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OO0 0OOOOO0O0OOO00O0000000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOO

000 g Version: "V04=000"
§8?° gtittttitttttttttttiti'ttt'tttttlt'tli""""t"""ft'ti'ttt!Qttittt'i'tttt
e : W
011 ' COPYRIGHT (c) 1978, 1980, 1982, 1984 BY: «
01§ '* DIGITAL EQUIPMENT fORPOR‘TlON. MAYNARD, MASSACHUSETTS. *
8}‘ ;: ALL RIGHTS RESERVED. .
H ]
0015 '* THIS SOFTWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED *
001? '* ONLY IN ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE ®
001 '« INCLUSION OF THE ABOVE COPYRIGMT NOTICE. THIS SOFTWARE OR ANY OTHER *
0018 '= COPIES THEREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY *
0019 '* OTHER PERSON. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY *
88 ? 2' TRANSFERRED. *
A W
00 i '!* THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE *
09 '* AND SHOULD NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL ECUIPMENT *
88 g E' CORPORATION. .
In x
00 9 '« DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USE OR RELIABILITY OF ITS *
88 8 s: SOFTWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL. . *
- '
]
§§§§ g:"""'tt!'t't'l"'t!i"i"!ﬁttttt"t't"t'tt"'tt'tttt'ititittttliittttit:
g 1
003
803‘ WRITTEN BY
035 Bruce Olsen August, 1980.
003? Bert Beander August, 1981
8§ Bert Beander November, 1983.
MODULE FUNCTION

This REQUIRE file describes the structure of the Debug s‘nbol Table
enerated by the VAX compilers and interpreted b{ the VA Dobu?gcr.
t includes definitions for all field names and Literals used in

building or interpreting the Debug Symbol Table (DST).

DISCLAIMER

This interface is not ¥uppontod by Digital. While the Debug Symbol
Table interface is believed to be correctly do‘cr bed here, Digital
does not. guarantee that all dcssripti ns in this dgfinition file are
correct and complete. Also, while this interface is expected to be
reasonably stable across releases, Digital cannot guarantee that it
will not change in future releases of VAX DEBUG, VAX VMS, the VAX
compilers, or other 1ottuaro. ?puard-cgnfat ble addition1 to this
interface are more Likely th:n ncompatible changes, but individuals
and organizations who use this interface stand some risk that their
work will be partially or wholly inval daiod by future releases of
VAX DEBUG or other D gital software. 018 tal reserves the right to
make future incompatible changes to the Debug Symbol Table interface.
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PURPOSE OF THE DEBUG SYMBOL TABLE 1

The Dobug Symbol Table (DST) is the s¥nbol table that the VAX compilers
. produce to pass s n?ol table information to the VAX Debugger and to the
AX Traceback facility. The D?T is a language-ind’pznden symbol table

in the sense that all VAX compilers output symbol in orma}ion in the
same format, régardless of source language. This symbol information is
emitted into the object modules produced by the compiler. It is then
passed through the linker into the executable imogc file that the Linker
enerates EBUG or TRACEBACK can then retrieve the symbol information
rom the inago file.
The purpose of the Debug Symbol Table is thus to permit the Traceback
facility to give a symbolic stack dump on abnormal program termination
and to permit DEBUG to supgort fully sxnbotic debugging. Other Digital
software may also use the DST information for various purposes.

To support these purposes, the Dobu? Symbol Table represents all major
aspects of program structure and data representation. It can represent
modules, routines, lexical blocks, Labels, and data symbols and it can
represent all nesting rclationshigs between such symbols. It can also
describe Line number and source Line information. It can describe all
data types supported by DEBUG, 1ncludin8 complex types such as record
structures and enumeration types. In addition, it can describe arbi-
trarily complex value and address computations.

The Debug Symbol Table is solely intended to support compiled lLanguages,
not interpreted Languages. The DST representation assumes that source
Lines have been compiled into VAX instructions and that those instruc-
tions are actuall¥ executed, not interpreted. Such DEBUG facilities as
breakpoints and single-stepping will not work if this assumption is
violated. Similarly, it is assumed that data objects have addresses \
that can be accessed directly when these objects are examined or depo-
sited into. DST information is thus generated b; all compilers that
xs{ DEBg&H;gpports. but not by the interpreters for lLanguages such as

or .
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GENERAL STRUCTURE OF THE DST

This section describes the general structure of the Debug Symbol Table.
it explains how the DST is generated by the various VAX ﬁonpilors. how
t is passed al?ng to the executable nago file by the Linker, and how
it is accesses in the image file by DEBUG or TRACEBACK. This section
also describes in general terms how the DST is structured internally:
how it is subdivided 1nt? modules, routines, lexical blocks, and indi-
vidual symbols, how nesting relationsh ps are represented, and how data
symbols, including their values and data t¥pet. are represented. The
exact formats of the various Debug §7lb0l able records and other fine-
rained detail are described Later in this definition file, not here,
ut the $00r30 structure ?f the DST and how that structure is accessed
are outlined in this section.

GENERATION OF THE DST

The Debug Symbol Table (DST) is generated by the compilers for all VAX
langua?os supgortcd by DEBUG. . Durina compilation, the compiler outputs
the DST for the module being compiled into the corresponding object
file. When the lLinker is invoked, it does relocation and global=-symbol
resolution on the DST text and then outputs it into the executable ina?o
file, Beyond knowing what must be relocated, the Linker has no specia
knoulodgo of the format or contents of the DST. Finally, the chuagor
* reads the DST information from the executable image file during a debug-
2in9 session, or Traceback reads it when giving a traceback in response
o an unhand(ed severe exception during image execution.

A compiler outputs DST information in the form of two kinds of object
records, TBT records and DBT records. (See the Linker manual for a
full description of the VAX ob’cct Language accepted by the linker.)
AlLL "'traceback'’ information ?oos into the TBT records and all "'symbol -
information goes into the DBT records. When the user later Links using
the plain LINK command, only the DST information in the TBT records are
copied to the executable image file. These records contain enough in-
formation for Traceback to give a call-stack traceback. If the user
links with the LINK/DEBUG command, all information in both the TBT and
the DBT records are copied to the executable ill?l file. These records
together give all DST information needed for rul s¥nbolic dobuagin?.
The user can also link with LINK/NOTRACEBACK, in which case no DST in-
formation at all is copied to the executable image file.

It is not possible to have the lLinker cop¥ the DBT records without also
copying gho T records; the information in the TBT records is required
for the information in the DBT records to make sense.

The ''traceback’’ information in the TBT records includes all Module Begin
and End DST records, all Routine Begin and End DST records, all Lexical
Block Begin and End DST records, and all Line Number PC-Correlation DST
records. It na‘ also include Version Number DST records. ALl other DST
records should be included in DBT records.

——
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form has two subqua rs: /DEBUG= :AC;%ACK NOJSYMBOLS). Th
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Most VAX compilers ??v’ a /DEBUG %uat i
e
unadorned /DEBUG q¥:$°f7or is squive o /DEBUG=(TRACEBACK, SYMBOLS) ;
rm

1
1
ifie
NO%T
en
it causes all DST ation to be output. /DEBUG=TRACEBACK causes
only the traceback information (the TBT records) to be output by the
compiler. /DEBUG=(NOTRACE , NOSYMBOL) causes no DST information ¥° be
output at all. Finall‘. /DEBUG= (NOTRACE,SYMBOLS) causes all infor=
mation oxccp} Line Number PC-Correlation DST records to be output (this
combination is lar?oly pointless although it saves some DST space).
Note that the module, routine, and lexical block information, which
counts as traceback 1nforna}10n. must be output if any synbo[ informa=-
ti:ndig'gggput since it defines the scopes within which other symbols
ar .

When the Linker outputs the Debug Symbol Table to the executable image
file, it may also output two more image sections: the Global Symbol
Table (GST) and the Dobug Module Table (DMT). These two tables are
enerated if the LINK/DEBUG command is used, not otherwise. The Global
ymbol Table contains records for all globa[ symbols known to the linker
in the current user program. DEBUG uses the GST as a symbol table of
Last resort when DST information is not available, either because the
module gontainin some global symbol was compiled without DST informa-
tion being output or because the module is not set (with SET MODULE) in
the current debugging session. The GST information is not as complete
as the DST information for the same symbols because the GST has no type
description (the lLinker does not need to know about data types).

The Debug Module Table (DMT) is an indexing structure for the DST. It
contains one record for each module in the DST. This record contains

a pointer to the start of the DST for the corresponding module, the size
of the DST for that module, the number of PSECTs in that module, and the
address ranges of all those PSECTs. The DMT allows DEBUG to initialize
its Module Table and its Static Address Table without actually having to
read through the entire DST; because the DMT is very small compared to
the DST, it can be scanned much more efficiently.

The details of how the DST, the GST, and the DMT are accessed in the
executable image file are explained in the next section.
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LOCATION OF THE DST WITHIN THE IMAGE FILE

The Debug S nbo% Tablo 1: accosscd through ointor information found in
the exccuta ma le header block. eader block contains a
ointor na xod location (IHDSW SYRDBGOFF) uh ch po nts to a small
lock Later in the header which gives the size and location of the
Dobu? S{ﬂbol Table (DST), the Global Symbol Table (GST), and fho Debug
e Table (DMT). The first part of the executable image file header
Llooks as follows:

long | .
long | i IHDSW_SYMDBGOF F
long

Here IHDSW_SYMDBGOFF contains the byte offset rclativo to the start of
the header of an Image Header Symbol Table Descri ttor. The Image Header
Symbol Table Descriptor (IHS) in turn has the following format:

N T V| R ?
I o e e
long {_____Iwswesthecs | Uewostees i
ol BRI B iy |
long | IHSSL _DMTBYTES i

Here IHSSW_DSTBLKS and IHSSL_DSTVBN give the size (in blocks) and loca-
tion (virtUll B ock Number) of the Dobu nbol Table (DST) within the
cxccutablo nogo file. tho fiolds IHSS YREC and IHSSL GSTVBN ?ivo
the size records) and start location (Virtual Block Number

the Global ymbol foblc (GST). Finally, the fields IHSSL DHTBVT{S and
THSSL DH!VBN give the size (in bytes) and start location TVirtual Block
Number) of the Debug Hodulo Tablo (DMT). The DMT is described bel ow
These field names are gc ared by nacro* in SYSSLIBRARY:LIB &

symbol IHDSW_SYMDBGOFF is also defined in SYSSLIBRARY:LIB.L3

Pointers to the Image Header and the Image Header Symbol Table Descrip-
tor are declared as follows:

IHDPTR: REF BLOCKL,BYTE]
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long
long
long
long
long

long
long

hsee-ions gpion0n vt ey
IHSPTR: REF BLOCKCIWSSK_LENGTH,BYTE]

The Image Filo Header in an executable ina file points to_the lna?
Header ln ol Table descriptor as d scr bc .?ov’ S of field
IHDSL _LNKFLAGS in tho ina hc. er 1 B ncu i.e.
one Er oduced by , ¥ or latcr L n(cr. and tho IHSS DH vén and
lHSS HTGVTES f olds cx st in the lnag’ Hoador Symbol le € descriptor.

is not set, is an "ol mna o an hose f clds do not
ox si f non-zoro. IHS L_DMTVBN gives the Virtual Block Number in
the image file of the Dobug Hodulc able (t o DHT) IHSSL DHTBYTES
then gives the size of the DMT in bytes. Tho DMT {s onl‘ Built if the
usorz id a LINK/DEBUG; f he did not, IHSSL_DMTVBN and IHSSL_DMTBYTES
are zero.

The Debug Module Tab

le contains one entry per module in the Debug
Symbol Table (the DST). Thi

s is the format of each such DMT entry:

LA L L L L L L L L D L L L L D L L L L T +
i DSI addross of Module Begin DST Rocord i
i Sizo in bytes of module's DST i
i Unusod--ﬂust Be Zoro i Number of PSECTs for module i
i Start address of first PSECT in module i
i Length of first PSECT in module in bytes i
i (Two longwords per PSECT) §
T — '
i Start address of Last PSECT in module i
i Length of Last PSECT in module in bytes i

Longword 0 gives the address relative to the start of tho DST of the

Module Begin DST Record for this module. Longword vos tho size

of the DS in bytes for the same module. Longword ? ves the number

of PSECTs in the module (1 . the number of stotical ¥ allocated

program octions) and this is ollouod by that number o tvo-longuord
airs wh i give the start address and length (in gltos of each such
SECT. Since the number of PSECTs cannot exceed 65K, the upper two
bytes of Longword 2 are available for future expansion.

The DMT is usod durinv DEBUG initialization to initialize DEBUG'S Run=
Time S{lhbl a? e (RST) and Program Static Addross Table (Program SAT).
Using the DMT is much faster than the altornat ve prosodure. namely
reading }hrough the ont re DST to pick up th o needed information. The
information in ontr{ is _enough to build a Mo RST Entry for
each module in the DST and the PSEC! information is uscd to build the

R
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Program SAT. The amount of RST symbol table space needed per module is

not conpusablc from the DMT information, but is estimated gy nult?plying
the DST size of each module by an appropriate scale factor.

OVERALL STRUCTURE OF THE DST

The Debug Symbol Table consists of a contiguous sequence of DST records.

Each DST record contains a two-byte header which gives the Length of the

record in bytes and the type of ‘ho record. The structure of the rest

of the record (i ln‘) is d’torn ned by the record type. The Length of

the DST in 512-byte blocks is givon in the image file header; if the DST .
does not fill the Last block, that block is zero-padded to the end.

The Largest structural unit within the DST is the module. Each module
represents the symbol table information of a soﬁarotoly compiled object
module. The DST for a module always begins with a Module Begin DST rec~-
ord and ends with a Module End DST record. The Module Begin DST record
gives the name of the module and the ?ourco Llanguage in which it was
written. The Module End DST record simply marks the end of the module
and contains no other information. As noted above, if present, the

Debug Module Table (DMT) points to the Module Begin DST record of each
module represented in the DST. DEBUG uses the DMT (if present) to lo-
cate all modules in the DST.

The DST as a whole thus alua‘s begins with the Module Begin DST record
for the first module in the DST. It is followed by the symbol informa-
tion for that module. Then comes the Module End DST record for that
module. Immediately after that Module End DST record comes the Module
Begin DST record for the next module, and so on to the end of the whole
DST, where the Module End DST record for the lLast module is found. The
rest of that 1na?o file block is zero-filled to the next block boundary.
Note that there 1s no break between modules in the DST.

NESTING WITHIN THE DST

For most Languages, the symbol table must represent a variety of nesting
relationships. Routines are nested within modules, data symbols are
declared within routines, and even routines are nested within routines.
Certain data.constructs, in particular record structures, contain addi-
tional nesting relationships. In the Debug S¥lbol Table, such nesting
relationships are represented by Begin-End pairs of DST records. Ve
have alrgady seen above that the largest subunit of the DST, namely the
module, is represented by a Module Begin DST record and a Module End DST
record bracketting the DST information for the module.

This principle extends to other nesting rolotionghips. The DST informa=
tion for a routine is thus represented b! a Routine Begin DST record and
@ Routine End DST record enclosing the DST information for all symbols
local to or nested within that routine. Similarly, lexical blocks (such
as BEGIN-END blocks or their equivalents in various languages) are re-

presented by Block Begin and Block End DST records enclosing the symbol

0
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BST rccords local to that lexical block, nosting oI routines and
locks within one another to any dop‘h uit reason) is represented by
the proper nesting of the corresponding login and End DST records.

An examp o na *p clarify this notion. The following example shows a
progran tious language along the corresponding sequence of DST

records:
Program Structure DST Record Sequence
HODUEEG?N- Module Begin M
VAR SYM_M1: INTEGER; Data SYM_M1 (DTYPE_L)
VAR SYM_M2: REAL; Data SYM_M2 (DTYPE_ F)
ROUT‘gElzl = Routine Begin R1
VAR SYM_R11: BOOLEAN; Data SYM_R11 (BOOLEAN)
VAR SYM_R12: INTEGER; Data SYM"R12 (DTYPE L)
END; Routine End (for R1Y
ROUY!NE RZ s Routine Begin R2
VAR SYH R21: DOUBLE; Data SYM_R21 (DTYPE_D)
VAR SYM"R 2: INTEGER; Data SYMR z (DTYPE™L)
Routégglﬁ = Routine Begin R2A
VAR SYM _R2A: BYTE; Data SYM_R2A (DTYPE_B)
BEGIN Block Begin (no name)
VAR BLK_V1: WORD; Data BLK_V1 (DTYPE W)
ROUT%?EIRZBLKR = Routine Begin R2BLRR
FOO:BEGIN Block Begin FOO
VAR FOO_V:REAL; Data FOO_V (DTYPE_F)
END; Block End (for FOO)

R S S O N O S I S SR YA r s BESR RO orereces
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SYM_M1 and SYM_M
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gag R2BLK_V2:REAL; Data R2BLK_V2 (DTYPE F)

gAR BLK_V2: DOUBLE;

VAR SYM_R23: REAL;

ﬂ
nerat s i
data symbols BLK_V

Routine End (for R2BLKR)

Data BLK_V2 (DTYPE_D)
Block End (for no name)

Routine End (for R2A)

Data SYM _R23 (DTYPS F)
Routine End (for R2Y

Module End

Here module (cousllltion unit) M contains tuo nodulo-%ovel data items,
and two routines,

n_turn con=

tains sovor’ 55 1ynbols (SY azz and SYM R23) and a
nested routine R A R2A in rrn contdins an anonymous BEGIR-END block,
that blocks contains two loca

and BLK_V2 and a

]*DKDSY.IEG:i Aoy (;}
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local routine R2BLKR, local routine IZBLKI contains a data synbol on -
labollod ?EGIN- ND b[?ck FO0, and block FOO contains one osa symbo
FOO_V this nesting ?l{oprosontod blhaegin and End DS

records in
the™ Dobug Symbol Table as ight.

ustrated on
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Additional nesting must be re rosontcd for data. A record (c’l
structure in some lLanguages) omposite data objoct contn ning sonc
4 number of rocord components o ar ous data types. rocor component
5 may itself be a record. In addition ‘oao longuo?o: allow records to
2 9 have ' variants (as in PASCAL), which mposes additional structure that
é must be represented in the DST.
g 8 A record typo is represented by a Record Begin and Record End DST record
560 pair bracketti ng the DST records for the record components. This notion
ggi is illustrated by this program segment and the corresponding DST:
56
-gggg Program Structure DST Record Sequence
8 2? TYPE RECTYP = Record Begin (RECTYP)
68 RECORD OF
69 COMP1: INTEGER; Data COMP1 (DTYPE_L)
70 COMP : REAL ; Data COMP2 (DTYPECF)
7 COMP3: DOUBLE; Data COMP3 (DTYPE™D)
ii END; Record End (for RECTYP)
4
75 Here RECTYP is a record ty Each object of this t¥no is a record con-
7? taining three conpononts. COMP and COMP3 1: structure is
7 represented in the DST Rocor Bog{n T record followed by Data DST
0 73 records for the gonponon s fo lowed b‘ 4 Rocord End DST record. The
7 addresses specified in the component DST records are bit or byte offsets
g? from the start of the RECTYP record as a whole.

[IXARER

In this oxanple. the Record Begin DST rocor? for RECTYP na¥ in fact ro-
rcsont either a record type or a record object. A field in the Record
? n DST rccord indicltos which. However, let u assunc that RECTYP
ines a record yf How do we then declare objects of that type?

Tho follouing example illustrates how:

WVAAAWA A AWMIAAT VT AT ATV AT AR ATV AL

- - T e - - - - - - - -

§§ Program Structure DST Record Sequence
9%
9§ Data REC1 (Sep E eo c)-
9 TYPE RECTYP = Record Begin (Rl TYP)
94 RECORD OF
95 COMP1: INTEGER; Data COMP1 (DTYPE_L)
99 COMP2: REAL; Data COMP2 (DTYPE_F)
9 COMP3: DOUBLE; Data COMP3 (DTYPE'D)
gg END; Record End (for RECTYP)
VAR REC1: RECY
VAR REC2: RECT Data RECZ (Sop!ypSpoc)
Type record

(lndsroct Type Spec
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pointing to RECTYP)

SISAR

are also defined, R ? (2. Both data b ccts are represented
SQparato T{pc Spoci cation DS records. s¥ record must be

med ato ollowed by a DST cor? that defines ‘h' synbol s data type.
The RECH s- arate Type Spocif cation DST record 1s immediatel follouod
by the RECT P Rocord Begin r.c? : znco REC1 is of thg RECTYP data
type. o REC SQparlt1 Typo Spec f cation DST record is immediately

fo louo El ypo pcc fication DST record. This record contains an
lndircc; yg g fication tha’ points back to the Record Begin DST
record for RECTYP. Hence REC2 is also of that record type.

Records may be nested in the sense that a record component may itself be
an object of some record type. A rocord component of a record type is
rogroscntod the same way as an‘ other object of a record type, namely by

oparoto ‘po Spccification ST rccord. This record must be followed

a Record rocor or ¥go Specification DST record that
points to a Rocord Bo in DST rocor ° record component can also be
roprosonto { Rocord egin DST record directly if this record is
marked as defining an object rather than a type.

Here the same record ypodRECTVP is defined. }uo objects of that ty;
'-

O

1
1
1
1
1
1
1
1
1
1

Record variants, as found in PASCAL, introduce additional structure. A
detailed descripti on of how variants are reprosontod in the DST is found
in the section on ''Record Structure DST Records'' Later in this defini-
tion file. Here we will only give an example that illustrates the gene-
ral scheme that is used:

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
06
06
5
06
06
06
06
06
86
6
86
6

Program Structure DST Record Sequence

WSS AN = O O 00 N V8 N = O O 00 NN S AN = O

: Data REC1 (ScpTEg eoc)
TYPE RECTYP = Record Begin (RECTYP
RECORD OF
COMP1: INTEGER; Data COMP1 (DTYPE_ L)
CASE TAG: BOOLEAN OF - Data TAG (BOOLEANY :
Variant Set Begin
(tag variable = TAG)
FALSE: ( Variant Value for FALSE
COMP2: REAL:; Data COMP2 (DTYPE_F)
COMPS: DOUBLE); Data COMP3 (DTYPEZD)

UE: ( Variant Value for TRUE %
COMP4&: INTEGER); Data COMP4 (DTYPE_L)

END CASE; : Variant Set End
: END; Record End (for RECTYP)
VAR REC1: RECTYP;

NN
OO0

.g..

U
U0
U
U
U
U
U
U0
.Q
U
U
U
U
U

N~~~ O~C
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Nesting is also used to describe onuloration ty?os as f?und in PASCAL
and some other languages. An enumeration type escr an Enum=-
eration Type Bcgin DS record followed by Enumeration Type Elonont DST
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rocords xor all tho enumeration Literals of the typo followod by an
Enumerat on Type End DST record. Any actual 07‘1 t? he enumeration

ca

type must be described by a Separate Type Spec n DST record.
‘gs oxanplo ?llustratcsyuhat the pST Yor og enumeration type looks

o oo
0‘00‘0

Program Structure DST Record Sequence

7 Data HUE (SepTypSpec)

7 TYPE COLOR = ( Enum Type B 'p gp 8

7 RED Enum Type Elonont RED

7 GRE‘N. Enum Type Element GREEN

7 BLUE Enum Type Element BLUE

; ); Enum Type End (COLOR)
678 VAR HUE: COLOR;

0679 VAR PAINT: COLOR; ata PAINT (SepTypSpec)
80 ype Spec DST rocord
681 (Indirect Type 8
Bi pointing to COLOR

ik

5 A more detailed description is found in the section entitled ''Enumera-

g? tion Type DST Records'’ Later in this definition file.
0688 For some DST record types, DEBUG i nores all nesting relationships below
8289 tho module level. Line Number PC-(orrelation DST records, for example,

90 be scattered throughout the DST for ? module., DEBUG treats all such
0691 DS records as defining the Line number information for the module as a
069 whole, regardless of how they may be scattcrod within or outside the
069 routines and blocks of the module. Similarl ‘ Source File Correlation
0694 DST records may be scattered throughout the §1 for a module. Records

such as these can be generated wherever the compiler finds it most con-
venient to generate them.

DATA REPRESENTATION IN THE DST

NN —

Data Symbols are described in the DS‘ by : variety of representations.
fundancntally. ll th roprosonta; ons 3 ve three pieces of information
about each data its name, its ?d ress or value, and its data
type. DEBUG ncods addition’l infornat about a datt s¥nbol in parti-
cular its scope of declaration, but that information is implicit in the
nesting structurc of the DST as described above.

Tho nano is given by a Countod ASCll siring in th data synbol DST
3 The value or ad rcst gan o ven by t ve- yto encod n? con=
ning one byte of contr nformati on and a longword address, offset,
or Y. ue. However, if this five-byte oncoding not adc?uato to ’
r bo the address or value, escapes to a more coaplox value spcc ca-
t on Later in the DST record are available. The data type ua‘ repre-
sented by a one-byte type code, but if that is not adequate there are
several escapes to a more conplol type description elsewhere in the DST.

LS |
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The stondtrd five=byte value sp:cification can specify ,n 32-bit or
smaller Literal value, an; s}ot ¢ byte address, any reg s‘or address,
and any addre hat can be on off a reg-

1: ormed ¥ one indexing operat
ister or one n? rection or both. a8 VAX Standard Descriptor exists
for the symbol in user memory, the five-byte oncoding can describe the
descriptor address b{ any of the above means; the actual data address is
then retrieved from the descriptor.

The standard !ivo-b‘to value specification is ado?uaso or the bulk of
all data symbols. owever, there are cases when 1t is inadequate. |t
cannot describe Lliteral VD[UO? longer than 32 bits, it cannot describe
very complex address computations, and it cannot describe bit addresses
unless an ap?ropr ate descriptor {s availahl’ in user memory. For these
cases, the first byte of the fiv’-?yto encoding must have one ?f several
special escape values. The remaining longword then contains (in most
cases) a pointer to a more complex value specification Later in the same
DST record. That more complex value specification may consist of a VAX
Standard D:sgriptor or a ''VS-Follows'' Value Specification. A VS=Follows
Value Specification can, in the most complex case, contain a routine to
be executed by DEBUG to compute the desired value or address. This rou-
tine may even call compiler-generated thunks when the complexity of the
address computation so requires.

The details of these more complex xlluo specifications are given in the
section entitled ''DST Value Specifications'' Later in this definition

ile. The point boin? made here is simply that the DST provides a
simple and compact value specification mechanism that is adequate for
all simple cases, but it also provides several escapes to arbitrarily
complex DST Value Specifications. These complex value specifications
are capable of describing all known address and value computations
required by the languages supported by DEBUG.

Data type specifications are done in a similar “‘K’ For all simple,
atomic data types, a single type byte describes the data type of a data
symbol. However, there are several escape mechanisms for more complex
data types. One mechanism is to take the type information from a VAX
tandard Descriptor found either in ?sor memory or in the DST. Another
s to use a cgarate Type S?ocificat on DST record for the dasa symbol.
The data type is then described by a second DST record which
follows the Separate Type Specification DST record. This second record
must be a Record Begin DST record (?o¥cribing a record type), an Enume-
ration !yg,ogcgg? DST record (describing an enumeration ypof. or a szo
F @

mmediately

Specific record. A Tﬁgc Specification DST record can descri
any data t{po supp?rtcd b{ DEBUG. t contains a DST Type Specification
for the data t n questi

{p? on. This Tyge Specification may be an Indi-
rect typz Specification, pointing to ST record elsewhere in the DST
that def noi the data type. Alternatively, it may describe the desired
data type directly and may be as complex as the data type requires.

