b n a m e s a n d . d e b u g _ s t r
sec t io n s of a n obj ec t file. T h e in f or m a t ion is n ot w o r d - a lign ed , so t h e a ssem b ler m u st
pr ov ide a wa y f or t h e c omp ile r t o p r o d u c e 2- b yt e a n d 4 - b yt e qu a n t it ie s wi t h ou t a lign m e nt
r e st r ict ions, a n d t h e lin ke r m u st b e a b le t o r e loca t e a 4 - b yt e r ef e r e n ce a t a n a r b it r a r y
a lign m e n t . I n t a r ge t a r c h it e c t u r e s w it h 6 4 - b it a d d r e sses, t h e a ssem b le r a n d lin ke r m u st
sim ila r ly h a n d le 8- b yt e r e f e r en c e s a t a r b it r a r y a lign m e n t s.
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8. FU TU R E D IR EC TI O N S

T h e UN I X I n t e r n a t iona l P r ogr a m m in g L a n gu a ge s S I G is w o r k in g on a spe c ifica t io n f or a
set of in t e r f a c e s f o r r e a d in g D W A R F in f or m a t io n , t h a t will h id e c h a n ge s in t h e
r e p r e sen t a t io n of t h a t in f or m a t ion f r om it s c onsu m e r s. I t is h ope d t h a t u sing t h ese
in t e r f a c e s w ill m a k e t h e t r a n sit ion f r om D W A R F Ve r sio n 1 t o Ve r sio n 2 m u c h sim p ler a n d
w ill m a k e it ea sier f or a sing le con su m e r t o su p p o r t obj ec t s u sing e it h e r Ve r sio n 1 or
Ve r sio n 2 D W A R F .

A d r a f t of t h is spe cific a t io n is a v a ila b le f or r e v iew f r om UN I X I n t e r n a t iona l. T h e
P r ogr a m m in g L a n gu a ge s S I G wis h e s t o st r e ss, h ow ev er , t h a t t h e spe c ifica t ion is st ill in
flu x.
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A p p en d ix 1 - - C u r r en t Attr ib u tes b y Tag Val u e

T h e list b e lo w e n u m e r a t e s t h e a t t r ib u t e s t h a t a r e m os t a p p lic a b le t o e a c h t yp e of d eb u gg in g
in f or m a t ion e n t r y. D W A R F d oes n o t in ge n e r a l r e q u ir e t h a t a giv en d e b u gg in g
in f or m a t ion e n t r y c ont a in a p a r t ic u la r a t t r ib u t e o r set o f a t t r ib u t e s. I n st e a d , a D W A R F
pr odu c e r is f r e e t o ge n e r a t e a n y, a ll, o r n one of t h e a t t r ib u t e s d e scr ib e d in t h e t e xt a s b ein g
a p p lica b le t o a giv en e n t r y. O t h e r a t t r ib u t es ( b ot h t h os e d e fine d wit h in t h is d ocu m e n t b u t
n ot e xplic it ly a sso cia t e d wit h t h e e n t r y in qu e st io n , a n d n e w, v en d o r - d e fine d o n e s) m a y a lso
a p p e a r in a giv en d e b u ggin g e n t r y. T h e r e f o r e , t h e list m a y b e t a k e n a s in st r u c t iv e, b u t
ca n n o t b e c o n sid er e d d efin it iv e.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
TA G N AM E AP P LI C A BL E AT T R IB U TE S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ a c c e s s _ d e c l a r a t i o n D E C L †

D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ n a m e
D W _ A T _ s i b l i n g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ a r r a y _ t y p e D E C L
D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ b y t e _ s i z e
D W _ A T _ d e c l a r a t i o n
D W _ A T _ n a m e
D W _ A T _ o r d e r i n g
D W _ A T _ s i b l i n g
D W _ A T _ s t a r t _ s c o p e
D W _ A T _ s t r i d e _ s i z e
D W _ A T _ t y p e
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ b a s e _ t y p e D W _ A T _ b i t _ o f f s e t
D W _ A T _ b i t _ s i z e
D W _ A T _ b y t e _ s i z e
D W _ A T _ e n c o d i n g
D W _ A T _ n a m e
D W _ A T _ s i b l i n g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ c a t c h _ b l o c k D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ h i g h _ p c
D W _ A T _ l o w _ p c
D W _ A T _ s e g m e n t
D W _ A T _ s i b l i n g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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† D W _ A T _ d e c l _ c o l u m n , D W _ A T _ d e c l _ f i l e , D W _ A T _ d e c l _ l i n e .
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A p p en d ix 1 ( c on t’ d ) - - C u r r en t Attr ib u tes b y Tag Val u e

