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Figure G-2. Definition Hash Table
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The definition name hash table is pointed to by a relative pointer in the
definition section header (in definition_dcls.incl.pll). It must contain one nonzero
entry for each nonclass—-3 definition name.

del 1 definition_ht aligned based,
2 n_entries fixed bin,
2 table (0 refer (definition_ht.n_entries)),
(3 def_relp fixed bin(18) unsigned,
3 unused bit(18)) unalj;

STRUCTURE ELEMENTS

n_entries
is the number of elements in the hash table.

def_relp
is an array of pointers to nonclass~3 definitions. In the case of a duplicated
definition name, a particular def_relp does not point directly to a definition, but
rather 10 a duplicate name table (see below).

A component name hash table is present only if duplicated definition names are
present in a bound segment (in definition_dcls.incl.pll). It must immediately follow the
definition hash table. There is one entry in this hash table for each bound segment
component name and synonym (i.e., for each class—-3 definition).

dcl 1 compenent_ht aligned based,
2 n_entries fixed bin,
2 table (0 refer (component_ht.n_entries)),
(3 def_relp fixed bin(18) unsigned,

3 block_hdr_relp bit(18)) unaligned;
STRUCTURE ELEMENTS

n_entries
is the number of elements in the component name hash table.

table
contains one nonzero element for each class-3 definition.

def_relp
is a relative pointer to a class-3 definition.

block_hdr_relp

is a relative pointer to the first class—3 definition of the definition block
containing the definition pointed to by defp.
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A -duplicate name table must be supplied for each duplicated definition name (in
definition_dcls.incl.pl1). Each table has one entry for each instance of the duplicated
name. The definition searching algorithm can determine whether the relative pointer
retrieved from the definition hash table points to a definition or to a duplicate name
table by examining the left half of the first word pointed to. A definition never
contains a zero forward_relp, while a duplicate name table is never nonzero in the
left half of the first word.

dcl 1 duplicate_table aligned based,
2 mbz bit (18) unaligned,
2 n_duplicate_table_names fixed bin unaligned,
2 table (0 refer (duplicate_table.n_names)),
(3 def_relp fixed bin(18),
3 block_hdr_help fixed bin(18)) unaligned;

STRUCTURE ELEMENTS

mbz
must be zero to distinguish from a definition.

n_duplicate_table_names
is the number of instances of a given duplicated name.

table
contains one element for each instance of the duplicated name.

def_relp
is a pointer to a nonclass-3 definition.

block_hdr_relp
is a pointer to the first class-3 definition of the definition block containing the
nonclass—3 definition.

Definition searching with a definition hash table is done by first searching for
the definition name. If no duplicate name table is encountered, no ambiguity exists
and the correct definition is quickly found. If a duplicate name table is encountered,
the component name hash table must be searched. Then, a linear search is done on
the duplicate name table to match a block_hdr_relp with the block_hdr_relp in the
component name hash table.

STRUCTURE OF THE STATIC SECTION

The static section is unstructured.
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STRUCTURE OF THE LINKAGE SECTION

The linkage section is subdivided into four distinct components:

L A fixed-length header that always resides at the base of the linkage
section

2. A variable length area used for internal (static) storage (optional)

3. A variable length structure of links (optional)

4, First-reference trap (optional)

These four components are located within the linkage section in the following
sequence:

header

internal storage (if present)
links (if present)

trap (if present)

The length of the linkage section must be an even number of words and must
start on an even-word boundary: in addition, the link substructure must also begin at
an even location (offset) within the linkage section.

When an object segment is first referenced in a process, its linkage section is
copied into a per—process data base. At this time certain items in the copy of the
header are initialized. Items not explicitly described as being initialized by the linker
are set by the program that generates the object segment. In addition, the first two
words of the header are filled in by the linker (when the header is copied) with a
pointer to the beginning of the object segment’s definition section. For more
information see Section 4 and "Standard Stack and Linkage Area Formats” in Appendix
H.

Linkage Section Header

The header of the linkage section (in an object segment) has the following
format, defined in the system include file object_link_dcls.incl.pll:

dcl 1 virgin_linkage_header aligned based,
2 pad bit (30) unal,
2 defs_in_link bit(6) unal,
2 def_offset fixed bin{18) uns unal,
2 first_ref_relp fixed bin(18) uns unal,
2 filled_in_later bit (14k4),
2 link_begin fixed bin(18) uns unal,
2 linkage_section_lIng fixed bin{18) uns unal,
2 segno_pad fixed bin(18) uns unal,
2 static_length fixed bin(18) uns unal;
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STRUCTURE ELEMENTS

pad ‘
is reserved for future use and must be 0.

defs_in_link )
indicates whether or not there are definitions in the linkage section. If there are
definitions in the linkage section, the value contained here is "010000"b.

def_offset
is an offset (relative to the base of the object segment) to the base of the
definition section. )

first_ref_relp
is an offset (relative to the base of the linkage section) to the first-reference
trap. This trap is activated by the linker when the first reference to this object
segment is made within a given process. If the value of this item is 0, there is
no first-reference trap.

filled_in_later
is initialized by the linker when the header is copied. As a result of initialization
by the linker, the first- word becomes a pointer to the object segment’s symbol
section. It is used by the linker to snap links relative to the symbol section. The
second word becomes a pointer to the original linkage section within the object
segment. It is used by the link unsnapping mechanism. The last two words
remain unused. . '

link_begin
is an offset (relative to the base of the linkage section) to the first link (the base
of the link array).

linkage_section_ing
is the entire length in words of the entire linkage section.

segno_pad
is the segment number of the object segment. It is initialized by the linker when
the header is copied.

static_length _
is the length in words of the static section and is valid even when static is part
of the linkage section. It is initialized by the linker if not filled in by the
translator.
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Internal Storage Area

The internal storage area is an array of words used by translators to allocate
internal static variabies and has no predeiermined siruciure.

Links

A linkage section may contain an array of link pairs each of which defines an
external name, referenced by this object segment, whose effective address is unknown
at compile time. References to external entities are made by indirect references
through a link, which has bee copied from the pure linkage section to the combined
linkage section in the process directory.

Two types of links exist representing different levels of information about the
target of a link.

Partially snapped links represent external references that have been resolved
within an object MSF, but the target is not located in the same component segment as
the reference. These links make use of information available to the binder about the
target of the link so that they can be resolved by a first-reference trap procedure.
Partially snapped links are distinguished from normal links in that they have a fault
tag 3 modification initially. Once the first reference trap has run, the link has been
replaced by an ITS pointer to the target of the link.

Normal links initially contain a fault tag 2 modification instead of an ITS
modification. When the indirect reference is attempted,the fault occurs and is
intercepted by the dynamic linking mechanism. Additional information in the link is
used to locate the item referenced and, if successful, the link is replaced by an ITS
pointer to the item. Figure G-3 illustrates the structure of a link.
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A link must reside on an even location in memory, and must therefore be
located at an even offset from the base of the linkage section. A link has the
following format, defined in the system include file object_link_dcls.incl.pll:

dcl 1 object_link aligned based,

2 header_relp fixed bin(17) unal,

2 ringno fixed bin(3) uns unal,
2 mbz bit(3) unal,

2 run_depth fixed bin(5) unal,

2 tag bit(6) unal,

2 expression_relp fixed bin(18) uns unal,
2 mbz2 bit(12) unal,

2 modifier bit(6) unal;

STRUCTURE ELEMENTS

header_relp
is an offset (relative to the link itself) to the head of the linkage section. It is,
in other words, the negative value of the link pair’s offset within the linkage
section.

ringno
is the ring number of the ITS pointer.

mbz
is reserved for future use and must be "0"b.

run_depth ,
must be 0 in a generated (unsnapped) link. When the link is snapped. this field
is filled in with the number of the current run unit ievel.

tag
is a constant (46)8 that represents the hardware fault tag 2 and distinctly identifies
an unsnapped link. The snapped link (ITS pair) has a distinct (43)8 tag.

expression_relp
is an offset (relative to the base of the definition section) to the expression word
for this link.

mbz2
is reserved for future use and must be "0"b.

modifier

is a hardware address modifier. When the link is snapped, this becomes the
modifier of the ITS pair.
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Partially Snapped Links

Partially snapped links are generated only within an object MSF to resolve a
reference between components of the MSF. Partially snapped links are not snapped as
a result of references to the link, but are all snapped at first reference to the MSF
by a first reference trap placed in component 0. A ‘partially snapped link must reside
on an even location in memory, -and must therefore be located at an even offset from
the base of the linkage section. A partially snapped link has the following format,
defined in the system include file object_link_dcls.incl.pll:

decl 1 partial_link aligned based,

2 type fixed bin (3) unsigned unaligned,

2 component fixed bin (15) unsigned unaligned,
2 mbz1 bit (12) unaligned,

2 tag bit (6) unaligned,

2 offset fixed bin (18) unsigned unaligned,
2 mbz2 bit (3) unaligned,

2 bit_offset fixed bin (6) unsigned unaligned,

2 mbz3 bit (3) unaligned,

2 modifier bit (6) unaligned;

STRUCTURE ELEMENTS

type
This field is used to encode the target section of the link. The values used are
the same as those used in a definition to indicate the target section.

- Text section

- Linkage section
- Symbol section
- Static section

0
1
2
L

component
is used to store the number of the target segment in the range 0 to
component_count-1. At execution time, this value will be replaced depending on
the target section as encoded in type.

Text section - the component field will be replaced by

the segment number of the target segment.
Linkage section - the component fieild wiii be repiaced by
the segment number of the segment containing
the copied linkage section.
the component field will be replaced by the
segment number of the target segment.
the component field will be replaced by the
segment number of the segment containing the
copied static section.

Symbol section

Static section

mbzl
Is unused and must be "b.
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tag
Is set to fault_tag 3 initially ("47"b3) to distinguish it from a normal unsnapped
link or a snapped link with an ITS modifier ("43"b3). This is to insure that if
the link does not get snapped somehow, a reference through it will fault. When
the link is snapped, this field will be replaced by an ITS modifier.

of fset
This field is the offset within the section identified by type to the target of the
partial link. It is analogous to the thing_relp value in the corresponding definition
in the target segment.

mbz2
Is unused and must be ""b.

bit_offset
Is the bit offset of the target of the link. Since a link target may not be on
other than a word boundary, this field must be 0.

mbz3
Is unused and must be ""b.

modifier
Is the modifier of the link.

First-Reference Trap

It is sometimes necessary to perform certain types of initialization of an object
segment when it is first referenced for execution (ie., linked to} in a given
process——for example, 0 store some per—process information in the segment before it
is used. The first-reference trap mechanism provides this facility for use by various
mechanisms, the status code assignment mechanism being an example.

A first-reference trap consists of two relative pointers. The first points to a
link defining the first reference procedure entry point to be invoked. The second
points to a link defining a block of information to be passed as an argument to the
first-reference procedure. For more details on first-reference traps, see Section 4. The
first reference trap has the following format, defined in the system include file
object_link_dcls.incl.pll:

dcl 1 fr_traps aligned based,
2 decl_vers fixed bin,
2 n_traps fixed bin,
2 trap_array (0 refer (fr_traps.n_traps)) aligned,
3 call_relp fixed bin(18) uns unal,
3 info_relp fixed bin(18) uns unal;

STRUCTURE ELEMENTS

decl_vers
is the version number of the structure.
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n_traps
specifies the number of traps.

trap_array
is an array of information about each firsi-reference procedure.

call_relp
is an offset (relative to the base of the linkage section) to a link defining a
procedure to be invoked by the linker upon first reference to this object within a
given process.

info_relp
is an offset (relative to the base of the linkage section) to a link specifying a
block of information to be passed as an argument to the first reference
procedure; if info_relp is 0, there is no such block.

STRUCTURE OF THE SYMBOL SECTION

The symbol section consists of one or more symbol headers threaded together to
form a single listt A symbol header has two main functions: to document the
circumstances under which the object segment was created, and to serve as a repository
for information (relocation information, compiler’s symbol tree, etc.) that does not
belong in any of the other sections.

The symbol section must contain at least one symbol header, describing the
circumstances under which the object segment was created. A symbol. section can
contain more than one symbol header. An example of multiple symbol headers is the
case of a bound segment where in addition to the symbol header describing the
segment’s creation by the binder, there is also a symbol header for each of the
component object segmients.

Each symbol header can point to a free-format area. The free—format area can
contain any information whatsoever, and the object segment will execute properly.
However, the Multics debugging utilities (e.g., probe) place stringent requirements on
the format of the free area, and these are followed by the translators for PL/I,
FORTRAN, COBOL, and Pascal. See "Symbol Table Organization"” below for additional
information on the contents of the free-format area used by those threec lamguages.

Symbol Block Header

All symbol blocks have a standard fixed-format block, although not all items in
the block have meaning for all symbol blocks. The description of a particular symbol
block lists items that have meaning for that symbol block. The block has the
following format, defined by the system include file std_symbol_header.incl.pil:
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dcl

NN -

MMM NDNODN

STRUCTURE

decl_version

std_symbol_header

decl_version
identifier
gen_number
gen_created

object_created

generator
gen_version

3 offset

3 size

userid

3 offset

3 size
comment

3 offset

3 size
text_boundary
stat_boundary
source_map
area_pointer
backpointer
block_size
next_block
rel_text
rel_def
rel_link
rel_symbol
mini_truncate
maxi_truncate

ELEMENTS

is the version number of the structure.

identifier

based al

fixed bin initial (1),

char (8)

fixed bi
fixed bi
fixed bi
char (8),

igned,

aligned,
n’
n(71),
n(71),

unaligned,

bit(18),
bit(18),

unaligned,

bit(18),
bit(18),

unaligned,

bit(18),
bit (18),
bit (18)
bit(18)
bit (18)
bit(18)
bit (18)
bit(18)
bit(18)
bit(18)
bit(18)
bit(18)
bit(18)
bit(i8)
bit(18)

unaligned,
unaligned,
unaligned,
unaligned,
unaligned,
unaligned,
unaligned,
unaligned,
unaligned,
unaligned,
unaligned,
unaiigned,
unaligned;

is a symbolic name identifying the type of symbol block.

gen_number

is a code designating the version of the generator that created this object segment.
A generator’s version number is normally changed when the generator or its

output is significantly modified.

gen_created

is a calendar clock reading specifying the date and time when this generator was

created.

object_created
is a calendar clock reading specifying the date and time when this symbol block
was generated.
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generator
is the name of the program that generated this symbol block.

offset
is an offset (relative to the base of the symbol block) to an aligned string
describing the version of the generator. For example:

"PL/1 Compiler Version 7.3
of Wednesday, July 28, 1971¢

The integer part of the version number embedded in the string must be identical
to the number stored in gen_number.

size :
is the length of the aligned string describing the version of the generator.

userid
is the name of the user for whom this symbol block was created.

offset
is an offset (relative to the base of the symbol block) to an aligned string
containing the access identification (i.e., the value returned by the get_group_id_
subroutine described in the Subroutines manual) of the user for whom this symbol
block was created.

size
is the length of the aligned string containing the access identification of the user
for whom‘ the symbol block was created.

comment
an aligned string containing generator-dependent symbolic information. For
example, a compiler might store diagnostic messages concerning nonfatal errors
encountered while generating the object segment.

offset
is an offset (relative to the base of the symbol block) to the comment. A value
of "0"b indicates no comment.

size

is the length of the aligned string containing generator-dependent symbolic
information.

text_boundary
is a number indicating the boundary on which the text section must begin. For
example, a value of 32 would indicate that the text section must begin on a 0
mod 32 word boundary. This value must be a multiple of 2. It is used by the
binder to determine where to locate the text section of this object segment.

stat_boundary
is the same as text_boundary except that it applies to the internal static area of
the linkage section of this object segment.

source_map

is an offset (relative to the base of the symbol block) to the source map (see
"Source Map" below).
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area_pointer
is an offset (relative to the base of the symbol block) to the free-format area of
the symbol block. The contents of this area depend upon the symbol block. If
the symbol block was created by a translator, this area may contain a runtime
symbe! table and/or a statement map. If the symbol block was created by the
binder, this area contains the bind map.

backpointer
is an offset (relative to base of the symbol block) to the base of the symbol
section; that is, the negative of the offset of the symbol block in the symbol
section.

block_size
is the size of the symbol block (including the block) in words.

next_block
is a thread (relative to the base of the symbol section) to the next symbol block.
This item is "0"b for the last block.

rel_text
is an offset (relative to the base of the symbol block) to text section relocation
information (see "Relocation Information™ below).

rel_def
is an offset (relative to the base of the symbol block) to definition section
relocation information.

rel_link
is an offset (relative to the base of the symbol block) to linkage section
relocation information.

rel_symbol
is an offset (relative to the base of the symbol block) to symbol section
relocation information.

mini_truncate
is an offset (relative io the base of the symbol block) starting from which the
binder systematically truncates control information (such as relocation bits) from
the symbol section, while still maintaining such information as the symbol tree.

maxi_truncate
is an offset (relative to this base of the symbol block) starting from which the
binder can optionally truncate nonessential parts of the symbol tree in order to
achieve maximum reduction in the size of a bound object segment.