DST I{po Specifications are described in a separation section elsewhere
in this definition file. The point boin? made here is npll that the
simple one-byte type specification is availab so da ? types,
but tovoral escapes io arbitrarily complex DST type specifications are
available when the simple type specification is inadequate.

e for simp
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FIELD ACCESS MACROS

The following macros are used in dofining BLISS field nancs for all data
}ructuros in the Dob¥g Synbol ab e. ese macros supply ‘ ® pos tion,
ze, and n-extension values when used in FIELD doc?artt ons for
BLOCK and B CKVECTOR data structures., They are used instead of their
numeric equivalents because tho; are clearer and less error=-prone. Thc
various generic forms (as specified by the letters in the names) are as
follows:
B Materialized address
L Longword
W lero-extended word
8 lero-extended byte
v lero-extended bit field
Sw Sign-extended word
S8 Sign-extended byte
SV Sign-extended bit field

The "'A'" form should be used whenever the field ?oing dcfincd is such
that only the address of the field may be notcr alized in a structure
reference; that is, fetch and store operations on the field are not
valid. An example of such a field is an ASCII string.

Each of the ''V'' and ''SV'' forms take one or two parameters. The first
parameter 1: tho bit position within the lonauord or byto and the
second is the field size in bits. The secon paraaogcr is oetion;l
f omitted it defaults to 1. Thus V ( ) means bit
noans the 3- it field starting at bit and endin? at bit . TBit
ufos itions are counted from the low-order (least significant) end of the
ongword, starting at zero.

This following field access macros are used in DSTRECRDS.REQ. Their

actual definitions are found in STRUCDEF.REQ, but are shown here for
the convenience of the reader.

MACRO

A_ = 0, g. | P ! Address of a field
g = 3 X, ! Longword
w_ = 3 ! Uor 0 zoro-oxtendnd
B_ = 8 : zoro-cxaon ed
V(P,S) = P, XIF xNULLts) XTHEN 1 LS ! Unsigned
SW_ = 0,16, 11X, ! Hord. sign-oxtcndod
S8_ = 0, 8, 1 ! gg n-cxtondod
SVT(P,S)= P, XIF XINULL(S) XTHEN i LSE ? fi g %, ! Signed
. '

Bring in the field access macro definitions from S1RUCDEF.L32:
| IBRARY *L1BS:STRUCDEF.L32';
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THE DST RECORD HEADER FORMAT

ALL DST records have the same general fornat consisting of a fixed
two-byte header followed by zero or more (ds whose format is
determined by the DST record's type. This s the format of all DST

records:
*.--------------.------------ S G P W D D D YD D U e O W G O WD D U ----‘--’
byte i . DSTSB_LENGTH i

g byte ! ; DSTSB_TYPE !
g var | DSTSA_NEXT !
g § lero or more additional fields depending on §
g § the value of the DSTSB_TYPE field §
S |
| | |
! s = o - = e Lt 4
]
.
i
; These fields appear in all DST records.
f =

IELD DS;:?EADER FIELDS
DST$B_LENGTH

nn
s ™

! The longth of this DST record, not
includ ng this longth byte

-—— O

>»D @
t

e
-

DST$B_TYPE . i The type of this DST record
DSTSA_NEXT . A_ ! The next DST record starts at this
- location plus DSTSB_LENGTH

-74
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SUPPORTED VALUES FOR DSTSB_TVYPE

8
)

ALL supgorted values of the DST record type field (DSTSB_TYPE) are
listed here. If the xlluo is in the range of DSCSK_DTYPE_LOWEST to
DSCSK_DTYPE_HIGHEST, it is a VAX Standar I{Ro Code"and gives the
data type of the object being defined. In this case, the record is
a Standard Data DST Record or one of its variants. 6thoruiso. th
type value must be in the range DSTSK_LOWEST to DSTSK_HIGHEST o~ it
may be DSTSK_BLI. In these cases, the type code denofes the type of
the DST record and the format of the record is determined by type
value. ALl other tyao codes are unsupcortcd by DEBUG. The type codes
between DS%SK DTYPE_HIGHEST and DSTSK_LOWEST ars ro;grvod for future
use by 01? tal. The type codes in thé range 192 - 255 are potentially
reserved for use bx customers, although DEBUG does not support any
:gggstype codes. EBUG ignores all records with uqsupportod type

VAX STANDARD TYPE CODES

As mentioned above, VAX Standard Type Codes can be used as DST record
t¥pe codes for data symbols. The type code then gives the data the
of the symbol in addition to indicating that the DST record has the

]
i
i
i
i
i
i
i
i
!
!
§
i
i
i
]
|
i
i
i
i
]
i
]
i
!
!
; Standard Data DST record format or a variant thereof.
]

i

!

|

i

L

ALL VAX Standard Type Codes are Listed here for convenience. They are
commented out since they are actually declared in STARLET.REQ.
ITERAL
! DSCSK_DTYPE_Z =0, ! Unspecified (May not appear in DST).
! DSCSK_DTYPE_V =1, ! Bit. :
! DSCSK_DTYPE_BU = i. ! Byte logical.
! DSCSK_DTYPE_WU = J, ! Word loaical.
! DSCSK_DTYPE_LU =4, : Lonauor logical.
! DSCSK_DTYPE_QU = 5, ! Quadword logical.
! DSCSK_DTYPE_B = 6, ! Byte integer.
! DSCSK_DTYPE_W 8 ¥ ! Word integer.
! DSCSK_DTYPE_L = 8. ! Longword integer.
! DSCSK_DTYPE_Q @ ! Quadword integer.
! DSCSK_DTYPE_F =10, | Singlo-procis on floating.
! DSCSK_DTYPE_D =11, ! Double-precision floating.
! DSCSK_DTYPE_FC = li. : Coaglox.
! DSCSK_DTYPE_DC =15, ! Double-precision Complex.
! DSCSK_DTYPE_T = 14, ! ASCII text string.
! DSCSK_DTYPE_NU = 15, ! Numeric string, unsigned.
! DSCSK_DTYPE_NL - - 1?. ! Numeric string, left separate sign.
! DSCSK_DTYPE_NLO = 17, ! Numeric string, left overpunched sign.
! DSCSK_DTYPE_NR = 18, ! Numeric string, right separate sign,
! DSCSK_DTYPE_NRO =19, ! Numeric string, right o¥orpunchod sign
! DSCSK_DTYPE_NZ = 50. ! Numeric strin?. zoned sign.
! DSCSK_DTYPE_P =21, ! Packed decimal string.
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TYPE ADT

i DSC$K_DTYPE_VT

he next two values are

DST entries.

T

in

DS C$K K_DTYPE_LOWEST
CSKCDTYPE_HIGHEST
INTERNAL TYPE CODES FOR DEBUG

supported in the DST.

Dcfino DEBUG-internal type codes.

L
G
I
I

POPON

NOWNESWIN = OO0NOMNW S0

. " % % S S S S ST S ST 8w

nuwunnn
PP F o Y V]
WO —=O 000

. % % 8 8 &
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Soquonco of instructions.
roco?uro entry mask.

Descriptor usod for arrays of
dynamic strings

Octauord 0 1col

Octaword go?

Double precision G floating, 64 bit

Quadruple precision floating, 128 bit
Double precis on conplcx 6 floating
Quadruple precision comp[o floating
¢OBOL intermediate tonporary

Bound Procedure Value

Bound Label Value

Bit Unaligned

Absolute Date-Time

Unused (not supported by DEBUG)

Varying Text

used for range checking of the type values
They are used mainly in CASE statements.

! Lowest DTYPE data type we support
! Highest DTYPE data type we support

The following definitions are used internally in DEBUG, but are not
They should be deleted here if thoy are made
into standard VAX type codes declared in STARLET.REQ. These numbers
may change from one release of DEBUG to the next because they must
always be Larger than DSCSK_DTYPE_HIGHEST.

CIC Text

CIZ Text

olean True/False (lcngth in bits)

gned bit-field (a lif

gned bit-field (una ?ned)

xed b nar; used for FIXED in ADA
and F1KED BINARY in PL/I." This

code i1s used the t;pc conversion

tables in DBGEVALOP,

AS
B
Bo
S
Si
Fi

owing Lliterals are used as CASE ctatement bounds internally

for the range of DTYPE
MUM_DTYPE
MUM_DTYPE

codes used.

' Louost internal DEBUG dtype value

Highest internal DEBUG dtype value

=T
~ 0
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The following definition is only used internally in DEBUG. It is

a DTYPE code that is ton?orarity put into a Value Descriptor to
tell the address expression interpreter that the Value Descriptor
came from a Literal constant., It does not have to be in the above
range because it is only used during the parsing of address cx?r's-
sions, After the address expression has been Earsod. if the DTYPE
is LITERAL, it is then changed to DSCSK_DTYPE_L.

LITERAL
DSCSK_DTYPE_LITERAL = 191; ! vValue is from a Literal constant

: OTHER DST TYPE CODES
1
: The follouing literals are the DST type codes other than VAX Standard
: T;po Codes which can appear in DSTSB_TYPE. %ach indicates the format
: of the record which contains it and most indicate the kind of object
: being described by that record. When new DST records are defined, the
: type code is assigned by making DSTSK_LOWEST one smaller and using that
: value. The type codes aSovo ggTSK_HIGHEST (191) are reserved, the idea
! being that the DTYPEs 192 - 255 are architecturally reserved to users.
: DEBUG ignores all DST records whose t‘gc codes are not DSTSK_BLI, in
! the rango from DSCSK_DTYPE LOWEST to DSCSK_DTYPE_HIGHEST, or in the
; range DSTSK_LOWEST TO DSTSR_HIGHEST.
|
]
! Define all Additional Debug Symbol Table record type codes. Note that the
! BLISS Special Cases record has code zero (for historical reasons).  All
; other type codes are in the range DSTSK_LOWEST to DSTSK_HIGHEST.
LITERAL
QSISK_BLI =0, ; BLISS Special Cases Record
DSTSK_LOWEST = 153, ! Lowest numbered DST record in this
: ranﬂo--usod for range checking
DSTSK_VERSION = 153, ! Version Number Record
DSTSK_COBOLGBL = 154, ! COBOL Global Attribute Record
DSTSK_SOURCE = 155, ! Source File Correlation Record
DSTSK_STATLINK = 159. ! Static Link Record
DSTSK_VARVAL = 157, ! Variant Value Record
DSTSK_BOOL = 158, ! Atomic object of type BOOLEAN,
: Allocated on1 yte.
: low order bit = 1 if TRUE
! low order bit = 0 if FALSE.
DSTSK_EXTRNXT = 159, ! External-Is-Next Record (Obsolete)
DSTSK_GLOBNXT = 16?. ! Global=Is=-Next record (Obsolete)
DSCSK_DTYPE_UBS = 161, ! DEBUG internal use onl{ (unaligned
! bit string) (Obsolete)
DST:K-PROLOG =1 g. ! Prolog Record
DSTSK_SEPTYP = 163, ! Separate Type Specification Record
DSTSK_ENUMELT = 164, ! Enumerated Type Element Record
DSTSK_ENUMBEG = 165, ! Enumerated Type Begin Record
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DSTSK_ENUMEND = 16?. ! Enumerated Type End Record
DSTSK_VARBEG = 12 o ! Variant Set Begin Record
DSTSK_VAREND =1 3. ! variant Set End Record
DSTSK_OVERLOAD = 19 . ' Ovcrl?a?od Symbol record
gg}gi,gEEGEQUH = }7 . ; gc nd on L 30 Nusbor Record
=
R 4 - R
DSTSK_CONTIN = 173, ! Continunt on Record
DSTSK_VALSPEC = 174, ' Va uo Spoﬁi cation Record
DSTSK_TYPSPEC = 175, ' { Sgoc fication Record
DSTSK-BLKENS = 177. | Block End Record "

z = ¢ ! Block End Recor
DSTSK_COB_HACK = 1;8. ! COBOL Hack Record (Obsolete)
1 = 179, ! Reserved to DEBUG
: = 13?. ! Reserved to DEBUG
DSTSK_ENTRY = 1 ! Entry Point Record
DSTSK LINE_NUM_REL_R1{ i Threaded Code PC-Correlation

=Y g. ' Record (Obsolete)
DSTSK_BLIFLD = 183, ! BLISS Field Record
DSTSK_PSECT = 184, ! PSECT Record
DSTSK_LINE_NUM = 185, ! Line Number P(-Correlation Record
Dg}%&_LBLOﬂLIT = } ?. ! Label-or-Literal Record
gST3::hegSEG . 138: i h:g:t.ﬂg:o:g Record
DSTSK_MODEND = 189, ! Module End Record
DSTSK_RTNBEG = 190, ! Routine Begin Record
DSTSK_RTNEND = 191, ! Routine End Record
DSTSK_HIGHEST = 191; ; Highest numbered DST record in this

range--used for range checking
NOTE TO DEVELOPERS:

New DST Records should not be added at this end of the DST record number
rana VAX Standard Type Codes 192 - 255 are reserved to users. Hence
DEBUG does not uso type codes in that range, even though DEBUG does not
support user-defined tlg codes. New DST record numbers should be allocated
by decrementing DSTSK_LOWEST and using that number for the new DST record.
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MODULE DST RECORDS

The Debug ?{n?ol Table for each soparltoly conpilcd module must be
enclosed w n a Mod ulo-Boginlnodu e~End pair ? T rocords. The
Module Begin DST record mus be the very f rsf T record for

any sognratoly compiled module (i.e., any object file) and the Module
End DST record must be the very last DST record for the module. Only
one Module-Begin/Module-End pa r 1: a ouod 1n what the Linker sees

as a single object module. B B Hodu e-Begin/Module-End pairs
are inclu cd n one ob oct nodulo. DE ? nly see tht first such
pair and ignore the rest because nkor ui L only tell DEBUG about
the Location of the first Module Bcgin record.)

The Hodulo-acginlﬂodulo-End pair defines a sKnbolic scopo which con=
tains all symbols defined DST records uit that g r. The module
has the name given in the Hodulo Begin DST record. The language of the
object module is also encoded in the Module Begin record.
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THE MODULE BEGIN DST RECORD

The Module Begin DST Record marks the beginning of the DST for a module.
This D?T record also gives the name of the module and the source lan-
guage in which the module was written. The Module Begin DST Record

must be the the first DST record of ovorg compilation unit (''module'’)
and it must be matched by a Hodul’ End DST Record that ends the DST for
that module. Only one Module Begin DST Record is allowed to appear in
the DST for a separately compiled object module.

This is the format of the Module Begin DST Record:

e T T PR R -+
byte | DSTSB_LENGTH '

e s ccc s e e e - - e ccccs e --- R R e B -

byte | BSTSB_TYPE (= DSTSK_MODBEG) i

b m == - D D ) S G s e o e TP TP e GD D T D W ED D W @ R W D D D D D S e e R G @ e -—--d

1
i
i
i
|
i
i
i
i
i
i
i
i
i
i
i
i
!
|
{ byte ! DST$B_MODBEG_UNUSED |
i
i
i
|
i
i
i
i
i
i
i
i
i
i
i
i
;

R e Y B B R e e e T L] 4

long i DSTSL_MODBEG_LANGUAGE i

DST$B_MODBEG_NAME ' i

--------- e e e S S e T S R D D S Sm Se am W T S M m e TS o w om e =

byte

var
The Module Name in ASCII

(The name's length is given by DSTSB_MODBEG_NAME) §
+

Define the fields and size of the Module Begin DST Record.
IELD DSTSMODBEG_FIELDS =
SET

DST$B_MODBEG_UNUSED

1 - E ; ¥ ]. Unused=-Must Be Zero
DSTSL ~MODBEG-LANGUAGE . :

Language code of lLanguage in
’ ugich module uag u?itton

n
-
~om

DST$B_MODBEG_NAME = + .3 Count blto in name counted
ASCII string
TES;
LITERAL
DSTSK_MODBEG_SIZE = 8; ! Size in b‘tos of the fixed part of
! the Module Begin DST record

! Define all the Language codes that may aﬁpoar in the DSTSL_MODBEG_LANGUAGE
! field of the Module Bogin DST record. (Note that DEBUG may not actually
; support all languages that have language codes.)

LITERAL
DSTSK_MIN_LANGUAGE = 0, ! Smallest language code
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DSTSK_MACRO =0, ! Macro

DSTSK_FORTRAN = 1, ! Fortran

DSTSK _BLISS =2, ! Bliss

DST -COOO% = 3, : L

851 _gA | = 4, ! Basic

STSK_PL =5, ' PL/I

DSTSK_PASCAL = 0, ! Pascal

DSTSK_C s/, ! £

DSTSK_RPG = 8, ! RPG

DSY::-ADA B ! Ada

DSTSK"UNKNOWN = 10, ! Language Unknown

DSTSK_MAX_LANGUAGE = 10; ! Largest Language code
! Here nlso uo dofin7 .&l the same langulgo codes ting names with the DBGS
! prefix. This prefix is used in DEBUG for histor cal reasons. These names
; may ovontually be discarded.
LITERAL

D!Gtk JMIN_LANGUAGE = 2&TSK MIN_ LANGUAGE ! Smallest Language code

DBGSK MACRO = DSTSK_MACRO," acro

oaesx_roarnAu = osrsx_roaru&u.! Fortran

DBGSK_BLISS = DSTSK_BLISS, ! Bliss-32

DBGSK_COBOUL = DSTSK_COBOL, ! Cobol

DBGSK_BASIC = DSTSK_BASIC, ! Basic

DBGSK_PLI = DSTSK_PLI ! PL/I

DBGSK“PASCAL = DSTSK”PASCAL, | Pascal

DBGSK_C = DSTSK_C ' C

DBGSK “RPG = DSTSK_RPG, | RPG

DBGSK_ADA = DSTQK ADA, ' Ada

DBGSK"UNKNOWN = DSTSK 2:& Language Unknown

DBGSK_MAX_LANGUAGE = DSTSK_MAX LANGUA E; ! Largest languago code

Llnguogo UNKNOUN requires some special oxplanation. DEBUG supports '‘unknown''
uguogcs with a standard set of DEBUG functionality. This standard set in-
L Lan uogo-indepcndont funct onal ty plus ‘vanills- ovorod' Language
oxpross ons. Identifiers are assunc t allow A - -+ Symbol
references may include subs ript n (us ng roun? () or square f] paronthosos)
and record component s’ ct on us ng dot-notlt on as in A.B.C). Most simple
operators are allowed in language expressions.

Uhilo not o'ficiolly supportcd. languag UﬂKNOHN is intended as an escape for
or‘Ku do not ‘ot x true DEBUG !y specifying Language
codo UNKNOUN in the DSTSL HODBEG LANGUA d, such Languages can
takc advan age of whatever support G prov dos for unk noun languages. If
nd when true DEBUG support is provi o? a new on'uaxo code for the new
nq age can be allocated bl ncrementing DSTSK_MA NGUAGE by one and as-
signing that language code to the new Language.”

DE tro ts any out-of-range language code in tho Hogglc Be 8 ?SI record as

oqu valent to lnnguago UNKNOWN. Use of g ?uo?c cod
or any‘out-o -range language code is 1nton ornal use b{
onl DEBUG'S nown e support 1 t offic ally supported an

u n
sub‘oct to poss?gly inconpgttgle changes in ?uturo releases of DEBUG.

Internally, DEBUG treats the Language code as a byte value. Hence any lan-
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THE MODULE END DST RECORD

The Module End DST Iocord nust be th’ Last DST record in the DSY for a
compilation unit. Its s? e purposo s to mark the end of the DST for
a separately compiled object module. There can be only one Hoduln End
T record per module, matching the previous Module Begin DST record.

This is its format:

¢ - LR L LT P I LT EL L E L LT T Ty

i byte ! DSTSB_LENGTH (= 1) !

|
|
|
4
1
|
|
|
|
B
i
1
! drmccnea=s R e kT cecmo =
1
|
|
|
i
|
l
L

| byte ! DSTSB_TYPE (= DSTSK_MODEND) to .}

i Define the size in bytes of the Module End DST Record.

ITERA :
DSTSK,HODEND_SIZE = 2; ! Size of Module End record in bytes
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ROUTINE DST RECORDS

« « A routine is represented in the Debug Synbol Tobl, air of DST
rocords. namely a Routine Begin DST record which is lltc ed with a

llt’ Routine End DST record. ALL DST records between the Routine

Bog n and the Routine End DST rocords represent tho synbo s that are

declared in that routino or in nested routines ? blocks. Nested rou-

t nos are represented in the DST b‘ nested Rout n,-aoginlnoutino-ind

pairs. Lexical blocks (BEGIN=-END blocks or Like, dependi n?

the *onsuogt may also be nested freely out do or inside routines,

provided all blocks and routines are properly nested.

Considor tho fol*oning ox.nplo of nested blocks and routines. If
routine R1 conta ns a nested routine R2 and a lexical block B1 and

block B1 contains routine R3 and Block B2, the DST would have thé
following sequence of DST records:

Module Begin for whole module
.+ «module~level data DST records...
Routine Begin for R1
.+« lOcal data DST records for R1...
Routine Begin for R
... local data DST records for R2...
Routine End for R
Block Begin for B
...lOcal data DST records for Bl...
Routine Begin for R
... Local data DST records for R3...
Routine End for R
Block Begin for B
...local data DS! records for B2..
Block End for
Block End for 81
Routine End for R1
Module End for whole module

In addition to defining a symbol scope, the Routino-aogin/aoutinc-End
air defines the name and address range o iorrospon ding routine.
he name and start address is found in thc Rout ne Begin DST record

and the {to length of the routine is found in the Routino End DST

record. is assumed that the start addross is also the entry point
to the routine. The Routine Begin record also n? cates whether the
routine uses a CALLS/CALLG linkage or a JSB/BSB linkage.
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} ig : THE ROUTINE BEGIN DST RECORD

1 |

1 7? ! The R?utino Begin DST record marks tho bo innin of , routine and the
127 ! associated s op’ This record conta n’ 1 routine's name and start
127 ! address and indicates whether th o routine is a CALLS/CALLG routine

1 ' or a JSB/BSB routino. It must o matched ?y 8 Routine End DST record
1281 : Later in tho DST, except 1f the language of the current module is

1 ; : MACRO. (Since MACRO routines have entry points but no well d0finod

1 ! end points, the Routine End record can and must be omitted for this

} : : Llanguage. This exception applies to no other Language.)

} ? : This is the format of the Routine Begin DST record:

1288 :

1 39 ! o= L erosssassse = coossecceceseese ceeecssrceeccecssecrsreoereecceos oo o +
1290 ! byte | DSTSB_LENGTH ' .
1 91 ! b= B e et R R meec oo s eos +

} 3§ ; byte i DSTSB_TYPE (= DSTSK_RTNBEG) . i

} 3g : byte } DSTSV_RTNBEG_UNUSED INO_CALL!

1 99 i long ! DSTSL_RTNBEG_ADDRESS !

1 9 ! L B e e b - ——— - e +
1298 ! byte | DSTSB _RTNBEG NAHE !

1 99 ! b e T > e e T S W W S D e S G D O 4+
1300 ! var | |

} 81 9 : 5 The Routine Name in ASCII 5

130 § : (The name's length is given by DSTSB_RTNBEG_NAME)

1 S :
1R

1309 i

} }? g Define the fields and size of the Routine Begin DST record.

} 3 FIELD ostgnmec FIELDS =

1314 DSTSV_RTNBEG_UNUSED = E g. v_(0, 7) a. ! Unused=--Must Be Zero

1315 DSTSV_RTNBEG_NO_CALL = . V_(7, 1) 1, ! This bit is sct f this rou-
1 1’ _ - tine is invoked with a
131 - JSB or 85? rather a CALLS
1 1% ! SAL; nstructi on
13 DSTSL_RTNBEG_ADDRESS = [ 3, L_ 1], ! The rout ne's start address
1 ? ! and entry point address
1 DSTSB_RTNBEG_NAME =[7,8_1] ! The co?nt byte of the rou-

1 ; : ne's Counted ASCII name
1 TES;

1324

1525 LITERAL

1 9 : DSTSK_RTNBEG_SIZE = 8; ‘ Byto size of the fixed part of the

1 Routine Begin DST record




~

V1SS AN = OO 00 NOM VBN N = OO 00 NOMN S N — OO 00

(IR LA LTE DA TE LA DA TR PR PR PR PR TR TR TR PR TR TR TR TR TS T T T T .

— D e D d D D e D D D D D D D D e e D D D D D D D e e h

W

[=l=lelelelalalelalelelelelelelelelelelelelalotelelela T

VIS BN BS0S0 0

Bosteeios SO0 VISR 0T rage 29

THE ROUTINE END DST RECORD

The Routino End DST Record marks the end of a routine's scope in the

’ so_contains the byte Length of the routine's code. (Note
that Rout ne End DST rocords must be omitted for Language MACRO but
are nandator‘ for all ot er languages.) This is the format of the
Routine End DST record

oyt DN e
te TSI LsosTeEMD)
] P LRI, e B o B B e SRS :
e ORI TSN SLE e

Define the fields of the Routine End DST record.
FIELD DS%:?tNEND FIELDS =
gggSL_RTNEND_SIZE s 3 L

P s s i m s s s -y -y L . - e . . — - ——— -

J ! The Length of the routine in bytes
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LEXICAL BLOCK DST RECORDS

A "L,xicnl Block'' is any programming Language construct other than a
rout n’ that defines a scope within which symbols can be Qchlrod.
What distinguishes a ‘block” from a "routine’’, from DEBUG'S p?int of
view, is that a block 1s always ’nttrod by ’unp ng to it or simply
falling into it while a routine is always entered b( a call instruc~
tion of some sort. A routine has a entry point that can be called;
a block does not. Hence BEGIN-END blocks in BLISS ang PL/1

and so are Paragraphs and Sections in COBOL. Suproutin
and procedures, on the other hand, are ''routines’'.

Blocks ’nd routines do have one thing in common, however. Both define

syntactic units within which other sgnbols can be defined. The pur-
pose of representing blocks in the DST is to define the scopes they
o?clo;o and to give the address ranges of the corresponding bodies

of code.

A lexical block is represented in the Debug Symbol Table by a pa{r

of DST records, namely a Block Begin DST record which is matched with
a later Block End DST record. ALL DST records between the Block Begin

in that lexica
are represented in the DST by properly nested Block-Begin/Block=End
pairs. Routines and blocks may freely be nested within one another,
using the appropriate proper nesting of the corresponding Begin and
End DST records.

and the Block fnd DST record represent the symbols that are declare
d

The start address of a block's code is given in the Block Begin DST
record and the byte length of that code is given in the Block End

DST record. The name of the block is given in the Block-Begin record.