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
TA G N AM E AP P LI C A BL E AT T R IB U TE S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ c l a s s _ t y p e D E C L

D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ b y t e _ s i z e
D W _ A T _ d e c l a r a t i o n
D W _ A T _ n a m e
D W _ A T _ s i b l i n g
D W _ A T _ s t a r t _ s c o p e
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ c o m m o n _ b l o c k D E C L
D W _ A T _ d e c l a r a t i o n
D W _ A T _ l o c a t i o n
D W _ A T _ n a m e
D W _ A T _ s i b l i n g
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ c o m m o n _ i n c l u s i o n D E C L
D W _ A T _ c o m m o n _ r e f e r e n c e
D W _ A T _ d e c l a r a t i o n
D W _ A T _ s i b l i n g
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ c o m p i l e _ u n i t D W _ A T _ b a s e _ t y p e s
D W _ A T _ c o m p _ d i r
D W _ A T _ i d e n t i f i e r _ c a s e
D W _ A T _ h i g h _ p c
D W _ A T _ l a n g u a g e
D W _ A T _ l o w _ p c
D W _ A T _ m a c r o _ i n f o
D W _ A T _ n a m e
D W _ A T _ p r o d u c e r
D W _ A T _ s i b l i n g
D W _ A T _ s t m t _ l i s t_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ c o n s t _ t y p e D W _ A T _ s i b l i n g
D W _ A T _ t y p e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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A p p en d ix 1 ( c on t’ d ) - - C u r r en t Attr ib u tes b y Tag Val u e

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
TA G N AM E AP P LI C A BL E AT T R IB U TE S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ c o n s t a n t D E C L

D W _ A T _ a c c e s s i b i l i t y
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
TA G N AM E AP P LI C A BL E AT T R IB U TE S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ s u b r a n g e _ t y p e D E C L

D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ b y t e _ s i z e
D W _ A T _ c o u n t
D W _ A T _ d e c l a r a t i o n
D W _ A T _ l o w e r _ b o u n d
D W _ A T _ n a m e
D W _ A T _ s i b l i n g
D W _ A T _ t y p e
D W _ A T _ u p p e r _ b o u n d
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ s u b r o u t i n e _ t y p e D E C L
D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ a d d r e s s _ c l a s s
D W _ A T _ d e c l a r a t i o n
D W _ A T _ n a m e
D W _ A T _ p r o t o t y p e d
D W _ A T _ s i b l i n g
D W _ A T _ s t a r t _ s c o p e
D W _ A T _ t y p e
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ t e m p l a t e _ t y p e _ p a r a m D E C L
D W _ A T _ n a m e
D W _ A T _ s i b l i n g
D W _ A T _ t y p e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ t e m p l a t e _ v a l u e _ p a r a m D E C L
D W _ A T _ n a m e
D W _ A T _ c o n s t _ v a l u e
D W _ A T _ s i b l i n g
D W _ A T _ t y p e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ t h r o w n _ t y p e D E C L
D W _ A T _ s i b l i n g
D W _ A T _ t y p e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ t r y _ b l o c k D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ h i g h _ p c
D W _ A T _ l o w _ p c
D W _ A T _ s e g m e n t
D W _ A T _ s i b l i n g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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A p p en d ix 1 ( c on t’ d ) - - C u r r en t Attr ib u tes b y Tag Val u e

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
TA G N AM E AP P LI C A BL E AT T R IB U TE S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ t y p e d e f D E C L