Source Map
The source map is a structure that uniquely identifies the source segments used

to generate the object segment. It has the following format, defined in the system
include file source_map.incl.pll:
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dcl 1 source_map aligned based,

2 version fixed bin initial (1),
2 number fixed bin,
2 map (0 refer (source_map.number)) aligned,
3 pathname unali igned,
L offset bit (18),
L size bit(18),
3 uid bit(36) aligned,
3 dtm fixed bin(71);

STRUCTURE ELEMENTS

version

number
is the number of entries in the map array; that is, the number of source
segments used to generate this object segment.

pathname
an aligned string containing the absolute pathname of this source segment.

offset
is an offset (relative to the base of the symbol block) to the pathname.

size
is the length of the pathname.

uid
is the unique identifier of this source segment at the time the cbiject segment was

generated.

dtm
is the date-time~modified value of this source segment at the time the object
segmen! was created.

Relocation Information

Relocation information, designating all instances of relative addressing within a
given section of the object segment, enables the relocation of the section (as in the
case of binding). A variable-length prefix coding scheme is used, where there is a
logical relocation item for each halfword of a given section. If the halfword is an
absolute value (nonrelocatable), that item is a single bit whose value is 0. Otherwise,
the item is a string of either 5 or 15 bits whose first bit is set to "1"b. The
relocation information is concatenated to form a single string that can only be
accessed sequentially. If the next bit is a zero, it is a single-bit absolute relocation
item; otherwise, it is either a 5- or a 15-bit item depending upon the relocation codes
defined below. '

~ There are four distinct blocks of relocation information, one for each of the
four object segment sections: text, definition, linkage, and symbol; these relocation
blocks are known as rel_text, rel_def, rel_link and rel_symbol, respectively.
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The relocation blocks reside within the symbol block of the generator that
produced the object segment. The correspondence between the packed relocation items
and the halfwords in a given section is determined by matching the sequence of items
with a sequence of halfwords, from lefi-to-right and from word-to-word by
increasing value of address.

The relocation block pointed to from the symbol block block (e.g.,
text_relocation_relp) is structured as follows:

dcl 1 relinfo aligned,
2 decl_vers fixed bin initial(2),
2 n_bits fixed bin,
2 relbits bit(0 refer(relinfo.n_bits)) aligned;

STRUCTURE ELEMENTS

decl_vers
is the version number of the structure.

n_bits
is the length (in bits) of the string of relocation bits.

relbits
is the string of relocation bits.

Following is a tabulation of the possible codes and their corresponding relocation
types, followed by a description of each relocation type. Translators indicate the
relocation code in the assembly-like listing of an object segment by a character. The
second column below indicates the character used by standard translators. The third
column indicates the character used by the ALM assembler. These codes may be
found in relocation_bits.incl.pll.

"0'"b - a a - absolute

"10000'"Db -t 0 - text

"10001"b -1 1 - negative text
""10010"b - 2 2 - link 18

"0011"b - 3 3 - negative link 18
"10100"b - 1 L - link 15

"10101"b - d 5 - definition

"10110" - s 6 -  symbol

"10111"p -7 7 - negative symbol
"11000"b - 8 8 - internal storage 18
"11001'"p - i 9 - internal storage 15
"11010"b - r L - self relative
"11011"b - unused

"11100"b - unused

"11101"b - unused

"11110"b - expanded absolute
"11111%b - e % escape
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STRUCTURE ELEMENTS

absolute
does not relocate.

text
uses text section relocation counter.

negative text
uses text section relocation counter. The reason for having distinct relocation
codes for negative quantities is that special coding might be necessary to convert
the 18-bit field in question into its correct fixed binary form.

link 18
uses linkage section relocation counter on the entire 18-bit halfword. This, as well
as the negative link 18 and the link 15 relocation codes apply only to the array
of links in the linkage section (i.e., by definition, usage of these relocation codes
implies external reference through a link).

negative link 18
is the same as link 18 above.

link 15
uses linkage section relocation counter on the low-order 15 bits of the halfword.
This relocation code can only be used in conjunction with an instruction featuring
a base/offset address field.

definition
indicates that the halfword contains an address that is relative to the base of the
definition section.

symbol
uses symbol section relocation counter.

negative symbol
is the same as symbol above.

internal storage 18
uses internal storage relocation counter on the entire 18-bit halfword.

internal storage 15
uses internal storage relocation counter on the low-order 15 bits of the halfword.

self relative
indicates that the halfword contains a relocatable address that is referenced using
a location counter modifier; the instruction is self-relocating.

expanded absolute

allows the definition of a block of absolute relocated halfwords, for efficiency
reasons. It has been established that a major part of an object program has the
absolute relocation code. The five bits of relocation code are immediately
followed by a fixed length 10-bit field that is a count of the number of
contiguous halfwords all having an absolute relocation. Use of the expanded
absoiute code can be economically justified only if the number of contiguous
absolute halfwords exceeds 15.
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escape
reserved for possible future use.

STRUCTURE OF THE OBJECT MAP

The object map contains information used to locate the various sections of an
object segment. The map itself can be located immediately before or immediately after
any one of the five sections. Translators normally place it immediately after the
symbol section. The last word of the object segment (as defined by the bit count of
the object segment) must contain a left—justified 18-bit offset (relative to the base of
the object segment) to the object map. The object map has the following format,
defined in the system include file, object_map.incl.pil:

dcl 1 object_map aligned based,
2 decl_vers fixed bin init(2),
2 identifier char (8) aligned,
2 text_offset ’ bit(18) unaligned,
2 text_length bit{(18) unaligned,
2 definition_offset bit(18) unaligned,
2 definition_length bit(18) unaligned,
2 linkage_offset bit(18) unaligned,
2 linkage_length bit(18) unaligned,
2 static_offset bit(18) unaligned,
2 static_length bit(18) unaligned,
2 symbol_offset bit(18) unaligned,
2 symbol_length bit(18) unaligned,
2 break_map_offset bit(18) unaligned,
2 break_map_length bit(18) unaligned,
2 entry_bound bit(18) unaligned,
2 text_link_offset bit(18) unaligned,
2 format aligned,
3 bound bit(1) unaligned,
3 relocatable bit{1) unaligned,
3 procedure bit (1) unaligned,
3 standard bit (1) unaligned,
3 separate_static bit (1) unaligned,
3 links_in_text bit(1) unaligned,
3 perprocess_static bit{1) unaligned,
3 unused bit(29) unaligned;

STRUCTURE ELEMENTS

decl_vers ,

is the version number of the structure.
identifier

is the constant "obj_map".
text_offset

is an offset (relative to the base of the object segment) to the base of the text
section.
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text_length
is the length (in words) of the text section.

definition_offset

is an offset (relative to the base of the object segment) to the
definition section.

definition_length
is the length (in words) of the definition section.

linkage_offset

is an offset (relative to the base of the object segment) to the
linkage section.

linkage_length
is the length (in words) of the linkage section.

static_offset

is an offset (relative to the base of the object segment) to the base
section.

static_length
is the length (in words) of the static section.

symbol_offset
is an offset (relative to the base of the object segment) to the
symbol section.

symbol_length
is the length {(in words) of the symbol section.

break_map_offset
is an offset (relative to the base of the object segment) to the base
_map section.

break_map_length
is the length (in words) of the break map section.

entry_bound

base of the

base of the

of the static

base of the

of the break

is the offset of the end of the entry transfer vector if the object segment is to

be a gate.

text_link_relp

is the offset of the first text-embedded link if links_in_text equals "1"b.

bound
indicates if the object segment is a bound segment.

"1"b the object segment is a bound segment
"O"b  the object segment is not a bound segment
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relocatable 4
indicates if the object segment is relocatable; that is, if it contains relocation
‘information. This information (if present) must be stored in the segment’s first
symbol block. See "Structure of the Symbol Section" above.

"'p the object segment is relocatable
"o''p the object segment is not relocatable

procedure
indicates whether this is an executable object segment.

1"itp this is an executable object segment
no''p this is not an executable object segment

standard
indicates whether the object segment is in standard format.

"1"b  the object segment is in standard format
"O'"b the object segment is not in standard format

separate_static _ _
indicates whether the static section is separate from the linkage section.

"i"p the static section is separate from the linkage section
"0'"p  the static section is not separate from the linkage section

links_in_text
indicates whether the object segment contains text—-embedded links.

"1 the object segment contains text-embedded 1inks
"Q'"b the object segment does not contain text-embedded 1links

perprocess_static
indicates whether the static section should be reinitialized for a run unit.

"1 static section is used as is
"0"b static section is per run unit

unused
is reserved for future use and must be "0"b.
GENERATED CODE CONVENTIONS

The following discussion specifies those portions of generated code that must
conform to a system-wide standard. For a description of the various relocation codes

Q

see "Structure of the Symbol Seciion™ above.

Text Section

Those parts of the text section that must conform to a system-wide standard are:

entry sequence
text relocation codes.
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ENTRY SEQUENCE

The entry sequence must fulfill two requirements:

1. The location preceding the entry point (i.e., eniry point minus 1) must
contain a left adjusted 18-bit relative pointer to the definition of that
entry point within the definition section.

2. The entry sequence executed within that entry point must store an ITS
pointer to that entry point in the entry_ptr field in the stack frame
block (as described in the stack frame include file). The procedure’s
current stack frame can then be used to determine the address of the
entry point at which it was invoked. That entry’s symbolic name can be
reconstructed through use of its definition pointer. (See "Entry Sequence"
earlier in this section.)

TEXT RELOCAT/ON CODES

The following list defines those relocation codes that can be generated in
conjunction with the text section. These can be generated only within the scope of the
restrictions specified.

absolute no restriction
text no restriction
negative text no restriction
link 18 can only be a direct (e, unindexed)

reference to a link.

link 15 can only appear within the address field of
a pointer—register /offset type instruction
(bit 29 = "1"b). The first two bits of the
modifier field of the instruction cannot be
"10"b. If the instruction uses indexing, the
first two bits of the modifier must be
"11"b. Also the following instruction codes
cannot have this relocation code:

STBA (551)8
STBQ (552)8

STCA (751)8
STCQ (752)8

definition the offset to be relocated must be that of
the beginning of a definition (relative to
the beginning of the definition section).

symbol no restriction

internal storage 18 no restriction
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internal storage 15

self relative

expanded absolute

can only apply to the left half of a word.
If the word is an instruction, the first two

bits of the modifier must not be "10"b.
no restriction

no restriction

The restrictions imposed upon the link 15 and internal storage 15 relocation
codes stem from the fact that these relocation codes apply to pointer-register/offset
type address fields encountered in the address portion of machine instructions. Since
the effective value of such an address is computed by the hardware at execution time,
certain hardware restrictions are imposed on instructions containing them. When the
Multics binder processes these instructions, it often resolves them into simple-address
format and has to further modify information in the opcode (right-hand) portion of
the instruction word. Therefore, these relocation codes must only be specified in a

context that is comprehensible to the Multics processor.

Definition Section

Those parts of the definition section that must conform to a system-wide

standard are:

general structure

definition relocation codes

impiicit definitions

DEFINITION RELOCATION CODES

absolute

text

link 18

definition

symbol

internal storage 18
seif reiative

expanded absolute

no

no

no

no

no

no

no

no

restriction’

restriction
restriction
restriction
restriction
restriction
restriction

restriction
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IMPLICIT DEFINITIONS

All generated object segments must feature the following implicit definition:

symbol_table defines the base of the symbol block generated by the
current language processor, relative to the base of the
symbol section.

Linkage Section

Those parts of the linkage section that must conform to a system-wide standard
are:

internal storage
links
linkage relocation codes

INTERNAL STORAGE

The internal storage is a repository for items of the internal static storage class.
It may contain data items only; it cannot contain any executable code.

LINKS

The link area can only contain a set of links. The -links must be considered as
distinct unrelated items, and no structure (e.g.. array) of links can be assumed. They
must be accessed e¢xplicitly and individually through an unindexed internal reference
featuring the link 18 or the link 15 relocation codes. The order of links will not
necessarily be preserved by the binder.

LINKAGE RELOCATION CODES

Only the linkage section block and the links can have relocation codes associated
with them (the internal storage area has associated with it a single expanded absolute
relocation item). They are:

absolute no restriction; mandatory for the
internal storage area
text no restriction
Tink 18 no restriction
negative link 18 no restriction
definition no restriction
internal storage 18 no restriction
expanded absolute no restriction
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Static Section

The static section does not have relocation codes associated with it. Absolute
relocation is assumed. See "Internal Storage Area" above.

Symbol Section

The symbol section can contain information related to some other section (such
as a symbol tree defining addresses of symbolic items), and therefore can have
relocation codes associated with it. They are:

absolute no restriction
text no restriction
link 18 no restriction
definition no restriction
symbol no restriction
negative symbol no restriction
internal storage 18 no restriction
self relative no restriction
expanded absolute no restriction

STRUCTURE OF BOUND SEGMENTS

A bound segment consists of several object segments that have been combined so
that all internal intersegment references are automatically prelinked and to reduce the
combined size by minimizing page breakage. The component segments are not -simply
concatenated; the binder breaks them apart and creates an object segment with single
text, definition, static, linkage, and symbol sections as illustrated in Figure G-4 below.
(When the static section is separate, it is located before the linkage block rather than
between the linkage block and the links.) As explained below, the definition section
and link array are completely reconstructed while the text, internal static, and symbol
sections are the corresponding concatenations of the component segments’ text, internal
static, and symbol sections with relocation adjustments. (See "Structure of the Symbol
Section™ above.) If all of the components’ static sections are separate (i.e., not in
linkage), the bound segment has a separate static section; otherwise, all component
static sections are placed in the bound segment’s linkage section.
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text for component 1
text for component 2

text section

text for component n

definition section

\

linkage block
init. static for component 1
init. static for component 2
linkage section .

init. static for component n

\]inks

('first reference trap

symbol section symbol block for binder
symbol block for component |

symbol block for component n

object map

Figure G—-4. Structure of a Bound Segment
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Internal Link Resolution

The primary distinction between bound and unbound groups of segments occurs
in the manner in which they reference external items and are themselves referenced.
Most references by one component to another component in the same bound segment
are prelinked; i.e., the link references are converted to direct text—to—text references
and the associated links are not regenerated. The remaining external links are
combined so that for the whole bound segment there is only one link for each
different target. Prelinking enables some component segments to lose their identity in
cases where the bound segment itself is the main logical entity, having been coded as
separate segments for ease of coding and debugging. Definitions for external entries
that are no longer necessary, i.e., have become completely internal, can be omitted
from the bound segment (see the bind command described in the Commands manual).

Definition Section

The definition section of a bound segment is generally more elaborate than that
of an unbound object segment because it reflects both the combination and deletion of
definitions. There is a definition block for each component. It contains the retained
definitions and the segment names associated with the component. This organization
allows definitions for multiple entries with the same name to be distinguished. The
first definition block is for the binder and contains a definition for bind_map,
discussed below.