If a block has no name (which is common for BEGIN-END blocks), the

null name is given (the name of Length zero). Blocks with null names
cannot be explicitly referenced in DEBUG, but Line numbers within such

blecks can be usoq to specify breakpoint locations or symbol scopes.

are blocks
es, functions,

block or in nested routines or blocks. Nested blocks

-
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THE BLOCK BEGIN DST RECORD

Define the fields of the Block Begin DST record.
IELD DSTSBLKBEG_FIELDS =
SET

!

; °

i The Block Begin DST Record marks the boginning of a lexical block and
! the associated scog . This record contains the block's name and start
! address. It must be matched by a Block End DST record Later in the
; DST. This is the format of the Block Begin DST record:

i

i ‘ ..... ---._- ...... - e oo eeeooeoa oo L B X K X E & X T ¥ L X X L X ¥ ¥ ¥ ¥ X X J ’

; byte i DSTSB_LENGTH i

g byte ! DSTSB_TYPE (= DST$K_BLKBEG) !

g byte } : DST$B_BLKBEG_UNUSED !

g long ! DSTSL_BLKSEG_ADDRESS !

g byte } DSTSB_BLKBEG_NAME !

i var H 1

; 5 The Block's Name in ASCII §

g § (The name's Length is given by DSTSB_BLKBEG_NAME) :

. ] ]

! ' '

i e T .

]

i

i

i

i

F

DST$B_BLKBEG_UNUSED = g. . 2 ! Unused--Must Be Zero
DSTSL _BLKBEG_ADDRESS = e L. 4o ! The block's start address
DSTSB_BLKBEG_NAME =[7, 8 ; The count byte of the block's

Counted ASCII name
TES;

TR R R A R T R R T R T R TR TR TR T TR PR PR L L L L PR L L T R I T R R T R R LR L s R IR T T T




F

WrY

b e e e e el e o o o s e o el e e il e o il il s S e o
D A A A A A Rt at 2L 2t 2Tt

VIVIWVAWVIWVAAVIVASS SN SN0 0
[=lelelelelelelelelelelelelelelelelelelelelelele e Ta)

NS AN = O 0 00 NN NS N0 — OO 0O ~JON W

LR R LR L TR L L L T P T T P TR TETE TR LR TN T T T T

g2§:821884 .00 VeSsooAlBtTiAale SrtstaxosT.Reas1 P 138
THE BLOCK END DST RECORD

The Block End DST Record marks thc end of a ,c:ical blo k's scope in
the DS7T, It also contains the byte lLength of the block s code. This
is the format of the Block End DST record:

trers e e e r e - - - - - - +

oo ORI Lot o R A BRSO
! byte | DSTSB_TYPE (= DSTSK_BLKEND) |
fh B0 oo Ko B LR L SRR ‘
B B SRR L Y U N R '

i Define the fields of the Block End DST record.
F 1ELD os;:?Lxeno_fJELos =
gg;sL_BLKEND_SIZE =[3,L_ ]! The byte Length of the lexical block

|
|
H
L
|
i
|
|
1
|
|
i
! L L - Al —— Py JupupRpuphpupp— L
|
b
|
|
|
|
|
1
|
F
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DATA.SYMBOL DST RECORDS

Data symbols are represented in the Debug Symbol Table by data DST
records which come in several varieties. ALl such DST records give
three pieces of information about each symbol: the data type of the
:y:gg{. the value or address or the symbol, and the name of the

y 5

The Standard Data DST record is the simplest form of data DST symbol
record and is used for most ordinary atomic data objects. It repre-
sents the data type by a one-byte VAX Standard Type Code. It repre-
sents the value or address of the srabol by a simple five-byte encoding
capable of specifying 32-bit Literal values, absolute addresses, reg-
ister locations, and addresses computed as offsets from a rc?istor.
possibly including indirection. It is also possible to specify that
the computed address is the address of a VAX Standard Descriptor fer
the data symbol. Finally, the name is represented as a Counted ASCII
character string.

There are several reasons why a Standard Data DST record may not be
adequate to represent a data symbol. First, the symbol's data type
may be too complicated to rofrcsont by a one-byte type code. In this
case, one of several available escape mechanisms must be used so that
expanded type information can be included in the symbol's DST informa-
tion. Second, if the symbol is a Literal (a named constant), its
value may be too lLarge to fit in one Longword. In this case, an ex=-
panded value specification must be used. And third, if the symbol is
a variable, its address may be specified by a more con?licated compu=
tation than can be represented in the Standard Data DST record. In
Ehis c:se. an escape to a more complicated value specification must

e used.

Expanded type specifications come in three main forms: Descriptor
Format DST records, Separate Type Specification DST records, and
various specialized DST records that handle various special kinds
of data types such as record structures, enumeration types, and
BLISS structures.

Doscrigtor Format DST records are used when the data object must be
described by a VAX Standard Descriptor and has a static address. A
packo? decimal data object, for xanplc must be described by a
descriptor that specifies the object's [ongsh and scale factor. 1If
a descriptor exists in user memory at run-time, the Standard Data
T record can be used, but otherwise it is necessary to include the
descriptor directly in the DST within a Descriptor Format DST record. ‘
These DST records are used for all static arrays and other data objects
that can be described by VAX Standard Descriptors.

For data types that can be described by neither ono-?yto type codes
nor VAX Standard Descriptors, a Separate Iypc Specification DST record
must be used. In this case the DST record's t go field 1nd1cat’s that
the t{po specification is found is a separate D3T record which imme-
diately follows the present DST record. The DST record that follou1
must be a Type Specitication, Record gogin or Enumeration lygc Begin
DST record. These records can describe all data types supported by
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DEBUG in full detail.

As mentioned above, the third data type ''escape’’ mechanism is to use
one of ? number of sfocializod DST records that describe data symbols
of goc al k nd?. BLISS structures and fields, for example, are de-
scribed by special DST records, as are enum rati?n t‘pe elements.
These DST records will not be funth’r described in this section; they
are described elsewhere in this definition file.

Expanded '‘Value Specifications'' must be used ‘or data symbols whose
values or addresses are ‘too lLong or too coa?l cated to be described
by “the Standard Data DST record. A D-float ng constant, for example,
has too large a value (8 bytes) to fit in a Standard Data DST record.
A "based variable' in PL/] may require a complicated computation or
even a call on a compiler-generated thunk so compute the variable's
address. For these and other cases, a Trailing Value Specification
DST record must be used. Such a record includes a Value Specifica- '
tion which may be arbitrarily complex.

Trailing Value Specification DST records are sometimes used to speci-
fy both type and address information. An array with dynamic array
bounds, for instance, must be described in the DST if no descriptor
exists in user memory at run-time, A Trailin? Value Specification
can be used to compute the entire descriptor for such an array at
DEBUG-time. The descriptor then gives both the array address and
type information such as the element type and the array bounds.

L ey
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THE STANDARD DATA DST RECORD

The Standard Data DST record is rsod to describe most simple scalar
data objects such as integers, floating=-point numbers, and complex
numbers. The data t‘ge 5 ro?rosontod by the one-byte VAX Standard _
Type Code in the DSTSB_TYPE field. The value DSTSK_BOOL is also
accepted; it denotes that the data symbol is a Bool&an variable ?r
value which is TRUE if the Low-order bit is set and FALSE otherwise.

The value gpecification in the Standard Data DST record ingicatos
the symbol's value or address or how to compute the symbol's address.
The details are found below.

This is the format of the Standard Data DST record:

L i ! B L = er e W B e W W +

byte i DSTSB_LENGTH i
byte | DSTSB_TYPE !
teccccccccee ceccmccccccnccnnnnnn S teccccna L T +
byte i DSTSV_REGNUM i DISP i INDIR i DSTSV_VALKIND i
long i DSTSL_VALUE i
byte | DSTSB_NAME '
tecccccccccccccnccccccccccncncsceiccnccccccccccceccececeeeceaena. +
var | . ]
5 The Symbol Name in ASCII E
§ (The name's Length is given by DSTSB_NAME) |
T AT TT AR ===—=—=~, +

Define the fields of the Standard Data DST record. These fields are also
used in many other DST records of similar formats.

IELD DS;S%ID_FIELDS -
DET‘B VFLAGS

B e L Lk kL T AR ——
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L = e B_ 1. ! Vllut-fll?l (access information)
DSTSV_VALKIND = . V2(0,2)],! How to interpret the specified value
DSTSV_INDIRECT = . V_( §71,°1 Set if address of address is produced

! by indicated computation (do an
! indirection to compute address)
DSTSV_DISP =[2,V_(3) 1, | set if content of DSTSL_VALUE is used
! as a displacement off a register
: sposi 10? in DSTSV_REGNUM
DSTSV_REGNUM = [ 2, vV_(4,4)]),! Number of register usc? in displace-
' ment mode addrc:s n
DSTSL_VALUE = E ;. L. 1, ! value, addre’s. or bit ? fset
DSTSB_NAME - . B_ 1] ! Count byte of the symbol name field,
! a counted ASCI] string

TES:
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Define all special valuo1 that no¥ appear in the DST$B_ VFLAGS field. If one
of these values appears in that field, tho DSTSL_VALUE field ho; some sgccial
meaning indicated the special valuc. In such”™ casos. the DST$B_VF AG
fields have no meaning. Not all of these sgot al va ues may appear
Standard Data DST record (see the comments but they are all listod
here for completeness. Note that these values ( uit one exception) all have
the top four bits set=--hence ¥ canno% be normal VFLAGS values since the
REGNUH field cannot contain 15 (indicating the PC) in a normal VFLAGS value.

LITERA

sub~

P s msmmemme e oo o—- -

DSTSK_VFLAGS,NOVAL = 128, ! A ilo? uhich indicatos that no value
s speci ? i.e. the object
boing doscr 60d is a type. This
valuo sg on y lppeor n a Record
in

This uo is DSt a VFLAGS signals a
ata item that was never
allocated (and hence has no
address). For example, PASCAL
does not allocate variables
that are not referenced.

DSTSK_VFLAGS_UNALLOC = 249,

DSTSK_VFLAGS_DSC = 250, This value in DST$B_VFLAGS signals a
Descriptor Format DST record
DSTSK_VFLAGS_TVS = 251, This value in DSTSB_VFLAGS signals a
Trailing Value Spec DST record
DSTSK_VS_FOLLOWS = 253, Valuc s ecif cntion Folbous (allowed
nly in a Trailing Value Spec)
DSTSK_VFLAGS_BITOFFS = 255; A ilag indicating that DSTSL_VALUE
contains a bit offset (Used

.
. e
™

only for record components)

! Provided the DBGSB_VFLAGS field does not have one of the above special values,
i the DBGSV VALKIND Tield indicates uhat kind of value or address is computed
by the value computation. The possible values of this iield are defined here.

LITERAL

DSTSK_VALKIND_LITERAL =0, ! DSTSL VALUE contains a literal value

DSTSK_VALKIND ADDR = 1, g Coapusgt 3ntprod?co: thc address of
' e data ec

DSTSK_VALKIND_DESC = 2, ! Computation produces th’ address of a

; XA§ Standard Descriptor for the
! ata obje

DSTSK_VALKIND_REG =3; ; Value is con inod in the register

whose number is in DSTSL_VALUE

! If the DSTSK VFLAGS iiel? does not contain one of the special values listed
! above, then the conputat on that produces the value or address of the data
object proceeds as follows:

1. If the VALKIND field contains DSTSK VALKl LllERA%. the symbol is a
constant wh osgzva ue s given by the DSTSL_UVALUE field. Such constants

]
1
]
P
|
B
: can be up to bits long.
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2. 1f the VALKIND fiol?'contains DSTSK_VALKIND REG, the sy -bo&'is 8 vari=-

able bound to ter. The regiSter numBer of that register is
given by the DSY‘L VALUE field.

3. Otherwise, the symbol is a variable with a non-register address. To
compute that lddg:ll. the o!?sL JVALUE ;iold ?ﬂ pigkod up.

&. 1f the DSTSV DISP bit is set, th contents ?f th, register whose reg-
’tor number” 1 iven g{ the 1 REGNUM field is added to the value
picked up fro- the DSTSL_VALU fiotd.

5. If the DSTSV_INDIRECT ?1t is set, the address computed so far is treated
as the addreSs of a pointer that points to the actual data object. In
other words, an ndiroct on is done.

6. If the value of the VALKIND field is DSTSK_VALKIND_ADDR, the address
computed so far is treated as the address of the data o‘ ject.

7. If the value of the VALKIND field is DSTSK_VALKIND_DESC, the oddr’
computed so far is treated as the address of a VAX™ Standard Descrip or
for the data obj oct. The actual address of the object, along with
other attributo, such as type and size, must therefore be re riovod
from that descriptor.

3 this dosiription indicates, -odoratol¥ co-plicatod address congutations
can be spec od in the Standard Data DST record. For oxonp e, the oddross
of th: second formal parameter to a routine, passed h‘ reference, can
described by making DSTSV REGNUH = 12 (for register AP), DSTSL V‘LUE -

(to indicate an offset of 8 ftos from AP to get at the second longword in
the nr unont vector), DSTSV DISP = 1 (to indicate that DST L VALUE is to be
tro ?isplaconnnt off AP), and DSTSV_INDIRECT = dicate an
ind rcct on since the argument is gossod by reference). DST V_VALKIND =
osvsx VALKIND_ADDR in this case. arameter were passed by descrip-
? Rowever, DSTSV VALKIND shoul? be DSTSK_VALKINKD _DESC, with all other
fields having the same values as in the pasSed-by-reference case.
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THE DESCRIPTOR FORMAT DST RECORD

The Descriptor Fornt ?St ro ord 1: uso? when a VAx Standaro
Descr ptor must be inc or a stat ¢ 1 ymbol ; It
includ ’hc descriptor d rcc ly 1 ? T rocor? right after
the nono d. This record is ossont 3 ; identica ;? tho
Standard Data ST record except that the D T$8_VFLAGS old has
thc spoﬁio value DSTSK_VFLAGS DSC and DSTSL_VALUE field is
relative byte offset To the VAX descr ptor Latér in the record.

This is the format:

4 - - - B R L R R e +
byte i £ DSTSB_LENGTH i
byte i DSTtl TYPE !
-TE-eeoeeeoeEeeeeBBOS®eS -----------.---.-.----.-. ..... -.----.-O-‘---’
byte i DSTSB_VFLAGS (- DSTSK_VFLAGS DSC) i
long i _ DStsL DSC_OFFS i---f
byte ! DSTSB_NAME (also DSTSA_DSC_BASE) ! §
var H i 5
5 The Symbol Name in ASCII E 5
E (The name's length is given by DSTSB_NAME) E E
i 55
4 —— -+ L ccccccn= K3 ]
long i DSCSB CLASS i DSC$B_DTYPE i DSCSW LENGTH i<--+
long i DSCSA_ POINTEH i
var H 1
E Other VAX Standard Descriptor Fields 5
E depending on the descriptor class §
; .............................................. - - - ;

Define the fields of the Descriptor Format DST record.
FIELD DSTSDSC JFIELDS =
SETSL DSC_OFFS =C3,L_ 1,
DSTSA_DSC_BASE =([ 7, A_ ]
TES:

b L L L T T T T T T T T N TS TS TSTS TS TS TSTENSNNSTS

rom DSTSA DSC BASQ
tor starf af this loc-
ation + DSTSL_DSC_OFFS

Otfsoi in b;tcs to doscriptor
Descr

! Note that the address of the descriptor is computed as follows:

T T R R R T T T T T e o s s s e e e e e TR R TR T P T T P P T PR PR TR TETE PE TR TR TR DA PR TR TR TR DI TR T N T T N -
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DST_RECORDLDSTSA_DSC_BASE] + .DST_RECORDLDSTSL_DSC_OFFS]
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THE TRAILING VALUE SPECIFICATION DST RECORD

The Trailin Valuo Seocification DST rocord is used uh n an expanded
voluo spoci ati on needed to c?n ute a data symbol's valuo or
2 dro ncludes a Vakuo Spog ‘ cation d rectly in { ST rec-
ord r ght a ter the name s record is oss nti a l‘ 1nt cal
to the Standard Data DST record except that th; AGS field has
the special value DSTSK_VFLAGS_TVS and the DSTSL VALUE f eld is a
relative byte offset to the Value Specification Tater in the record.
This is the format:

b= ceccecccccass e memeemess s e - ceccsss: secsseed

byte i . DSTSB LENGTN i
byte i DSTSB_TYPE i
byte i . DSTSB_VFLAGS (= DSTSK_VFLAGS_TVS) i
long ! DSTSL_TVS_OFFSET i---t
byte i DSTSB NAHE (also DSTSA TVS_BASE) i §
var H 1 E
5 The Symbol Name in ASCII 5 5
| (The name's length is given by DSTSB_NAME) i
s i
bmmme === - - - - - - - ---- B R X X P L B DL R L LT LT T T + :
var 1 1€==4
5 DST Value Specification 5
i |
b= coooo.c - ceccccssceaeeas ceecees coe cosscsessecsecssccseasseaeseass -4

Define the fields of the Trailing Value Specification DST record.

FIELD os;grvs FIELDS =
DSTSL_TVS_OFFSET = [ 3, L_ 1,
DSTSA_TVS BASE =(C7, A_ ]
TES:

B L T T A ——
*>

Offset in bg :s to trailing Value Spec
from DSTSA TV

Trailing Value Spec” tarts at this
location + .DSTSL_TVS_OFFSET

! ¥o f that the address of the trailing Value Specification is computed as
! follow

i
i
i
é DST_RECORDLDSTSA_TVS_BASE] + ,DST_RECORDCDSTSL_TVS_OFFSET)
i
i

i Also note that Value Specifications are described in a separate section

-
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THE SEPARATE TYPE SPECIFICATION DST RECORD

The Separate T‘p’ Sptcifisation DST record is used when the data type
n

of the symbol describ too complex to be described by a
4 ono-byg type code or a VAx Standord Descri tor This DST rocord
must be immediately followed by a Type Specif ca fon, Record Begin,

or Enumeration tyfo 308 n DST r cord uh?ch describes the data type

of the data symbo nl ont nuati on DST records may intervene.)
The format of the oparato ;pe Specification DST record is essential-
ly 1dent1cal to that of the Standard Data DST record. It may contoi

a Trailing Value Specif ﬁat on if nocossar‘ to describe the symbol's
value or address. This tho format of the record:

byte i DSTSB_LENGTH i
byte i DSTSB_TYPE (= DSTSK_SEPTYP) i
byte i DSTSB_VFLAGS i
long i DSTSL_VALUE i
byte ! DSTSB_NAME '
R e e e e m e meec e ccceessemeEemeemee e — e ———— 4
var i '
5 The Symbol Name in ASCII 5
E (The name's Llength is given by DSTSB_NAME) §
0 i S +
var ' 1
E A Trailing Value Specification or nothing, E
§ depending on the value of DSTSB_VFLAGS field §
T ETIII = +
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DST VALUE SPECIFICATIONS

A DST value ipocificltion specifies the value or address of some symbol.
Value Specif gation can occur in a number of places in th, Debug Symbol
Table. The simplest forms of Value Specifications occur in the Standard
Data DST record. A somewhat more complicated form ?cc?rs in Descriptor
Format DST records where a VAX Standard D?sgriptor s included in the
DST record to giv1 more complete ?ddrcss nformation (and type informa-
tion). The Trailing ¥|luc pecification DST record has a ’ mple five-
byte Value Specification ’; the beginning of the record which ?oints to
a more complex Value Spoﬁ fcation at the end of the record. hat more
complex Value Specification can be any kind of Value Specification, in-
cluding the most general forms.

In addition, Value Specifications na; occur in a number of Type Speci-
fications. In these cases, they typically generate values (as opposed
to addresses), such as subrange bounds for a subrange data type, or they

8onorato full VAX Standard Descriptors in order to specify some sort of
ata type, such as a dynamic array.

ALL Value Specifications start with one byte, the DST$B_VS_VFLAGS field.
In Standard Data DST records, this field and the DST$B_VFLAGS field are
synonymous., If this field has one of the special values DSTSK_VFLAGS_xx
described in the Standard Data DST Record section above, the format of
the Value Specification depends on that value. Otherwise the VFLAGS
field is interpreted as a set of subfields, namely DSTSV_VS_REGNUM
DSTSV_VS_DISP, DSTSV_VS_INDIRECT, and DST$K_VS_VALKIND. “This is also
described in detail Tn The Standard Data DST R&cord section above.

STANDARD VALUE SPECIFICATIONS

As indicated above, if the DST$B_VS_VFLAGS field does not have a special
value, the Value Specification is a Standard Value Specification and has
the following structure:

..... mmoooe-meed

byte $V_VS_VALKIND !

‘
long i DSTSL_VS_VALUE

o
—
w
o
> ==
—
=
o
—
-}
> -—-

TN 0 S S S O S S - g e e - -

Define the fields of the various kinds of Value Specifications. Also define
! Vvalue-flags (access info)

the declaration macro.
IELD DSTSVS_HDR_FIELDS =
SET .
t §: v:(§'2) J, ! How to interpret the value
. VT(2571,7° i set to get indirection

DST$B_VS_VFLAGS
DSTSV_VS™ VALK IND
DSTSV_ VS INDIRECT

e L R R s e e e R N L L L L L T L I T I T T L I ™
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! Set for register disglaconent
! Register number for indexing
Value, ?ddross. or bit offset
Offset in bgtos to descr gtor
tron DSTSA_VS_DSC_BASE
Descriptor starfs
tion ¢ DSTSL_ S
Offset in B;t;s to ue sEoc
from DSTSA_VS_ AS
value Spec starfs at this loca-
tion + DSTSA_VS_Tv
Length of Valu? Spec in thos
not count n? the VFL
and VS_LENGTH fields
Allocation Tndicator
Location of Materialization
Specification

~~
~
-

]

I C2Z%9
mC
=
nunmn
WYY
.- % 8

DSTSA_VS_DSC_BASE

. DSTSL_VS_TVS_OFFSET
DSTSA_VS_TVS_BASE =[5,
DSTSW_VS_LENGTH

at this loca-
v C_OFFS

n
~
B
-

4
-

]
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wn
<
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L N = s Wy
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]
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MACRO
DSTSVAL_SPEC = BLOCKLC,BYTE] FIELD(DSTSVS_HDR_FIELDS) X;

; The following literal values may appear in the DST$B_VS_ALLOC field.

LITERAL
VS_ALLOC_STAT

DSTSK_VS_ & P ! Value is static
DSTSK-VS_ALLOC-DYN

2; ! Value is dynamic

! Define the fields of the Materialization Specification. Also define the
5 declaration macro. :

FIELD DSTSMS_FIELDS =
SET

DSTSB_MS_KIND =(0,8_1, ! The kind of value produced
_MS_ = . B_ 1, ! The mechanism whereby produce

DST88-MS-r LAGBITS 2. 8 Tl ke d dees
= = " ’ - H . s

DSTSV_MS_NOEVAL = . V_(OS 3 ! Purgosc of this bit not clear

DSTSV_MS_DUMARG = . V_(1) ! Include dunn‘ argument on call

DSTSA_MS_MECH_SPEC = . A_ g. ! Location of Mechanism Spec

DSTSL_MS_MECH_RTNADDR = v & ; Routine address for call on

compiler-generated thunk

MACRO
DSTSMATER_SPEC = BLOCKLC,BYTE] FIELD(DSTSMS_FIELDS) X;

; The following values may appear in the DSTSB_MS_KIND field.

LITERAL :
DSTSK_MS_BYTADDR =1, ! The value is a byte address
DSTSK_MS_BITADDR = 2, ! The value is a bit address (a longword.
1 byte address Rlus a longword bit
! offset from the byte address)
DSTSK_MS_BITOFFS =3, ! The value is a bit offset (normally a

Y
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bit offset fron the start of @

|

: recor --ust for record components)
DSTSK_MS_RVAL = ;. ! The value t,ra value (constant)
DSTSK_MS_REG = 2, ! The valuo ’r number (

! ross s ster addrosg
DSTSK_MS_DSC = 6; ! The valuo is a VAx s andard descriptor

% The following values may appear in the DSTSB_MS_MECH field.

LITERAL
DSTSK_MS_MECH_RTNCALL =1, ! Routine call on a compiler-
i enerated thunk
DSTSK_MS_MECH_STK = 2; | pST Stack Machine routine

ey
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byte
long
var

var

}

If the DSTSB_VS_VF.AGS field ha? ‘hc peci
this is a DeScriptor Value Specification,
contains an offset relative to the end of
points to a VAX Standard Descriptor later

DESCRIPTOk VALUE SPECIFICATIONS

Z3epcione 23:90:8  Veksli

al value DSTSK_VFLAGS_DSC,
Such a value ?p’ci ication
he Value Specification that
n the same DST record. That

descriptor then contains the

’g ual address that the Value Specifica~

tion seeks to specify. This thus the format:

teccccce Bt e L T L T @

i DSTSB_VS_VFLAGS (= DSTSK_VFLAGS_DSC) i

i DSTSL_VS_DSC_OFFS i---t
! DSTSA_VS_DSC_BASE T
§ Other Fields in DST Record i §
T E— i
E | K==t
i VAX Standard Descriptor Giving Symbol Address g
S O —— ‘

The address of the VAX Standard Descriptor is computed as follows:
DSC_PTR = VS_PTRLDSTSA_VS_DSC_BASE] + .VS_PTRLDSTSL_VS_DSC_OFFS];
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TRAILING VALUE SPEC VALUE SPECIFICATIONS

If the DST&B_XS VFLAGS field has the spciial value DSTSK_VFLAGS_TVS,
this is a Tra lTng ¥aluo Sp’c Value Sp’c fication. Such a value
Specification contains a po n}:r relative to DSTSA_VS_TVS_BASE that
?oints to another Valu’ ?poci cation Later in the same DST record.
his second Value Specification is normally of the most general and
gouorf?l form of Value sRoc fiiaiion. namely the VS-Follows Value Spec-
fication. In effect, the Trail ng Value Spec format is a fivo-b¥to
Value Specification (small cnou?h o fit in a Data DST Record) which
oints to a larger Vul?g Specification olsouhor1 in the same DST record.
his Larger Value Specification can be arbitrar l{ largo and complex
in order to do whatever computation is necessary to obtain the desired
value, address, or descriptor.

This is the format of the Trailing vValue Spec Value Specification:

L e e e e e e e T T T T - 4
byte i DSTSB_VS_VFLAGS (= DSTSK_VFLAGS_TVS) i
long i DSTSL_VS_TVS_OFFSET i---f
var | DSTSA_VS_TVS_BASE =
E Other Fields in DST Record § E
S A ————— § 4
var 5 5<--+
§ The Trailing Value Specification i
§ (Normally a DSTSK_VS_FOLLOWS value Specification) §
S S —— ‘

The address of the Trailing Value Specification is computed as follows:
TVS_PTR = VS_PTRLCDSTSA_VS_TVS_BASE] + ,VS_PTRLDSTSL_VS_TVS_OFFSET];
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VS=FOLLOWS VALUE SPECIFICATIONS

It the DSTSB_VS_VFLAGS field ha1 ih. pecial Yaluc DSTSK_VS_FOLLOWS,
this is a VS=Follows Value Specification. This is $h1 most general
and powerful form of value Spgcificltion. The spos fication itself
can be arbitrarily long, but it can uls? do an arbitrarily complex
computation in order to compute the desired value, addross‘for de-

scriptor. This is the format of the VS-Follows Value Specification:
R e R R R R e L T e e L 4 -
byte i DSTSB_VS_VFLAGS (=DSTSK_VS_FOLLOWS) i
word i DSTSW_VS_LENGTH i
byte i DSTSB_VS_ALLOC i
var | DSTSA_VS_MATSPEC 5
i A Materialization Specification §
; --------------- TR R T T @A S ™ T TS GG S TS S R ;

A VS-Follows Value Specification contains a Materialization Specifica-
tion which indicates how the value is materialized. This specifica=-
tion indicates what kind of value is being produced, by what mechanism
it is froducod. and in detail how it is produced. ft also contains ‘
some flag bits. :

The kind of value boina produced can be a gg-bit b{to address, a 64-bit
bit address (a byte address followed by a 32-bit bit offset), a bit
offset (relative to the start of a record--used only for record compon-
ents), a literal value (a constant or "‘R-value'’), a register address,
or an actual VAX Standard Dcsﬁriptor. VAX Standard Descriptors are
mainly produced by Value Specification within Type Specifications where
a descriptor must be buil‘ to describe a data type such as an array
type with run-time subscript bounds.