D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ d e c l a r a t i o n
D W _ A T _ n a m e
D W _ A T _ s i b l i n g
D W _ A T _ s t a r t _ s c o p e
D W _ A T _ t y p e
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ u n i o n _ t y p e D E C L
D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ b y t e _ s i z e
D W _ A T _ d e c l a r a t i o n
D W _ A T _ f r i e n d s
D W _ A T _ n a m e
D W _ A T _ s i b l i n g
D W _ A T _ s t a r t _ s c o p e
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ u n s p e c i f i e d _ p a r a m e t e r s D E C L
D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ a r t i f i c i a l
D W _ A T _ s i b l i n g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ v a r i a b l e D E C L
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ c o n s t a n t _ v a l u e
D W _ A T _ d e c l a r a t i o n
D W _ A T _ e x t e r n a l
D W _ A T _ l o c a t i o n
D W _ A T _ n a m e
D W _ A T _ s e g m e n t
D W _ A T _ s i b l i n g
D W _ A T _ s p e c i f i c a t i o n
D W _ A T _ s t a r t _ s c o p e
D W _ A T _ t y p e
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
TA G N AM E AP P LI C A BL E AT T R IB U TE S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ T A G _ v a r i a n t D E C L

D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ d e c l a r a t i o n
D W _ A T _ d i s c r _ l i s t
D W _ A T _ d i s c r _ v a l u e
D W _ A T _ s i b l i n g_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ v a r i a n t _ p a r t D E C L
D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ a b s t r a c t _ o r i g i n
D W _ A T _ d e c l a r a t i o n
D W _ A T _ d i s c r
D W _ A T _ s i b l i n g
D W _ A T _ t y p e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ v o l a t i l e _ t y p e D W _ A T _ s i b l i n g
D W _ A T _ t y p e_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D W _ T A G _ w i t h _ s t a t e m e n t D W _ A T _ a c c e s s i b i l i t y
D W _ A T _ a d d r e s s _ c l a s s
D W _ A T _ d e c l a r a t i o n
D W _ A T _ h i g h _ p c
D W _ A T _ l o c a t i o n
D W _ A T _ l o w _ p c
D W _ A T _ s e g m e n t
D W _ A T _ s i b l i n g
D W _ A T _ t y p e
D W _ A T _ v i s i b i l i t y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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A p p en d ix 2 - - O r gan iz ation of D eb u ggin g In for m ation

T h e f o llo w ing d ia gr a m d e p ic t s t h e r ela t io n sh ip of t h e a b b r e v ia t ion t a b les c ont a in e d in t h e
. d e b u g _ a b b r e v sec t io n t o t h e in f or m a t io n c ont a in e d in t h e . d e b u g _ i n f o sec t io n .
Va lu es a r e giv en in sym b olic f or m , w h e r e poss ible .

1
D W _ T A G _ c o m p i l e _ u n i t
D W _ C H I L D R E N _ y e s
D W _ A T _ n a m e D W _ F O R M _ s t r i n g
D W _ A T _ p r o d u c e r D W _ F O R M _ s t r i n g
D W _ A T _ c o m p d i r D W _ F O R M _ s t r i n g
D W _ A T _ l a n g u a g e D W _ F O R M _ d a t a 1
D W _ A T _ l o w _ p o c D W _ F O R M _ a d d r
D W _ A T _ h i g h _ p c D W _ F O R M _ a d d r
D W _ A T _ s t m t _ l i s t D W _ F O R M _ i n d i r e c t
0 0

4
" P O I N T E R "

3

4
D W _ T A G _ t y p e d e f
D W _ C H I L D R E N _ n o
D W _ A T _ n a m e D W _ F O R M _ s t r i n g
D W _ A T _ t y p e D W _ F O R M _ r e f 4
0 0

0

0

e2

e2:

2

. . .

4
" s t r p "

e2

. . .

l engt h

4

a1 ( a bbr evi a t io n t a bl e off set )

4
a1 ( a bbr evi a t io n t a bl e off set )

2
D W _ T A G _ b a s e _ t y p e
D W _ C H I L D R E N _ n o
D W _ A T _ n a m e D W _ F O R M _ s t r i n g
D W _ A T _ e n c o d i n g D W _ F O R M _ d a t a 1
D W _ A T _ b y t e _ s i z e D W _ F O R M _ d a t a 1
0 0

a1 :
l engt h A b b r ev ia t ion T a b le - .d eb u g_a b b r ev

C om pila t ion U n it 1 - .d eb u g_in f o

C om pila t ion U n it 2 - .d eb u g_in f o

2

1
" m y f i l e . c "
" B e s t C o m p i l e r C o r p : V e r s i o n 1 . 3 "
" m y m a c h i n e : / h o m e / m y d i r / s r c : "
D W _ L A N G _ C 8 9
0 x 0
0 x 5 5
D W _ F O R M _ d a t a 4
0 x 0