Binder Symbol Block

The symbol block of the binder has a standard block if all of the components
are standard object segments. The symbol block can be located using the bind_map
definition. Most of the items in the block are adequately explained under "Structure
of the Symbol Section” above; however, some have special meaning for bound
segments. The format of a standard symbol block block is repeated below for
reference, followed by the explanations specific to the binder’s symbol block.
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dcl 1 std_symbol_block
decl_version
identifier
gen_number
gen_created
object_created
generator
gen_version
3 offset
3 size
2 userid

3 offset

3 size
2 comment
3 offset
3 size
text_boundary
stat_boundary
source_map
area_pointer
backpointer
block_size
next_block
rel_text
rel_def
rel_link
rel_symbol
mini_truncate
maxi_truncate

NRNMNNMNNNONNDN

MMM NDND

based aligned,

fixed bin initial (1),
char (8) aligned,
fixed bin,
fixed bin(71),
fixed bin(71),
char (8),
unaligned,
bit(18),
bit(18),
unaligned,
bit(18),
bit(18),
unaligned,
bit(18),
bit(18),
bit(18) unaligned,
bit(18) unaligned,
bit(18) unaligned,
bit(18) unaligned,
bit(18) unaligned,
bit(18) unaligned,
bit(18) unaligned,
bit{(18) unaligned,
bit(18) unaligned,
bit (18) unaligned,
bit(18) unaligned,
bit{(18) unaligned,
bit(18) unaligned;

1
I

STRUCTURE ELEMENTS

identifier
is the string "bind_map".

generator
is the string "binder".

comment
is always "0"b.

area_pointer

is an offset (relative to the base of the symbol block) to the beginning of the
bind map. (See "Bind Map" below.)

Bound segments currently are not relocatable, so none of the relocation relative
pointers or truncation offsets have any meaning.
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Bind Map

The bind map is part of the symbol block produced by the binder and describes
the relocation values assigned to the various sections of the bound component object
segments. 1t consisis of a variable length structure followed by an area in which

variable length symbolic information

following format, defined in the system include file bind_map.incl.pil:

decl 1 bindmap
2 dcl_version
2 n_components
2 component
3 name
L name_ptr
L name_1ng
3 comp_name
3 text_start
3 text_lIng
3 stat_start
3 stat_Ing
3 symb_start
3 symb_Ing
3 defblock_ptr
3 n_biocks
2 bf_name
3 bf_name_ptr
3 bf_name_lng
2 bf_date_up
2 bf_date_mod

based aligned,

fixed bin,

fixed bin,

(0 refer (bindmap.n_components)) aligned,

bit (18) unaligned,
bit(18) unaligned,
char (8) aligned,
bit (18) unaligned,
bit (18) unaligned,
bit (18) unaligned,
bit (18) unaligned,
bit{18) unaligned,
bit(18) unaligned,
unaligned,

bit (18) unaligned,
aligned, .

bit (18) unaligned,
bit (18) unaligned,
char (24),

char (24) ;
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STRUCTURE ELEMENTS

dcl_version
is a constant designating the format of this structure; this constant is modified
whenever the structure is, allowing system tools to easily differentiate bind map
formats. This structure is version one (1).

n_components
is the number of component object segments bound within this bound segment.

component
is a variable-length array featuring one entry per bound component object
segment.

name ‘
is the symbolic name of the bound compecnent. This is the name under which the
component object was identified within the archive file used as the binder’s input
(i.e., the name corresponding to the object’s objectname entry in the bindfile).

name_ptr
is the offset (relative to the base of the binder's symbol block).

name_lng
is the length (in characters) of the component’s name.

comp_name
is the name of the translator that created this component object segment.

text_start
is the offset (relative to the base of the bound segment) of the component’s text
section.

text_Ing

is the length (in words) of the component’s text section.

stat_start
is the offset (relative to the base of the static section) of the component’s
internal static.

stat_Ing
is the length of the component’s internal static.

symb_start
is an offset (relative to the base of the symbol section) to the component’s
symbol section.

symb_Ing
is the length of the component’s symbol section.
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defblock_ptr
if nonzero, this is a pointer (relative to the base of the definition section) to the
component’s definition block (first class-3 segname definition of that component’s
definition block).

n_blocks
is the number of symbol blocks in the component’s symbol section.

bf_name_ptr
is the offset (relative to the base of the binder’s symbol block) of the symbolic
name of the bindfile.

bf_name_Ing
is the length (in characters) of the bindfile name.

bf_date_up
is the date, in symbolic form, that the bindfile was updated in the archive (of
object segments) used as input by the binder.

bf_date_mod
is the date, in symbolic form, that the bindfile was last modified before being
put into the binder’s object archive.

SYMBOL TABLE ORGANIZATION

The information below is subject to change. Future Multics releases may use a
different format of runtime symbo! information.

The free-format area can contain any information whatsoever, and the object
segment will execute properly. However, the Multics debugging utilities (e.g., probe)
place siringent requirements on the format of the free area, and these are followed by
the translators for PL/I, FORTRAN, COBOL and Pascal.

The free-format area begins with a fixed—-format header, called the pll_symbol_block.
Despite the name, this block is present even in FORTRAN, Pascal and COBOL-produced
object segments. The pll_symbol_block gives the options used in compiling the
segment, and the offsets of the statement map, the root block node, and the profile
information.

The remainder of the free-format area consists of the statement map, the symbol
tree, and the profile information, which are discussed below.
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The PL/I Symbel Block

The

PL/1  symbol

pll_symbol_block.incl.pl1):

dcli

NN —

NN

STRUCTURE

version

pl1_symbol_block
version
identifier
flags,

profile

table

map

flow

io
table_removed
long_profile
pad
greatest_severity
root

profile

map,

3 first

3 last

segname,

3 offset

3 length

(VYR VN WS R VSR VIR U R U R UN ]

ELEMENTS

block

has the

aligned,
fixed binary,
char (8),

bit(1)
bit(1)
bit(1)
bit (1)
bit(1)

hi+ (1)

unaligned,
unaligned,
unaliigned,
unaligned,
unaligned,
CiTiig unal igned,
bit(1) unaligned,
bit(29) unaligned,
fixed binary,

bit(18) unaligned,
bit(18) unaligned,
bit(18)

unaligned,

bit(18) unaligned,
bit(18) unaligned,
bit(18) unaligned;

following

format

(declared

in

is the version number of the structure. For this version the version number is 1.

identifier

is the constant "pllinfo".

profile

is "1"b if the object program contains an execution profile table. This table is
generated if the —profile control argument is specified when the source program is
compiled.

table

is "1"b if the object program contains a runtime symbol table. A runtime symbol
table is generated if the -table control argument is specified when the source
program is compiled or if the runtime table is required by PL/I puf data or get
data or FORTRAN namelist input/output statements in the source program (see
"The PL/I Runtime Symbol Table" below).
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map
is "1"d if the object segment contains a statement map that gives the
correspondence between source line numbers and locations in the object segment
(see "The Statement Map" below). The statement map is present if the
-brief_table, —-profile, or —table control arguments are specified when the source
program is compiled.

flow
is "1"b if the object program contains additional instructions for moniforing
program flow. This facility is not yet available.

10 A
is "1"b if the object program contains a runtime symbol table that is required by
PL/I put data or get data or FORTRAN namelist input/output statements in the
source program. In this case the runtime symbol table cannot be removed.

table_removed
is "1"b if the object segment originally contained a runtime symbol table that has
subsequently been removed.

long_profile
is "1"b if the object segment contains a long profile table.

greatest_severity
contains the greatest severity level of all error messages issued during the
compilation of the source program. A value of 0 means that no errors were
found during compilation.

1001
is nonzero only if the object segment contains a runtime symbol table; in this
case, root is a pointer (relative to the base of the symbol header block) to the
root block of the runtime symbol table.

profile
is nonzero if the object segment contains a profile table. If it is nonzero, it is
the offset in the linkage section of the table.

first
is nonzero only if the object segment contains a statement map; in this case, first
is a pointer (relative to the base of the symbol header block) to the first entry
in the statement map.

last
is nonzero only if the object segment contains a statement map; in this case, last
is a pointer (relative to the base of the symbol header block) to the last entry in
the statement map.

offset
is a pointer (relative to the base of the symbol header block) to an aligned
character string that gives the name of the segment; this is the same as the name
used for the class 3 definition of the object segment.

size
is the length of the segment name string.
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The PL/I Runtime Symbol Table

The PL/I runtime symbol table contains information needed to support source
language debugging and PL/I data—directed or FORTRAN namelist input/output
statemenis. Most of the information that the compiier has in its compile~iime symbol
table is placed, in a different format, in the runtime symbol table; this permits
attributes of a variable such as data type, storage class, or location to be determined
during execution of the program. If the runtime symbol table is present, it follows
the PL/I symbol block.

There are two types of runtime symbol tables: partial tables and full tables.

A partial table is generated when the source program contains data—directed
input/output statements; it contains information only about variables that are
transmitted via PL/1 data—directed or FORTRAN namelist input/output statements. A
partial runtime symbol table cannot be removed.

A full symbol table is generated if the table control argument is specified when
the source program is compiled; it contains information about all variables, labels, and
entries referenced by the source program. A full symbol table can be removed from
the object program (when binding) if the source program does not contain
data—-directed input/output statements that would require a partial table 0 be
generated.

The existence of a runtime symbol table does not affect the executable code
normally generated by the compiler. There are no instructions that must routinely be
executed by the object program in order to support the runtime symbol table. In
some cases (described later), the compiler generates additional code sequences solely
because a runtime symbol table is being created, but these extra instructions are not
executed unless particular fields of the runtime symbol table are actually referenced.

An internal static variable that has an initial value and is never set is normally
treated just as if it were a constant. If all references to the value of the internal
static variable can be made using DU or DL modifiers in the instructions making the
reference, the variable is not assigned a location. If all references cannot be made via
DU or DL modifiers, the variable is assigned one or more locations in the text
section. When a runtime symbol table is being generated, internal static variables that
are initialized and never set are always assigned locations in the text section. This
does not affect references to these variables since DU or DL modifiers continue 1o be
used wherever possible.
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The runtime symbol table is a list structure that consists of interconnecied
runtime_token, runtime_block, and runtime_symbol nodes. Normally, when node A in
the runtime symbol table contains a pointer to node B, the pointer is relative to the
start of the node in which it occurs; such a pointer is called a se/f-relative pointer.
The format of the nodes in the runtime symbol table are described in the sections
that follow.

THE RUNTIME TOKEN NODE

The runtime_token node holds the name of an identifier used elsewhere in the
runtime symbo! table. The runtime_token nodes for all identifiers in the runtime
symbol table are threaded together on a list that is ordered alphabetically by size (all
1 character names before all 2 character names, etc.); there are no duplicate names on
this list. This ordering is used to increase the speed with which the runtime symbol
table can be searched. Each rtuntime_token node contains a pointer to the
runtime_symbol node for the first variable having the name stored in the runtime_token
node. The runtime_token node has the following format (and appears in
runtime_symbol.incl.pl1):

dcl 1 runtime_token based aligned,

2 next bit(18) unaligned,

2 dcl bit(18) unaligned,

2 name,
3 size fixed bin(9) unsigned unaligned,
3 string char (0 refer (runtime_token.size))

unaligned;
STRUCTURE ELEMENTS

next
is a self-relative pointer to the next token on the alphabetic by size list of
tokens. This field is zero in the last runtime_token node on the list.

dcl
is a self-relative pointer to the runtime symbol node for the first identifier
having the name stored in this runtime_token node. This field is zerc if there
are no identifiers declared with this name.

name

Laiase

is an ACC string that gives the name of the identifier represented by this node
(see "The Structure of the Definition Section” above for a description of ACC
strings).
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THE RUNTIME_BLOCK NODE

Each procedure or begin block in the source program has a corresponding
runtime_block node in the runtime symbol table. The manner in which these nodes
re connected reflects the block structure of the source program. Each runtime_block
node contains a pointer to a list of runtime_symbol nodes that represent declarations
defined immediately internal to the block (i.e. internal to the block but not internal
to any other block contained in the block). These declarations correspond to the
variables and label or entry constants used in the block. The runtime_block node has

the following format (which appears in runtime_symbol.incl.pl1):

dcl 1 runtime_block aligned,

2 flag bit(1) unaligned,
2 quick bit (1) unaligned,
2 fortran bit (1) unaligned,
2 standard bit{1) unaligned,
2 owner_flag bit (1) unaligned,
2 skip bit (1) unaligned,
2 type bit(6) unaligned,
2 number bit (6) unaligned,
2 start bit(18) unaligned,
2 name bit(18) unaligned,
2 brother bit (18) unaligned,
2 father bit (18) unaligned,
2 son bit(18) unaligned,
2 map,

3 first bit(18) unaligned,

3 last bit (18) unaligned,
2 entry_info bit(18) unaligned,
2 header bit(i8) unaligned,
2 chain(h) bit(18) unaligned,
2 token(0:5) bit (18) unaligned,
2 owner bit(18) unaligned;

STRUCTURE ELEMENTS

flag
is always "1"b and is used to tell this version of the structure from an earlier
one.

quick
is "1"b if the procedure or begin biock that corresponds to this runtime_block
node is a quick block that does not have a stack frame of its own. By
definition, when a quick block is called, pr6 (the stack pointer) points at the
stack frame shared by the quick block in which the quick block allocates its
storage. This bit is always "0"b in the runtime_block that corresponds to an
external procedure.
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fortran
is "1"b if this program was compiled by the FORTRAN compiler. This bit is
used to tell the programs that access the runtime symbol table that array elements
are stored in column-major order instead of row-major order. The object
program contains other places that indicate the compiler that processed the
program; this bit was added to increase the speed with which this information
could be obtained.

standard
is "1"b if this object segment is in standard Multics format. Here, too,
information that is available elsewhere is repeated for the sake of convenience.

owner_flag .
is "1"b if this block has a valid owner field.

skip
is reserved for future expansion.

type
indicates what kind of biock the biock node corresponds to. The following values
are defined:
"01"b3 external entry
"02"b3 nonquick internal procedure
"03"b3 quick internal procedure
"04"b3 begin block
"05"b3 Pascal with block

(Currently this field is not always filled in as defined above.)

number
is used to number begin blocks. All begin blocks in the source program are
assigned a sequence number in the order in which they are encountered by the
program that generates the runtime symbol table.

start
is a self-relative pointer to the runtime_symbol node for the first declaration in
the block represented by the runtime_block node. This declaration list gives all
level 0 (nonstructure) and level 1 (top level structure) symbols defined immediately
internal to the block; the runtime_symbol nodes on this list are ordered
alphabetically by size. The stari field is zero if there are no declarations in the
block.

name
is a self-relative pointer to the ACC string that gives the name of the block; this
field is zero for a begin block. The block compiled for an on-unit is a
procedure block whose name is derived from the name of the condition. e.g.
"overflow.1". For historical reasons, the name component points at runtime_token.name
instead of the beginning of runtime_token.
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brother
is a self-relative pointer to the next runtime_block node at the same nesting
level. This field is zero if there is no other block at the same nesting level.

father
is a self-relative pointer to the immediately containing runtime_block node of
which this block is a son. If the current block is the root of the symbol tree,
this pointer points to the symbol header block.

son
is a self-relative pointer to the first runtime_block node contained within the
current block. This field is zero if the current block does not contain any other
blocks.

first
is nonzero if the object program contains a statement map; in this case first is a
self-relative pointer to the entry in the statement map that corresponds to the
first executable statement in this block. If block B is contained in block A, the
entries in the statement map for block B are also contained in the statement map
entries for block A.

last
is a self-relative pointer to the word after the entry that corresponds to the last
executable statement. Note that zero is a meaningful value.

entry_info
is nonzero only for a runtime_block that corresponds to a procedure without its
own stack frame (quick = "1"b). It gives the location in the stack frame shared

by the quick block of the entry information block used by the quick block. The
format of an entry information block is described below.

header
is a self-relative pointer to the start of the symbol header block.

chain
is a vector of self-relative pointers that point at runtime_symbol nodes on the
declaration list for this block. The chain(i) points at the runtime_symbol node for
the first declaration whose name is longer than 2+#*i; chain(i) is zero if the
longest name in the declaration list is shorter than 2#*i,

token
is a vector of self-relative pointers that point at runtime_token nodes. The
token(i) points at the runtime_token node for the first name longer than 2#%xi;
token(i) is zero if the longest name in the token list is shorter than 2%#i.

owner

is a self-relative pointer to the runtime_block node whose stack frame will be
shared by this block. This field is valid only if owner_flag is set.
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THE ENTRY INFO BLOCK

An entry info block consists of one, two, or three pointers, depending on the
procedure. It has the following format (declared in quick_entry.incl.pll):

dcl 1 quick_entry aligned,
2 return ptr,
2 argptr ptr,
2 descptr ptr;

STRUCTURE ELEMENTS

return
points at the return location of the quick block.

argptr
if present, points at the argument list of the quick block.

descptr _
if present, points at the descriptor list of the quick procedure.