Values can be produced by two mechanisms. One is a routine call on a
compiler-generated thunk. In this case, the compiler generates a rou-
tine in the object code which when called produces the desired value.
The address of the routine is specified in the Mechanism Specification.
The ?thcr mechanism is a DST St’ck Machine routine. The DST Stack
Machine is a virtual -achin’ which DEBUG emulates. To use it, the com=

iler generates code for th ? virtual machine which, when executed at

EBUG-ginc produces the desired value. The DST Stack Machine form of
Mechanism §poc fication constitutes the most general and powerful form
of value specification supported by DEBUG.
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byte
word
byte
byte
byte
byte
long
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CALLS ON COMPILER=GENERATED THUNKS

The Routine Call Mechanism Specification specifies the o dross of a

compiler-generated routino (a thunk) which DEBUG can cal ? erf orn
the desired value coanBat on. This form of Mechanism Spoc f cot on
ASED'' variables since the address such

nus‘ be used for FL/I
variable can depend on the valuo returnod by a user=-def n d function.

In this case, the Mechanism Sp? ication consists of a single Longword
giving the addross of the compiler-generated thunk to call.

This is the format ?f the whole Value Specification when the Routine
Call Mechanism Specification 1s used:

R R B R R et e e e TR -

i DSTSB_VS_VFLAGS (=DSTSK VS FOLLOUS) . i

oo mmm e w e m m  m  m m E S 0h W S R W 5P D D S S B S S S e cocccoed

DSTSW_VS LENGTH (= 8) i
| DSTSB VS_ALLOC (= DS‘SK <VS_ALLOC_DYN) i

o= E Y Y L L L --..c .................. -——-d

! DST$B_MS_KIND i

i DSTSB MS_MECH (= DSTSK_MS_MECH RTNCALL) !

i DSTSB_ HS FLAGBITS i

e r c e e e o - -——- = e L e e e L

DSTSL MS HECN -RTNADDR i

The called routine is passed the address of a vector of register values
as its one argument. This vector contains all register value for the
scope (call frame) in which the symbol having this Value Sgocification
is declared. The vector contains the values of registers . AP,
FP, SP, PC, and PSL in that ordor. The routine is allowed to usc all
such values in its computations, but 1: not allowed ‘o change the con-
tents of the register vector. fn addition, the routine is passed the
value of FP (the Frame Pointer) in register R1,

The value of the routine should be returned to DEBUG in register RO.

the DSTSV_MS_DUMARG bit should be set in the DSTSB_MS_FLAGBITS field if

e called routine expects to return a value longef tRan one longword.
lf o tsv MS_DUMARG is set, the address of an octaword (four-lLongword)
buffer 1 passed as the f 1rst argument to the called routine with the
expectation that the r?utino B valu1 will be returned to this buffer.
The address of the register vector is then the second argument.

e

742 Page 49
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byte
word
byte
byte
byte
byte
var
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THE DST STACK MACHINE

The DST Stack Hschins is a virtusl machine onulstsd by DEBUG. This
machine can push and op values on a stack and tsn perform s ariety
of srithastic and lo cs o orst ons. It can also call compiler-
generated thunks, tack Machine is used when a vg#*s must s
couputsd st DEBUG-tius ,nd the Standard Format Value Specification
not a oqust snd a comp lsr-gonsrstod thunk to do the whole com utstion
ssons un os rable. In such cases, the compiler can generate a Mecha-
n sm Specification which consists code for the Stack Hathins. At
?u -time, when the vslu’ qustt on 1s needed, DEBUG will interpret
cods until the STOP instruction is encountered. The value that
;sn? n; onltho top of the Stack Machine stack is then taken to be the
esired value.

The format of the whole Value Specification when a DST Stack Machine
Mechanism Specification is used is as follows:

! DSTSB_MS_MECH (= osrsx_ns_nscu_svx> :
DSTSB_MS_FLAGBITS
DSTSA_MS_MECH_SPEC

|
+
DST Stack Machine Routine §
.

P P —— —

Hsro the DSTSB VS ALLOC field should have the value DST$SK VS _ALLOC_DYN
it any kind of address is computed and DST$K_VS_ALLOC_STAY if a Lliferal
vsluc (a constant) is computed. The need fof tﬁis eéld is not clssr
since DEBUG ignores 1t at present.

The stack upon which the DST Stack Machine operates consists of 256
locations where each location is a longuord. The stack groui toward
%ns}lor addresses and shrinks touard arger addresses; s 1 gard

ike the VAx call stack. S%sck Hsch ns Rout ne st

gu nce of Stack Machine 1nstru$ ons endi ng in a SIOP nstruc-
tion (D TSK_STK_STOP). When the lsch no stops e top location or
locations oh the stack constitute t the routine. The length
of the value is determined by the DSTSB HS KIND field,

The DST Stack Machine supports the instructions tabulated in the re-
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mainder of this section. Each instruction consists of a one-byte op-
code iol owed bl zero or more operand bytes, depending on the op-code.
In this description, the "'top'’ stack cell refers to the most recently
pushed cell still on the stack and the ''second'’ cell refers to the next

most recently pushed cell still on the stack. Each cell contains a
longword value.

Define the Push Register instructions. These 1nstr?ctions fush the indicated

register value on the Stack Machine stack. The register 1. ues are taken from

the scope (call frame) of the symbol for which the value is being computed.

ITERAL
DSTSK_STK_LOW =0, ! Lower bound for range checking
DSTSK_STK_PUSHR =0, ! Push the value of register RO
DST;&-SIK_PUSHR =1, ! Push the value of register R
DSTSK_STK_PUSHR z i. ! Push the value of register R
DSTSK_STK_PUSHR = 3, ! Push the value of register R
DSTSK_STK_PUSHR4 = 4, ! Push the value of register Ré
DSTSK_STK_PUSHRS = 5, ! Push the value of register RS
DSTSK_STK_PUSHR e 9. ! Push the value of register R
DSTSK_STK_PUSHR =7, ! Push the value of register R
DSTSK_STK_PUSHR = s. ! Push the value of register RS
DSTSK_STK_PUSHR = ! Push the value of register R9
DSTSK_STK_ USHR}? =10, | Push the value of register R10
DSTSK_STK_PUSHR = 11, ! Push the value of register R11
DSTSK_STK_PUSHRAP = 1;. ! Push the value of the AP
DSTSK_STK_PUSHRFP = 13, ! Push the value of the FP
DSTSK_STK_PUSHRSP = 14, ! Push the value of the SP
DSTSK_STK_PUSHRPC = 15; ! Push the value of the PC

Define the Push Immediate instructions. These instructions are used to push
constant values on the Stack Machine stack. The constant value to push comes
immediately after the instruction op-code. For the signed and unsigned in-
structions, the value to push is zero-extended or sign-extended to bits

as appropriatc. In the saoo of the Push Immediate Variable instruction, the
byte after the op-code gives the byte length ?f the constant value to push.
The constant value 30 push then follows immediately after that length byte.
The constant value is zero-extended to the nearest longword boundary on the
high-address end and the resulting block is pushed onto the stack.

ITERAL

16.
17,
13.

i
. ]
6;

Dcfin1 the Push Indirect instructions. For these instructions, the top stack
cell is popped an? the one, two, gr f?ur bytes at the address given by the
popped cell are sign extended to 32 ? ts and pushed on the stg&k. For the
unsigned instructions, the value is instead zero-extended to bits and
pushed on the stack.

! Push Immediate Byte (signed)

! Push Immediate Word (signo?)

! Immediate Longword (signed)
! Push Immediate Variable

! Push Immediate Byte Unsigned

! Puch Immediate Word Unsigned

b b4 -44
wvururnnu;m
nuunnun

v

c

w

-
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LITERAL
osr:x,srx_rusnlna = ?.
DSTSKZSTK PUSHINW = 21,
DSTSKSTK PUSHINL B ;.
DSTSK STK PUSHINBU = 27,
DSTSKZSTKZPUSHINWU = 28;

hesto-togs grgnos  vaccin o

! Push Indirect Byte (signed)

! Push Indirect Word (signed)

! Push Indirect Longword (s anod)
! Push Indirect Byte Unsigne

: ! Push Indirect Word Unsigned

! Define the arithmetic and logical instructions. These instruction pop the
! top two cells on the stack, perform the indicated operation on these operands,

; and push the result back onto the stack.
LITERAL

DST$K_STK_ADD =19, |
i
]
DST$K_STK_SUB =29, |
i
i
]
DSTSK_STK_MULT =30, !
i
]
DSTSK_STK_DIV =35, |
i
i
i
DSTSK_STK_LSH =32, |
i
]
i
DST$K_STK_ROT =33 |
i
L]
i

! Define the Copy and Exchange instructions.

Add==The top two cells on the stack

are popped from the stack and
added together. The resulting
sum is pushed onto the stack.

Subtract=-The second cell on the stack

is subtracted from the top cell.
Both are popped from the stack.
The rosulting difference is then
pushed onto the stack.

Multiply==The top two stack cells are

po?pod from the stack and multi-
plied. The resulting product is
then pushed onto the stack.

3
Divide=~The top stack cell is divided

by the second stack cell. Both
are goppod from the stack. Their
quotient is then pushed onto the

: stack
Logical Shift=-=Shift the second stack

cell by the number of bits given
by the top stack cell; gop oth
operands and push the shifted

second cell on the stack

Rotate--Rotate the second stack cell

b‘ the number of bits given by
the top stack cell; pop both
operands and push the rotated
second cell on the stack

These instructions make a copy

g of the top stack cell or exchange the top two cells on the stack.

LITERAL
DSTSK_STK_COP = 34,

DSTSK_STK_EXCH = 35;

temeems wme -

! Define the Store instructions. Following
! contain a byte which is interpreted as a s

|

Copy==A cop‘ of the top stack cell
e

is pushed onto the stack

Exchange=-The top two stack cells are

interchanged

he op-code, these instructions
gned offset into the stack. The

! low=order byte, word, or longword of the top stack cell is stored into the

i

V4.0-74
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! blto. word, ?r longword given by the current stack ?ointnr plus four plus

! the signed offset into the stack, (In short, the offset is an offset from
! the second stack ioll.) After that, the top stack tol is popped. These

! instructions permit values to be stored into stack locations other than the
; top or second stack cell.

LITERAL
i . DSTSK_STK_ST0_B = ?. ! Store Byte into Stack
DSTSK_STK_STO_W = 3/, ! Store Word into Stack
DSTSK_STK_STOCL = 38; ! Store Longword into Stack

! Define the Pop instruction. This instruction simply pops the top stack cell,
E meaning that the top stack cell is removed from the stack and discarded.

LITERAL
DSTSK_STK_POP = 39; ! Pop Top Stack Cell

! Define %ho Stop instruction. This instruction stops the DST Stack Machirie and
is required at the end of every DST Stack Machine routine. Whatever value is
! Lleft at the top of the stack when the Stop instruction is executed is taken to
! be the value of the Stack Machine routine. This value may be a longword (a
! b{t. address, for example), two longwords (byte address and bit offset), any
size literal value (an H-f[oating Literal, for instance), or a full VAX Stan-
f the DSTSB_MS_KIND field.
ITERAL
DSTSK_STK_STOP = 23; ! Stop the Stack Machine

]
]
]
1
|
!
; dard Descriptor, depending on the value o
L

Define the Routine Call instructions. These instructions call a compiler=
enerated routine (a thunk) whose address is Eivon b{ the top stack cell.
efore the call actually occurs, the top stack cell is popgcd. The value

that is returned by the thunk is then pushed onto the stack.

The Routine Call instruction works as follows. The address of the thunk to
to be called is taken from the top stack cell. The top cell is then popped.
The thunk, which is called with a CALL instruction, gets two arguments. The
first argument is the address of a vector of re 1st1r values for the scogc
(call frame) of the symbol to which this x.luo pecification belongs. T 1¥
vector contains the values of registers RO - R11, AP, FP, SP, PC, and PSL in
that order; the called thunk is Tree to read any value 1‘ wants from this
vector but -01 not store into it. The second parameter is a pointer to the

top of the DST Stack Machine stack after the thunk address has been popped.

A Stack Machine routine san thus compute arguments to iho thunk and push them
on gh’ stack before push n? the thun anross an? calling the thunk. In
addition, ‘ha value of FP in the s¥nbol s scope is passed to the thunk in
rogistor R The routine's value 1s expected to be returned in register RO.
This value is pushed onto the stack.

VAW

VSN AN = OO 00 NN SN N = O O 00 N0 NV BN N = OO 00

o

The Routine Call With Alternate Return instruction works this same way except
that th’ address cf an octaword buffer (4 longuord’) is passed to the thunk
as the first argument, with th’ register vector being the second argument and
he stack address being the third argument. In this case, th, routine value

s expected to be returned to the octaword buffer, not in register RO. The
whole octaword buffer is then pushed onto the stack.
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ALL = 40, ! Routine Call (‘ alue returned in RO)
ALLALT = 4%; ! Routine Call With Alternate Return

]
LITERAL

Define the Push Record Addrcs1 instructions. These 1nstruction¥ ush the
address of tho outer=-most or nnor-aost record structure for which the cur-
rent sym o% a8 record component. { are uso d for construct ng VAX Stan-
dard Descr ptors on the Stack Hachino stack when soao part of , escriptor
depends on some other gonponont of the same record. PL/1, for instance,
the subscript bounds rray component of a rocord may depend on another
component of that record. n such cases, the only way to get the address of
that other component in the current record is to use one of the Push Record
Address instructions. The Push Uuter Rocord Address nstruction pushes the
address of the outer-most record of which 1 current sz is a component
while the Push Inner Record Address 1nstruct on pushes the addruss of the

inner-most record of which the current symbol is a component.

LITERAL

o imsmsmsmsmosmomemsmmommsmms s

ST$K_STK_PUSH_OUTER_REC = 45, ! Push Outer Record Address
STSK_STK_PUSH_INNERZREC = 43; ! Push Inner Record Address

! Define the highest op-code value accepted by tho DST Stack Machine. This
: value is used for op=-code range checking.
LITERA

DSTSK-STK_HIGH = 43; ! Upper bound far range checking

! END OF VALUE SPECIFICATION DESCRIPTION,
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TH f TYPE SPECIFICATION DST RECORD
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The Type Specitication DST record gives the most general data tzpo
description available in the Debug Symbol Table. It cont? ns the
name of th’ data type being described and a DST Type Specification
that describes the type. The type name is used in languages where
data t{ es can be named, such as PASCAL. If no type name ’xists.
the null name (the name of 2ero Length) is sp’tif ed in this record.
DST Type Sp:cjf cations are described in detail in the next section
of this definition file.

Type Specification DST records either immediately follow Separate

!

]

|

]

i

i
.
4 ; i
424 !
&8
R
4 % i Type Specification DST records or are pointed to by Indirect Type
430 ! Sgocifications or Novel Length Type Specifications elsewhere in
2 1 E the DST for the current module.
2 i g This is the format of the Type Specification DST record:
4 i
& ; ! tecccccccccccns - ceeecccccccccccccscccrc e rccceccccseceaen. +
4 ! byte | DSTSB_LENGTH '
‘ a o ! + - L e T T T T T T e ELEEEEEREE e e e
2‘3 0 ; byte i DSTSB_TYPE (= DSTSK_TYPSPEC) i
441 8 i byte | DSTSB_TYPSPEC_NAME :
462 0 | T —— Pt A A B L T T T TR +
43 0 ! var | '
22g 8 ; 5 The Type Name in ASCII |
22? 8 g § (The name's Llength is given by DST$SB_TYPSPEC_NAME) §
44 i E i
443 ! e B e T cescccsssccssncessesessssescsneeseen. +
22? E var | DSTSA_TYPSPEC_TS_ADDR |
a2 0 § The DST Type Specification for the !
454 i i Data Type being defined 5
455 ! 1 ]
459 ! ' '
25 ; + -- e cecccccccccnccccncccccsccccncnccan. +
‘28 i
460 !
22‘ ; Define the fields of the Type Specification DST record.
22‘ FIELD os;:;vpspec_rIELos = -
465 DSTSB_TYPSPEC_NAME =[2,8_1, ! The count b{to for the Counted
&6? ! ASCI{ ype Name
46 DSTSA_TYPSPEC_TS_ADDR = [ 3, A_ ] ! The location of the DST Type
223 o ! Specification
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DST TYPE SPECIFICATIONS

A DST Type Sp,gific tion specifies the data type of some data symbol.

DST T{po Spec cat on, constitute the most gcnoral form of dato :ypo
oscr ption avai abln n the Dobug S{nbol Table. They are found

only one kind o DST rngord. namely the Type Specification DST record.

However, some Type Specifications contoin nested Type Spccifications,

ecification

uhich pornits quite conplox ty?o descriptions. For oxamg e, the parent
p

pe for a Subrange data type en a nested Type
¥thin the Subrango Type Szgcificat on. v 44

This is the general format of all DST Type Specifications:

temmo oo meeecoe oo oo - om T e D O% D D D D e D S S D  E w e e 4+

o
w
-
kead
L =
]

p—y
w
P
m
=
(]
-
b

DST$B_TS_KIND i

........................ e e e D D e e D S 9 W e e e e e

lero or More Other Fields Depending on DST$B_TS_KIND

¢ cecccnccce § o=

A data symbol whose data type must be described b{ a DST Type Specifi-
cation is doscribod b{ Soparato T‘po Specificat on DST record. This
DST record is immediately followed ype Specifi cation DST record,
which contains the DST Type Specification for the symbol's data type.

To conserve DST space when scvoral symbols have the same data tyssf the

Type Speciiication that follows the oparoto Tyg S ccificat on
record na{ be an Indirect Type ?poc ication. The

fication then contains a DS ntcr to thc actual Type Specification
DST recor? for t & yn ol's typc. { a single copy of this actual
Type Spec ficat on s then needed. t

or Enumeration type must also u:o Qplflt. Type pecification DST
records followed by Type g cification DST records conta nin? Indirect
Type Specifications. s case, tho Indirect Type Specifications
point to the Rocorg Beg n or snunorat on Type Begin DST record for the
record or enumeration type being specified.

In fact, the onl tygo Specification tha% can refer to a record or enum=
cation. (The Novel %on?th Type

erat on t{?l is ndiro t Tyg e Specif A
Y

Specifica an too but is no nornall; used this uaz
Spocification s thus used within o} er lpo Speci fica ions
or enumeration ty?os must bo spec ed. For exampl 0. uhon tho clonont

1 of an array 1 ’ record numeration type, it poc} ! an
lnd rect T{go Specif cat on w th n the Array Type Spocif cation, Simi-
larly, cord or enumeration type

t th t — .E " e go ntcr 21 lnd’r! t Y S 1;i t
object, the targe e is spe ¢ e Specification
?!h in the typeg Poizger Typg Spgcification. .

BKDST.REQ;1

ndirect Type Speci=-

iple syl ols of the same Record

when record

—
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Page 57
BKDST.REQ;1 ’ (33)

I
I
l
i Defino all the fields that can appear in the various Type Specifications.
: Also define the declaration nacrg? e -
F

IELD DSES{YPE_SPEC-FIELDS =

E .
DSTSW_TS_LENGTH [ o,

L
'
“J
-

The b;to longth of the Type
pecification not includ-
1ng this Length field

DSTSB_TS_KIND = s B 2 The Type Spcci ication kind
DSTSB_TS_ATOM T = e 8_ 4 The A on ‘ type codo
DSTSA_TS_DSC VSPEC JADDR = o R_ Jo The VAX descr gtor Value Spec
DSTSL- Ti IND™ = e L. & Indirect Type Spec DST pointer
DSTSACT TPTR TSPEC _ADDR= o B Jua Typed Pointer parcnt type Type
Specification location
DSTSB_TS_PIC_DLENG =[3,8_1, The byte longth of data objects
of this picture type
DST$B_TS_PIC_LANG =[4,8_1, The DST language code Tor this
picture data type
DSTSB_TS_PIC_PLENG =[5,8_1, The Length of the picture
string in this Type Spec
DSTSA_TS_PIC_ADDR =[ 6, A_ 1, The location where the picture
is encoded in Type Sgec
DSTSB_TS_ARRAY_DIM 3, B_ g. The number of array dimensions
DSTSA_TS_ARRAY_FLAGS ADDR &, A_ ],

The locltion of the arra; flags
at 1nd cate Type Specs
for o subscript types

DSTSL_TS_SET_LENG =L 3: L, 3 The lon?th n bits of data
bjects of this Sot type
DSTSA_TS_SET_PAR_TSPEC_ADDR = [ 7, A_ 1,! The location of the Sot s
parent tyg Iyp g
DSTSL_TS_SUBR_LENG s L il The Length in bits of o ’ects
of this subrangc t{po
DSTSA_TS_SUBR_PAR_TSPEC_ADDR= [ 7, A_ J,! Locatjon o the parent
lpe goc ification uithin
the Su rango T{Yo Spec
DSTSB_TS_FILE_LAN = E 3, B_ a. Language code for type
DSTSA_TS_FILE_RCR TVP = [ &, A_ ], Location of Type Spec ? iving
element type for Tile
DSTSA_TS_AREA BYT = E g. A_ a. Length in bytes of PL/I ''area’
DSTSATTS_OFFSET VA£SPEC z . B Location of Valuc Spec giving
baso a dress of PL/I area
DSTSL_TS_NOV_LENG = k. Jo The ' length in bits of

ob ects of this data t ¥ pe
DST po ntor to f:ront type

this novo longth type
Table length for this array of

PL/I Solf-Relative Labels

DSTSL_TS_NOV_LENG_PAR_TSPEC = [ 7, L_ 1],
DSTSL_TS_SELF_LENG =[3, L)
TES;

MACRO
DSTSTYPE_SPEC = BLOCKL,BYTE] FIELD(DSTSTYPE_SPEC_FIELDS) X;

! The following are the values that may appear in the DSTSB_TS_KIND field.
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|
LITERAL

DSTSK_TS_DTYPE_LOWEST =1, ! ---Louost Ty g Spec kind

DSTSK_TS_ATOM =1, ! Atomic B

DSTSK_TS_DSC B i. ! VAX Standard osciptor Type Spec

DSTSK_TS_IND = 3, s lndiroct {

DSTSK_TS_TPTR = 4, ' y?od Poin or Typc Spec

DSTSK_TS_PTR = 5, ! o nter T ec

DSTSK_TS_PIC B 9. ! Pictured yg pec

DSTSK_TS_ARRAY =7, ! Arra Typo pec

DSTSK_TS_SET = 8, ! Set e Spec

DSTSK_TS_SUBRANGE =9 ! Subran o Ty? Y

! e §0. 1 Unusegooave lab e for future use

DSTSK_TS_FILE =11, ! File Type Spe

DSTSK_TS_AREA = 15, ! Area Type Spoc (PL/D)

DSTSK_TS_OFFSET =15, ! Offset ypo Spec (PL/I)

DSTSK_TS_NOV_LENG = 14, ! Novel Length {pa Spec

DSTSK_TS_IND_TSPEC b - VR DEBUG nternally generated pointer to
! f. Spec cannot apgear pST)

DSTSK_TS_SELF_REL_LABEL = 16, ! Self-Relative Label Type Spec (PL/I)

DSTSK_TS_RFA = 17, ! Record File Address Type Spec (BASIC)

DSTSK_TS_TASK = 18, ! Task Type Spec (ADA)

DSTSK_TS_DTYPE_HIGHEST = 18; ! ===Highest Type Spec ‘kind

! The following set of Literals give the lcngths in bytes of those Type
: Specifications which have a fixed length.