2

3
D W _ T A G _ p o i n t e r _ t y p e
D W _ C H I L D R E N _ n o
D W _ A T _ t y p e D W _ F O R M _ r e f 4
0 0

" c h a r "
D W _ A T E _ u n s i g n e d _ c h a r
1

e1

e1:
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A p p en d ix 3 - - S tatem en t P r ogr am Ex am p l es

C onsid e r t h is sim ple so u r c e file a n d t h e r e su lt in g m a c h in e c o d e f or t h e I n t e l 8 0 86
pr ocesso r :

1 : i n t
2 : m a i n ( )

0 x 2 3 9 : p u s h p b
0 x 2 3 a : m o v b p , s p

3 : {
4 : p r i n t f ( " O m i t n e e d l e s s w o r d s \ n " ) ;

0 x 2 3 c : m o v a x , 0 x a a
0 x 2 3 f : p u s h a x
0 x 2 4 0 : c a l l _ p r i n t f
0 x 2 4 3 : p o p c x

5 : e x i t ( 0 ) ;
0 x 2 4 4 : x o r a x , a x
0 x 2 4 6 : p u s h a x
0 x 2 4 7 : c a l l _ e x i t
0 x 2 4 a : p o p c x

6 : }
0 x 2 4 b : p o p b p
0 x 2 4 c : r e t

7 :
0 x 2 4 d :

I f t h e st a t e m e n t p r o gr a m p r olo gu e spe c ifies t h e f ollo w in g:

m i n i m u m _ i n s t r u c t i o n _ l e n g t h 1
o p c o d e _ b a s e 1 0
l i n e _ b a s e 1
l i n e _ r a n g e 1 5

T h e n o n e e n c odin g of t h e st a t em e n t pr ogr a m wo u ld occu p y 12 b yt e s ( t h e opc ode
S P E C I A L (m, n) in d ic a t e s t h e spe c ia l opcod e ge n e r a t e d f or a lin e in c r e m e n t o f m a n d
a n a d d r e ss in c r e m e n t of n) :

O p code O p er a n d Byt e S t r ea m_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ L N S _ a d v a n c e _ p c L E B 1 2 8 ( 0 x 2 3 9 ) 0 x 2 , 0 x b 9 , 0 x 0 4
S P E C I A L ( 2 , 0 ) 0 x b
S P E C I A L ( 2 , 3 ) 0 x 3 8
S P E C I A L ( 1 , 8 ) 0 x 8 2
S P E C I A L ( 1 , 7 ) 0 x 7 3
D W _ L N S _ a d v a n c e _ p c L E B 1 2 8 ( 2 ) 0 x 2 , 0 x 2
D W _ L N E _ e n d _ s e q u e n c e 0 x 0 , 0 x 1 , 0 x 1

A n a lt e r n a t e e n c odin g o f t h e sa m e p r ogr a m u sin g st a n d a r d opcod es t o a d v a n c e t h e p ro gr a m
cou n t e r wo u ld occu p y 22 b yt es:
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O p code O p er a n d Byt e S t r ea m_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D W _ L N S _ f i x e d _ a d v a n c e _ p c 0 x 2 3 9 0 x 9 , 0 x 3 9 , 0 x 2
S P E C I A L ( 2 , 0 ) 0 x b
D W _ L N S _ f i x e d _ a d v a n c e _ p c 0 x 3 0 x 9 , 0 x 3 , 0 x 0
S P E C I A L ( 2 , 0 ) 0 x b
D W _ L N S _ f i x e d _ a d v a n c e _ p c 0 x 8 0 x 9 , 0 x 8 , 0 x 0
S P E C I A L ( 1 , 0 ) 0 x a
D W _ L N S _ f i x e d _ a d v a n c e _ p c 0 x 7 0 x 9 , 0 x 7 , 0 x 0
S P E C I A L ( 1 , 0 ) 0 x a
D W _ L N S _ f i x e d _ a d v a n c e _ p c 0 x 2 0 x 9 , 0 x 2 , 0 x 0
D W _ L N E _ e n d _ s e q u e n c e 0 x 0 , 0 x 1 , 0 x 1
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A p p en d ix 4 - - En cod in g an d d ecod in g v ar iab l e len gth d ata