THE PASCAL "with” BLOCK

When the block node corresponds to a Pascal "with" block (runtime_block =
"05"b3), it has two more fields appended to it. The node then has the following
format (which appears in runtime_symbol_block.incl.pll, where symbol_block is equivalent
to the runtime_block structure described above):

dcl 1 with_symbol_block aligned,
2 common_block_info
aligned like symbol_block,
with_string fixed bin {18) unsigned unaligned,
real_level 1 fixed bin (18) unsigned unaligned;

NN

STRUCTURE ELEMENTS

with_string
is a self-relative pointer to the ACC string that duplicates the string in the
source program’s "with" statement.

real_level_1
is a self-relative pointer to the level 1 node for the corresponding record type.
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THE RUNTIME _SYMBOL NODE

Each runtime_symbol node in the runtime symbol table corresponds to an
identifier in the source program. The manner in which these nodes are connected
reflects the siructural relaiionship of variables in the source program. Level O
(nonstructure) and level 1 (top level structure) variables have the runtime_symbol nodes
that correspond to them threaded on a list of runtime_symbol nodes ordered
alphabetically by size.

The format of the runtime_symbol node is (declared in runtime_symbol.incl.pll):

dcl 1 runtime_symbol aligned,
2 flag bit (1) unaligned,
2 use_digit bit (1) unaligned,
2 array_units bit(2) unaligned,
2 units bit(2) unaligned,
2 type bit (6) unaligned,
2 level bit(6) unaligned,
2 ndims bit(6) unaligned,
2 bits unaligned,
3 aligned bit (1),
3 packed bit (1),
3 simple bit (1),
3 decimal bit (1),
2 scale bit(8) unaligned,
2 name bit (18) unaligned,
2 brother bit (18) unaligned,
2 father bit (18) unaligned,
2 son bit(18) unaligned,
2 address unaligned,
3 location bit(18),
3 class bit (L),
3 next bit(14),
2 size fixed binary (35),
2 offset fixed binary (35),
2 virtual_org fixed binary (35),
2 bounds (1),
3 lower fixed binary (35),
3 upper fixed binary(35),

3 multiplier fixed binary(35);

In the discussion that follows, the term "current identifier” means the indentifier
represented by the runtime_symbol node under consideration, and the term "current
block” means the block in which the current identifier is declared:
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STRUCTURE ELEMENTS

flag
is always "1"b and distinguishes this version of the structure from other versions.

use_digit
contains the most significant bit of the three bit binary integers that identify the
addressing units for arrays and offsets.

array_units
contains the low order two bits of a three bit positive binary integer that gives
the addressing units to be used when computing the address of a subscripted array
element; this field is meaningful only when ndims is not zero. The high order bit
is supplied by the use_digit bit. The possible values for this three bit number,
and the corresponding factor by which an offset should be multiplied to convert
to a bit offset are: '

units factor
0 word 26
1 bit 1
2 byte 9
3 half word 18
4 word 36
5 bit 1
6 byte 9
7 digit L.5

units
contains the low order two bits of a positive binary integer that gives the
addressing units of the offset field in the runtime_symbol node. The high order
bit is supplied by use_digit. The possible values and associated conversion factors
are the same as for array_units.

type
contains a positive binary integer that gives the data type of the current
identifier. The numeric values used to encode the data type are the same as the
values used in the Multics descriptor, supplemented with additional values (see
Appendix D).

When the identifier is a pictured variable, the real data type is given by the
picture information block, which can be found by using information in the size
field of the runtime_symbol node.

level
contains a positive binary integer that gives the structure nesting level of the

current identifier as determined by the compiler; nonstructure variables have level
= 0.
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ndims
contains a positive binary integer that gives the number of array dimensions of
the current identifier; a value of zero means the current identifier is not an
array. The ndims gives the total number of subscripts that must be provided to
access an element of the array and is the sum of the number of dimensions with
which the identifier was explicitly declared and the number of dimensions
inherited from a containing structure.

aligned
is "1"db if the current identifier is aligned and is "0"b if the identifier is
unaligned. ‘

packed
is "1"b if the current identifier is any one of the following: an unaligned
aggregate of packed data, unaligned arithmetic data, unaligned nonvarying string
data, or unaligned pointer data.

simple
is "1"b if an abbreviated form of the runtime_symbol node is being used for the
current identifier; in this case fields after size in the runtime_symbol node are
not present and the current identifier is a scalar with zero offset. If simple is
"0"b, a// fields in the runtime_symbol node are present.

decimal
is reserved for future expansion.

scale
is the arithmetic scale factor of the current identifier. Although stored in a bit
(8), it is logically a fixed bin (7). Be warned that COBOL and PL/I both define
negative scale factors, and that PL/I bit to fixed conversion assumes unsigned. not
signed.

name
is a self-relative pointer to the ACC string that gives the name of the current
identifier. For historical reasons, the name component points at runtime_token.name
instead of the beginning of runtime_token.

brother

is a self-relative pointer to the runtime_symbol node for the next identifier at
the same structure level; levels 0 and 1 are considered to be the same level
Within a structure (level > 1), brother points to the runtime_symbol node for the
identifier that immediately follows the current identifier in the structure; brother
is zero if the current identifier is the last element in the structure that
immediately contains it. Outside of a structure (level <= 1), brother points to the
next element on the list of runtime_symbol nodes ordered alphabetically by size.

father
is a self-relative pointer fo either a runtime_block node or a runtime_symbol
node. If level <= 1, father points to the runtime_block node that represents the
block in which the current identifier is declared. If level > 1, father poinis io
the runtime_symbol node for the structure that immediately contains the current
identifier as a son.
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is a self-relative pointer to the first son of a structure (the runtime_symbol node
for the first identifier in the structure with a level number one greater than the
level of the current identifier). This field is zero if the current identifier is not
2 structure.

location
usually contains a positive integer L that is used in combination with class to
determine the address of the current identifier. L is normally an offset with
respect 1o the start of a given class of storage; its interpretation depends on the
value of the class field in the runtime_symbol node.

class
contains a positive binary integer that gives the storage class of the current
identifier; the possible classes are:

c/ass storage class

1 automatic; L is the offset at which the current identifier is defined
in the stack frame associated with the current block.

2 automatic adjustable; the address of the current identifier is not
known at the time the runtime symbol table is created. Location L
in the stack frame associated with the current block contains a
pointer to the storage for the current identifier.

3 based; location is a self-relative pointer to the runtime_symbol for
the pointer used in the declaration of the current identifier or is
zero if a pointer was not specified. The user must provide a
pointer, either explicitly at run time or implicitly through the
default pointer, in order to reference the current identifier.

4 internal static; L is the offset at which the current identifier is
assigned storage in the linkage section associated with the current
block.

5 external static; L is the offset in the linkage section of a link that

points to the current identifier.

6 internal controlled; L is the offset of the control block of the
current identifier in the linkage section of the current block.

7 external controlled; L is the offset in the linkage section of a link
that points to the control block for the current identifier.

8 parameter; at L in the stack frame corresponding to the current
block there is a pointer to the storage for the current identifier.
This storage class is used when the current identifier appears in
more than one position in procedure and/or entry statements in the
block.
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9 parameter; L gives the position of the current identifier in the
argument list provided to the current block. This class is used
when the current identifier appears in the same position in every
procedure or entry statement in the current block.

10 very large array; L is a self-relative pointer to the runtime_symbol
for the pointer to the beginning of the array. Address arithmetic
must be used to calculate offsets from this base.

11 symbol table constant; location is a self-relative pointer to the
value.
12 text reference; the current identifier is defined at L in the text

section of the object segment.

13 link reference; the current identifier is defined at L in the linkage
section corresponding to the current block.

14 not used
15 not used

next
is a self-relative pointer to the runtime_symbol node of the next identifier having
the same name as the current identifier.

size
is -the arithmetic .precision, string size, or area size of the identifier. If the
identifier is a string or area, it may be an encoded value. If the current
identifier is a picture variable, size contains the offset at which the picture
information block can be found in the text section of the object segment. If the
current identifier is an offset variable, size is a self-relative pointer to the
runtime_symbol node for the area, if any, associated with the current identifier.

offset
is the encoded value of the offset of the start of the current identifier with
respect to the address specified by location and class. The units of the offset
value are given by the units field in the runtime_symbol node. This field is not
present, and its value is assumed to be zero, if the simple bit is "1"b.

virtual_org
is the encoded value of the virtual origin of an array, in units given by
array_units. Its value should be subtracted from the base address specified by
location and class. This field is not present, and the current identifier is a scalar,
if the simple bit is "1"b.

bounds
is an array that gives information about each dimension of an array identifier,
from left to right. The upper bound for the bounds array that appears in the
declaration is actually a dummy; the true upper bound for the bounds array is
given by the ndims field. All the fields in the bounds array are not present, and
the current identifier is a scalar, if the simple bit is "i"b. A bound structure is
declared in runtime_bound in runtime_symbol.incl.pll.
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lower
is the encoded value of the lower bound of this dimension of the current
identifier.

upper
in the encoded value of the upper bound of this dimension of the current
identifier.

multiplier
is the encoded value of the multiplier of this dimension of the current identifier.

The address of an identifier is calculated in the following manner. The base
address is determined by the class and location fields. If the identifier is "simple",
this is all. Otherwise, the offset field (which may be encoded) is multiplied by the
conversion factor given by use_digit and units to give a bit offset, which is added to
the base address. If the identifier is not an array element, that is all; otherwise, the
virtual origin is computed (an encoded value converted to bits by the factor given by
use_digit and array_units) and subtracted from the address. The array offset is
computed by taking the dot product of the subscripts supplied and the multipliers for
the identifier. The array offset is converted to a bit offset using the array_units
conversion factor, and added to the address previously computed. This gives the final
address of the data.

Encoded Values

The runtime_symbol node contains information about the attributes of an
identifier. In many cases, the value of attributes such as string length, array bounds,
or address cannot be determined at the time the runtime symbol table is created. For
example, given the declaration:

dcl x char (n+m) ;

the length of the variable x can be different each time the block in which it is
declared is entered; the location of X 1is not known because a variable with
nonconstant size is allocated when the block is entered. If x were declared instead:

dcl x char (n+m) based;

the length of x could be different at each reference.

The problem of representing nonconstant attributes values is handled by encoding
the values that can be nonconstant. A field in the runtime_symbol node that can have
a nonconstant value is called an encoded value; it is declared fixed binary(35) in the
node deciaration, but actually has the following format (declared in runtime_symbol.incLpll):

dc]l 1 encoded_value aligned,
2 flag bit(2) wunaligned,
2 code bit(4) wunaligned,
2 (n1,n2) bit(6) wunaligned,
2 n3 bit(18) unaligned;
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If flag "= "10"b, the encoded value is the constant given in the entire word. If flag
= "10"b, the positive binary integer contained in the code field determines the value.

In Pascal symbol nodes, it has the following format (declared in
pascal_symbol_node.incl.pll):

dcl 1 pascal_encoded_value aligned,

2 code bit(6) unaligned,
2 (n1,n2) bit (6) unaligned,
2 n3 fixed bin (18) unsigned unaligned;

In the Pascal symbol node declaration, values that may be encoded are also declared
as fixed binary (35). However in this case, the flags that indicate encoding are outside
the encoded value.

The code values are defined as follows:

Code Value

0 Value is the contents of the word at location n3 in the stack
frame of the block nl static levels before the block in which
the declaration occurs.

1 Value is the contents of the word at location n3 in the linkage
section of the block in which the declaration occurs.

2 Value is the contents of the word with positive offset nl from
the word pointed at by the link at location n3 in the linkage
section of the block in which the declaration occurs.

3 Value is n3 plus the contents of the bit offset field of the
pointer used to access the variable, which must be based. This
encoding was only used by the compiler before version 2 EIS.

4 Value is the contents of the word with positive offset n2 based
on the pointer at location n3 in the stack frame nl static levels
before the block in which the declaration occurs.

5 Value is the contents of the word with positive offset n2 based
on the pointer at location n3 in the linkage section of the block
in which the declaration occurs.

6 Value is the contents of the word with positive offset n2 based
on the pointer with positive offset nl from the word pointed at
by the link at location n3 in the linkage section of the block in
which the declaration occurs.

7 Valué is the contents of the word with positive offset n2 based

on the pointer used to access the variable, which must be based.
This encoding is used for refer extents.
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10

11

12

14

15

Value is the value returned by the internal procedure at location
n3 in the text section of the block in which the declaration
occurs. This procedure is compiled as if it were declared in the
block in which the declaration occurs. This encoding is used
whenever one of the other more specific encodings cannot be
used. The calling sequence of this procedure is:

dcl f entry(ptr) returns(fixed binary(24));
value = f(refp);

where refp is the pointer that could be used to access a based
variable. Note that this procedure is never called by the
executable code in the object program, it is used only by the
programs that reference the runtime symbol table.

Value is the contents of the word with positive offset n3 from
the start of argument n2 of the procedure nl static levels before
the block in which the declaration occurs.

Value is the contents of the word with positive offset n3 from
the word pointed at by the pointer that is argument n2 of the
procedure nl static levels above the block in which the
declaration occurs.

Value is the contents of the size field of descriptor n2 of the
procedure nl static levels before the block in which the
declaration occurs.

Value is the contents of the word with positive offset n3 from
the start of descriptor n2 of the procedure nl static levels
before the block in which the declaration occurs.

Value is the size field at positive offset n2 from the start of
the descriptor for a controlled variable. For all encodings having
to do with controlled variables, if nl = 0 the variable is
internal, if nl = 1 it is external. For an internal controlled
variable a pointer to the descriptor (control_block.descriptor) is
located at n3 in the static secion. For an external variable, a ptr
to the descriptor ptr is at n3 in the linkage section.

Value is the contents of the word with positive offset n2 from
the start of the descriptor for a controlled variable. The
descriptor is located in the same manner used for type 13
encoding.

Value is the contents of the word with positive offset n2 from
the start of & comirolied variable. If nl = § the controiied
variable is internal and its control block is located at n3 in the
linkage section of the block in which the declaration occurs. If
nl = 1 the controlled variable is external and location n3 in the
linkage section of the block in which the declaration occurs
contains a pointer to the control block. The data itself is found
using the data pointer of the controlled variable control block.
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16 Value is the contents of the location described by the symbol
node pointed to by self-relative pointer n3. nl = "01"b3 if the
value is signed; nl = ""00"b3 if the value is unsigned. n2 is the
precision in bits of the value.

Controlled Variable Contro/ Block

The format of the control block for a controlled variable is given in
ctl_block.incl.pll:

dcl 1 control_block aligned,
2 data ptr,
2 descriptor ptr,
2 previous ptr;

Structure Elements

data

points at the current generation of the controlled variable. It is null if the
controlled variable does not have a current generation.

descriptor
points at the descriptor for the current generation of the controlled variable.

previous
points at the control block of the previous generation of the controlled variable.
It is null or points to a null ptr if there is no previous generation.