LITERAL

STSK_TS_ATOM_LENG = 4, ! Atomic Type Spec length
DSTSK_TS”IND_CENG = 7, ! Indirect Type Spec length
DSTSK_TS_PTRTLENG . 3, ! Pointer Tyg Spec Llength
DSTSKTTS_ FlLE LENG = 4, ! File Type Spec length
DSTSK_TS_AREATLENG = 3, ! Area Type Spec lLength
DSTSK"TS_OFFSET_LENG = ? ! Offset Type Spec Length
DSTSK™TSTNOV_LENG LENG = 11, i Novel Length Type Spec Length
DSTSK_TS_TASR_LENG = 3; ! Task Type Spec length

]
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g 1 ; ATOMIC TYPE SPECIFICATIONS
R
625 i The Atomic T¥go Specification is used to describe an atomic VAX standard
6 9 : data }ypo. is {f' SDQCifiCI}ion consists of the standard Type Speci-
6 ! fication header followec by a s ngle byte containing the VAX standard
628 : data type coce (one of ghc DSCSK_DTYPE_x codes). The Atomic Type Speci-
§ 8 : fication has the following format:
6 % E B R e b b b L T cecscescseee L kR R +
g ; word i DSTSW_TS_LENGTH (= 2) i
g 5 : byte ! DSTSB_TS_KIND (= DSTSK_TS_ATOM) !
637 i byte | DSTSB_TS_ATOM_TYP :
638 0 3 ¢toccsccsssssssssssssssssssssstestesnstsssasssssssasnans egescnace +
639 0 !
& a
22; 8 : DESCRIPTOR TYPE SPECIFICATIONS
R
646 0 i The Descriptor Type Specification is used for VAX Standard Data Types
647 0 ! that can be described by VAX Standard Descriptors but cannot be de-
648 0 ! scribed by an atomic t{po code. Packed decimal, which requires a
649 0 ! digit length and a scale factor, and ASCII text, which requires a
650 0 ! strin? lon?th. are examples of such data types. The Descriptor Type
651 0 ! Specification contains a Value Specification which must produce a
ggg 8 ; VAX Standard Descriptor. This is the format:

i
gg; 8 | $emmeeeeeeceeceeeceeeceseseessssesessscscsscsececcecccecocona- +
ggg 8 ! word i DSTSW_TS_LENGTH i
ggg 8 g byte i DSTSB_TS_KIND (= DSTSK_TS_DSC) i
gg 0 : var | DSTSA_TS_DSC_VSPEC_ADDR 5
ggi § 2 § Value Specification Yielding a VAX Standard Descriptor §

i : 5
22"3 8 i ; ----- - cescscscscsccacneene +
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INDIRECT TYPE SPECIFICATIONS

The lndiroct Type Specification is used when the actual Iypo Spccifica-

tion desired is found in another DST record. This ;pc Specification

contains a DST pointer which points to that other DS record. The DST
pointer contains the byte offset rolativc to shc stor: of the whole DST
of the DST record that gives the act*a typo nformation. The po ntcd-
record must bo one of throo kinds of DST records: a Typ ? peci=-
fication DST rccor Rocord Bo? n DST rocord. or an Enumeration Type
record. fho Indirect Type Specification

Begin DST s the only Type
Spocification that carv refer to a record or enumeration type; those
‘pos are too complex (Rotontiall ) to be referred to any other way.
is is the format of the Indirect Type Specification:

T B L e e e T T +

i DSTSW_TS LENGTH (= 5) i

i DSTSB_TS_KIND (= DSISK TS_IND) i

! DSTSL_TS_IND_PTR !
L T L Dt b L it L T T T T . +

e e
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TYPED POINTER TYPE SPECIFICATIONS

The Typed Pointor Typo Specification describes a typed pointer data
typo. meani nvon pointer to a specific other data type. Pointer=-to-

nto or. as found in PASCA& and othor a guago: s ln example of a
t pointer }‘p'. In this example, integer is “parent type''.

s Type sRoc ication contains an Olb0dd d Typc Spoc figation which
spocif es t arent type for the tygo? ntor type. s is the
format of the Type Pointer Type Specification:

e nccnccee LR L emcesseae +

word i DSTSW_TS_LENGTH i

byte i DSTSB TS_KIND (= DSTSK_TS_ TPTR) i

var | DSTSA_TS_TPTR_TSPEC_ADDR |
g Type Specification for Parent Type that E
§ Objects of Typed Pointer Type Point to i
TR IR ===, +
POINTER TYPE SPECIFICATIONS
The Pointer Type Specification is usod for pointer types which are not
typed, meaning that the type of o joct that the pointer points to is
not known at conpilo-tinc. PLI! Bo nters are examples of this kind of
pointer type. Since there is no krown parent type, none is specified
in this Type Specification. The Pointer Type Spoc{fication thus has
the simplest possible format: A
B e e e e b T +

word i DSTSW_ rs _LENGTH (= 1) i

byte i DSISB TS_KIND (= DSTSK_TS_PTR) i

IR R TR R L R e e R R R R R R R T O T T TN o T T s o,
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word
byte
byte
byte
byte

var

var

15-se0-1980 33:00:08 ST S e
PICTURE TYPE SPECIFICATIONS

Tho Picture T;E, Specification is used for picturo d ta types as found

in COBOL and Becaus tho oxact ’onantics ture data types
vary betuo’n anguagos th 5 ¥g’ cification conta ns the languag
code assoc atod tﬁ oc ¢ picture type.. lt a $0O conto ns the

byte longth of obj .1§’ e picture type, an encod n! of the picture,
and a language-specific pict re encoding (usually the EDITPC pottcrn
string). The actual data bxncts of the picture data type are assumed
to be roproscntod as ASCII character strings.

This is the format of the Picture Type Specification:

R e e R e e e T e e e e e e e T P ETE R RS ®®E.®® e ®ee-e +

= it —

oo

+

DSTSU TS LENGTH

DST$B_TS KIND (: DS“K T

DSTS$B_TS PlC DLE“G

S_PIC) '

-------------- cecaccceecaee$

1 DSTSB_TS PIC LA“G i
cecececcecccceccasew - - - S - E3
DST$B_TS PlC PLENG
DSTSA_TS_PIC_ADDR

Picture String Encoding

Value Specification Yielding a
Language-Specific Encoding of Picture Semantics

> rmrm e ce e e e e -
[}
(]
(]
[}
1
(]
[}
L]
[}
i
]
]
8
)
g
b
]
i
]
i
'
[}
i
]
i
¢
]
i
(]
]
]
il
[
i
i
]
1
L]
1
1
!
B
ki
)
i
il
1
[}
[}
i
l
i
)
0
L
i
1
8
'
]
b
'
H
L R T ——

’ DSTSB_TS_PIC_DLENG field contains the lcngth in bytes of each data
bject of this picture type. G assumes that picture objects are
reproscntod internally as ASCII charactor strings.

The Language code in the DSTSB_TS_PIC_LANG field is the same as that
used in the Module Begin DST récofd.

The DSTSB TS_PIC_PLENG field gives the byte Length of the picture .
encoding Tn the BSTSA_TS_PIC_ADDR f eld. The p gturc oncoding in the
DSTSA_TS_PIC_ADDR fictd consTsts of a s quonco of words. e high=
order byte of each word contains an uns gned repetition factor and
the low-order byte contains tho ASCII rssrcssn‘at on of the ropﬂat’d
picture character. Hence tho cqsro s q;prosontod by th
sequence of byte values: he same
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picture can be written as ''S(3)9.(2)9".)

Tho o tiontl Value Spocification at the end of the Piituro Type Spocl-
fication yields thz add ross of i DITPC pattcrn str ng that performs
the onco? ng associated with this p ctu ‘ypo. l G ?sos this pattern

strin th tho EDlTP instruction when do nto objects o
this cturo Kpo. the Value Spec fication s nitt d, DEBUG can
only dopos aracter strings into such objects since it does not know
how to oncodo numeric values.

|
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word
byte
byte
var

var

var

var

var

iy
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ARRAY TYPE SPECIFICATIONS

The Array Type Specification specifies an Array data t{%,. This speci- .
fication can be ?u te ¢ lex because it not only specifies the shape of

each array of this t‘po. t also specifies the corresponding element

data type and all subscript data t{pxs. The olcnoni ‘ypo and the types

of the subscripts are glvon y additional Type Specifications nested

within the Array Type Specification. ’

This is the format of the Array Type Specification:

B oro STV L ie o R
i DSTSB_TS_KIND (= DSTSK_TS_ARRAY) '
PSS X V¥ Wi i
§ DSTSA_TS_ARRAY_FLAGS_ADDR 5
§ Bit Vector of Flags Indicating What Type §
g Specifications are Given Below é
{  (The vector's bit Length is given by DSTSB_TS_ARRAY_DIM) !
O ———— @
§ Value Specification Producing an Afroy Descriptor i
T —— e
i Optional Type Specification for Array Element Data Type i
e — SR —
§ Optional !ypovSpccificotion for Fir;t Subscript Data Type §
' '
e ;
; More Optional Type Specifications for Subscript Data Types ;
’ |
el B it el R o e b B Sl ‘

Here the DSTSB_TS_ARRAY DIM field ’ivos the number of dimensions of this
array type. Neéxt, DSTSA_TS_ARRAY_FLAGS_ADDR gives the lLocation of a
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bit-vector which 1ndicatos uh,} ne 2od Ty S?ocificotions are found
latcr n this Array Type Specifica i s sct. nostod Type

Speci 1cation 13 included for the arra ement s cell type).
Aftcr ‘hat. it n is set, a n stod ype Speci §'$ on for th n=th
ubscript type is included in t Array Type Spec cation. a bit

n th g‘t-voctor is 2ero (not sot . the g?rro pond n? ‘ {pocffico-
tion ’cou tte ron the Array Typo Specification. If the element typc

specif ati?n s om itted, iho element type assumed to ?0 ’ ¥ the
arr:{. cscr ptor S DTYPE It a su scr t type specification 1s
omi

he sub scr ?t typ’ assuno? to be onguord nteger (DTYPE_L).
(Subscr{pt Type S ications ara main
subscripts as allowod in PASCAL.)

The number of bits in the bit-vector is DSTSB_TS _ARRAY_DIM plus more
for the element type. The whole DSTSA_TS_ARRAY_FLAGS_ADDR 1 td s of
course rounded up to the nearest byte boundary.”

ly needed for onuncration type

The array descriptor Value Specification that follows the bit-voctor

eld produces a VAX St andard Descriptor for the arral doscrigtor
class must be DSCSK_CLASS_A, DSCSK_CLASS_NCA, ?r DSCS CLASS UBA his
array descriptor givcs the strides™ (or maltipliers) and the Tower and
upper bounds for L of the array dinonsions. It also gives the element
data type, inc uding its scale flctor. dig t count, or other type infor-
mation as appropriate. However, tht osir ptor's e cnont type can be
overridden an element T‘po Specification as noted above; in this case
the DSCSB_DTYPE field of the descriptor should be zero.

The Array Type Specification is normally only used in two situations.
First, it is used if the array t¥po does not have a compile-time-con-
stant doscriptor (for example, if it has variable array bounds) and no
run-time dcscriptor exists in the user's address spaco. Second, it is
used if the arra‘ e cannot be described a VAX Standard oscr{ptor.
either because the onont type cannot be doscribod by a VAX Standard
Dcscriptor or bccauso the subscript types lro not integers. (Element
types such as records, enumeration types, and t;god pointers cannot be
described b‘ VAX Standard Doscriptors ) {f nei of these situations
pertains, there are simpler ways of describing array types in the DST ‘
using Standard Data or Descrip or Format DST records.
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SET TYPE SPECIFICATIONS

The Set Type Specification specifies a Set data type as in PASCAL. A
Set type always has a parent data t{po. For .the set-of-integers type
for example, integer 1’ the parent type. The parent type must be either
integer, some enumeration ‘ypo. or a subran?o of those tyg,s. DiBUG
assumes that th S’t type 1s represented internally as a bit-string
where a ?1von bit is set if and only 1f the corros?onding 1n§ogor or
enumeration tlpo 1lonQnt is a member of the set. The n-th bit of the
bit-string (starting at bit 0) is assumed to correspond to the n-th
element of the parent type. The length of the bit-str n? is part of

the Set type and is specified in the Set Type Specification.

This is the format of the Set Type Specification:

i O o Bl N i Sl ol :
g iy SEBSECCCRTEN N N i :
B & BB L SR LU L L R i

var | DSTSA_TS_SET_PAR_TSPEC_ADDR |

i Type Specific,tion Specifying the Set's Parent Type E
i b= e s P e e S0 (5 LR .

Here the DSTSL_TS_SET _LENG field gives the bit Length of an object of
the Set data type. DSTSA_TS_SET_PAR_TSPEC_ADDR marks the Location of
an embedded DST Type Specification for the parent type of the Set type.
Typically this is an Atomic Tlpe Specification for type integer, an
Indirect Type Specification that points to an Enumeration Type 6¢gin
DST record, or a Subrange Type Specification.
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SUBRANGE TYPE SPECIFICATIONS

The Subrnngc Type Specificotion doscribo Subrange data type

Th’u ;;ggﬁsg.c’ ‘c.gsonﬂ:p.c¥21'luc :ntegor or lﬂ ONJQ.P.!‘O

noaning

e.
s the paront type (the original ord ¥=ll

var

¥ pe) and t g lower an up cr bounds of the subrange. It also gives the
bit length o obje§§ Subrange type. This is the format of the
Subrange Type Spec cation.
oo mcemmme o m o m o ww  w ew o L L DL LD DL L L L L L L - - - - - +
word i DSTSW_TS_LENGTH . i
byte i osrse TS_KIND (= DSTSK_TS_SUBRANGE) i
long i DSTSL_TS_SUBR LENG i
var | os!SA_TS_SUBR_PAR_TSPEC_ADDR ;
E Type Specification Specifying the qurango's Parent Type é
- — AR e et T B e SR S S +
var E
i
¢
i
+

Here the DSTSL_ TS SUBR_LENG field gives the Length in bits of objects
of the Subrange data tyg DSTSA_TS_SUBR_PAR_TSPEC_ADDR marks the
location of a os T‘pc poci icatTon for the parent type of the sub-
rango. {p cal an Atomic tygo Specification for tygo intogor
or an Indirect type Spocificat on poin

DST record.

the two Value Specifications in this Type Specification specify the
lower and ugpor bounds of the subrange. These bounds values must be
values of the parent type.

ing to an Enumeration Type Begin
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FILE TYPE SPECIFICATIONS

The File T;E Spocification spoiifios & Filo data t {po as fornd in

PASCAL or /1, for exam Since the ntorprotot on of 2 typos

vari 't from Lan uago to anguago. ho Language ?do for th

typo s ng lude the Type Spoc icat on. Optionally, a filo rocord
Kgo S oc icat on can be included speci ; ng the type of a record in

t A PASCAL File-of-Reals, for instance, would have Real

(F-floating as its file record type.

This is the format of the File Type Specification:

vord 1 DSTSW_TS_LENGTH !
byte ! DSTSB_TS_KIND (= DST$K_TS_FILE) :
byte DSTSB_TS_FILE_LANG

var DSTSA_TS_FILE_RCRD_TYP

Type Specification Giving the File Record Type

Here the DSTSB_ TS FILE LANG field contains the Language code for this
file. The same anyuagc codes are used as in the Module Begin DST
record. "DSTSA_TS_FILE_RCRD_ TYP is the location of a DST T¥pc Specifi-
cation for the record ¥Y f applicable. This Type Specification is
optional; if omitted, f o-of-charactors is assumed.

“
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word
byte
var
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AREA TYPE SPECIFICATIONS

NOTE: THIS TYPE SPECIFICATION IS NOT SUPPORTED BY DEBUG Vv4.0.

The Area Type Specification describes a PL/I '‘area" t¥po. PL/I areas
are regions of memory whose base addresses are determined at run=time.
Areas are always used in conjunction with PL/] Offsets (see below).
This is the format of the Area Type Specification:

b= B B R e e -—-d

: DSTSW_TS_LENGTH !

brcnccccaa= cccccecseoe e R e m o e ww oo oo e o +

DSTSB_TS_KIND (= DSTSK_TS_AREA) '

-----  —cemoeeceeeeeeeee e B L R R N L L L

DSTSA_TS_AREA_BYTE_LEN
Value Specification Giving the Area Byte Length

]
]
'
]
'
[}
]
'
]
]
..................... Ll B R e R R i R R R

Here the DSTSA _TS_AREA_BYTE_LEN Value Specificatioﬁ specifies the byte
Llength of the PL/T Area.

R

V4.0-7

4 Page 69
CE.SRCJ%BKDST.REO:1 . (4?)

SRS




TR TR LA A T P T R TR R TR RIS I TR TE TR TR TR TR LA LE PR FRE PR T PR DR PR LR LI T TR

A

4§ 9 "
lg-So -1984 23:09: VAX=11 Bliss=,2 V4.0=742 Page 70
1823001980 83:90: 08 VeSslaoohdBs rrAate RTS%exost Reas 1 P29 (43S
OFFSET TYPE SPECIFICATIONS .

NOTE: THIS TYPE SPECIFICATION IS NOT SUPPORTED BY DEBUG v4.0.

The Offset Type Specification describes a PL/1 ''offset'’ type. PL/I
offsets are offsets relative to the start of a PL/l ""area’ (see above),
a dynamically allocated reaion of memory. The Offset Type Specifica~
tion specifies the base address of the associated area and the byte

(=l=lalelelalel=l=l=
VIV

W =0V NN = OO0

offset value of this offset type. This is the format:

'

|

|

]

i

]

i

i

|

0 :

.
06y § i
06 o ! ’-Q--------------------------------------------.----.Q--. ....... ‘
063 0 ! word ! DSTSW_TS_LENGTH : '
OM 8 ! b ee e e e e ccr e T EE SR @ ® S Do eSS S oo cossnocccscacccssse +
065 8 ; byte i . DSTSB_TS_KIND (= DSTSK_TS_OFFSET) i
§§§ 8 g var | DSTSA_TS_OFFSET_VALSPEC !
893 8 g § Value Specification Giving the Base Address E
gg;1 8 g § of the Area Associated with this Offset g
078 0 : ; :
R AN RS " :
0% 0 § Value Specification Giving the Byte Offset Value 5
078 0 i ! ; :
079 0 ! R e LD DL DD DL L LD L e L e e e T +
080 0 '
# 8
085 0 i Here the DSTSA_TS_OFFSET_VALSPEC Value Specification produces the base
3084 0 : address of the asSociated area and the second Value Specification gives
3085 0 ! the byte offset value into the area. .
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word
byte
long
long
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NOVEL LENGTH TYPE SPECIFICATIONS

The Novs% Lsn?th T{ps Specification is used to sgscii dsts type
that is ident 0 a parent dsts type sr;spt that t s o scts oi this
nsv type hs¥s a d fferent length (a "novel’ or st;gcxso length). This

xgs psg cstion is ussd for the conponsnts of rscords in
or example. A boolean component acked record consists

of a sin le bit (the novsl Length) uhils sfl otgsr oolssns consist of

a byte (the nornsl length). To describe the pscks? boolean type

Novel %sngth Y{Rs ec iics} on is ussd which specifies the nove [ lsngth
and points to DST descr ption of the parent type, namely the normal
boolssn t{ps. DEBUG accessed objects of a Novel-Length type by expand-
ing them to the normal length for that type.

This is the format of the Novel Length Type Specification:

e T - cecccccccccccccccne +
DSTSW_ TS _LENGTH (= 9) 4

...................................... L L R

DSTSB TS KIND (= DSTSK_TS_NOV_LENG)

]
]
+
]
'
+ e I O D D TR D T D @D D e D S SR R S T e S G9 D S GBS M5 G eSS e G T3 4D W 4D OB S D e W W D W em D Em +

)
]
@
]
]
+

DSTSL_TS_NOV_LENG_PAR_TSPEC !

Here the DSTSL_TS_NOV_LENG field contains the '‘novel'' Length of this
data type. The DSTSL_TS_NOV_LENG_PAR_TSPEC field is a DST pointer which
contains the byte ofi et relative to the start of the whole DST of the
DST record that specifics the gsrsnt type. The pointed-to DST record
must be a T{pc Spsciiicstion DST record, a Record Bsgin DST record, or
an Enumeration Type Begin DST record. nypicsll¥ it is a Type Specifi-
cation DST record containing an Atomic Type cstion for type inte-
ger or boolesn or an Enumeration Type Begin DST record.)

[
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SELF=RELATIVE LABEL TYPE SPECIFICATIONS

The Self-Relative Label Type Specification specifies the type of a PL/I

self-relative'’ label. Such a label is actually a Label array, meaning

that it must be indexed by an integer value to yield a specific Label
value. The internal representation consists of an array of longwords
where each arrn¥ element contains a label value relative to the start of
the orra¥. Making the element values relative to the start of the array
ensures that the label array is Position-Independent (PIC).

This is the format of the Self-Relative Label Type Specification:

dmmm o m e oo - B e R R R NP B R e e +
word i DSTSW_TS_LENGTH (= 1) i
byte i DSTSB_TS_KIND‘(= DSTSK_TS_SELF_REL_LABEL) i

TASK TYPE SPECIFICATIONS "

NOTE: THIS TYPE SPECIFICATION IS NOT SUPPORTED BY DEBUG Vv4.0.

The Task Type Specification specifies the data type of task objects

as found in ADA. Objects of the Task data tlpo re assumed to have

longword values understood by the ADA multi-tasking kernel. Since

no additional information is associated with the Task data type, the

Task Type Specification has the minimal format:

R i ke e e R +
word | DSTSW_TS_LENGTH (= 1) i

T T TSR ———
byte i DSTSB_TS_KIND (= DSTSK_TS_TASK) :

END OF TYPE SPECIFICATION DESCRIPTION.
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ENUMERATION TYPE DST RECORDS

Enumeration tlpes. as found in PASCAL and C, are represented in the
DST by three kinds of DST records. The Enumeration T{go Begin DST
record describes the type itself, giving the bit Length of objects

of that type and the name of the type (e.g., COLOR). This record

is followed by some number of Enumeration Type Element DST records,
one for each element, or Literal, in the type (e.g., RED, BLUE, and
GREEN). Each Enumeration T{po Element DST record g{vos the name and
numeric alu: of one Literal of the enumeration type. The whole type
description is then terminated by an Enumeration Type End DST record.

The Enumeration Type Begin and Enumeration Type End DST records thus
bracket the List of elements of the type, much Like other Begin-End
pairs in the DST. The Enumeration Type ELement DST records within
those brackets do not have to be in numeric order of their values,
although it is desirable if they are. For lLanguages lLike ADA, where
the numeric values of the elements need not oo up sequentially with
the logical element positions, the Enumeration Type DST Elements do
have to be order of their log‘col positions, however. No other kinds
of DST records (except Continuation DST records) may appear between
the Enumeration Type Begin and the Enumeration Type End DST records.
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THE ENUMERATION TYPE BEGIN DST RECORD

The Enumeration Type Bogig DST record specifies the name of an
enumeration type and the bit Length of objoctt of that type.

It also serves as the oponing bracket for a List of Enumeration
Type Element DST records, and must be matched by a closing
Enumeration Type End DST record. This is record's format:

B T e T T R Y

]

i

i

:

i

i

i

i

i

i

i

; byte i DSTSB_LENGTH i

| byte ! DSTSB_TYPE (= DSTSK_ENUMBEG) !

g byte ! DST$SB_ENUMBEG_LENG :

| byte ! DSTSB_ENUMBE G_NAME :

i var i ; i

E | The Name of the Enumeration Type in ASCII 5

g | (The name's length is given by DSTSB_ENUMBEG_NAME) !

s i

i LY LR e e e kT T X T, E3

|

i

i

: Define the fields of the Enumeration Type Begin DST record.

FIELD osgg;nunsec_rIELos =
DST$B_ENUMBEG_LENG =[2, 8_1, ! Bit lcn?th of data objects of

: this enumeration type

DST$B_ENUMBEG_NAME =[3,8_1 ! Count byte for the Counted
s : ASCII Type Name

33-32 V4.0-742 &
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byte
byte
byte
long
byte

var

byte
byte

15-se-1ons 23:03:00

THE ENUMERATION TYPE ELEMENT DST RECORD

Tho Enumeration Type ilonant DST record specifies the name and value

of one olcnont (one | tora* of an onulcrat on type.
g?oar otuocn an Enuaor’ on Type Begin and an

record. ng representation of enumeration ty
assunod to bo uns gned ’gor.
has its normal interpretation (see the S
the details), Hence the DSTSV _VALKIND f
DSTSK_VALKIND_LITERAL and the BSTSL _VALUE
priaté integer value in this case.

This is the format of the Enumeration Type Element DST record:

It may only

Standar Dltl DST record
o&?.rdll have the value

D ceccccccnae B e e e L LT T R B
: . s A S L .
D i it e e .
e £ b0 A P i i TELREA .
Bl Ca MR SSL L BREE, o L Mo SEISBEE St iceadie :
' DSTSB_NAME '
R i RS e ket e A RS o s T 1
§ The Name of the Enumeration Literal in ASCII i
g (The name's Length is given by DSTSB_NAME) §
e e i, z

THE ENUMERATION TYPE END DST RECORD

The Enumeration Type End DST record terninatos the description of
enumeration type. This is the record's format:

oo = Dt R R R e L e +
: DSTSB_LENGTH_ :
' DST‘B TVPE (- DST‘K ENUHEND) i
D e e e R e e e e e

numeration Typo End

The DSTSB_VFLAGS field in tﬁ’s r:gord

will have the appro-

————
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RECORD STRUCTURE DST RECORDS

Record structures, or simply rocords. refer to tho aggregates of non-
homogeneous components found in many 1n ulgcs. In some languages,
such constructs are callod rocord: n PA SAL and COBOL, for example)
and in others they are called “structures’’ (in PL/I, for example).

Here we will call them “records’. What all records have in common 13
that they cons st of a set of named couponents. each correspondin

some field in the record structure. The components can in genera bc
of any data types supported by the lLanguage.

In the Dobu' S{nbol Table, a record is ropros nted by a Rocord Begin
DST record Tollowed by sono nunbcr of data ob’cct D rocor s, one for
jh record component, followed by a Record End DST record. iny data
bject DST record within a Rocord-Bogin/Rocord-End pair is taken to
onoto a conponont of that enclosing record p? fication. Other DST
records may ? SO appear between the Record-Begin/Record-End pair, such
as Type Specification and other DST records that specify the data types
of t :‘conponcnts. However, only data DST records denote record com=-

ponents.

Nostod rocords are dcfinod by record components which are themselves
rccor S. ‘po of a record component uhich is itself a record is
defined b anut er Record-Begin/Record-End pair of DST records. This
additional record definition may appear inside the original record
definition. but does not have to do so=--an lnd roct Type Specification
?o nti ng to a record definition outside the orig na} record definition

s also legal. Conversely, a record definition inside another record
dofinition does not define a nested record unless some conponont of
the outer record actually roforoncos the inner record definition. In
short. the DST can only describe one level of record components at a
time, but any component can be of any arbitrary dota type including
another record type.

data t‘go and a data object. If the DST$B _VFLAGS field has the special
value DSTSK_VFLAGS_NOVA
abstract data type. ¥ bject of this data type nust o roprosonted
{ a Separate Type Specification DST record which immediatel ! precedes
either the Record Begin DST record or a Type Specification DST record
that contains an lnd rect Type Specificat on that points to the Record
Begin DST record. ;h s case, the name in the Record Begin record is
taken to be the nano of the data type, not of any object of that type.

The Record Begin DST rozord is unusual in that it can define both a
thon the Re ord Begin DST rocord defines an

However, if the DSTSB_VFLAGS field does not contain DSTSK_VFLAGS_NOVAL,
then the Record Begin DST record defines both a data type and a iata
ob!oct of that type. his form can be used for lan uagos ;gch as
do not have named data types. In this case, VFLAGS and
DSTSL VALUE fiolds spoci { the address of th’ roc?r ? oct n the same
uay as in the Stan ar Data DST record. B egal to have
iro i 1{91 Specifications pointing to this Rocord Begin DST record,
ng ctly as a type definition.

Some languagos. such as PASCA# allow record variants, (In ADA, the
same concept is called ''discriminated'’ records.) An object of a record

24
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t’po with variants contains some set of components found in all objects
of that type plus some s,t o conponont’ that vary from one rocfrd
variant to the next. Which of the varying components are actually
present in a given re ?rd may be determined by the value of a “'tag
variable' which 1s a fixed conponon‘ of the record. Variants may also
be nested so that variants have varia

In the DST, record variants are described b¥ Variant Set Begin DST
records, Variant Va!uo DST records, and Var nn‘ s,: End DST records.
The Variant Set Begin DST record marks the beginn n? of a set of record
variants, where each variant consists of some set of record components.
Th’ Variant Set Begin th record ind c*tos which record coup?nont on-
stitutes the tag variable that discriminates between the variants in
the set. This tag variable must be a conp?nont of the same record and
must precede the Variant Begin DST record in the DST. The variant
Bogi?lbszi;:cord also gives the bit size of the variant, if known at
compile~ .

nts.

The Variant Value DST record marks the ?oginnin of a single record
variant, It also specifies all tag variable values or value ranges
that indicate the presence of this variant in a given record object.
ALl record components (indicated by data DST records) after this Vari-
ant Value DST record and before the next Variant Valug or Variant Set
End DST record are taken to be components in this variant,

The Variant Set End DST record marks the end of some set of variants
u}:ﬂ}n :hroco;d specification. It also terminates the last variant
w n the set.