H e r e a r e a lgor it h m s e xpr e ssed in a C - lik e pse u d o - c ode t o e n cod e a n d d e cod e sign e d a n d
u n sign e d n u m b e r s in L E B1 2 8:

En c od e an u n sign ed in teger :

d o
{

b y t e = l o w o r d e r 7 b i t s o f v a l u e ;
v a l u e > > = 7 ;
i f ( v a l u e ! = 0 ) / * m o r e b y t e s t o c o m e * /

s e t h i g h o r d e r b i t o f b y t e ;
e m i t b y t e ;

} w h i l e ( v a l u e ! = 0 ) ;

En c od e a sign ed in teger :

m o r e = 1 ;
n e g a t i v e = ( v a l u e < 0 ) ;
s i z e = n o . o f b i t s i n s i g n e d i n t e g e r ;
w h i l e ( m o r e )
{

b y t e = l o w o r d e r 7 b i t s o f v a l u e ;
v a l u e > > = 7 ;
/ * t h e f o l l o w i n g i s u n n e c e s s a r y i f t h e i m p l e m e n t a t i o n o f > > =
* u s e s a n a r i t h m e t i c r a t h e r t h a n l o g i c a l s h i f t f o r a s i g n e d
* l e f t o p e r a n d
* /

i f ( n e g a t i v e )
/ * s i g n e x t e n d * /
v a l u e | = - ( 1 < < ( s i z e - 7 ) ) ;

/ * s i g n b i t o f b y t e i s 2 n d h i g h o r d e r b i t ( 0 x 4 0 ) * /
i f ( ( v a l u e = = 0 & & s i g n b i t o f b y t e i s c l e a r ) | |

( v a l u e = = - 1 & & s i g n b i t o f b y t e i s s e t ) )
m o r e = 0 ;

e l s e
s e t h i g h o r d e r b i t o f b y t e ;

e m i t b y t e ;
}
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D ec od e u n sign ed LE B 12 8 n u m b er :

r e s u l t = 0 ;
s h i f t = 0 ;
w h i l e ( t r u e )
{

b y t e = n e x t b y t e i n i n p u t ;
r e s u l t | = ( l o w o r d e r 7 b i t s o f b y t e < < s h i f t ) ;
i f ( h i g h o r d e r b i t o f b y t e = = 0 )

b r e a k ;
s h i f t + = 7 ;

}

D ec od e sign ed LE B128 n u m b er :

r e s u l t = 0 ;
s h i f t = 0 ;
s i z e = n o . o f b i t s i n s i g n e d i n t e g e r ;
w h i l e ( t r u e )
{

b y t e = n e x t b y t e i n i n p u t ;
r e s u l t | = ( l o w o r d e r 7 b i t s o f b y t e < < s h i f t ) ;
s h i f t + = 7 ;
/ * s i g n b i t o f b y t e i s 2 n d h i g h o r d e r b i t ( 0 x 4 0 ) * /
i f ( h i g h o r d e r b i t o f b y t e = = 0 )

b r e a k ;
}
i f ( ( s h i f t < s i z e ) & & ( s i g n b i t o f b y t e i s s e t ) )

/ * s i g n e x t e n d * /
r e s u l t | = - ( 1 < < s h i f t ) ;
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A p p en d ix 5 - - C al l Fr am e In for m ation Ex am p l es

T h e f o llo w ing e xa m p le u ses a h yp ot h e t ic a l R I S C m a ch in e in t h e st yle of t h e M o t or ol a
88 0 0 0.

• M e m o r y is b yt e a d d r e ss ed .

• I n st r u c t ions a r e a ll 4 - b yt e s e a ch a n d wo r d a lign ed .

• I n st r u c t ion o pe r a n d s a r e t yp ica lly o f t h e f o r m :

< d e st in a t ion r e g> < so u r c e r e g> < con st a n t>

• T h e a d d r e ss f or t h e loa d a n d st o r e in st r u c t io n s is com p u t e d b y a d d in g t h e c ont en t s o f
t h e so u r c e r eg ist e r wit h t h e c onst a n t .