Picture Information Block

A picture variable of any type is stored in edited form as a character string.
Each picture variable has an "associated value" that gives the value of the picture
variable in internal form, either as a character string or as a decimal number. When
the current identifier is a picture variable, the size field in the runtime_symbol node
specifies the location of the picture information block, whose format is (declared in
picture_image.incl.pl1):

dcl 1 picture_info based aligned,

2 type fixed binary(8) unaligned,

2 prec fixed binary (8) unaligned,

2 scale fixed binary(8) unaligned,

2 piclength fixed binary(8) unaligned,

2 varlength fixed binary(8) unaligned,

2 scalefactor fixed binary(8) unaligned,

2 explength fixed binary(8) unaligned,

2 drift char (1) unaligned,

2 chars char (O refer (picture_info.piciength)) aligned;
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Structure Elements

type
is the true data type of the current identifier according io the following encoding:
named constants

type data type in picture_image.incl.p/1
2k character string picture_char_type
25 real fixed decimal picture_realfix_type
26 complex fixed decimal picture_complexfit_type
27 real float decimal picture_realflo_type
28 complex float decimal picture_complexflo_type
prec

is the arithmetic precision or string length of the associated value. Note that
the length of a character picture variable must be constant.

scaie
for arithmetic picture variables is the number of digits, if any, after the "v" in
the picture constant minus scale factor (see below).

piclength
is the length of the normalized picture constant string.

varlength
is the length of the edited form of the picture variable in characters. Note
that the length of a picture variable must be constant.

scalefactor
is the picture scale factor.

explength
is the length in characters of the exponent field of a floating point picture
variable.

drift

is the picture drifting character. It is blank if the picture constant does not
specify a drifting field

chars
is the normalized picture constant.

The Pascal Runtime Symbol Node

Pascal runtime symbol nodes are similar in function to PL/I runtime symbol
nodes. However, some of these nodes correspond to types rather than variables or
constants. The format of the Pascal runtime symbol node is shown below as a series
of separate structure declarations. No single node will contain all the items. The
header is always present. Bit flags in the header indicate which of the additional
items are present. The additional items always follow contiguously in the order shown.
(The declarations below appear in pascal_symbol_node.incl.pll.)

G-61 AG91-04



dcl 1 pascal_symbol_node_header aligned based,

dcl

dcl

dcl

dcl

dcl

dcl

dc!

dci

2 flags
version_flag
aligned

packed
in_with_block
name_next
base_type_info
address '
father_brother
son_level

size

offset
subrange_limits
array_info
variant_info
pad

2 version

2 type

2 type_offset

wWwiwwwwwuwuwwiwwwuwww

pascal_name_next
2 name
2 next_token

pascal_base_type_info
2 base_type
2 base_type_offset

pascal_address
location

class

use_digit

units

of fset_is_encoded
pad

MRV NORN

pascal_father_brother
2 father
2 brother

pascal_son_level
2 son

2 level

2 pad

unal,

bit (1) unal,

bit (1) unal,
1) .ma},

bit i) d

bit (1) unal,
bit (1) unal,
bit (1) unal,
bit (1) unal,
bit (1) unal,
bit (1) unal,

father_type_successor bit (1) unal,

bit (1) unal,

bit (1) unal,

bit (1) unal,

bit (1) unal,

bit (1) unal,

bit (3) unal,

fixed bin (17) unal,

fixed bin (17) unal,

fixed bin (18) unsigned unal;

aligned based,
fixed bin (18) unsigned unal,
fixed bin (18) unsigned unal;

aligned based,
fixed bin (17) unal,
fixed bin (18) unsigned unal;

aligned based,

fixed bin (18) unsigned unal,
fixed bin (6) unsigned unal,
bit (1) unal,

bit (2) unal,

bit (1) unal,

bit (8) unal;

aligned based,
fixed bin (18) unsigned unal,
fixed bin (18) unsigned unal;

aligned based,
fixed bin (18) unsigned unal,
fixed bin (6) unsigned unal,
bit (12} unal;

pascal_father_type_successor aligned based,

2 father_type
2 SUCCE&SSor

pascal_size

pascal_offset

fixed bin (18) unsigned unal,
fixed bin {18) unsigned unal;

fixed bin (35) based;

fixed bin {35) based;
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dcl 1 pascal_subrange_limits aligned based,
2 flags aligned,
3 lower_bound_is_encoded bit (1) unal,
3 upper_bound_is_encoded bit (1) unal,
3 pad bit {34) unal,
2 subrange_lower_bound fixed bin (35),
2 subrange_upper_bound fixed bin (35);

dcl 1 pascal_array_info aligned based,
2 access_info aligned,
3 ndims fixed bin (6) unsigned unal,
3 use_digit fixed bin (1) unsigned unal,
3 array_units fixed bin (2) unsigned unal,
3 virtual_origin_is_encoded bit (1) unal,
3 pad bit (26) unal,
2 virtual_origin fixed bin (35),
2 bounds (nd refer (pascal_array_info.access_info.ndims))
aligned,
3 lower fixed bin (35),
upper fixed bin (35),
multiplier fixed bin (35),
subscript_type fixed bin (17) unal,

wWwwww

flags aligned,

L lower_is_encoded bit (1) unal,

L upper_is_encoded bit (1) unal,

L multipler_is_encoded bit (1) unal,

4 pad bit (33) unalg
dcl 1 pascal_variant_info aligned based,
2 number_of_variants fixed bin (17) unal,
2 pad bit (18) unal,
2 first_value_in_set fixed bin (35) unal,
2 case (nvariants refer
(pascal_variant_info.number_of_variants)),
3 set_offset fixed bin (18) unsigned unal,
3 brother fixed bin (18) unsigned unai;

T. L

subscript_type_offset fixed bin (18) unsigned unal,

In the discussion that follows, the term “current identifier” means the identifier

STRUCTURE ELEMENTS

version_flag

represented by the symbol node under consideration, and the term "current block"
means the block in which the current identifier is declared.

is "0"b to distinguish this format from the PL/I node format and to imply that

the version field is valid.
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aligned

is "1"b if the current identifier is aligned and is "0"b if the identifier is

unaligned.
packed

is "1"b if the current identifier or type is declared packed.

in_with_block

is "1"b if the current identifier is referenced in a Pascal "with" block and is
therefore not fully qualified.

name_next
is "1"b if this

base_type_info

is "1"b if this
address

is "1"b if this
father_brother

is "1"b if this

son_level
is "1"b if this

node contains

node contains

node contains

node contains

node contains

father_type_successor

is "1"b if this

size
is "1"b if this

of fset
is "1"b if this

subrange_limits
is "1"b if this

array_info
is "1"b if this

variant_info
is "1"b if this

pad

node contains

node contains

node contains

node contains

node contains

node contains

the

the

the

the

the

the

the

the

the

the

the

pascal_name_next structure.

pascal_base_type_info structure.

pascal_address structure.

pascal_father_brother structure.

pascal_son_level structure.

pascal_father_type_successor structure.

pascal_size item.

pascal_offset item.

pascal_subrange_limits structure.

pascal_array_info structure.

pascal_variant_info structure.

is reserved for future use and must be "0"b.

version

‘is 1 for this node format.

type

is the data type of the current identifier or type. The values are defined in

Appendix D. Some of the values are also used in argument descripiors.
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type_offset
is a self-relative pointer to a symbol node for the type that the current identifier
belongs to. This component is used for Pascal user-defined and enumerated type
variables, constants, record files, procedures and subscripts.

name
is a self_relative pointer to the ACC string that gives the name of the current
identifier. For historical reasons, the name component points to runtime_token.name
instead of to the beginning of runtime_token.

next_token
is a self-relative pointer to the symbol node of the next identifier having the
same name as the current identifier.

base_type
is a Multics data type code and js used in the following cases: For subranges, it
is either integer, Pascal char or Pascal enumerated type instance. For arrays, sets
and record files, it is the type of the elements. For Pascal typed pointers, it is
the type of the referenced variable. For function procedure types, it is the type
of the return value; for other procedure types, it is not used. For non-procedure
formal parameters, it is the type of the parameter.

base_type_offset
is a self-relative pointer to a symbol node describing base_type, when base_type
itself is neither 0 nor a simple type.

location
usually contains a positive integer L that is used in combination with class to
determine the address of the current identifier. L is normally an offset with
respect to the start of a given class of storage; its interpretation depends on the
value of the pascal_address.class field.

use_digit
use_digit contains the most significant bit of the three-bit binary integer that
identifies the addressing units for offsets.

units
contains the low order two bits of a positive binary integer that gives the
addressing units of the offset field in the symbol node. The high order bit is
supplied by use digit. The possible values and associated conversion factors are
the same as for array_units in the PL/I symbol node.

offset_is_encoded
is "1"b if pascal_offset is an encoded value.

father

is a self-relative pointer to either a block node or a symbol node. If level <= 1
and the in_with_block flag is off, father points to the block node that represents
the block in which the current identifier is declared. If the in_with_block flag is
on, father points to the block node that represents the "block" which is the scope
of the "with" statement. If level = 2, father points to the symbol node for the
containing record type. If type is one of the formal parameter data types, father
points to the symbol node for the procedure type that the parameter is associated
with.

G-65 AG91-04



brother

is a self-relative pointer to the symbol node for the next identifier at the same
aggregate level. If either the in_with_block flag is on or level = 2 and the
variant_info flag is off, brother points to the symbol node for the next field in
the record. If the variant_info flag is on, brother is 0 (undefined) since the
brother fields in pascal_variant_info are used instead. If type is one of the
formal parameter data types, brother points to the symbol node for the
procedure’s next parameter. Otherwise, if level <= 1 and the name_next flag is
on, brother points to the next element on the list of symbol nodes ordered
alphabetically by the size of the name.

son
is a self-relative pointer. If type = Pascal record type, son points to the symbol
node for the first field in the record. If type = Pascal enumerated type, son

points to the symbol node for the first constant of the type. If type = Pascal
procedure type, son points to the symbol node for the first formal parameter.

level
is 1 if type = Pascal record type. level is 2 in symbol nodes representing record
fields, except if the in_with_block flag is on. Otherwise, level is 0 or nonexistent.

father_type
is a self-relative pointer to the symbol node for the containing enumerated type
if type = Pascal enumerated type element.

successor
is a self-relative pointer to the symbol node for the next element in the set of
enumerated values for the containing enumerated type if type = Pascal enumerated
type element.

pascal_size
is the arithmetic precision for numeric types (integer, real, integer subrange). It is
the length in bits for everything else. For char, enumerated type instance and
enumerated type element, it can be considered as the arithmetic precision of the
unsigned internal code.

pascal_offset
is the offset of a record field with respect to the beginning of the record if the
in_with_block flag is off and level = 2. If the in_with_block flag is on,
pascal_offset is the offset of the record field with respect to the address specified
by location and class. It is encoded if offset_is_encoded = "1"b.

lower_bound_is_encoded
is "1"b if subrange_lower_bound is an encoded value.

upper_bound_is_encoded
is "1"b if subrange_upper_bound is an encoded value.
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subrange_lower_bound
is the lower bound of the subrange. If it is not encoded, it contains an integer
or Pascal char value.

subrange_upper_bound
is the upper bound of the subrange. If it is not encoded, it contains an integer
or Pascal char value.

ndims
is the number of array dimensions.

use_digit
contains the most significant bit of the three bit binary integer that identifies the
addressing units for the array.

array_units
contains the low order two bits of a three bit positive binary integer that gives
the addressing units to be used when computing the address of an array element.
The high order bit is supplied by use_digit. The possible values and associated
conversion factors are the same as for array_units in the PL/I symbol node.

virtual_origin_is_encoded
is "1"b if virtual_origin is an encoded value.

virtual_origin
is the value of the virtual origin of the array, in units given by array_units. It
should be subtracted from the base address specified by the location and class of
an array variable. This field is not used when the array is conformant, i.e. when
bounds(1).flags.lower_is_encoded = "1"b. In this case, the virtual origin is
computed as the sum of array_info.bounds(i).lower * array_info.bounds(i).multiplier
for i = 1 to ndims.

lower
is the lower bound of this dimension of the array.

upper
is the upper bound of this dimension of the array.

multiplier
is the multiplier of this dimension of the array.

subscript_type
is the data type of this dimension’s subscript. It is zero if the subscript is
numeric and not previously declared, i.e. if a numeric subrange is given explicitly
in the array declaration. subscript_type_offset
is a relative pointer to a symbol node describing subscript_type.

lower_is_encoded
is "1"b if bounds(i).lower is an encoded value.

G-67 - AG91-04



upper_is_encoded
is "1"b if bounds(i).upper is an encoded value.

multiplier_is_encoded
is "1"b if bounds{i).multiplier is an encoded value.

number_of_variants
is the number of variants in the containing record.

first_value_in_set
is the lowest value used to select a variant.

set_offset
is a self-relative pointer to a bit string that specifies the cases of the variant.
The bit string represents a set (one bit per set element) whose base type is the
type of the current symbol node. The first bit corresponds to first_value_in_set.

brother
is a self_relative pointer to the first field of the variant part.

Additional [nformation About Pascal Symbol Nodes

The following table summarizes which structure items are present in the Pascal
symbol node for each type of data element. Columns correspond to distinct Pascal
data types. Rows correspond to the. fields in the symbol node format declared above.
The table shows an X where the corresponding field is simply present. Other symbols
give more detailed information as listed in the accompanying key.
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Table G-1. Contents of Pascal Symbol Nodes

Type Nodes

ltem 1 2 3 L 5 6 7 8 9
type 73 | 73 | 73 | 70 | 6k |69 | 68 |67 | 76
type_offset 0 0] 0 0] 0 0 0 0] 0
name X% X* X% X% X X% X% X%
next_token & * X &3 X% X% X% X%
base_type 1,65 | A 72 o X X D
base_type_ offset 0 X X X X X G
address_info

father ) & ) &3 X% X% X% X X% p &
brother X% X% X% & X% )& X% X%

son B X E
ievel (o ] 0
father_type

successor

size X X F
of fset

subrange limits X X

array info X

variant info

integer or char subrange

enumerated type subrange

enumerated type
typed pointer type
set type

record type

record file type
procedure type

type code for elements of the array
offset of symbol node for the first constant of the type
type code for the referenced variable f{any variable type)
type of the returned value (only if procedure is a function)
of fset of the symbol node for the first formal parameter
size corresponding to the type of the returned value

(if procedure is a function)

1

2 array
3

L Pascal
5  Pascal
6 Pascal
7 Pascal
8 Pascal
9 Pascal
A

B

C

D

E

F

G

only for function procedure types

X% field exists if type has a name
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Table G-1. Contents of Pascal Symbol Nodes (Continued)

item 107 11y 12 137 i4] 15f 16) 17 18! 15} 20
type X X X X ) 711 Th) 24y Y z 79
type_offset X X X 0 0 0 Q| O S 0 0
name X X X* X X X X X X X X
next_token X1 X (X X XX} X | X{X|0)] O
base_type X
base_type_offset X
location X 0 0 X X X X X X

class X 0 0 X X X X X X

units X X X X

father X H H J X X X X X S S
brother X | 0 K X X X X X A \'
son 0 0

level 2 2

father_type X

successor X

size X X * X L P R T X X
offset X X% X '

subrange limits

array info

variant info X

10 wvariables

11
12
13
14
15
16

O U

N<E<HW0nxD

simple fields in records

selector (tag) fields in records

record fields accessed in "with' blocks; in_with_block flag on
integer, real and char constants

enumerated type elements (constants)

string constants

labels

procedures

nonprocedure formal parameters

procedure formal parameters

offset of symbol node for containing record type
offset of symbol node for next field (0 if last)
offset of "with'" block node
offset of brother field node in "with' block
size in bits (for char); precision of generated constant
(for integer and real)
size in bits of internal code
offset of symbol node for type
"packed array [1..number_of_chars] of char"
length in bits (9 * number_of_chars)
offset of a procedure type symboi node
only for pascal procedure parameter; =number of words in datum
offset of symbol node for the next formal parameter; O if last
types 1, L, 65
types 25, 26, 27, 80
types 77, 78
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One of the major differences between Pascal and PL/I symbol tables, aside from
the node format itself, is that in Pascal it is necessary to describe types themselves in
symbol nodes. The following table shows the relationship between the data type codes
used by variables and those used by types.