A record type with variants is thus specified as follows. First a
Record Begin DST record marks the beginning of the record specifica-
tion. After that come data DST records that denote all fixed compo-
nents of the record type.. Then comes a Variant Set ?ogin DST record
that marks the beginning of a set of variant definitions and identi-
fies the tag variable (if any) for that variant set. Immediatel
thereafter comes the first Variant Value DST record. It marks the
start of the first variant and identifies the values or value ranges
of the tag variable that correspond to this specific variant.

_ After the first Variant Value DST record come the data DST records

for the record components in this particular variant. Next comes the
Variant v;luo DST record for the next variant, along with its component
DST records, and so on for each variant in the variant set. After the
las% congonont DST record for the Last variant in the set comes a
Variant Set End DST record. It is followed by the DST records for any
additional record components, gossibl‘ including additional variant

set definitions. Then comes the the Record End DST record.

Variang.sots nl; be nested inside ¥ariant sets. ?uch nesting is indi-
cated in the DST by the corresponding proper nesting of Variant Set
Begin and variant Set End DST records.

A
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THE RECORD BEGIN DST RECORD

The Record ?cgin DST record marks the beginning of o rocord type
on

IELD DS;:RECBEG TRAILER_FIELDS =

DSTSL_RECBEG_SIZE = [ 0 , L_ ] ! The bit sizo of data sb{ccts of this
_ i record type (or f unknown)

TES:

l
I
l
l
| definit n the DST. It must bo fol lowed ?y the DST records for

95 i the components of that record and by a natch ng Rocord End DST record.

9 i The Record Begin DST record has essentially the same format as the ‘

9 i Stondord Data DST ro ord, but with two exceptions. First, an oxtra

9 i ngword gives the bit longth of the rocorf tyB znd second,

9 i DBG _VFLAGS fio%d may have tho special vg e DSTSK_VFLAGS NOVAL to
400 i indicate that this is strictly a ypo definition, not also the dofini-
401 i tion of a rocord ob ect. n normal raluo spoc{ficat on is use &

4 i i record objo t is being declared as well as a rocor type.
40 i case, a tra #ing Value Specification may b g uded at the end of the
28? : DST record if necessary to describe the rccord s address.
409 i The bit size of objects of this record type is also given in the DST
40 : record. This size should be included if the size is known at compile-
40 i time. If it is not known at coupilo-tino. it should be specified as
2?0 : zero.
2}% : This is the format of the Record Begin DST record:
l
‘}‘ ; . bomccso== - - - - e B g e e D Sa e e eSO S e T e e - w - - == +
2}2 : byte i DSTSB LENGTN i
2}; ‘ : byte i L DSTSB TYPE (=DSTSK_REGBEG) i
218 : byte i DSTSB_VFLAGS i
421 i long ! DSTSL_VALUE '
‘ g ' D L e T T cececcecscesceeeaaeem®e e kS
0 i byte ! DSTSB_NAME '
‘ ‘ B T e L T T T e e L L T T S +
5 i var | '
9 : ; The Name of the Record or Record Type in ASCII 5
g : i (The name's Llength is given by DSTSB_NAME) g
o 4 |
1 ' 4= L L X L T e Y ccscscsccscscscceccsccsss +
i : long i DSTSL_RECBEG_SIZE i
I
2 :
i pefine the fields of the Record Begin DST record. Also declare the macro
: that defines the trailer part of the DST record.
F

MACRO
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DSTSRECBEG_TRLR = BLOCKL,BYTE] FIELD(DSTSRECBEG_TRAILER_FIELDS) %:

THE RECORD END DST RECORD

Tho Rocord End DST record nlrks the end of a record type definition in
the DST. in effect, it termi nasos the sccpe so; up by the matchi~ g
Record Bog n DST record. This 1s the record's format:

’ ........................... -.--.-.--------..-..-----------.----.
byte ! DST$B_LENGTH (= 1) :
g byte | DSTSB rvps (= DSTSK _RECEND) !

B S e ————— e =

£IN =2 O 00O ~NO NS AN = OO0 00~

R ARt AL B A A A ALt
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2§; ; THE VARIANT SET BEGIN DST RECORD
4 !
663 ! The Variont SC! Begin DST record narks the bcginning of the DST
4 ! description of a set oI record vari ant% T record also
470 ! idontif es the ta var ablo that discrimi natos ? tween the ariants
471 ! in the variant se tag voritble is dont y a point
47§ ! to the DST record for e tag variable. This o ntcr ons sts
&7 ! of a byte addres rclative to he start of tho DST The size in
474 : its o th $ variant set, meanin th. size of the largost variant
475 ! n the set, is also included. If this size is not known at compile-
2;9 : time, it should be set to zero.
2;3 ; This is the format of the Variant Set Begin DST record:
480 0 !
‘ 1 ! d e - R e EE S EE T I P ED S @ E @D oD D D o e e @ e W e o e +
23 2 byte i DSTSB _LENGTH . i
484 0 ! byte | DST&B TYPE (t DSTSK VARBEG) ! o
‘as ‘) ! L T L L L L L T T T T T T N T TS T T T T T T T T T T M M M ™S ST ™SSR 4
& 8 ! byte ! DSTSB_VFLAGS !
‘8 ! b nvcsvcccccsas R e et .---- ------------ - W +
4«88 0 ! long ! DSTSL _VALUE '
1‘39’ 8 ! e B T T T TS ut.-- ------------------------------ +
490 ! byte ! DSTSB-NAHE '
‘94 8 ! L e B e Y L L L L L L T T T T T T T T T T I T T I T I IS f
49 ! var ' '
234 8 ; 5 The Name of the Variant Set in ASCII 5
295 8 ) E 5 (The name's Length is given by DST$B_NAME) E
497 0 : ] (This name is normally null) '
498 0 ! ! '
& 0 ! ! !
SC"D o ! 4= - o - - D D W B ——— +
501 0 ! long ! DSTSL_VARBEG_SIZE ]
50; i P R ES SR SR, el . ot sttt SO U UL S F— +
S0 ! long ! DSTSL VARBEG TAG_PTR !
so‘ ! ’ .............................................................. +
505 !
20 i
583 ! Define the fields of the Variant Set Begin DST record. Also define the
510 ; declaration macro for the trailer part of the record.
3}1 FIELD DST2¥ARBEG TRAILER_FIELDS =
g1§ DSTSL_VARBEG_SIZE =[0,L_), ! Size in bits of variant part
514 ! of record (or zero)
515 DSTSL_VARBEG_TAG_PTR =[4,L_) ! Pointer to TAG field DST
519 ! record relative to the
1 ' start of the D
13 TES; :
1 :
SSO MACRO
521 DSTSVARBEG_TRAILER = BLOCK[,BYTE] FIELD(DSTSVARBEG_TRAILER_FIELDS) X;
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THE VARIANT VALUE DST RECORD

The Variant vValue DST record marks the beginning of a ncu record

variant uith n n variant set. It also marks the end of the gro¥1ous

variant (if ! It is always found between a Variant Set Be

and a Var ant Set End DST record. Since the V ar ant Set Be in DST
.i ied the tag variable, the Variant Value

DST record only sp ci es tho tag value or va uo1 that corrospond

to }ho present variant. It also spocifino the s ? ts of this

record has already

variant if known at comp }o-; me (otherwise zoro s spec ied). The
0

Variant Value DST record lowed b the data DST records (includ-
ing nested variants if appropriate) uh ch constitute the components

of this specific variant.

A variant may have nany tag values or tag value ranges. This DST
record thus specifies a set of tag value ranges. The way these
ranges are specified is described in detail on the follouing page.

This is the format of the Variant Value DST record:

i byte | DSTSB_LENGTH |
! byte i DSTSB_TYPE (= DST‘K VARVAL) i
i long : DSTSL_VARVAL_SIZE !
i word ! DSTSW_VARVAL _COUNT ;
i ovar DSTSA_VARVAL-RNGSPEC ;
§ lero or More Tag Value Range Specifications E
§ (The number of Range Specs is given by DSTSW_VARVAL_COUNT) §
S R e + \
i pefine the fields of the variant value DST record.

1
|
|
|
|
§
1
v
|
¢
|
|
|
|
¢
|
|
|
]
!
]
1
H
1
! e e e e e e e L L b T L ¥ T S iRy p— - s - - - +
1
)
0
|
|
|
i
|
1
|
1
L]
|
|
i
1
)
|
i
F

f IELD os;zVAaVAL FIELDS =

DSTSL_VARVAL_SIZE = E S L. i ! Bit size of this variant part

DSTSW_VARVAL_COUNT =[ 6, W, '; The nu:?cg ?fl{ag value ranges
: which follow

DSTSA_VARVAL _RNGSPEC =[8, A 1] ; Location where the tag value

range specs star
TES:
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TAG VALUE RANGE SPECIFICATIONS

Each Tag Valuo Rlngo Sp’ci ication in a Variant Value DST rccord
consists 3 byte spec ng thc kind of the rangc seci ifi cation

ou'd y one or two v.guo ocificat ons. If one U
f cation is givoni that

that one value. f two Value Spc

e Speci-
ves ﬁa? va % o--t e range consi gts of

cations are given, thc speci-
{ thg lowest and highest valucs n the tag value range. e illu~
strations below show the two possible forhats of Tag aluo Range
Specifications:

------ R e R R e e L

DSTSB_ VARVAL RNGKIND (= DSTSK_VARVAL _ SINGLE) i

- e e T P DI, S —— ———=

! +

! byte i

| var | DSTSA_VARVAL_RNGADDR
y

A DST value Specification Giving a Variant Tag Value

|
]
|
|
|
|
!
|
|
|
|
)
|
|
]
]
|
]
i
\
i
|
i
4
!
! e ccccenrcecrccececsmn o e e e v o e cesscsssscscscssccsessaneaacan +
|
i
i
i
|
|
]
|
i
]
]
i
1
i
]
1
]
4
i
1
i
|
F

! byte i DSTSB VARVAL RNGKIND (= DSTSK _VARVAL RANGE) i

i var | "DSTSA_VARVAL_RNGADDR 5
i A DST Value Specification Giving the Lower Bound §
g for a Range of Variant Tag Values §
1 "

i ‘ S Em——— +

. var ' !
g A DST Value Specification Giving the Upper Bound 5
§ for a Range of Variant Tag Values §
; coeccsceceaoee ceoeosceceaees - - ;

i pefine the fields of the Tag Value Range Specification.

FIELD DS;:VARVAL RNG_F IELDS =
DST$B_VARVAL _RNGKIND = [ 0, B_ ]. ! Tag Value Range Spec kind
DSTSA_VALVAL_RNGADDR = [ 1, AC ! Location of first Value

i Specification

TES;

! Define the possible values of the DST$B_VARVAL_RNGKIND field.

}
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THE VARIANT SET END DST RECORD
The Variant Set End DST record marks the end of record variant set;

it terminates a set of varian}s which have the same tag variable.
This is the format of the vVariant Set End DST record:

- - - - -

b e e - - -—— ceeceecseee —ceccecceessee cesecsccscsccrcecsrcrcrcecceneceeeene- +
byte ! DST$B_LENGTH (= 1) :
8 byte i DSTSB_TYPE (= DSTSK_VAREND) i
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BLISS DATA DST RECORDS

BLISS data objects are represented by sovor0§ different kinds of DST
records. Ordinary scalar objects, such as simple integers, are repre-
sented by the Standard Data DST record or its variants. However, the
more specialized BLISS data types such as Vzctors Bitvectors, Blocks,
and Blockv’ctors. are represented b¥ a special DSt record called the
BLISS Special Cases DST record. Pointers to such objects (e.g., REF
VECTOR) are also represented by this DST record. In addition, BLISS
field names are represented by their own kind of DST record, the ?LISS
Fiot? DST record. Both of these record kinds are described in this
section.

The BLISS Special Cases DST record and the BLISS Field DST record are
supported for BLISS only. They should not be generated by compilers
for any other lLanguage.

P
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S

byte
byte
byte
byte
byte
byte

var

long
byte

var

long

1h-sem-iats g3:00:08

THE BLISS SPECIAL CASES DST RECORD

The BLliS Special Cases DST record is ¥sod to describe a number
data objects whose data types are spoc ic to the BLISS Language
This includes such ob ects as BLISS Vectors, Bitvectors, Blocks
Blockvoctors an? pointers to these objects (REF VECTOR, REF BLOf
and so on). s DST record should not be generated for any lan
other than BLISS.

This DST records consists of four parts: The DST header fields,
field ? in the set DSTSBLI FIELD, a variablo-longth t of fields
the f elds in the set DS!!BLI_TﬁAl LDS. The var ablo-lcn th
of fields can be on ty, consist of fho 1olds in DSTSBL] VEC FIE
the fields in DST 1 BITVEC FIELDS, the fields in DSTSBCI BLoCK_
or the fields in DSTSBLI_BLKVEC_FIELDS.

Which set of fields g?
in the variable-length part depends on the value of BLISV_BLI
which indicates which type of symbol is being defined.

This is thus the format of the BLISS Special Cases DST record:

DN |V N et
' DSTSB_TYPE (= DSTSK_BLI)

W R WML s
PR ey TN RO e
e ot s R L T o S
B O S i
E DSTSA_BLI_SYM_ATTR

i Variable-Length Portion of DST Record

SR RIS S AR S e e e A S AR
' DSTSL_BLI_VALUE

b i ST R R
% The BLISS Symbol Name in ASCII

§ (The name's Length is given by DSTSB_BLI_NAME)

e TN L o S SRR Nl TR s i
B LR i R e b o B SR SRR

Ax-;1 Blias-SZ vé4.0-
$2558DUA2B: [TRACE.SRCITBKDST.REQ; 1

of .
only.
and

guage

the
, and
set
LDS
FIELDS,
ears
RUC,
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The xariahlc-longth portion oIb§?1tDST record can have several forms

as discussed above. One poss is that 1} i{s absent altogether.
This occurs if the DSTSV_BLI_STRUC field contains DSTSK_BLI_NOSTRUC.

However, if DSTSV_BLI_STRUC has the value DSTSK_BLI_VEC, the variable-
Llength portion of the DST record has the following Format:

* moecssas s =e coecescanae L R cescsmecoe e e e
i DSTSL_BLI:VEC_UNIYS i
i DSTSV_BLI_VEC_SIGN_EXT i DSTSV_BLI_VEC_UNIT_SIZE i

If DSTSV_BLI_STRUC has the value DST$K_BLI_BITVEC, the variable-length
portion of the DST record has the following format: '

If DSTSV_BLI_STRUC has the value DST$K_BLI_BLOCK, the variable-lLength
- portion of the DST record has the following format:

R e it e e +
: DSTSL_BLI_BLOCK_UNITS !
! Unused i___DSTSV_BLI_BLOCK_UNIT_SIZE !

If DSTSV_BLI_STRUC has the value DSTSK_BLI_BLKVEC, the variable-length
portion of the DST record has the following format:

e ccs s s s cscnsas == B B N e e e +

! , DSTSL_BLI_BLKVEC_BLOCKS !

DSTSL_BLI_BLKVEC_UNITS '

- = - e e o e D D s o s G e 0D G W W I W W P o o e P e L L e L +

: "DST$B_BLI_BLKVEC UNIT_SIZE !

-

gcfin; the fields in the header portion of the BLISS Special Cases DST
! Record.

FIELD DST$BLI_FIELDS =
SET

V4.0-742
RACE.SRCIT

T
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08

) d o d o o D b D b

0o 0o 0o 0o 00 00 00 G0 0o O 00 00 0o o
SR OO NO LIS AN = OV N VS NN = O

oo
e

Sep=1 VAX=11 Bliss~-
E Sep-198¢ 83:%0:98  vaNslioBkisen?
DST$B_BLI_LNG . =[(2, 8_1, Length in bytes of the set of
fiolds bctwcon this one
lnd TR A L_F EL
botuc n
DSTSA_BLI_TRLR1 =[3, A1, The f rst raikcss} B.ELtthG
location
DSTSB_BLI_FORMAL =[3,8_1, Flag set ‘f this symbol 1: "
routine forma paraactor
DSTSB_BLI_VFLAGS = E &, B Value access information
DST$SB_BLI_SYM_TYPE =[5, B, The type of tho BLISS symbol

as described b{ tho fol-
lowing sub-fields:
The structure of this symbol
This field Must Be Zero
Fla? sot if this is a REF
REF, 0 = no REF)
Address of variable length
attribute segment in
this DST record

osrsv 351 STRUC
bsTay _BLI_REF
DSTSA_BLI_SYM_ATTR

- - ——

(6,

nun
e
v
- s
P> <<<

"
emomsmonny § § CEWIECEns s s s ans e ans s ameas  anlad

TES:

; These are the possible values of the DST$SB_BLI_STRUC field.

LITERAL
DSTSK_BLI_NOSTRUC =0, ! Not a BLISS structure
DSTSK_BLI_VEC =1, ! BLISS Vector
DSTSK_BLI_BITVEC = i. ! BLISS Bitvoctor
DSTSK_BLI_BLOCK = 3, ! BLISS Bloc
DSTSK_BLI_BLKVEC = &; ! BLISS Blockvector
! Define the fields in the variable-length gar BLISS Special Cases
! DST record when the value of the BLISV_ R l is DSTSK_BLI_VEC.

: This field describes a BLISS Vector.

FIELD DS&E?LI-VEC_FIELDS =
DSTSL_BLI_VEC_UNITS
DSTSV_BLI_VEC_UNIT_SIZE

C 6, L_1J], ! Number of elements allocated
! in the vector
€ 10, v_(0,4) ] ! The voctor clcncn unit
sizo yto =

word, 1 = [onguord
£ 10, v_(4, 6)3 ! Sign oxtons on ?
1 = sign oxtons on
! 0 = no sign extension

DSTSV_BLI_VEC_SIGN_EXT

TES;
Define the fields in the variable-lLength ga rt o BLISS S?ccia
DST , ord when the value of the BLIS STR l s DST$K _BL l EC.
This field describes a BLISS Bitvector.

l
l
I
l
FIELD Dsg:?Ll_BlTVEC,FIELDS =

gggSL_BLl_BlTVEC_SIZE = [ 6, L_)"! The number of bits in the bitvector

2 P
A CITBKDST.REQ;1
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Hriot SO0 VAL TR s neas P
ag : '
% ! Define the fields in the variable-lon art of the BL SS Sg;cial Cases
DST record when the value of th e BLISV_BLI_STRUC field K_BLI_BLOCK.

! These fields describe a BLISS Block.
FIELD DST:BLI BLOCK_FIELDS =

DSTSL_BLI_BLOCK_UNITS = [ 6,L_1, ! The number of units allocated
! in the block

DSTSV_BLI_BLOCK_UNIT_SIZE = [ 10, v_(O, 6) J ! The unit size of the
block: 1 = byte, 2 =
! word, and 4 = longword

&~

W = OO0 00 NN AN = OO0 00 O N B Y

TES;

! Define the fields in the variable-length ?ar f the BLISS Special Cases
! DST record when the value of the BLISV _BLI_STRUC field is D STSK_BLI_BLKVEC.
: These fields describe a BLISS Blockvector.”

FIELD DS;:?LI_BLKVEC_F]ELDS =

0D 00 00 00 00 00 00 00 00

VIviuiunuviviviuviwawn

86

86 DSTSL_BLI_BLKVEC_BLOCKS = [ 6, L_1), ! The number of blocks in the

86 ! -blockvector

86 DSTSL_BLI_BLKVEC_UNITS = E 10. L. g.! The number of units per block
DSTSB_BLI_BLKVEC_UNIT_SIZE = [ 14, B_ : The block unit si zo 1 = byte,

2 = word, &4 ¢ longuord

333

VOO0 OOOOOOO0O0O0OOO0OO0OO0O0O0O0000O00COO0OOOOOOOOOOOOOOCOOOOOOOOOOO

TES;
i
869 ! Define the fields in the first trailer portion of the BLISS Special Cases
g;? : DST record. Also define the declaration macro.
8;; FIELD DS;%?LI,TRAlLl_FIELDS =
g?k DSTSL_BLI_VALUE = [ 0, L_ ], ! Value longword, interpreted :
75 : according to contents of
87? i DSTSB_BLI_VFLAGS
87 DSTSB_BLI_NAME = [ 4, B_ ), i Count byte of the synbol name
;3 | Countcd ASCII string 3
DSTSA_BLI_TRLR2 = [ 5, A_ ] i The second trailer starts at this
: location + DSTSB_BLI_NAME

TES;
MACRO

VSN N =

DSTSBLI_TRAILERY = BLOCKL,BYTE] FIELD(DSTSBLI_TRAIL1_FIELDS) X;
! Define the fields in the second trailer portion of the BLISS Special Cases
' DST record. Also define the declaration macro.
FlELD os;g?Ll_!RAlLZ_FlELDS =
gé;SL_GLl-SllE =(0,L_1] ! Size of the Bliss data item in bytes

TR R R e e e e e e e R TR T P P P PR LA LA TR L AL A L E TR TR LA PR TR T TR TR TN TR TR TR TR TR TR TN T TR TR TR TN TN T,
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MACRO

18-3es-10me 33:08:00

DSTSBLI_TRAILER2 = BLOCKL,BYTE] FIELD(DSTSBLI_TRAIL2_FIELDS) X;
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THE BLISS FIELD DST RECORD

The BLISS Field DST record describes a BL SS fiold name. BLISS field
nanos are declared in FIELD declarations t{ Each B ISS fiold
name is bound to on n=tuple of numbers. Usua y thc n-tuple is a four=-
tuplc an? the numbers represent a byto or on?wor offset, ;

of so thin that byte or longword, the b ength of tho iold boing
doscr bed, and a sign-extension fllg. DEBUG su ports references i

such fields in BLISS Blocks and Blockvectors. However, a BLISS f cld
can be any n-tuple. If n is not &4, the field name can only be used in
EXAMINE commands, but not in Block or Blockvector references.

The BLISS Field DST record should not be gonoratod for any language

H

|

]

]

]

]

b

]

|

]

]

]

]

]

: other than BLISS. This is the format of the record

|

! b= - X T R B L T R - o +
E byte - i DSTSB _LENGTH i
g byte } DST$B rvpe (= DSTS$K_BLIFLD) :
g byte ! DSTSB_BLIFLD_UNUSED i.
g long ! DSTSL_BLIFLD_COMPS !
g byte ! DST$B_BLIFLD_NAME !
i var ' '
: 5 The Name of the BLISS Field in ASCII 5
: : (The name's Length is given by DST$B_BLIFLD_NAME) !
b - i
! L e L L L e e e e L L S P +
! var \ 1
: 5 A Vector of Longwords Containing the Integer E
: ! Values of the Components of the BLISS Field Definition |
: {  (The number of values is given by DSTSB_BLIFLD_COMPS) |
p ] i
| e e o= B e R Y L *
]

!

]

; Define the fields of the BLISS Field DST record.

F

FIELD DS;SBLIFLD FIELDS =

ET

DSTSB_BLIFLD_UNUSED = e B I ! Unused=-Must 80 lero
DST‘L “BLIFLDZCOMPS = : & X ! The number of conpononti
DSTSB™BL IFLD_NAME = o B_ ; The count byte of the field

name Counted ASCII string
TES;
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LABEL DST RECORDS

Labels are represented by two different DST records. A Llabel, in the
sense used here, is a symbol bound to an instruction address. Labels
do not include routine, lexical block, and ontr¥ point symbols, however.
A Label can be represented by either a Label DST record or a Label-or-
Literal DST record. The Label-or-Literal DST record is intended only
for Language MACRO, it appears. (The histor‘ on the origin and intent
of this record is unclear, however.) ALL other Languages should use

the Label DST record for (abels.

THE LABEL DST RECORD

The Label DST record specifies the name and address of a Label in the
the current module. A label in this sense is always bound to an in-
struction address, not a data address. This is the DST record normally
used for Labels in high-level languages. The DSTSL_VALUE field of this
record contains the code address to which the Label is bound.

This is the format of the Label DST record:

byte i DSTSB_LENGTH i
byte i DSTSB_TYPE (= DSTSK_LABEL) i
byte i Unused=--Must Be Zero :
long E DSTSL_VALUE !
byte ! DSTSB_NAME '
tecccnccccccencccnccccccsccecccencce e e e s e e s e eeeseeeeeenee +
var ' 1
5 The Label Name in ASCII 5
i (The name's Llength is given by DSTSB_NAME) §
- T IE——— +

T E I N L N L O T R T TR LR T TR TR T L T L L T T T TR LR LR T L L o o e Y T T LR R




0
0

—ON000

i

S8

==
(VP IV N

&8

858
oo
(=lelelelelelelelelelelelelelelelelelelelelelclalelelelelelelelelelelelelelela]

00000000000

L A D D 2l g A A A A A A
e et P g Py o}

NN

W = O V0NN SMAN = OO ~NO WV NN = OO

NN

AR LA LR LR LR L R LR L L L T R L e T R R R R R L T o T ™ ™
l-.-._.-‘-.-.-.-.-l—.-l-l-l-l-l-O"-I-O-.-.-.-.-.-l-I-I-.-l-l-.-.-l--l-l-.-.—

BB 2
OO0 0O00O000O0O00O0O0O00000

SHF

R B SR S ncosr neers "% ]

THE LABEL-OR=LITERAL DST RECORD

The abol-or-Litoral DST record spocifics the nano and address of a
la el (meaning a code locat on) r the nan’ and va ue of an integer
Literal (a nano? constant). s not rc y clear why this DST
record exists since abo 5 can bo described Label DST records and
integer literals can be 0scr bod w th Stlndard Data DST records.
Most Likely this roc?r was intended for lanquagc MACRO whcro
there is Little distin tion botutcn llb’l! and tora s; one is relo-
catable and the other 1s not, but that fis abo¥t all. If DSTSV VALK IND
has the value DSTSK_VALKIND ADDR, the sylbol s a abel and if"it has
the value DSTSK_VALRIND_LITERAL, tho synbo Lliteral. The address
of the label or"the value of the Literal is found in the DSTSL_VALUE
field. It is recommended that high-level languages avoid this DST
§ocgrddand use the Label DST rocord or the Standard Data DST record
nstea

This is the format of the Label-or-Literal DST record:

byte i DSTSB_LENGTH i
byte i ¥ DSTSB_TYPE Es DSTSK LBLORLIT) : i
byte i Unused=-Must Be Zero i DSTSV_VALKIND i
long i DSTSL _VALUE , i
byte ! DSTSB _NAME '

tmmmm e e e e e e e T T +
var

The Label or Literal Name in ASCII
(The name's length is given by DSTSB_NAME)
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THE ENTRY POINT DST RECORD

The Entry Point DST record do*cribos n ENTRY name in the FORTRAN or
PL/I sonso. ?t er words describes a secondary entry point to
the routine with n which th‘s DST rocord is nested. This record should
never be generated for the na ontr¥ point to a routine since that
entry point is already doscr bed b hc Routine Begin DST record. An
entry point described by the Entr Po nt DST record is always assumed

e called through thc CALLS/CA LG instructions (not JSB/BSB). The
DSTSL JVALUE field contains the address of the entry point.