• T h e r e a r e 8 4- b yt e r e gist e r s:

R 0 a lw a ys 0
R 1 h ol d s r e t u r n a d d r e ss o n c a ll
R 2 - R 3 t e m p r e gist e r s ( n ot p r ese r v ed on c a ll)
R 4 - R 6 p r e ser v ed o n c a ll
R 7 st a c k p oi n t e r .

• T h e st a c k gr ow s in t h e n eg a t iv e d ir e ct ion.

T h e f o llo w ing a r e t wo c o d e f r a gm e n t s f r om a su b r ou t in e c a lled f o o t h a t u ses a f r a m e
poin t er ( in a d d it io n t o t h e st a c k p oint e r .) T h e fir st c olu m n v a lu e s a r e b yt e a d d r esses.

; ; s t a r t p r o l o g u e
f o o s u b R 7 , R 7 , < f s i z e > ; A l l o c a t e f r a m e
f o o + 4 s t o r e R 1 , R 7 , ( < f s i z e > - 4 ) ; S a v e t h e r e t u r n a d d r e s s
f o o + 8 s t o r e R 6 , R 7 , ( < f s i z e > - 8 ) ; S a v e R 6
f o o + 1 2 a d d R 6 , R 7 , 0 ; R 6 i s n o w t h e F r a m e p t r
f o o + 1 6 s t o r e R 4 , R 6 , ( < f s i z e > - 1 2 ) ; S a v e a p r e s e r v e r e g .

; ; T h i s s u b r o u t i n e d o e s n o t c h a n g e R 5
. . .
; ; S t a r t e p i l o g u e ( R 7 h a s b e e n r e t u r n e d t o e n t r y v a l u e )

f o o + 6 4 l o a d R 4 , R 6 , ( < f s i z e > - 1 2 ) ; R e s t o r e R 4
f o o + 6 8 l o a d R 6 , R 7 , ( < f s i z e > - 8 ) ; R e s t o r e R 6
f o o + 7 2 l o a d R 1 , R 7 , ( < f s i z e > - 4 ) ; R e s t o r e r e t u r n a d d r e s s
f o o + 7 6 a d d R 7 , R 7 , < f s i z e > ; D e a l l o c a t e f r a m e
f o o + 8 0 j u m p R ; R e t u r n
f o o + 8 4
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T h e t a b le f or t h e f o o su b r o u t in e is a s f o llo w s. I t is f o llo w ed b y t h e c or r e spond in g
f r a gm e n t s f r om t h e . d e b u g _ f r a m e sec t io n .

L o c C F A R 0 R 1 R 2 R 3 R 4 R 5 R 6 R 7 R 8
f o o [ R 7 ] + 0 s u u u s s s s r 1
f o o + 4 [ R 7 ] + f s i z e s u u u s s s s r 1
f o o + 8 [ R 7 ] + f s i z e s u u u s s s s c 4
f o o + 1 2 [ R 7 ] + f s i z e s u u u s s c 8 s c 4
f o o + 1 6 [ R 6 ] + f s i z e s u u u s s c 8 s c 4
f o o + 2 0 [ R 6 ] + f s i z e s u u u c 1 2 s c 8 s c 4
f o o + 6 4 [ R 6 ] + f s i z e s u u u c 1 2 s c 8 s c 4
f o o + 6 8 [ R 6 ] + f s i z e s u u u s s c 8 s c 4
f o o + 7 2 [ R 7 ] + f s i z e s u u u s s s s c 4
f o o + 7 6 [ R 7 ] + f s i z e s u u u s s s s r 1
f o o + 8 0 [ R 7 ] + 0 s u u u s s s s r 1
n ot es:
1. R 8 is t h e r et u r n a d d r ess
2. s = sa m e_v a lu e r u le
3. u = u n d efin ed r u le
4. r N = r eg ist er ( N ) r u le
5. cN = o ffset ( N ) r u le