Table G-2. Data Type Codes Used by Variables vs. Types

type codes used for variables, corresponding type offset and
record fields, constants, type codes used for types
subscript types and base types

predefined (no type_offset)
(1) integer "
(4) real "
(65) pascal char
(66) pascal boolean

(75) pascal text file type_offset is the relative
(72) pascal enumerated type offset of a symbol node with
instance type code enumerated type (70)

type_offset is the relative
(74) pascal user defined type offset of a symbol node with
instance one of the following type codes:
(73) pascal user_defined type
(used for arrays and subranges)
(67) pascal record file type
(64) pascal typed pointer type
(68) pascal record type
(69) pascal set type

SPEC/AL RUNTIME SYMBOL DATA TYPE CODES

type data type
24 label constant (used in symbol tables only)
25 internal entry constant (used in symbol tables only)
26 external entry constant (used in symbol tables only)
27 external procedure (used in symbol tables only)
63 picture (used in symbol tables only)
70 Pascal enumerated type
71 Pascal enumerated type element
73 Pascal user defined type
77 Pascal variable formal parameter
78 Pascai value formal parameter
79 Pascal entry formal parameter
80 Pascal parameter procedure
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These types are used in runtime_symbol values only, and not in argument
descriptors. The user is referred to std_descriptor_types.incl.pll, which gives named
constants for these codes. See Appendix D for more information.

The Statement Map

The statement map contains information about each statement in the source
program for which instructions were generated. The statement map is normally placed
after the runtime symbol table, if the table is present. All the entries are contiguous.
Each entry in the statement map has the following format (declared in
statement_map.incl.pll):

dcl 1 statement_map aligned based,
2 location bit (18) unaligned,
2 source_id unaligned,
3 file bit(8),
3 line bit (14),
3 statement bit(5),
2 source_info unaligned,
3 start bit(18),
3 length bit(9);

STRUCTURE ELEMENTS

location

is location in the object segment of the first instruction generated for the
statement that corresponds to this entry in the statement

source_id
describes the line on which the statement begins. The last entry in the statement
map is a dummy that has string(source_id) = (27)"1"b.

file
contains a positive binary integer that specifies the number of the source segment
in which the current statement is contained (see "The Source Map").

line
contains a positive binary integer that specifies the number of the line on which
the current statement begins. The first line in a file is number 1.

statement .
contains a positive binary integer that specifies the position of the current
statement on the line in which it begins. The first statement on a line is number
1
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source_info
specifies the starting position and length of the string of characters that are the
source for the current statement.

start
contains a positive binary integer S that specifies the number of characters that
precede the first character of the source of the current statement (see below).

length
contains a positive binary integer L that gives the number of characters occupied
by the current statement in the source file; a statement is assumed to be entirely
contained in a single segment. If string is the contents of the source file that
contains the current statement considered as a single string, the source string for
the current statement is substr(string,S+1,L).
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APPENDIX H
STANDARD EXECUTION ENVIRONMENT

STANDARD STACK AND LINK AREA FORMATS

Because of the linkage mechanism, stack manipulations, and the complexity of the
Multics hardware, a series of Multics execution environment standards have been
adopted. All standard translators (including assemblers) adhere to these standards as do
all supervisor and standard storage system procedures. Furthermore, they assume that
other procedures do so as well.

Multics Stack

The normal mode of execution in a standard Multics process uses a stack
segment. There is one stack segment for each ring. The stack for a given ring has
the entryname stack_R, where R is the ring number, and is located in the process
directory. Each stack contains a "header" followed by as many "stack frames" as are
required by the executing procedures. A stack header contains pointers to special code
and data that are initialized when the stack is created. Some of these pointers are
variable and change during process execution. They are included in the stack header so
that they can always be retrieved without supervisor intervention (for efficiency). The
actual format of the stack header is described under "Stack Header" below.

Stack frames begin at a location specified in the stack header, are variable in
length, and contain both control information and data for dynamically active
procedures. In general, a stack frame is allocated by the procedure to which it
belongs when that procedure is invoked. The stack frames are threaded to each other
with forward and backward pointers, making it an easy task to trace the stack in
either direction. The stack usage described below 1is critical to normal Multics
operation; any deviations from the stated discipline can result in unexpected behavior.

Stack Header

The stack header contains pointers {(on a per—ring basis) to information about the
process, to operator segments, and to code sequences that can be used to invoke the
standard call, push, pop, and return functions (described below). Figure H-1 gives the
format of the stack header. The following descriptions are based on that figure and

orn the following PL/I declaration.
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+0

+8

+16

+24

+32

+40

+48

+56

+64

Combined
Reserved 0dd Lot Static
Pointer Pointer

Combined Max Run
Linkage Lot Unit System Storage User Storage
Pointer Size Depth Pointer Pointer
Null Stack Begin Stack End Lot
Pointer Pointer Pointer Pointer
Signal BAR Mode PL/I Operators Call Operator
Pointer Stack Pointer Pointer Pointer

Push Operator

Return Operator

Short Return

Entry Operacor

Pointer Pointer Operator Ptr Pointer
Translator Internal Static System Condition Unwinding
Operator Offset Table Table Pointer Procedure
Pointer Pointer Pointer
Reference Event Channel Assign
¥system Link Name Table Table Linkage
Info Pointer Pointer Pointer Pointer
Reserved
Figure H-1. Stack Header Format
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dcl 1 stack_header based aligned,

2 padl (&) fixed bin,

2 old_lot_ptr ptr,

2 combined_stat_ptr ptr,

2 clr_ptr ptr,

2 max_lot_size fixed bin(17) unaligned,
2 main_proc_invoked fixed bin (11) unaligned,
2 have_static_vlas bit (1) unaligned,

2 padh bit(2) unaligned,

2 run_unit_depth fixed bin(2) unaligned,
2 cur_lot_size fixed bin(17) unaligned,
2 pad2 bit (18) unaligned,

2 system_storage_ptr ptr,

2 user_storage_ptr ptr,

2 null_ptr ptr,

2 stack_begin_ptr ptr,

2 stack_end_ptr ptr,

2 lot_ptr ptr,

2 signal_ptr ptr,

2 bar_mode_sp_ptr ptr,

2 pll_operators_ptr ptr,

2 call_op_ptr ptr,

2 push_op_ptr ptr,

2 return_op_ptr ptr,

2 short_return_op_ptr ptr,

2 entry_op_ptr ptr,

2 trans_op_tv_ptr ptr,

2 isot_ptr ptr,

2 sct_ptr ptr,

2 unwinder_ptr ptr,

2 sys_link_info_ptr ptr,

2 rnt_ptr ptr,

2 ect_ptr ptr,

2 assign_linkage_ptr ptr,

2 reserved (5) bit(36) aligned,

2 pad3 bit (36) aligned;

STRUCTURE ELEMENTS
padl

is unused.
old_lot_ptr

is a pointer to the linkage offset table (LOT) for the current ring. This field is
obsolete.
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combined_stat_ptr
is a pointer to the area in which separate static sections are allocated.

clr_ptr
is a pointer to the area in which linkage sections are allocated.

max_lot_size
is the maximum number of words (entries) that the LOT and internal static offset
table (ISOT) can have.

main_proc_invoked
is nonzero if a main procedure was invoked in a currently active run unit.

have_static_vlas
is "1"b if internal static large or very large arrays are being used.

pad4
is unused and must be "0"b.

run_unit_depth
is the current run unit level.

cur_Jlot_size
is the current number of words (entries) in the LOT and ISOT.

pad2
is unused.

system_storage_ptr
is 2 pointer to the area used for system storage, which includes command storage
and the #*sysiem link name table.

user_storage_ptr
is a pointer to the area used for user storage, which includes FORTRAN common
and PL/I external static variables whose names do not include "$".

null_ptr )
contains a null pointer value. In some circumstances, the stack header can be
treated as a stack frame. When this is done, the null pointer field occupies the
same location as the previous stack frame pointer of the stack frame. (See
"Multics Stack Frame" below.) A null pointer indicates that there is no stack
frame prior to the current one.

stack_begin_ptr
is a pointer to the first stack frame on the stack. The first stack frame does not
necessarily begin at the end of the stack header. Other information, such as the
linkage offset table, can be located between the stack header and the first stack
frame.
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stack_end_ptr
is a pointer to the first unused word after the last stack frame. It points to the
location where the next stack frame is placed on this stack (if one is needed). A
stack frame must be a multiple of 16 words; thus, both of the above pointers
int to 0 (mod 16) word boundaries.

lot_ptr
is a pointer to the linkage offset table (LOT) for the current ring. The LOT
contains packed pointers to the dynamic linkage sections known in the ring in
which the LOT exists. The linkage offset table is described below under "Linkage
Offset Table.”

signal_ptr
is a pointer to the signalling procedure to be invoked when a condition is raised
in the current ring.

bar_mode_sp_ptr
is a pointer to the stack frame in effect when BAR mode was entered. (This is
needed because typical BAR mode programs can change the word offset of the
stack frame pointer register.)

pll_operators_ptr
is a pointer to the standard operator segment used by PL/I. It is used by PL/I
and FORTRAN object code to locate the appropriate operator segment.

call_op_ptr
is a pointer to the Multics standard call operator used by ALM procedures. It is
used to invoke another procedure in the standard way.

push_op_ptr
is a pointer to the Multics standard push operator that is used by ALM programs
when allocating a new stack frame. All push operations performed on a Multics
stack should use either this or an equivalent operator; otherwise results are
unpredictable. (The push operation was formerly called save.)

return_op_ptr
is a pointer to the Multics standard return operator used by ALM procedures. It
assumes that a push has been performed by the invoking ALM procedure and
pops the stack prior to returning control to the caller of the ALM procedure.

short_return_op_ptr
is a pointer to the Multics standard short return operator used by ALM
procedures. It is invoked by a procedure that has not performed a push to return
control to its caller.
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entry_op_ptr
is a pointer to the Multics standard entry operator. The entry operator does little
more than find a pointer to the invoker’s linkage section.

isot_pir
points to a vector of pointers to special language operators; this table can be
expanded to accommodate new languages without causing a change in the stack
header.

isot_ptr
is a pointer to the internal static offset table (ISOT). The ISOT contains packed
pointers to the dynamic internal static sections known in the ring in which the
ISOT exists.

sct_ptr
is a pointer to the system condition table (SCT) used by system code in handling
certain events.

unwinder_ptr
is a pointer to the unwinding procedure to be invoked when a nonlocal goto is
executed in the current ring.

sys_link_info_ptr
is a pointer to the *system link name table.

rnt_ptr
points to the reference name table (RNT).

ect_ptr
points to the event channel table (ECT).

assign_linkage_ptr
points to the area used by certain critical system programs whose operations must
not be modified by run unit. This pointer initially points to the same area as
stack_header.clr_ptr but is not changed by the run unit mechanism.

reserved
is reserved.

pad3
is unused.

The call, push, return, short_return, and entry operators are invoked by the
object code generated by the ALM assembler. Other translators that intend to use the
standard call/push/return strategy should either use these operators or an operator
segment with a set of operators consistent with these. For a detailed description of
what the operators do and how to invoke them, see "Subroutine Calling Sequences”
later in this section.
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The PL/I and FORTRAN compilers use slightly different operators that perform
equivalent and compatible functions. All supported translators, however, depend on the
effects generated by these operators.

Multics Stack Frame

The format given below for a standard Multics stack frame must be strictly
followed because several critical procedures of the Multics system depend on it A
bad stack segment or stack frame can easily lead to process termination, looping, and
other undesirable effects.

In the discussion that follows, the "owner" of a stack frame is the procedure
that created it (with a push operation). Some programs {(generally ALM programs)
never perform a push and hence do not own a stack frame. If a procedure that does
not own a stack frame is executing, it can neither call another procedure nor use
stack temporaries; all stack information refers to the program that called such a
program.

Figure H-2 illustrates the detailed structure of a stack frame (the standard use in
ALM). The following descriptions are based on that diagram and on the following
PL/1 declaration.
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%k

Entry

Pointer
on unit |Operator
Relative|Return
,Pointer 0f fset

stack_frame +0
Pointer Register Storage
+16 |=-mm e s e
Previous Stack |Next Stack Return
Frame Poinetr Frame Pointer| Pointer
+2h | e e
Operator Argument Internal
Linkage Pointer Static
Pocinter Pointer
432 | e -
Register Storage
+40 j----mmmmmmm e e
Temporaries
%% Reserved
Figure H-2. Stack Frame Format
dcl 1 stack_frame based (sp) aiigned,
2 prs(16) fixed bin,
2 prev_stack_frame_ptr ptr,
2 next_stack_frame_ptr ptr,
2 return_ptr ptr,
2 entry_ptr ptr,
2 operator_link_ptr ptr,
2 argument_ptr ptr,
2 static_ptr ptr unaligned,
2 reserved fixed bin,
2 on_unit_rel_ptrs(2) bit (18) unaligned,
2 translator_id bit(18) unaligned,
2 operator_return_offset bit(18) unaligned,
2 regs (8) fixed bin;
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STRUCTURE ELEMENTS

prIS
is used io save pointer regisiers of the calling program when the ALM call
operator is invoked.

prev_stack_frame_ptr o I
is a pointer to the base of the stack frame of the procedure that called the
procedure owning the current stack frame. This pointer may or may not point to
a stack frame in the same stack segment.

next_stack_frame_ptr

a pointer to the base of the next stack frame. For the last stack frame on a
stack, the pointer points to the next available area in the stack where a procedure
can lay down a stack frame; i.e., it has the same value as the stack_end_ptr in
the stack header. The previous stack frame pointers and the next stack frame
pointers form threads through all active frames on the stack. These two threads
are used by debugging tools to search and trace the stack as well as by the
call/push/return mechanism.

return_ptr
is a pointer to the location to which a return can be made in the procedure that
owns the given frame. This pointer is undefined if the procedure has never made
an external call, and points to the return location associated with the last external
call if the given procedure has been returned to and is currently executing.

entry_ptr
is a pointer to the procedure entry point that was called and that owns the stack
frame. The pointer points to a standard entry point. See "Structure of the Text
Section” in Appendix G.

operator_link_ptr
is usually the operator pointer being used by the procedure that owns the given
stack frame. For ALM programs, this points to the linkage section of the
procedure.

argument_ptr
is a pointer to the argument list passed to the procedure that owns the given
stack frame.

static_ptr

is a pointer to the internal static storage for the procedure owning the stack
frame.

reserved

1s reserved for future use. (..kx on_unit_rel_ptrs is a pair of relative pointers to
on unit information contained within the stack frame. This on unit information is
valid only if bit 29 of the first word of prev_stack_frame_ptr is a 1. (This bit |
is automatically set to § when a push is performed by the procedure that owns
the stack frame.) The first of the on_unit_rel_ptrs is a pointer (relative to the
stack frame base) to a list of enabled conditions. The second of the
on_unit_rel_ptrs is obsolete.
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translator_id
is a coded number indicating the translator used to generate the object code of
the owner of the stack frame.

operator_return_offset
operator_return_offset contains a return location for certain pll_operators_
functions. If it is nonzero, it is a relative pointer to the return location in the
compiled program (return from pll_operators_). If it is zero, a dedicated register
(known by pll_operators_) contains the return location.

regs
is used to save arithmetic registers of the calling program when the ALM call
operator is invoked.

Two major areas of a stack frame not explicitly defined above are the first 16
words and words 32 through 39. The contents of these areas is not always defined or
meaningful, although they have a well-defined purpose for ALM programs and are
used internally by the PL/I and FORTRAN programs. The procedure owning the stack
frame can use these areas as it sees fit.

Linkage Offset Table

As described above, each stack header contains a pointer to the linkage offset
table (LOT) for the current ring. The LOT is an array, indexed by text segment
number, of packed pointers to the linkage sections for the procedure segments known
in the current ring.