This is the format of the Entry Point DST record:

byte i DSTSB LENGTH i
byte i DSTSB TYPE (= DSISK JENTRY) i
byte i Unused=--Must Bo lero i
Long ! DSTSL_VALUE !
byte ! DSTSB_NAME '
e e e e e e e S eSS e o S = +
var i !
5 The Entry Point Name in ASCII 5
§ (The name's Length is given by DST$B_NAME) §
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THE PSECT DST RECORD

’-
3:( A BKDST.REQ;1 (60)

The PSECT DST record spscifios the name, addross an? length of
a P ECT, where a PSECT is a Program Section in the Linker sense.
SECT DST records are only used for lLanguage HASRO uhore it 13

possiblc to generate ‘code or data at the beginn a of a

without having an{ other labcl on tha code EB G 1 noros PSECT
DST records for all other an?uages s nce high evel anguages
have other code and data lLabe hat are more appropriate.

This is the format of the PSECT DST record:

|

|

|

|

|

|

]

|

i

i

!

i

|

|

|

! R e R e - Ak L L L LD LD D D D DL D D DL DD D D DL L T +
i byte i DSTSB_LENGTH i
| byte. : DSTSB_TYPE (= DSTSK_PSECT) !
| byte : DSTSK_PSECT_UNUSED !
{ long ! j DSTSL_PSECT_VALUE :
| byte ! DSTSB_PSECT_NAME (also DSKSB_PSECT_TRLR_OFFS) !
{ovar DSTSA_PSECT_TRLR_BASE 5
] ! The Name of the PSECT in ASCII !
: § (The name's length is given by DSTSB_PSECT_NAME) §
o] s
i B - B e T R, +
{ long ! DSTSL_PSECT_SIZE :
i

i

; Define the fields of the PSECT DST record.

r J

FIELD os;gPSECt FIELDS =

DSTSB_PSECT_UNUSED = e B ! Unused=-Must Be Zero
DSTSL_PSECT_VALUE = MY ! Start address of the PSECT
DSTSB_PSECT_NAME = . 8_ 1, ! The coutn byte in the PSECT

H name (Ounted ASCII string
DSTSB_PSECT_TRLR_OFFS =([ 7, 8_ 1], ! Byte offset to the PSECT DST

' record trailer fields
DSTSA_PSECT_TRLR_BASE = [ 8, A_ ] ! Base address for offset to
res : DST record trailer fields

; Define the PSECT DST record trailer fields. Also define the declaration
! macro.
]
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SECT_TRAILER_FIELDS =

SL PSECT_SIZE =C 0, L_ 1] ! Number of bytes in the PSECT

FIELD DS g
S
ES:

N—-D

T
S
0
T
MACRO
DSTSPSECT_TRAILER = BLOCKL,BYTE] FIELD(DSTSPSECT_TRAILER_FIELDS) X;

% Note that the address of the PSECT DST record tailer is comJ.atcd as follows:
i DST_RECORDLDSTSA_PSECT_TRLR_BASE] + .DST_RECORD[DSISB_PiECT_TRLR_OFFSJ
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LINE NUMBER PC=-CORRELATION
DST RECORDS

Page 97
BKDST.REQ;1 (61)

The Line Number PC-Correlation DST record specifies the correlation

between Listing Line numbers, as assigned by the compiler, and PC

addresses. It thus the means whereby the c?npilcr tells DEBUG where

the generated object code for each source Line starts and how long

ggtis in gytos. This is the format of the Line Number PC-Correlation
record:

e e L T T T A -
byte i DSTSB_LENGTH i
byte i DSTSB_TYPE (= DSTSK_LINE_NUM) i
var H ]
E One or More Line Number PC=Correlation Commands 5
N A UYMW SIS AL DR LA AT - BB S LR A +

After the two-byte header, each Line Number PC-Correlation DST record
contains a sequence of Line Number PC-Correlation commands. Each such
command sets or manipulates one or more state variables used by DEBUG
in the interpretation of these commands. The main state variables are
the current Line number and the current PC address, but there are seve-
ral others as well. The exact semantics of the various commands are
described in the sections that follow.

Line Number PC-Correlation DST records are associated with the module
within which they appear. The must thus agpoar between the Module
Begin and the Module End DST records for the current module. There are
no further restrictions on where h!{ may a gear. however. In particu-
Lar, they need not be nested within the routines or lexical blocks that
the¥ describe. It is thus legal to generate all Line Number P(C-Corre-
Lation DST records for a module after the Last Routine End DST record,
for instance. These records can also be interspersed between Routine
and Block Begin and En? r’cords in ana way convenient for the compiler
implementer. However it is done, DEBUG treats them as belonging to the
module as a whole.

The Line Number PC-Correlation information may be spread over as many
DST records as necessary. N? Line Number Ps- orrelation command may be
broken across record boundaries, but otherwise the Line Number PC-Corre-
Llation DST records within a module are considered to constitute a single
command stream. The Continuation DST record may not be used to continue
Line Number PC-Correlation DST records.

- S S S S S S S S - . -

i Define the fields of the Line Number PC-Correlation DST record.

LR L TR L LI T I
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]
FIELD DSTSLINE_NUM_FIELDS =

L
T
gSA_LINE_NUH_DATA = (2, A_] ! Start address of PC-correlation data

18
SE
DS
TE

LINE NUMBER PC=CORRELATION COMMANDS

fol-
The presence, size, and
This

Each PC-Correlation command consists of a command byte possibl
lowed by . parameter byte, word, or longword.

meaning of the parameter field {s determined by the command byte.
illustration summarizes the structure of one command:

B el LR T P T - - - - .- - +

COMMAND _BYTE

i byte

i var
lero or One Parameter Field

H
i (Byte, Word, or Longword)
+

The command byte contains a command code. If this command code is
negative, this is a Delta-P(C command. A Delta-PC command specifies
by how many bytes to increment the PC to get to the start of the
next Line (see detailed description below).
coded diroctl¥ in the command {to: I1f the command code is negative,
its no?ativo s the PC increment. The Delta-PC command has no param-
eter field. If the command code is positive, it specifies some other
command as described below. In this case, there may be a parameter
field, depending on the command code.

This byte count is en-

i Define the command codes al'owed in Line Number PC-Correlation commands.
If the command code is zero or negative, the command is a one-byte Delta-PC
! command. Here we define the command-code range for the Delta-P{ command.

]
]
]
]
H
]
]
]
]
]
\
]
]
]
1
]
|
]
]
]
i
i
]
]
]
]
]
]
]
]
]
]
]
]
]
!
LITERAL

=128, ! The lower bound on Delta-PC commands
0. ! The upper bound on Delta~PC commands

! pefine the PC-correlation command codes other than the Delta=-PC command.
; These command codes are always positive.

LITERAL
1 '
o

Delta-PC Word command
Delta-PC Longword command

8
U

L
4

i
2

Bic

3
T

2
R

A

Vv
C
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byte

byte
byte

byte

word

byte
long

Boitemions gno w8l

DSTSK_INCR_LINUM = i. ! Increment Line Number Byte command
DSTSK_INCR_LINUM_ W z ! Increment Line Number Word command
DSTSK_INCR %INUH L = 18, | Increment Line Number Longword command
DSTSK_SET_CINUM_TNCR =4, Set Line Number Increment Byte command
DSTSK_SET_LINUM_INCR W = 5, ! Set Line Number Increment Word command
DSTSK_RESET_LINOM_INCR = 9. ! Reset Line Number Increment command
DSTSK_BEG_STMT_MODE =7, ! Begin Statement Mode command
DSTSK_END_STMT_MODE = 8 ! End Statement Mode command
DSTSKZSET-STMTRUM = 15, | Set Statement Number Byte command
DSTSK_SET_LINUM_B =19, ! Set Line Number Byte command
DSTSK_SET_LINUM =9 ! Set Line Number Word command
DSTSK_SET_LINUM_L = %8. ! Set Line Number Longword command
DSTSK_SET_PC = 10, ! Set Relative PC Byte command
DSTSK_SET_PC_W =11, ! Set Relative P(C Word command
DSTSK_SET_PC_L = 12, ! Set Relative PC Longword command
DSTSK_SET-ABS_PC = 16, ! Set Absolute PC Longword command
DSTSK_TERM = 14, ! Terminate Line Byte command
DSTSK_TERM_W =15, ! Terminate Line Word command
?ST&K-TERH_L =21, ! Terminate Line Longword command
DSTSK_PCCOR_LOW = =128, ! Smallest value allowed in the first

: byte of a PC-correlation command
DSTSK_PCCOR_HIGH = 21; 5 Largest value allowed in the first

byte of a PC-correlation command

The parameter field, if present, contains an unsigned byte, unsigned
word, or longword value. The possible PC-Correlation command formats
thus look as fol lows:

D e e e e L T T, s
' COMMAND _BYTE i
Ll e L L et it DL DL L L D P T L e L e e +
ALl et L DL L L e L D L L L e D DL P e e e e L T L L T +
' COMMAND _BYTE i
T T L b L b L L LT T T ——
i NEXT_UNS_BYTE (Unsigned Byte Value) i
tecccccccccccccc e cr e cr e rc e e rc e rc e cc e c e c e e e e eaeenn. “
i COMMAND _BYTE i
i NEXT_UNS_WORD (Unsigned Word Value) i
o= - - - - - - - - - - - - +
i COMMAND _BYTE i
i NEXT_UNS_LONG (Longword Value) i
- . - - - - - - - - - - - -

P
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PC~CORRELATION COMMAND SEMANTICS

The individual connands are described soparatoly belou. To clarify what
these omnands actual r do, each is fol ouo? y a ornal semantic de-
scription using BLISS-like pscudo-cod’ s description show what the
command does to a number of state variables used b‘ EBUG uhcn inter-
preting these commands. The state variables are the following:

CURRENT_LINE == The current Line number.

CURRENTZSTMT == The current t‘atonont number,

CURRENTZINCR == The current Line number 1ncronont

CURRENT_STMT_MODE =- The statement mode flag; set to TRUE when
statement mode is set, set to FALSE otherwise;

START_PC -= The start addro:s of the lowest-address routine
in the current module;

CURRENT_PC == The current PC Xatuo (code oddross)

CURRENT_MARK == The line-opcnll ne-closed flag; set to LINE_OPEN
when Line numbers are being defined and set to
LINE_CLOSED when a routine has been terminated
and new Lines are not being defined.

The initial values of these state variables when the PC-Correlation
commands for a given module are interpreted are as follows:

CURRENT_LINE = 0;

CURRENT STHT = 1:

CURRENT INCR = 1;

CURRENT™STMT noot = FALSE;

START_PC = Start address of the lowest-address
routine in the current module;

CURRENT_PC = START PC;

CURRENT_MARK = LINE_ CLOSED;

The sections below describe the format and semantics of each of the
individual PC=Correlation commands.

THE DELTA-PC COMMAND

This connand ofinos a corr Lation between a Line nunbor and a PC value.
The curront number is incremented by tho current increment voluo
(normally ) an the current PC value is incrononto b{ the no?at ve of
the command byte. The resulting Line number then has the rosu ?
value. In other words, both the Line number and the PC value are incre-
mented before the correlation is establ shed ho PC incronont value
(the negative of the command code) thus spgc‘fios how many bytes to go
forward to get to the start of the Line being defined. These are the
formal semantics of the command:

IF CURRENT_STT_MODE
CURRENT _STMT = CURRENT_STMT ¢ 1

100
Fage 1)
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LSE
CURRENT_LINE = CURRENT_LINE + CURRENT_INCR;

CURRENT_PC = CURRENT_PC = PC_COMMANDLCOMMAND BYTE];
CURRENT MARK = LINE_OPEN;

01
1

The value of CURRENT_PC now contains the start address of the listing
Lline specified by the values of CURRENT_LINE and CURRENT_STMT. Note
that Line-open mode is now set.

THE DSTSK_DELTA_PC_W COMMAND

This command is Like the normal Delta-PC command except that the PC
increment value is given in an unsigned word following the command
code. These are the semantics:

%;E£URRENT_STHT_HODE

SECURREN!_STHT = CURRENT_STMT + 1
CURRENT_LINE = CURRENT_LINE + CURRENT_INCR;
CURRENT_MARK = LINE_OPEN;
CURRENT_PC = CURRENT_PC + PC_COMMANDCNEXT_UNS_WORD];

The value of CURRENT_PC now contains the start address of the listing
Lline specified by the values of CURRENT_LINE and CURRENT_STMT. Note
that Line-open mode is now set.

THE DSTSK_DELTA_PC_L COMMAND

This command is Like the normal Delta=PC command except that the PC
increment value is given in an unsigned longword following the command
code. These are the semantics:

%aeﬁunasnr_srnr_nooe

ECURRENT_STHT = CURRENT_STMT + 1
CURRENT_LINE = CURRENT_LINE + CURRENT_INCR;
CURRENT_MARK = LINE_OPEN;
CURRENT_PC = CURRENT_PC + PC_COMMANDINEXT_UNS_LONG];

The value of CURRENT_PC now contains the start address of the listing
line specified by the values of CURRENT_LINE and CURRENT_STMT. Note

LA A TR LR LR TR T T P L L T T L P N T R T R TR IR R A E s TR R T T ™
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that Line-open mode is now set.

THE DSTSK_INCR_LINUM COMMAND

This command increments the current Line number by the value given in

the unsigned byte following the command code. If statement mode is set,
the current statement is reset to 1 as well. These are the formal
semantics of the command:

CURRENT_LINE = CURRENT LINE + PC_COMMANDCNEXT_UNS_BYTE];
IF CURRENT_STMT_MODE TREN CURRENT_STMT = 1;

THE DSTSK_INCR_LINUM_W COMMAND

This command increments Eho current Line number by the value given in
the unsigned word following the command code. [f statement mode is set,
the current statement is reset to 1 as well. These are the formal
semantics of the command:

CURRENT _LINE = CURRENT LINE + PC_COMMANDCNEXT_UNS_WORD];
IF CURRENT_STMT_MODE TREN CURRENT_STMT = 1;

THE DSTSK_INCR_LINUM_L COMMAND

This command increments the current Line number by the value given in

the unsigned longword following the command code. If statement mode is set,
the current statement is reset to 1 as well. These are the formal

semantics of the command:

CURRENT LINE = CURRENT LINE + PC_COMMANDLNEXT_UNS_LONG];
IF CURRENT_STMT_MODE TREN CURRENT_STMT = 1;

THE DSTSK_SET_LINUM_INCR COMMAND

This command set the current Line number increment value to the value
specified in the unsigned byte following the command code, If state-
ment mode is set, the current statement number is set to i. These are
the formal semantics of the command:

CURRENT_INCR = PC_COMMANDCNEXT UNS_BYTE);
IF CURRENT_STMT_MODE THEN CURRENT STMT ='1;
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THE DSTSK_SET_LINUM_INCR_W COMMAND

This command set the current Line number increment value to the value
specified in the unsigned word following the command code., If state-
ment mode is set, the current statement number is set to 1. These are
the formal semantics of the command:

CURRENT_INCR = PC_COMMANDCNEXT UNS_WORD); *
IF CURRENT_STMT_MODE THEN CURRENT STMT = 1;

THE DSTSK_RESET_LINUM_INCR COMMAND

This command resets the current Line number increment value to 1. 1If
statement mode is set, the current statement number is set to 1 as well.
These are the semantics:

CURRENT INCR = 1; :
IF CURRENT_STMT_MODE THEN CURRENT_STMT = 1;

THE DSTSK_BEG_STMT_MODE COMMAND

This command sets statement mode, meaning that subsequent Delta-PC com-
mands will increment the current statement number within the current
line and not the current Line itself. This ﬁonnand is only allowed in
the Line-open ’tatc. Statement mode can optionally be used by lLanguages
that have multiple statements per Line. This command also set the cur-
rent statement number to 1. These are the semantics:

IF CURRENT _MARK NEQ LINE_OPEN THEN SIGNAL(Invalid DST Record);
CURRENT_STMT_MODE = TRUE;
CURRENT_STMT = 1;

THE DSTSK_END_STMT_MODE COMMAND

This command clears statement mode so that that subsequent Delta-P( com-
mands will again increment the current lLine number, not the statement
number. The c?nnand also set the current statement number to 1. These
are the semantics:

CURRENT_STMT_MODE = FALSE;

;
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CURRENT_STMT = 1;

THE DSTSK_SET_LINUM_B COMMAND

This command sets the current Line number to the value specified in the
unsigned byte that follows the command code. These are the semantics:

CURRENT_LINE = PC_COMMANDLNEXT_UNS_BYTE];

THE DSTSK_SET_LINUM COMMAND

This command sets the current Line number to the value specified in the
‘'unsigned word that follous the command code. These are the semantics:

CURRENT_LINE = PC_COMMANDLCNEXT_UNS_WORD];

THE DSTSK_SET_LINUM_L COMMAND "

This command sets the current Line number to the value specified in the
longword that follows the command code. These are the semantics:

CURRENT_LINE = PC_COMMANDLNEXT_UNS_LONG]; ’

THE DSTSK_SET_STMTNUM COMMAND

This command sets the current statement number to the value specified
in the unsigned word that follows the command code. The command should
only be used when statement mode is set. These are the semantics:

CURRENT_STMT = PC_COMMANDCNEXT_UNS_WORD];

THE DSTSK_SET_PC COMMAND

Yh11 command sets the current PC value to be the value specified in the
uns Ynod byte following the command code added to the start address of
the ouost-addrefs routine in the current module. This connan? s only
allowed in the line-closed state. These are the formal semantics:
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IF CURRENT_MARK NEQ LINE_CLOSED THEN SIGNAL (Inval id DST Record);
CURRENT_PC™= START_PC + PC_COMMANDENEXT_UNS_BYTEJ;
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THE DSTSK_SET_PC_W COMMAND

This command sets the current PC value to be the value specified in the
unsi?nod word follouing the command code added to the start address of
the lowest-address routine in the current module. This command is only
allowed in the Line-closed state. These are the formal semantics:

IF CURRENT_MARK NEQ LINE_CLOSED THEN SIGNAL (Invalid DST Record);
CURRENT_PC™= START_PC + PC_COMMANDCNEXT_UNS_WORD

THE DSTSK_SET_PC_L COMMAND

This command sets the current PC value to be the value specified in the
longword following the command code added to the start address of the
lowest-address routine in the current module. This command is only
allowed in the Line-closed state. These are the formal semantics:

IF CURRENT_MARK NEQ LINE CLOSED THEN SIGNAL(Invalid DST Record);
CURRENT_PC"= START_PC + PC_COMMANDCNEXT_UNS_LONG];

THE DSTSK_SET_ABS_PC COMMAND

This command sets the current PC value to be the absolute address speci-
fied in the longword following the command code. This command is only
allowed in the line-closed state. These are the formal semantics:

IF CURRENT_MARK NEQ LINE CLOSED THEN SIGNAL(Invalid DST Record):
CURRENT_PC™= PC_COMMANDCREXT_UNS_I.ONG];

THE DSTSK_TERM COMMAND

This command terminates the PC-Corr’lation command sequence for the
urrent routine or other program unit and specifies the number o b;tcs
n the last *ino specified by a Delta-PC command. Since the Delta-PC

command specifies how many b{tos precede the Line being defined, the

Terminate command is no,fcd 0 say how nanl bytes are in that {ne
(1.e., how many by}os will increment the PL to the first ?yto past the

current program unit). The number of bytes in the Last Line is speci-
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fied bK the unsigned byte following the command c?do. This command also
sets the Line-closed state. These are the semantics of the command:

CURRENT_PC = CURRENT_PC + PC_COMMANDLNEXT_UNS_BYTEJ;
CURRENT_MARK = LINE_CLOSED;

THE DSTSK_TERM_W COMMAND

This command terminates the PC-Correlation ionaand sequence for the cur-
rent routine or other program unit and specifies the number of bytes in
the Last Line of that program unit. It is a variant of the DSTSK_TERM
command described above. The number of bytes in the last Line is speci=
fied b‘ the unsigned word following the command code. This command also
sets the Line-closed state. These are the semantics of the command:

CURRENT_PC = CURRENT_PC + PC_COMMANDCNEXT_UNS_WORD];
CURRENT_MARK = LINE_TLOSED; °

THE DSTSK_TERM_L COMMAND

This command terminates the PC-Correlation command sequence for the cur-
rent routine or other program unit and specifies the number of bytes in
the last line of that program unit. It is & variant of the DSTSK_TERM
command described above. The number of bytes in the lLast line is speci-
fied by the longword following the command code. This command also sets
the Line-closed state. These are the semantics of the command:

CURRENT_PC = CURRENT PC + PC_COMMANDCNEXT_UNS_LONG];
CURRENT-MARK = LINE_CLOSED;

END OF LINE NUMBER PC-CORRELATION DST RECORD DESCRIPTION.

4.
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SOURCE FILE CORRELATION
DST RECORDS

The Source File Correlation DST record is used to specify the correla-

- tion between Listing Line numbers on the one hand and source files and
source file record numbers on the other. These records enable DEBUG
to display source Lines during the debugging session.

The Source File Correlation DST record has the following format:

ote sl
o N AR I e e 3
var 5 5
E A variable number of E
E Source File Correlation commands §
BTt NN e LA A AL MR 2, ¥l H

After the Length and DST type bytes, the record consists of a sequence
of Source File Correlation commands. These commands specify what source
files contributed source Lines to this module and how the module's Llist-
ing Line numbers are Lined up with the source files and record numbers
within those source files. he available commands are described indi-
vidually below.

If the Source File Correlation commands needed to fully describe the
current module will not fit in a single Source Line Correlation DST
record, the{ can be spread over any number of such DST records. These
records will be processed soquontiall;. in the order that they appear,
until there are no more such records for the current module.

The purpose of the Source File Correlation commands is to allow DEBUG
to construct a table of gorrola%ions between Line numbers and source
records. A ''line number'” in this context means the Listing Line num-
ber. This is the Line number which is printed in the program listina
and is output to the PC-Correlation DST roc?rds by the c?ngilor. (PC-
Correlation DST records correlate Listing Line numbers with Program
Counter values.) A corresponding source Line is identified b¥ wo
things: a source file and a record number within that source file.

The semantics of the Source File Correlation commands can be understood
in terms of manipulating three state variables and issuing one command.
The three state variables are:

LINE_NUM == The current Listing Line number.
SRC_FILE == The File ID of the current source file,

B Ve NN N N N NI NI NI NI NI NI NI NN N R VLRI NI NI NN E NI NI NI NN IR ENE NN NN s
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i.e. a small integer uniquely defining
the source file. :
SRC_REC == The record number (in the RMS sense) in
the current source file of the current
source Line.

LINE_NUM is assumed to have an initial value of 1 while SRC_FILE and
SRC_REC are initially undefined. The one command is:

DEF INE(LINE_NUM, SRC_FILE, SRC_REC)

This command declares that Line number LINE_NUM is assogiated with the
source Line at record number SRC_REC in the file specified by SRC_FILE.

Given-this, the gonpilor must outﬂut a8 sequence of Source File Correla-
tion commands which cause LINE_NUM, SRC_FILE, and SRC_REC to be set up
appropriately and which cause the proper DEF INE operations to be issued
to allow DEBUG to generate the correct Line number to source record
« correlation table. (DEBUG aaz not actually generate the full table,
but it must be able to generate anz part of such a table it needs.)
The semantics of each Source File Correlation command is described

below in terms of these state variables and commands.
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: Line numbers must be DEFINEd in sequential order, from lowest Line
! number to highest Line number, in the Source File Correlation commands
! for one module. The source records these Line numbers correlate with
: may be in any order, of course.
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It should be clear from what follows that the source for one module may
come from many source files. This can be caused b‘ plus=Lists on the
compiler command (e.g., SFORTRAN/DEBUG A+B+() and by INCLUDE statements
in the source. Also, source Lines may come from modules within source
libraries as well as from independent source files.

Form feeds in source files, or more precisely source file records which
contain nothing but a sing[o form feed (CNTL-L) character, are counted
as individual sources Lines in some Languages but are ignored (not as-
signed Line numbers) in other languages. DEBUG will handle either con-
vention, but DEBUG's default behavior is that form feed records are
ignored in sources files. They are not displayed and they do not count
toward the source file record number of subsequent source records. To
-ak: DEBUG count such records, the DSTSK_SRC_FORMFEED command must be
used.

i Define the lLocation of the first command in the DST record.

IELD DS}%%OURCE_FIELDS =
gggSA_SRc_FIRST_CHD = [ 2, A_ ) ! Location of first command in record

; Define the command codes for all the Source File Correlation connands.:
LITERAL

LR R L L L R R R L R R R I T T L E T L T T ™
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DST$K_SRC_MIN_CMD 1 "
DSTSK-SRCDECCFILE = 1,
DSTSK-SRC-SETF ILE s 2,
DSTSKSRC™SETREC_L = 3,
DSTSK™SRCSETREC™W = &,
DSTSK-SRC™SETLNUM_L = S,
DSTSK SRC™SETLNUM™W = &
DSTSKZSRCCINCRLNURS = 7.
i = 31
DSTSK_SRC_DEFLINES W = 10,
DSTSKZSRCCDEFLINESTB = 11
=
| = 13,
i = 14,
i = 15,
DST$K_SRC_FORMFEED = 16,
DSTSK SRC MAX_CMD = 16;

! Define the fields of the Source Line
: corresponding declaration macros.

FIELD DS%E%RC_COHHAND_FIELDS =

g Field common to all Source F
@srse_sac_connAno =[0,

dterions 00 VAL SAlET
Minimum command code for CASE ranges

Declare a source file for this module
Set the current source file (word)
Set source record number (longword)
Set sour? record number (word)

Set | ng Line number (longword)
Set Listing Line number (word)
Increment [isting Line number (byte)
Unused--available for future use
Unused--available for future use
Dofino N separate Lines (word)
Define N sogtrato ines (byte)
Unused--available for future use
Unused=--available for future use
Unused--availablo for future use
Unused--available for future use
Count Form=-Feeds as source records
Maximum command code for CASE ranges

Correlation commands. Also define the

ile Correlation commands.

8. J. ! Command code

i The fields of the Declare Source File command.

ST$B_SRC_DF _LENGTH

; Declare trailer field in the Declare
FIELD osrgsnc DECLFILE_TRLR_FIELDS =

DST$B_SRC_DF _L IBMODNAME [
DST!A SRC_DF _L IBMODNAME

0.
1

L

B_ ! Length of this command

D s £ 1 .
DST$B_SRC DF “FLAGS = . B- 1, ! Flag bits--rescrvod (MBZ)
DSTSW_SRC_DF_FILEID = . ! Source file's File ID
DSTSQ_SRC_DF _RMS_CDT = v B ! Creation date and time or mod-
! ule insertion date and time
DSTSL_SRC_DF _RMS_EBK = 1;. L_J, ! End-of=-File block number
DSTSW_SRC_DF_RMS_FFB = (17, W_J, ! First Free B{to in EOF block
DSTSB_SRC_DF _RMS"RFO =(19.8_1., ! Record and File Organization
DSTSB_SRC_DF_FILENAME = 50 B- ], ! Source file name counted ASCII
QSTSA SRCCDF_FILENAME = A3 | (count byte, string addr)
: Fields used to access information in all other commands.
DSISL SRC_UNSLONG oL %. L. % ! Unsignod lonaword parameter
DSTSW_SRCTUNSWORD s L 1. 0 4 ! Unsigned word parameter
?2;8& SRCCUNSBYTE =[1, B, i Unsigned byte parameter

Source File command.