C om m on I n f or m a t ion E n t r y ( C I E ) :

c i e 3 2 ; l e n g t h
c i e + 4 0 x f f f f f f f f ; C I E _ i d
c i e + 8 1 ; v e r s i o n
c i e + 9 0 ; a u g m e n t a t i o n
c i e + 1 0 4 ; c o d e _ a l i g n m e n t _ f a c t o r
c i e + 1 1 4 ; d a t a _ a l i g n m e n t _ f a c t o r
c i e + 1 2 8 ; R 8 i s t h e r e t u r n a d d r .
c i e + 1 3 D W _ C F A _ d e f _ c f a ( 7 , 0 ) ; C F A = [ R 7 ] + 0
c i e + 1 6 D W _ C F A _ s a m e _ v a l u e ( 0 ) ; R 0 n o t m o d i f i e d ( = 0 )
c i e + 1 8 D W _ C F A _ u n d e f i n e d ( 1 ) ; R 1 s c r a t c h
c i e + 2 0 D W _ C F A _ u n d e f i n e d ( 2 ) ; R 2 s c r a t c h
c i e + 2 2 D W _ C F A _ u n d e f i n e d ( 3 ) ; R 3 s c r a t c h
c i e + 2 4 D W _ C F A _ s a m e _ v a l u e ( 4 ) ; R 4 p r e s e r v e
c i e + 2 6 D W _ C F A _ s a m e _ v a l u e ( 5 ) ; R 5 p r e s e r v e
c i e + 2 8 D W _ C F A _ s a m e _ v a l u e ( 6 ) ; R 6 p r e s e r v e
c i e + 3 0 D W _ C F A _ s a m e _ v a l u e ( 7 ) ; R 7 p r e s e r v e
c i e + 3 2 D W _ C F A _ r e g i s t e r ( 8 , 1 ) ; R 8 i s i n R 1
c i e + 3 5 D W _ C F A _ n o p ; p a d d i n g
c i e + 3 6
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F r a m e D e scr ip t io n E n t r y ( F D E ) :

f d e 4 0 ; l e n g t h
f d e + 4 c i e ; C I E _ p t r
f d e + 8 f o o ; i n i t i a l _ l o c a t i o n
f d e + 1 2 8 4 ; a d d r e s s _ r a n g e
f d e + 1 6 D W _ C F A _ a d v a n c e _ l o c ( 1 ) ; i n s t r u c t i o n s
f d e + 1 7 D W _ C F A _ d e f _ c f a _ o f f s e t ( < f s i z e > / 4 ) ; a s s u m i n g < f s i z e > < 5 1 2
f d e + 1 9 D W _ C F A _ a d v a n c e _ l o c ( 1 )
f d e + 2 0 D W _ C F A _ o f f s e t ( 8 , 1 )
f d e + 2 2 D W _ C F A _ a d v a n c e _ l o c ( 1 )
f d e + 2 3 D W _ C F A _ o f f s e t ( 6 , 2 )
f d e + 2 5 D W _ C F A _ a d v a n c e _ l o c ( 1 )
f d e + 2 6 D W _ C F A _ d e f _ c f a _ r e g i s t e r ( 6 )
f d e + 2 8 D W _ C F A _ a d v a n c e _ l o c ( 1 )
f d e + 2 9 D W _ C F A _ o f f s e t ( 4 , 3 )
f d e + 3 1 D W _ C F A _ a d v a n c e _ l o c ( 1 1 )
f d e + 3 2 D W _ C F A _ r e s t o r e ( 4 )
f d e + 3 3 D W _ C F A _ a d v a n c e _ l o c ( 1 )
f d e + 3 4 D W _ C F A _ r e s t o r e ( 6 )
f d e + 3 5 D W _ C F A _ d e f _ c f a _ r e g i s t e r ( 7 )
f d e + 3 7 D W _ C F A _ a d v a n c e _ l o c ( 1 )
f d e + 3 8 D W _ C F A _ r e s t o r e ( 8 )
f d e + 3 9 D W _ C F A _ a d v a n c e _ l o c ( 1 )
f d e + 4 0 D W _ C F A _ d e f _ c f a _ o f f s e t ( 0 )
f d e + 4 2 D W _ C F A _ n o p ; p a d d i n g
f d e + 4 3 D W _ C F A _ n o p ; p a d d i n g
f d e + 4 4
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