The structure of the LOT is defined by the following PL/I declaration:

dcl 1 lot based (lot_ptr) aligned,
2 linkage_ptr (0: stack_header.cur_lot_size-1) ptr unaligned;

where linkage_ptr is the array of linkage section pointers.

If one of the slots in the linkage_ptr array contains all (s, the segment number
associated with the slot does not correspond 10 a known segment.

If one of the slots in the linkage_ptr array contains all 0’s except for "111"b in
the high-order three bits (a lot fault), the segment number associated with the slot
corresponds to a known segment that either does not have a linkage section or whose
linkage section has not been combined (i.e., the segment has not been executed).

Internal Static Offset Table

The stack header in each ring contains a pointer to the inlernal static offset
table (ISOT) for the current ring. The ISOT is an array, indexed by text segment
number, of packed pointers to the internal static sections for the corresponding
procedure segments known in the current ring. Since the ISOT aiways immediately
follows the LOT, the isot_ptr is redundant but is retained for efficiency.
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The internal static pointers are identical to the linkage section pointers unless the
corresponding object segment was generated with separate static. If the static is
separate, i.e., not allocated in the linkage section, the internal static pointer either
points to the allocated static or contains a value that causes an "isot fault"” if
referenced.

The structure of the ISOT is defined by the following PL/I declaration:

dcl 1 isot based (isot_ptr) aligned,
2 static_ptr (0: stack_header.cur_lot_size-1) ptr unaligned;

where static_ptr is the array of static/linkage section pointers.

SUBROUTINE CALLING SEQUENCES

The Multics standard call and return conventions are described in the following
paragraphs. For information about the format of stack segments and stack frames, see
"Standard Stack and Linkage Area Formats" above.

The call and return from one procedure to another can be broken down into
seven separate steps. Operators to perform these steps have been provided in the
standard operator segment named pll_operators_ (for PL/I, FORTRAN, and ALM
procedures). . These operators are invoked when appropriate by the object code
generated by these transiators.

The steps involved in a call and return and the associated operators are listed
below.

1. A procedure call, i.e., a transfer of control and passing of an argument
list pointer to the called procedure (call).

2. Generation of a linkage (and internal static) pointer for the called
procedure (entry).

3 Creation of a stack frame for the called procedure (push).

4, Storage of standard items to be saved in the stack frame of the called

procedure (entry and push).

S. Release of the stack frame of the called procedure just prior to
returning (return).

Reestablishment of the execution environment of the calling procedure
(return and short_return).

en

7. Return of control to the calling procedure (return and short_return).

Preparation of the argument list, although necessary, was not listed above because
the operators need know nothing about the format of an argument list. See
"Argument List Format” later in this section.
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The following description is based on the operators used by ALM procedures.
The operators used by PL/I and FORTRAN procedures are basically the same but
differ at a detailed level due to: (1) slight changes in the execution environment when
PL/I and FORTRAN programs are running; and (2) simplification and combination of
operators made possible by the execution environment of PL/I. The PL/I and
FORTRAN operators are not described here other than to define a minimum execution
environment that must be established when returning to a PL/I or FORTRAN
program.

(The following description is given in terms of Honeywell hardware.)

Call Operator

The call operator transfers control to the called procedure. This operator is
invoked in two ways from ALM procedures. The first is a result of the call
pseudo—-op, which invokes the call operator after saving the machine registers in the
calling program’s stack frame and loading pointer register (0 with a pointer to the
argument list to be passed to the called procedure. Upon return to the calling
program, these sdved values are restored into the hardware registers by the calling
procedure. The second way that ALM procedures can invoke the call operator is
through the short_call pseudo-op. This is used when the calling procedure does not
need all of the machine registers saved and restored across the call. The ALM
procedure can selectively save whatever registers are needed.

Neither the call nor the short_call pseudo—ops (nor the PL/I and FORTRAN
equivalents) require or expect the machine registers to be restored by the called
procedure. In fact, only the pointer registers 0 (operator segment pointer) and 6 (stack
frame pointer) are ever guaranteed to be restored across a call. It is up to the callin
procedure to save and restore any other machine registers that are needed.

Entry Operator

The entry operator used by ALM programs performs two functions. It generates
a pointer to the linkage section of the called procedure (which it leaves in pointer
register 4) and it stores a pointer to the entry in what will be the stack frame of the
called procedure (if the procedure ever creates a stack frame for itself). At the time
the entry operator is invoked, a new stack frame has not yet been established. Indeed,
the called procedure may never create one. However, it is certainly possible to know
where the stack frame will go if and when it is created and this knowledge is used to
store the entry pointer.

The entry operator is invoked by an ALM procedure that transfers to a label in
another procedure that has been declared as an entry through the entry pseudo-op.
The transfer is made to a standard entry structure the first executable word of which
is (PR7 is assumed to point to the base of the current stack segment):

tsp2 7|entry_op,*
The operator returns to the instruction after the tspZ instruction, which may or

may not be another transfer instruction. (A link to the entry, when snapped, points to
the tsp2 instruction.) See "Structure of the Text Section" in Appendix G.
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Some ALM programs may not require a linkage pointer. Such programs can
declare the label to which control should be transferred with a segdef pseudo-op. This
causes the appropriate definition and linkage information to be generated so that other
procedures can find the entry point. When called, the transfer is straight to the code
at the label and the normal entry structure is not generated or used. No linkage
pointer is found and no entry pointer is saved. This technique is recommended only
where speed of execution is of utmost importance since it avoids calculation of useful
diagnostic information.

Push Operator

The push operator used by ALM procedures is invoked as a result of the push
pseudo-op that is used to create a stack frame for the called procedure. In addition
to creating a stack frame, several pointers are saved in the new stack frame. They
are:

e Argument pointer
e Linkage pointer (and internal static pointer)
e Previous stack frame pointer

e Next stack frame pointer

If the called procedure is defined as an entry (rather than segdef), the entry pointer
has already been saved in the new stack frame.

The push pseudo-op must be invoked if the called procedure makes further calls
itself or uses temporary storage. Due to their manner of execution, PL/I and
FORTRAN procedures combine the entry and push operators into a single operator.

The push operator and the return operators are managers of the stack frames
and the stack segment in general. The push operator establishes the forward and
backward stack frame threads and updates the stack end pointer in the stack header
appropriately. The return operators use these threads and also update the stack end
pointer as needed. Any program that wishes to duplicate these functions must do so
in a way that is compatible with the procedures outlined in this discussion and those
described above under the heading "Standard Stack and Linkage Area Formats."

Return Operator
The return operator is invoked by ALM procedures that have specified the
return pseudo-Op. The rtelurn operaior pops the siack, reestablishes the minimum

execution environment, and returns control to the calling procedure. The only registers
restored are poinier registers 0 and 6, as mentioned above.
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Short Return Operator

The short_return operator is invoked by ALM procedures that have specified the
short_return pseudo-op. The short_return operator differs from the return operator in
that the stack frame is noi popped. This return is used by ALM procedures that did

not perform a push.

Pseudo-op Code Sequences

The following code sequences are generated by the assembler for

pseudo-op.
call:
OBJECT CODE spri pr6jo
sreg pré6|32
epp0 arglist
epp2 entrypoint
tsph pr7|stack_header.call_op,*
OPERATORS sprik pr6|stack_frame.return_ptr
sti pré|stack_frame.return_ptr+l
epph prb|stack_frame.lp_ptr,=%
callé pr2(0
OBJECT CODE lpri pré|0
lreg prb6|32
short_call:
0BJECT CODE epp2 entrypoint
tsph pr7|stack_header.call_op,*
OPERATORS (as above)
OBJECT CODE epph pré|stack_frame.lp_ptr,*
return:
OBJECT CODE tra pr7|stack_header.return_op,*
OPERATORS sprib pr7|stack_header.stack_end_ptr
eppb pr6|stack_frame.prev_sp,*
epbp7 pré6|0
epp0 pré|stack_frame.operator_ptr,*
1di pré|stack_frame.return_ptr+]
rted pré|stack_frame.return_ptr

H-14
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short_return:

OBJECT CODE tra

OPERATORS epbp7
epp0
Idi
rted

entry:
OBJECT CODE tsp2

OPERATORS epp2
epph
spri2
epaq -
lprpb
sprp5
Iprpk
tra

OBJECT CODE tra

push:

OBJECT CODE eax?
tsp2

OPERATORS spri2
epp2
sprib
spri0
sprilk
eppb
epp2
spri2
spri2
eax’
stx7
tra

Register Usage Conventions

" The following conventions, used in

by any user-written translator.

pr7|stack_header.short_return_op,*

pré6|0
pré|stack_frame.operator_ptr,=
pré|stack_frame.return_ptr+l
pr6|stack_frame.return_ptr

pr7|stack_header .entry_op,*

pr2
pr7
pri
pr2
pr7
pri
pri
pr2

-1
stack_header.stack_end_ptr,*
stack_frame.entry_ptr

0

stack_header.isot_ptr,%au
stack_frame.static_ptr
stack_header.lot_ptr,*au

1

executable_code

stack_frame_size
pr7|stack_header .push_op, %

pr7
pr7
pr2
pr2
pr2
pr2
pré
pri
pré
1

pré
pré

stack_header .stack_end_ptr,*
stack_header.stack_end_ptr,*
stack_frame.prev_sp
stack_frame.arg_ptr
stack_frame.lp_ptr

0

0,7
stack_header.stack_end_ptr
stack_frame.next_sp

stack frame.translator id
0,

the standard environment, should be followed

H-15

AG9I1-04



The only registers that are restored across a call are the pointer
registers:

0 (ap) operator segment pointer
6 (sp) stack frame pointer

The operator segment pointer is restored correctly only if it is saved at
some time prior to the call (e.g., at entry time).

The code generated by the ALM assembler assumes that pointer register
4 (lp) always points to the linkage section for the executing procedure
and that pointer register 7(sb) always points to the stack header.

Dpaient, iat T 3 inti
Pointer register 7 is assumed to be pointing to the base of the stack

when control is passed to a called procedure.

Argument List Format

When a standard call is performed, the argument pointer (pointer register 0} is
set to point ai the argument list to be used by the called procedure. The argument
list must begin on an even word boundary. Its format is given by the following PL/I
declaration (arg_list.incl.pll):

dcl 1 arg_list aligned based,
2 arg_count fixed bin(17) unsigned unal,
2 padl bit (1) unal,
2 cali_type fixed bin(18) unsigned unal,
2 desc_count fixed bin(17) unsigned unal,
2 pad2 bit {19} unal,
2 arg_ptrs (arg_list_arg_count) ptr,
2 desc_ptrs (arg_list_arg_count) ptr;
dcl arg_list_with_envptr aligned based,
2 arg_count fixed bin(17) unsigned unal,
2 padl bit (1) unal,
2 call_type fixed bin(18) unsigned unal,
2 desc_count fixed bin{17) unsigned unal,
2 pad?2 bit(19) unal,
2 arg_ptrs (arg_list_arg_count) ptr,
2 envptr ptr,
2 desc_ptrs (arg_list_arg_count) ptr;
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dcl 1 command_name_arglist aligned based,

2 header,

3 arg_count fixed bin(17) unsigned unaligned,
3 padl bit (1) unaligned,

3 call_type fixed bin(18) unsigned unaligned,
3 desc_count fixed bin(17) unsigned unaligned,
3 mbz bit (1) unaligned,

3 has_command_name bit (1) unaligned,

3 pad2 bit(17) unaligned,

2 arg_ptrs (arg_list_arg_count refer
(command_name_arglist_arg_count))
ptr,

2 desc_ptrs (arg_list_arg_count refer
(command_name_arglist_arg_count))
ptr,

2 name,

3 command_name_ptr pointer,
3 command_name_length fixed bin(21);
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| arg_count |o] call_type |
| desc_count | 0 |
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Figure H-1. Standard Argument List
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STRUCTURE ELEMENTS

arg_couni
is the number of arguments passed.

padl
is reserved and must be "0"b.

call_type
is a code that describes the type of call being made. It can have one of the
following values:

0 for quick internal calls.
L for inter-segment calls.
8 for calls where an environment pointer is passed.

The include file declares constants with these values:

del (
Quick_call_type init(0),
Interseg_call_type init(h),
Envptr_supplied_call_type init(8),
) fixed bin(18) unsigned unal
int static options
(constant) ;

desc_count
is the number of argument descriptors being passed. If non-zero, it must be the
same as arg_count.

pad2
is reserved and must be "0"b.
arg_ptrs
is an array of pointers to the arguments.
envptr
is the environment pointer for the procedure being called. It is present only if
call_type is 8.
desc_ptrs

is an array of pointers to the argument descriptors, if present.
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has_command_name
if "1"b this specifies that the command name has been stored in name_ptr and its
length has been stored in name_length.

command_name_ptr
is a pointer to the expanded command name given on the command line.

command_name_length
is the length of the expanded command name pointed to by name_ptr.

NOTES: - The pointers in the argument list need not be ITS pointers; however
they must be pointers through which the hardware can perform
indirect addressing. Packed (unaligned) pointers cannot be used.
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The pointer envptr is present when a call is made to a non—quick
internal procedure or when a call is made through an entry variable,
regardless of whether the procedure being called is an external or
internal procedure. When the called procedure is an internal
procedure, envpir peoints to a stack frame of the activation of the
block that contains the called procedure, and is used to set up the
display pointer for the stack frame that the non—quick procedure will
create. If the call is made through an entry variable, envptr is
copied from the environment ptr of the entry variable. (See
elsewhere in this manual for the format of an entry variable.) If the
call is to an internal entry constant, envptr is calculated by the PL/I
operators. If a call is made through an entry variable to an external
procedure, the environment pointer of the entry variable will be null,
thus envptr is also null

The include file also contains symbolic names for the values that
call_type takes on. They are: Quick_call_type, Interseg_call_type, and
Envptr_supplied_call_type.

In the include file, the extent of the arrays, arg_ptrs, and desc_pirs
is determined by the variable arg_list_arg count (which is not
declared in the include file). In references to an already allocated
argument list, the programmer should first set arg_list_arg_count to
the value of arg_count in the appropriate structure (arg list or
arg_list_with_envptr).

An argument pointer points directly to an argument. A descriptor pointer points
to the descriptor associated with the argument.
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The format of an argument descriptor is described by one of the following PL/I
declarations, given in arg_descriptor.incl.pll.

dci 1 arg_descriptor based aligned,
flag bit{l) unai,
2 type fixed bin(6) unsigned unal,
2 packed bit (1) unal,
2 number_dims fixed bin (k) unsigned unal,
2 size fixed bin(24) unsigned unal;

dcl 1 fixed_arg_descriptor based aligned,

2 flag bit (1) unal,
2 type fixed bin{6) unsigned unal,
2 packed bit (1) unal,
2 number_dims fixed bin(4) unsigned unal,
2 scale fixed bin(11) unal,
2 precision fixed bin(12) unsigned unal;
dcl 1 extended_arg_descriptor based aligned,
2 flag bit (1) unal,
2 type fixed bin(6) unsigned unal,
2 packed bit (1) unal,
2 number_dims fixed (4) unsigned unal,
2 size bit(24) unal,
2 dims (0 refer
(extended_arg_descriptor.number_dims)),
3 low fixed bin(35),
3 high fixed bin{35),
3 multiplier fixed bin(35),
Z real_type fixed bin(18) unsigned unal,
2 type_offset fixed bin(18) unsigned unal;

The first four elements have the same meaning for all data where:

STRUCTURE ELEMENTS

flag
always has the value "1"b and is used to tell this descriptor format from an
earlier format. (Shown as 1 in the descriptor below.)

type
is the data type according to the standard descriptor types (see Appendix D).
Named constants for the  descriptor types are declared in  the
std_descriptor_types.incl.pll include file. For extended descriptors (currently defined
only for Pascal), type always has the value "58".

packed
has the value "1"b if the data item is packed. (Shown as "p" in the typical
descriptor below.}

number_dims
is the number of dimensions in an array. (Shown as "m" in the descriptor below.)
The array bounds and muitipliers follow the basic descriptors in the following
manner:
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| 1] type | p | m | size | basic descriptor

| lower bound | descriptive information
— crmer ot or the first

I --------------- ;;;;;ﬁ;;-""““? (leftmost) dimension
r"""'""-";;;,;;—;;;;;““—"“] descriptive information
— coper poara 7 for the men

I --------------- ;;;;;;;;;“"““"I (rightmost) dimension

If the data is packed, the multipliers give the element separation in bits;
otherwise, thev give the element separation in words.