3

' Module name counted ASCII
! (count byte, string addr)

A
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byte
byte
byte
word
quad
long
word
byte
var

var
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~ DECLARE SOURCE FILE (DSTSK_SRC_DECLFILE)

This command declares a source file which contributes source Lines to
the curront module. It declares the name of the file, its creation
date and t me and various other attributes., The command also assigns
a one-word 4[ to this source file. This is the format of the
Declare Sourco Filo command:

R R S AT
SRR, O e :
e e I A i .
G Gl b :
e N e .
i ] i e e B ST S e :
H DSTSW_SRC_DF_RMS_FFB i
T e
G aimia ST L St L S |
e emeennn DSTSOSREDFLIBNOONME 1

The fields in this command are the following:

DST$B_SRC_DF _LENGTH = The length of this command, .e. the number of
bytesS remaining in the command after this field.

DST$B_SRC_DF_FLAGS - Bit flags. This field is reserved for future use.
At present this field Must Be Zero.

DSTSW_SRC_DF FILEID = The one-word 'File ID' of this source file. This
T o D, uhich can lLater be used in the Set File command
t unique number which the compiler assigns to each sourcc
fi o uh ch contributes source Lines go the current module. Each
source file thus has a number (the File ID) and is identified by
that number in the Set File (DSTSK_SRC_SETFILE) command.

DSTSQ_SRC_DF _RMS_CDT = The groation date and time of this source file.
This quadword quantity should be retrieved with a SXABDAT
extended attribute block from RHS via thg SOPEN or SDISPLAY
system service. The creation date and time should be taken
from the XABSQ_CDT field of the XAB.

If tho sourct file isam dulo in * source library. his field
should contain the nodulc s Insertion Date and Time in the Lib~-
rary. This value should be retrieved with the LBRSSET_MODULE

-
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Librarian call. The Library file's creation date is not used.

DSTSL_SRC_DF RHS BK = The End-of=File block number zor this source
file. auord quantity should be retrieved with a
SXABFHC cxtondo attibute block fron HS via the SOPEN or
S$DISPLAY system service. The End-of-File block number should
be taken from the XABSL_EBK field of the XAB.

This field should be zero for modules in source libraries.

DSTSW_ SRC DF _RMS_FFB = The first free bytt of the End-of=File block
for this source file. This word quant t; should be retrieved
with a $SXABFH(C extended attribute block from RMS via the SOPEN
or SDISPLAY system service. The first free byte value should
be taken from the XABSW_FFB fiold of the XAB.

This field should be zero for modules in source Libraries.

DSTSB_SRC_DF_RMS_RFO - The file organization and record format of this
source file. This byte value should be retrieved with
$XABFHC extended attribute block from RMS via the SOPEN or
SDISPLAY system service. The file organization and record
format should be taken from the XAB$B_RFO field of the XAB.

This field should be zero for modules in source Libraries.

DSTSB_SRC_DF_FILENAME - The full filename of the source file. This is
the Fully specified filename, complete with device name and
version number, in which all wild cards and loa cal nanes have
been resolved. This strin should be retrieved with a
block from RMS via the SOPEN or SSEARCH system sorvico. Yhe
desired string is the ''Resultant String'' specified by the
NAMSL RSA $B_RSS, and NAMSB_RSL fields of the SNAM block.
Here the file name is representéd as a Counted ASCII string (a
.one-byte character count followed by the name string).

DSTSB_SRC_DF_LIBMODNAME = The sourco librar¥ nodulo name (if applicable)
of the null string. If the source file is actually a module in
a source Llibrary, the DSTS$B_SRC_DF_FILENAME field gives the
ilename of the source Library and the DST$B_SRC_DF_L IBMODNAME
field gives the name of the source module within ibrary.
If the source file does not come from a source L ry, this
field (DST$SB_SRC_DF _LIBMODNAME) contains the nul ? o-length)

hat
(zer
string. This field is represented as a Counted ASCII string.
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SET SOURCE FILE (DSTSK_SRC_SETFILE)

This command sets the current source file to the file denoted b the
one-word file ID given in the command. The set file is then the file
from which further source lines are taken when the correspond ng list-
ing Llines are defined. This is the format of the command:

L L L B ===
i DBGSB_SRC_COMMAND (= DSTSK SRC_SETFILE) ]
i DSTSW_SRC_UNSWORD: The File ID of the dosirod source file '

The semantics of this command is:
gRC FILE := file ID from command

RCCREC := set to current source record for this
source file

SET SOURCE RECORD NUMBER LONG (DSTSK_SRC_SETREC_L)

This command sets the current source file record number to the lLongword
value specified in the command. Its format is:

The semantics of this command is:
SRC_REC := longword value from command

.
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SET SOURCE RECORD NUMBER WORD (DSTSK_SRC_SETREC_W)

This command set the current sour

ce file record number to the word
value specified in the command. {: i

s thus a more compact form of

the DSTSK_SRC_SETREC_L command. s format is:

b= mmeemeeeo D T 4
byte i DBGSB SRC COHHAND (= DSTSK SRC SE!REC W i
word | DSTSW_ SRC _UNSWORD: The dosirod nou sourco record number '
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The semantics of this command is:
SRC_REC := word value from command

SET LINE NUMBER LONG (DSTSK_SRC_SETLNUM_L)

This command set the current Listing Line number to a Longword value
specified in the command. Its format is:

T T B T LT T —— +
DBG!B SRC_COMMAND (= DSTSK_SRC_SETLNUM_L)

The semantics of this command is:
LINE_NUM := longword value in commmand
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SET LINE NUMBER WORD (DSTSK_SRC_SETLNUM_W)

This command sets the current listing line number to a one=word value
specified in the command. Its format is:

T e e L LT T T T — +
byte i : DBGSB_SRC COHHAND (= DST!K SRC_SETLNUM_ H) i
word i DSTSH SRC UNSUORD The desired Listing Line number i

The semantics of this command is:
LINE_NUM := word value in command
INCREMENT LINE NUMBER BYTE (DSTSK_SRC_INCRLNUM_B)

This command increments the current Listing Line number by a one-byte
value specified in the command. Its format is:

D T T . v
byte i DBGSB_SRC_COMMAND (= DSTSK_SRC_INCRLNUM_B) i
byte i DSTSB_SRC_UNSBYTE: The desired Listing Line number increment i

The semantics of this command is:
LINE_NUM := LINE_NUM + byte value in command
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COUNT FORM=-FEEDS AS SOURCE RECORDS (DSTSK_SRC_FORMFEED)

This connand sposifios that DEBUG should count source records which
consists of noth ng but a Foru-rocd charactor (CNTL=L) as being
distinct, numbered sourco records, In some an?uagos. such records
are not considered to c sourcz Lines; instead hey are regarded as
control information. The compiler then does not assign lino numbers
to th'n and DEBUG ignoros them completely=-- hoz are not displayed

i of thc source and they do not contr g to the source record
nun er nv ource files. However, if the DSTSK_SRC_FORMFEED command
is specified in the Source File Eorrotat on DST Record for a module,
then such ro ords count as normal records; they can be displayed and
they are assigned source file record numbers.

I1f used, this command must appear before any commands that actually
define source Llines. Making it the first command in the first
Source File Correlation Record for the module is a good choice.

byte i 0BGSB_ SRC COHHAND (= DSTSK_SRC_FORMFEED) |

The semantics of th's command is to set a mode fla? which says to
count Form=-Feed records as normal records. The default behavior
is to ignore Form-Feed records.

)
o=
-~ —
~ O~

LR T T e L L L e I R R L L e a I T T I T I T T T T T """




WVIVIWAWAWA WA WAWAA WA A AT VAWV AIWAVIVIVILA

- e il e il i D il D el el ol D ol il el D i D D el i i s D o it el D i i D S i i D D i D e e e e e e e e e e ol e e e
O 00 NO W S N = O O 00 N0 V8N N =2 O 0 00 N OM N BN IR = O O 00 NN N SS N = OO

VIS LN -

&

OO0 000000CO00000000000O0OOOOCO0OOOO

NNNNSS

W —=O

AR TR TR PR PR P PR P PR R LA TR LR L A PR PR TR TR TR L AL A LA TR LA TR LA LA TR LA TR TR TR PR TN TR TR TR TR T T I T T T T I e e

13
15-50 -1984 23:09: VAX=11 Bliss=32 v&4.0-742 F 1
1 -503-1836 53:28:22 _$25 3DUA2!:[TRACE.SRCJTBKDST.REO:1 .g'(b
DEFINE N LINES WORD (DSTSK_SRC_DEFLINES_W)
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This command defines th’ source file and source record numbers for
a specified number of Listing Line numbers. The specified number is
given by a one-word count in the command. The command format is:

’ ........... - T D D D D D D S eSS oSS o ’

byte i DBGSB_SRC_COMMAND (= DSTSK_SRC_DEFLINES_W) i
word | DSTSW_SRC_UNSWORD: The number of Lines to define '

L e L ] cocseccseesee coeccocceeaeee cecnccccccecerc e - +

The semantics of this command is:
DO the nuagga of times specified in the command:

BE

DEF INECLINE_NUM, SC_FILE, SRC_REC);
LINE_NUM :="LINE NUM"+ 1;

gac REC := SRC_REC -+ 1;

DEFINE N LINES BYTE (DSTSK_SRC_DEFLINES_B)

This command defines the source file and source record number for
a specified number of Listing Line numbers. The specified number is
?gvon by a ong;glto count in the command. This is thus a more compact

rm of the D SRC_DEFLINES_W command. Its format is:
bemmcccnsrms . soms B e e R e e TR e cesmen === +
byte i DBGSB_SRC_COMMAND (= DSTSK_SRC_DEFLINES_B) i
byte ! DSTSB_SRC_UNSBYTE: The number of Lines to define i

The semantics of this command is:

DO the nungo; of times specified in the command:

E
DEF INE (L INE_NUM snc,r:ke. SRC_REC) ;
LINE NUM :="LINE NUM"+ 1;

SRC_REC := SRC_REC + 1;

- - - - - - . —— —— . e . - -

! END OF SOURCE FILE CORRELATION DST RECORD DESCRIPTION.
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THE DEFINITION LINE NUMBER
DST RECORD

N

X
2

NOTE: THIS DST RECORD IS NOT SUPPORTED BY DEBUG Vv&.0.

The Definition Line Number DST record sgecifi’ the Listing Line number

at which a data symbol or other ob ?oct fined or declared. The

intent is to make uso of this 1nfornation n future DEBUG commands so

that a ?sor can 7 e declaration source Line for a specified symbol.

The Definition Line Nun er DST record must immediately follow the data

gderocord of the data object whose Line of definition is being speci=
ed.

This is the format of the Definition Line Number DST record:

izl SRS e I OSTSBLENGTH (= 6) .
gl R TS Bl Shon B b ¥ P s, AT AR :
iy Uk o L | e, D o O B b L
long ! DSTSL_DEF _LNUM_ LINE '

breecc e cme = - == Db bl D D L L e +

Define the fields of the Definition Line Number DST record. The unused byte
in the DST record is reserved for future use.

1ELD Dsggbif LNUM_F IELDS =
Dg;tL DEF_LNUM_LINE = [ 3, L_ ] ! The definition Line number
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THE STATIC LINK DST RECORD

The Static Link DST record specifies the ''Static Link'' for a routine.
The Static Link is a pointer to the VAX call frame for the proper up-
scope invocation of the outer routine within which the present invoca-
tion of the present routine is nested. The Static Link is thus used
when DEBQG does up-lovo$ addressing in response to user commands. A
Static Link DST Record is always associated with th’ inner-most routine
within whose Routine-Begin and Routine-End records it is nested. The
Static Link DST Record is optional==it need not be ?sod ?y Languages
or for routines which do not keep track of static Links in their run-
time environments. In fact, the Static Link DST record only makes a
difference for recursive routines that pass routines as parameters, a
fairly obscure situation. .

This is the format of the Static Link DST record:

ot TR N A
i o s -
var | DSTSA_SL_VALSPEC |
i A DST Value Specification Giving the Value of the i
E Static Link, i.e. the FP Value of the Routine Invocation §
§ Statically Up=Scope from this Scope §
R G S A e St - 3 - ‘

Define the fields of the Sta}ic Link DST record.
FIELD os;g;rAerux_rxeLos =

DSTSA_SL_VALSPEC =[2, A ! Location of Value Spec giving
TES ! the up-scope FP value

e

o
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THE PROLOG DST RECORD

The Prolog DST record tells DEBUG where to put routine breakpoints.
It is used for routines that have prolog code that must be executed
before data objects can be freely examined or otherwise accessed
from DEBUG. Such prolog code typically sets up stack locations and
descriptors for formal parameters or other data objects. By putting
routine breakpoints on the first instruction after the prolo? code
as specified in the Prolog DST record, DEBUG ensures that al local
storage and formal parameters are accessible to the user.

Prolog DST records are optional. 1f omitted for some routine, DEBUG
simply uses the routine start address for routine breakpoints or
tracepoints requested by the user. If specified, the Prolo? DST
record is counted as belonging with the nearest Routine Begin or Entry
Point DST record before it, not counting nested routines. Placing

the Prolog DST record immediately after the Routine Begin or Entry
Point DST record with which it is associated is good practice.

This is the format of the Prolog DST record:

e m e e e E S e e D e D R D W e e - - oo - -

byte i DSTSB_LENGTH (=5) i
byte i DSTSB_TYPE (= DSTSK_PROLOG) i
long i DSTSL_PROLOG_BKPT_ADDR i

Define the fields of the Prolog DST record.
IELD DS;:?ROLOG_FIELDS =
?é;tL_PROLOG_BKPT_ADDR = (2, L] ! The routine breakpoint address

Nt an t o o o 0 e - - . S
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THE VERSION NUMBER DST RECORD

The Version Number DST record gives the version number of the compiler
that compiled the current module. The Version Number DST Record must
be nested within the Module Begin and Module End DST Records for the
module in question. DEBUG ignores this record except in spciial cases
when it is necessary to distinguish between old and new versions of the
compiler that generated a given object module.

This is the format of the Version Number DST record:

el NSRS YT TR e
byve . DSTRRTRE Geostecvension ; .
o PSR osTiaveRSION MR |
IR S osTia vERSIONMINOR 1

Define the fields of the Version Number DST record.
IELD DSTSVERSION_FIELDS =
SET

DST$B_VERSION_MAJOR
?STSB_VERSION_HINOR

Y I I m i m i mI mI mimtmm  —s —y g s g — - - — . g - -

nn
-
e
wino
- s
@
—

ngjor version number
m

! The !
! The minor version number

|
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44
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THE COBOL GLOBAL ATTRIBUTE
DST RECORD

The COBOL Global Attribute DST record indicates that the s¥nbol whose
DST record immediately follows has the COBOL ”g%obal" attribute. This
attribute specifies that the synb?l is visible in nested COBOL scopes
(routines) within the scope (routine) in which the symbol is declared.
Without this attribute, a symbol is only visible in its scoge of decla-
ration but not within any nested scopes. In this regard, C BO& differs
from most other longungos. DEBUG thus needs to know this attribute in
order to implement the COBOL scope rules correctly. _

The COBOL Global Attribute DST record is only generated by the COBOL

compiler, If it precedes the DST record for some symbol, that symbol

is deemed to have the COBOL global attribute; if it omitted, the sym=-

bol is deemed not to have the global attribute. DEBUG ignores this

attribute for all other Languages. N

This is the format of the (OBOL Global Attribute DST record:

- e =  MEEE SRS S SEDEE S - e e e e e e e e ‘

DSTSB_LENGTH (= 1) !

e e m em o e EME TSR D S DS w0 e D S D D e D D W T s e e o +

i DSTSB_TYPE (= DST$K_COBOLGBL) i

s
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byte
byte
byte

var

word

var
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THE OVERLOADED SYMBOL DST RECORD

NOTE: THIS DST RECORD IS NOT SUPPORTED BY DEBUG V4.0.

The Overloaded Symbol DST record is used to indicate that a given
symbol name is overloaded. The record indicates which other symbols
in the DST are possible resolutions to the overloading. It is used
by the ADA compiler.

n ADA, it is possible to have more than one routine of th} same name
n the same scope. If the routine name is R, DEBUG disambiguates the
individual instsncos gf the overloaded routine name with the invented
names R__1, R_ R__3. and so on. DEBUG requires the ADA compiler to
generate normal DST Fecords for these routines, using the invented
names. DEBUG also requires the ADA compiler to generate the Overloaded
Symbol DST record with the original overloaded name 'R'' in order to
inform DEBUG of the overloading.

After the Length and t{pe fields, this record contains a Counted ASCII
string with the name of the over (oaded symbol. Following the Counted
ASCII string, there is a word field containing a count of the number -
of overloaded instances of the name in this scope. Next there is a
vector of pointers, one for each instance, pointing to the DST records
for the instances of the overloaded synbo(. These DST pointers consist
of byte offsets relative to the start of the whole DST.

This is the format of the Overloaded Symbol DST record:
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DST$B_OL _NAME

The Overloaded Symbol Name in ASCII
(The name's Llength is given by DST$B_OL _NAME)

DSTSA_OL_VECTOR
A Vector of Longword Pointers to the DST Records
of the Symbols with Invented Names that Constitute
the Instances of this Overloading
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:

:

E Define the fields of the Overloaded Symbol DST record.

FIELD DS;:$VERLOAD_FIELDS =
DSTSB_OL_NAME =1[ 2, B_ 1,
DSTSA_OL_TRAILER= [ 3, A_ ]
TES:

Count byte of the ovorloado? symbol
name Counted ASCI] str ng

The trailer fields start at this
location + ,DST$B_OL_NAME

! Define the fields of the O\ rloaded Symbol DST record trailer portion. Also
5 define the corresponding declaration macro.

FIELD Dsgg?VERLOAD_TRLR_FIELDS =

DSTSW_OL_COUNT = E 0, w_ g. ! Number of instances in this scope
DSTSA_OL_VECTOR = [ 2, A_ ! Vector of DST pointers to instances
Yee ! of overloaded symbol

MACRO
DSTSOVERLOAD_TRLR = BLOCKL,BYTE] FIELD(DSTSOVERLOAD_TRLR_FIELDS) X;

This is a short BLISS example of how the trailer fields are accessed:

LOC :
Pointer to DST record

The number of overloadings
Pointer to DST record trailer

|

i

|

: AL

: DSTPTR: REF DSTSRECORD,

: OVERLOAD_COUNT

i OVERLOAD “TRAILER:

! REF DSTSOVERLOAD_TRLR,
: OVERLOAD_VECTOR: Vector of DST-record pointers to the
; instances of this overloading

i

i

|

i

i

|

.- — -

REF VECTORL,LONG];

; Here we assume that DSTPTR points to the Overloaded Symbol DST record.

OVERLOAD_TRAILER = DSTPTRCDSTSA OL_TRALER] + .DSTPTRCDSTSB_OL_NAME);
OVERLOAD_COUNT = ,OVERLOAD_TRAICER[DSTSB_OL_COUNT);
OVERLOAD_VECTOR = OVERLOAD_TRAILERCDSTSA-OL-VECTOR);
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When the text of a Debug Symbol Table rocor? is lLonger than 255 bytes,
it is no longer possible to hold that text in a singlo g T record since
the DST$B_LENGTH field cannot hold a value Larger than 255. In this
case it is necessary to generate the original DST record followed by

as nan; Continuation DST records as necessary to hold the fulg text.

The or ginal DST record then holds at Least 100 and at most 255 bztes of
text. Each Continuation DST record consists of the standard two-byte
header followed by the continued text of the original DST record.

This is the format of the Continuation DST record:

D D L L L T T L +
byte | DSTSB_LENGTH !
............................................................... +
byte ! DSTSB_TYPE (= DSTSK_CONTIN) '
............................................................... &
var E 5
E The Continued Text of the Previous DST Record §
S P B B LR Sl S Al A o LA St ebee O +

DEBUG reconstitutes a continued DST record by concatcnatin? the text

of the first DST record with the text portions of its Continuation DST
records, In effect, the first two bytes of each Continuation DST record
are strip ed out. iny further interpretation of the DST text is then
done on the concatenated copy.

Certain kinds of DST records are not allowed to be continued with Con-
tinuation DST records. These records are Module Beain Routine Bog:n.
Block Bo?in Label, Label-or-Literal, Entry Point, SECT, Line Number
PC-Corre at*on. and Source File Correlation DST records. In addition,
DST records with fixed sizes, such as Module End and Routine End DST
records, are not allowed to be continued. Line Number PC=Correlation
and Source File Correlation DST records cannot be continued with Con-
tinuation DST records, but one can have multiple such records in one
module; they can thus be continued, but through a different mechanism,
The records that really need to be continued, such as Standard Data
DST records and their variants (Descriptor fFormat and Trailing Value
Specification Fornaf records), Separate T{Yo Specification DST records,
and Type Specification DST records, can all be continued using the
Continuation DST record mechanism.

Define the fields of the Continuation DST record.
JELD DSTSCONTIN_FIELDS =

Y e S A S S S e e e e e e -
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There are several obsolete DST records. These are records that were

at one time generated b{ compilers, but are no longer used by any cur-
rent version of any Digital compiler. Some of these records were not
?roporly thought out and were abandoned when it was realized that their
ntended uses could not be implemented. Others were at one time used
and useful, but were generated by now-obsolete compilers. Such records
are not generated by current compiler versions, and the capabilities
thog g;ovidod are now provided more general mechanisms in other DST
records.

None of the obsolete DST records should be ?onoratod by any future
compilers, and their use will not necessarily be supported by DEBUG.

THE GLOBAL=IS=NEXT DST RECORD

The Global=-is=Next DST record is now obsolete. It consisted of just the
DSTSB_LENGTH byte and the DST$B_TYPE byte. DSTSK_GLOBNXT was the type
code. The purpose of this record was never properly thought out and

no support for it was ever implemented. It should not be generated by
any future compilers or compiler versions.

THE EXTERNAL=IS=NEXT DST RECORD

The External-is-Next DST record is now obsolete. It consisted of just
the DSTSB_LENGTH byte and the DST$B_TYPE byte. DSTSK_EXTRNXT was the
type code. The purpose of this record was never gro erly thought out
and no support far it was ever implemented. It should not be generated
by any future compilers or compiler versions.

THE THREADED-CODE PC-CORRELATION DST RECORD

This DST record is identical in format to the Line Number PC-Correlation
DST record except that the record type code is ogrsx LINE_NUM_REL _R11.
It was used an obsolete COBOL compiler according to LeGend” (the memo-
ries are a ? haz{ by now). The idea was that the threaded code gene-
rated by this ionp ler consisted of a vector of longwords where each
longword contained the address ?t t run=-t I’ support routine to call.
Register R11 pointed to the beginning of this vector. The code 8eno-
rated for a source line thus consisted of some number of l?nguor s

with addresses to call (or perhaps jump to--the exact details are lost
in the mists of time). The lLine number PC-correlation information
passc? to DEBY? c?nsistod of Line numbers correlated with byte-offsets
relative to R11 (1.e., to the start of the threaded code). ?reak oints
were placed on a spoc‘fiod line by looking up the corresponding offset
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relative to R11 and then ztoring an address within DEBUG into that
location. When the location was reached, DEBUG was entered. DEBUG
could then convert the ‘PC'’, i.e. the threaded-code location, back to

a Line number to announso the breakpoint. It is not clear how, or even
whether, tracing, stepping, and watchpoints were implemented.

The Threaded-Code P(-Correlation DST record is no longer supported by
DEBUG and should not be generated by any current or future compilers.

THE COBOL HACK DST RECORD

The COBOL Hack DST record was at one time used to support formal argu-
ments to COBOL procedures. It has now been superceded by the more
general Value Specification mechanism, and is thus obsolete. It is

no longor generated by the COBOL confflor. and it should not be gene-
rated by any current or future compilers. Future versions of DEBUG
may not support it.

The fields of this record consist of the fields of the Standard Data
DST record followed by a type field that specifies the data type and
then a sequence of commands for the DEBUG stack machine. (See the sec-
tion on Value Specifications for details on the DEBUG stack machine.)
The result of intorprotlng the stack machine routine is the address of
the object described by this record. The DSTSB_VFLAGS and DSTSL_VALUE
fields are 2ero unless the object has a descripfor. In this Latter
case they specify the Location of the descriptor. The result of the
stack machine routine is placed in the DSCSA_POINTER field of the
descriptor before it is used. In addition, Tf it is an array descrip~
tor, the DSCSA_AD field is added to the result of the stack machine
routine and the result is placed in the DSCSA_AQD field before the
descriptor is used.

The type field following the name field contains the VAX Standard Type
Code of the object being described here. If the object also has a
descriptor, its DSC$B_DTYPE field must agree with this code.

The stack machine commands used in this context are those described
in the section entitled ‘'The DEBUG Stack Machine' in the chapter on
DST Value Specifications.

This is the format of the COBOL Hack DST record:
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! L L cocceecees SEATETEEEEERESEGSEESE®ESene e cecsaceed
; byte ,i DSTSB_LENGTH i
g byte ! DSTSB_TYPE (=DST$K_COB_HACK) !
g byte ! DSTSB_VFLAGS !
g long DSTSL_VALUE i
i byte ! DSTSB_NAME :
! brmcma e reccccsssse= s crescrceseseceass ceccccccs e e e e e cneame +
‘' var H '
: 5 The Name of the Data Symbol in ASCII 5
: § (The name's length is given by DSTSB_NAME) |
i i i
! i e —— +
3 byte i DSTSB_CH_TYPE i
§ var ! DSTSA_CH_STKRTN_ADDR 5
: i Instruction Sequence for the DEBUG Stack Machine é
i s |
| T S S +
]

]

i

! Define the fields of the (cboi Hack DST record. Also define the declaration
E macro for the trailer fields.

F

IELD DSTSCOB_HACK_FIELDS =
DST$A_COBHACK_TRLR
TES;

[ 8, A_ ] ! Location of trailer fields

FIELD DSTSCH_TRLR_FIELDS =
SET

DST$B_CH_TYPE
DSTSAZCHZSTKRTN_ADDR

E

DSTSCH_TRLR = BLOCKLC,BYTE] FIELD(DSTSCH_TRLR_FIELDS) X;

0, 8 i. ! VAX standard data type
1. A Start of stack routine code

MACRO
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VALUE SPECIFICATION DST RECORDS '

The Value %pccification DST record contains nothing but a DST Value
Specification. However, there appears to be no use for this record
since all DST Value Specifications that are actually used appear in
other DST records. This record was probably designed with some use
in mind, but was then abandoned when better ways of addressing the
original need were devised. DEBUG ignores this DST record and it
is believed that no compilers actually generate it. This ST record
should not be generated by any future compilers.

This is the format of the Value Specification DST record:

bt e e e c e rc e r s e r s e e s e s s e e e e e cosecema e cemo oo R e ] &+
byte i DSTSB_LENGTH i
byte i DSTSB_TYPE (= DSTSK_VALSPEC) i
var 1 '

E A DST Value Specification E

S v S I R S S S +
Define the fields of the Value Specification DST record.

B A R AP S S

IELD DS;2¥ALSPEC_FIELDS =

DSTSA_VS_VALSPEC_ADDR = [ 2, A_ ] ! The start location of the
TES ! Value Specification
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Symbols ===ee=e- Pages
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Run Time: 80:32.g
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