If the data is fixed—point, then:

scale
is a 2’s complement, signed value.

precision
is the number of bits used to represent the data (if binary) or the number of
digits (if decimal).

For all other data:

size

is the size (in bits. characters, or words) of string or area data, or the number of
structure elements for structure data. In an argument descriptor for Algol68 array
descriptor data, the size field is the number of dimensions of the array
represented by the array decriptor datum. It is equal to the number_dims field of
the second datum of the Algol68 array descriptor datum. In an argument
descriptor for Algol68 union data, the size field is the number of words in the
Algol68 union datum.

For extended descriptors:

low
is the lower bound of the dimension.
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high

is the upper bound of the dimension.

3 M Al m ol e
tiplier of the dimension.

real_type
is the data type for extended descriptors according to the standard descriptor
types (see Appendix D).

type_offset

is the offset from the base of the symbol tree of the symbol node for the type,
if any.

The descriptor of a structure is immediately followed by descriptors of each of
its members. The example below shows a declaration (assuming that each element of C
or D occupies one word) and its related descriptor.

dcl 1 S,
2 A,
28 (5,
36,
3D;
basic descriptor of S
basic descriptor of A
basic descriptor of B
1 lower bound of B
5 upper bound of B
2 element separation of B
basic descriptor of C
1 lower bound of C
5 upper bound of C
2 element separation of C
basic descriptor of D
1 lower bound of D
5 upper bound of D
2 element separation of D

Members of dimensioned structures are arrays, and their descriptor contains copies of
the bounds of the containing structure.

Parameter Descriptors

The parameter descriptors associated with an entry point have the same format as
argument descriptors. The value 16777215 (77777777 octal) in the size field of an area,
bit, or character parameter indicates an asterisk size. The value -34359738368
(400000000000 octal) in the lower bound, upper bound, or multiplier fields indicates
asterisk array bounds.
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APPENDIX 1
DATA BASE DESCRIPTIONS

Listed below are descriptions of some Multics data bases presented in alphabetical
order. Each description contains the name of the data base, discusses its purpose, and
shows the correct usage.

Name
The "Name" heading shows the acceptable name by which the data base is

referenced. The name is usually followed by a discussion of the purpose and function
of the data base and the results that may be expected from referencing it.

Usage

This part of the data base description contains a declaration of the data base
and its structure.
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sys_info sys_info

Name: sys__info

The sys_info data base is a per—system data base. It is accessible in all rings but can
be modified only in ring 0. It contains many system parameters and constants. All
references to it are made through externally defined variables.

STRUCTURE
1 sys_infoSclock_ bit(3) aligned external static;
del 1 sys_infoSips_mask_data aligned external static,
2 count fixed binary,
2 masks (sys_info$ips_mask_data.count),
3 name _ char (32) aligned,
3 mask bit(35)aligned;
dcl sys_infoSpage_size fixed binary(19) external static;
dcl sys_infoSmax_seg_size fixed binary (19) external static;
dcl sys_infoddefault_stack_length fixed binary(19) external static;
dcl sys_infoSdefault_max_length fixed binary(19) external static;
dcl sys_infoSaccess_class_ceiling bit(72) aligned external static;
dcl sys_infoStime_correction_constant fixed binary(71) external static;
dcl sys_infoStime_delta fixed binary(35) external static;
dcl sys_infoSmaxlinks fixed binary external static;
dcl sys_infoStime_of_bootload fixed binary(71) external static;
dcl sys_infoStime_zone char (3) aligned external static;

STRUCTURE ELEMENTS

clock_
is the port number of the system controller containing the clock.

ips_mask_data
is the array that specifies the number and mapping of interprocess signal {IPS)
masks.

count
is the current number of valid IPS names.

name
is the name used to signal the IPS condition.

mask
is the IPS mask for the corresponding name. The mask has one bit on, and the
rest of the bits are off.

page_size
is the page size in words.
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sys_info sys_info

max_seg_size
is the maximum segment size in words.

default_stack_length
is the default stack maximum size in words.

default_max_length
is the default maximum length of segments in words.

access_class_ceiling
is the maximum access class.

time_correction_constant
is the correction from Greenwich mean time (GMT) in microseconds.

time_delta
is the same as time_correction_constant, only in single precision.

maxlinks

is the maximum depth to which the system chases a link without finding a
branch.

time_of_bootload
is the clock reading at the time of bootload.

time_zone
is the name of the time zone (e.g., EST).

NOTES

Variable factors in the user process can affect time as determined by time_correction_
constant, time_delta, and time_zone. The user is advised to avoid use of these values
and see instead encode/decode_clock_value_, date_time_ and other similar subroutines
in the Subroutines manual.
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whotab

Name: whotab

whotab

The >scl>whotab segment is the public information data base for the system. All
logged—-in users, except those with the nolist attribute, have an entry in this table.
These entries are listed by the who command. In addition, various system parameters

of interest to all users are Ttecorded
returned by the system_info_ subroutine and the system active function.
initializer process can modify the segment.

The structure of the whotab data base is as follows:

dcl

NNV NMNMNONMRODODNOMODODNOMNNNNDRODONNMRDIODRDDODNDPODDRNDDONNMNDNNDNDND

1 whotab

mxusers

n_users

mxunits

n_units

timeup
obsolete_sysid
nextsd

until

lastsd

erfno

obsolete_why
installation_id
obsolete_message
abs_event
abs_procid
max_abs_users
abs_users
n_daemons
request_channel
request_process_id
shift
next_shift_change_time
last_shift_change_time
fg_abs_users
n_rate_structures
padl

pad (3)

version
header_size
entry_size
laste_adjust

laste

freep
header_extension_mbzi
n_abs (L)

abs_qres (L)

based
fixed
fixed
fixed
fixed bin,

fixed bin (71),

char (8)

fixed bin (71),

fixed bin (71),

fixed bin (71),

char (8),

char (32),

char (32),

char (32),

fixed bin (71),

bit (36),

fixed bin,

fixed bin,

fixed bin

fixed bin (71),

bit (36),

fixed bin,

fixed bin (71),

fixed bin (71),

fixed bin (17) unal,
fixed bin (9) unsigned,
bit (9) unaligned,
fixed bin,

fixed bin,

fixed bin,

fixed bin,

fixed bin,

fixed bin,

fixed bin,

fixed bin,

fixed fin,

fixed fin,

aligned
bin,
bin,
bin,

unaligned,

in whotab. Many of these parameters are
Only the
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whotab

2 abs_cpu_limit (&)
2 abs_control,

STRUCTURE ELEMENTS

whotab

fixed bin (35),

3 mnbz bit (1) unaligned,
3 abs_maxu_auto bit (1) unaligned,
3 abs_maxq_auto bit (1) unaligned,
3 abs_gres_auto bit (1) unaligned,
3 abs_cpu_limit_auto bit (1) unaligned,
3 queue_dropped (-1:14) bit (1) unaligned,
3 abs_up bit (1) unaligned,
3 abs_stopped bit (1) unaligned,
3 control_pad bit (24) unaligned,
2 installation_request_channel fixed bin (71),
2 installation_request_pid bit (36),
2 sysid char (32),
2 header_extension_padl (7) fixed bin,
2 header_extension_mbz2 fixed bin,
2 message char (124),
2 header_extension_mbz3 fixed bin,
2 why char (124),
2 e (1000),
3 active fixed bin,
3 person char (28),
3 project char (28),
3 anon fixed bin,
3 padding fixed bin (71)
3 timeon fixed bin (71),
3 units fixed bin,
3 stby fixed bin,
3 idcode char (&),
3 chain fixed bin,
3 proc_type fixed bin,
3 group char (8),
3 fg_abs bit (1) unaligned,
3 disconnected bit (1) unaligned,
3 suspended bit (1) unaligned,
3 pad2 bit (33) unaligned,
3 cant_bump_until fixed bin (71),
3 process_authorization bit (72);

is the maximum number of users allowed on the system.

n_users
is the current number of users.
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whotab

mxunits
is the maximum number of load units allowed.

n_units
is the current load.

timeup
is the time the system was started.

obsolete_sysid
is obsolete; use the field sysid instead.

nextsd
is the time the system will be shutdown, if nonzero.

until
is the projected time of the next system start-up.

lastsd
is the time of last crash or shutdown.

erfno
is the error number of the last crash, if known.

obsolete_why
is obsolete; use why instead.

installation_id
is the name of the installation.

obsolete_message
is obsolete; use message instead.

abs_event
is the event channel for signalling absentee requests.

abs_procid
is the process identifier of the absentee user manager.

max_abs_users
is the current maximum number of absentee users.

abs_users
is the current number of absentee users.

n_daemons

is the number of daemons logged in via the message coordinator.

I-6
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whotab whotab

request_channel
is the event channel over which requests to the answering service should be sent.

request_processid
is the identifier of the process to which answering service requests should be sent.

shift
is the number of the current shift.

next_shift_change_time
is the time the current shift is scheduled to end.

last_shift_change_time
is the time the current shift started.

fg_abs_users
is the current number of foreground absentee users.

n_rate_structures
is the number of rate structures defined at the site.

padl
is unused.

pad
is unused.

version
is the structure version (currently version 1).

header_size
is the length of the header (in words).

entry_size
is the length of an entry (in words).

laste_adjust
is used only by answering service programs. It gives the count of 32-word blocks
in the header from header_extension_mbzl.

laste
is the index of the last entry in use.

freep
is the index of the first free entry chained through "chain."
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whotab whotab

header_extension_mibzl

is unused and is at offset 100 octal.

n_abs (4)
gives the number of processes from each background queue.

abs_gres (4)
gives the number of absentee positions reserved for each queue.

abs_cpu_limit (4)
gives the current absentee cpu limits.

abs_control
absentee control flags

mnbz
must not be zero.

abs_maxu_auto
is "1"b if automatic; "0"d if set manually.

abs_maxq_auto
is "1"b if automatic; "0"b if set manually.

abs_gres_auto
is "1"b if automatic; "0"b if set manually.

abs_cpu_limit_auto
is "1"b if automatic; "0"b if set manually.

abs_cpu_limit_auto
is "1"b if automatic; "0"b if set manually.

queue_dropped (-1:4)
is one if queue is dropped. Queue -1 is the foreground; (-4 are respective
background queue numbers.

abs_up
is "1"b if the absentee facility is running.

abs_stopped
is "1"b if the absentee facility is stopped. o.brp..argx controi_pad is unused.

installation_request_channe]
is the IPC channel for the install command.

installation_request_pid
is the installation process identifier.
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whotab

is the current system name.

header_extension_padl
is not used at present.

header_extension_mbz2
is unused and 1is at offset 140 octal.

message
is the message for all users.

header_extension_mbz3 -
is unused and is at offset 200 octal.

why
is the reason for the next shutdown.

User entry variables, with whotab.e(i):

active

is nonzero if this entry describes a logged—-in user.

person
is the person name (Person_id).

project
is the project identifier (Project_id).

anon

indicates whether the user is an anonymous user:

1 yes
0 no

padding
is unused.

whotab
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timeon
is the time of login.

units

is the number of load units for the user.

stby
indicates whether the user has secondary status:
1 yes
idcode
is the terminal identifier.
chain
is a chain for the free list.
proc_type
indicates the process type:
0 initializer
1 interactive
2 absentee
3 daemon
group
is the user’s load—conirol group identifier.
fg_abs
is "1"b if this entry describes a foreground absentee user.
disconnected
is "1"b if the process is disconnected.
suspended
is "1"b if the process is suspended.
pad2

is unused.

cant_bump_until

is the time at which the user will (or did) become subject to preemption.

process_authorization

is the AIM authorization of the user’s process.
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APPENDIX J

STANDARD REQUEST TABLES AND STANDARD
REQUESTS

This appendix contains descriptions of the standard request tables (of which there
is currently one) and the standard requesis provided as part of the subsystem utilities
sof tware.

STANDARD REQUEST TABLES

The following standard request tables are available for use in interactive
subsystems using the subsystem utilities described in Section 4.

Name: ssu__request__tables__$standard__requests

This request table contains definitions of all standard requests available with the
subsystem utilities.

USAGE
dcl ssu_request_tables_Sstandard_requests bit(36) aligned external;
... addr (ssu_request_tables_Sstandard_requests)
NOTES
The following standard requests are not listed by the summarize_requests request

(i.e., their dont_summarize flag 1is set): summarize_requests, subsystem_name,
subsystem_version, ready, ready_on, ready_off, and debug_mode.

The following standard rtequests are not listed by the list_requests request (i.e.,
their dont_list flag is set): subsystem_name, subsystem_version, ready, ready_on,
ready_off, and debug_mode.

See "Subsystem Request Tables" in Section 4 for more information on the use of |
this table.
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STANDARD REQUESTS

The remainder of this appendix ~contains command-like descriptions of the

standard requests provided with the subsystem utilities, a list of which appears below
by entry point and recommended request name

Entry Point

ssu_requests_Sabbrev
ssu_requests_Sanswer
ssu_requests_Sdebug_mode

ssu_requests_Sdo

ssu_requests_Sexec_com
ssu_requests_Sexecute

ssu_requests_Shelp
ssu_requests_Sif

ssu_requests_Slist_help
ssu_requests_S1ist_requests

ssu_requests_Squit

ssu_requests_Sready_off
ssu_requests_Sready_on
ssu_requests_Sready
ssu_requests_Sself_identify
ssu_requests_Ssubsystem_name

-8 81N

ssu_requests_Ssubsystem_version
ssu_requests_Ssummarize_requests

these requests.

Recommended Names: abbrev, ab

SYNTAX AS A REQUEST

ab {-

SYNTAX AS AN ACTIVE FUNCT/ON

[ab]

control_args}

FUNCTION

Recommended Names

abbrev, ab
answer
debug_mode

do

exec_com, ec
execute, e
heip

if

list_help, 1h
list_requests, Ir
quit, g
ready_off, rdf
ready_on, rdn
ready, rdy

subsystem_name

subsystem_version
?

See "Using Standard Requests” in Section 4 for more information on the use of

controls abbreviation processing within the subsystem. As an active request, returns

” U'ue"

if abbreviation expansion of request lines is currently
subsystem and "false” otherwise.

enabled within

the
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CONTROL ARGUMENTS

Control arguments may not be used with the active request.

-of f
specifies that abbreviations are not to be expanded.

-on
specifies that abbreviations should be expanded (default).

-profile PATH
specifies that the segment named by PATH is to be used as the profile segment;
the suffix ".profile" is added to PATH if not present. The segment named by
PATH must exist.

NOTES

Most subsystems which suppor! abbreviation processing provide command line
control arguments (-abbrev, -no_abbrev, -profile) to specify the initial state of
abbreviation processing within the subsystem. For example, a Multics abbreviation
could be defined to invoke the read_mail subsystem with a default profile as follows:

.ab rdm do 'read_mail -abbrev [hd]>mail_system &rfl1"

If invoked with no arguments, this request will enable abbreviation processing
within the subsystem using the profile that was last used in this subsystem invocation.
If abbreviation processing was not previcusly enabled, the profile in use at Multics
command level is used; this profile is normally [home_dir]>Person_id.profile,

See Multics Commands and Active Functions, Order No. AG92, for a description of
abbreviation processing.

Recommended Names: answer

SYNTAX AS A REQUEST

answer STR {-control_args} request_line

FUNCTION

provides preset answers L0 questions asked by another request.
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ARGUMENTS

STR
is the desired answer to any question. If the answer is more than one word, it
must be enclosed in quotes. If STR is —query, the question is passed on io the
user. The —query control argument is the only one that can be used in place of
STR.

request_line
is any subsystem request line. It can contain any number of separate arguments
(i.e., have spaces within it} and need not be enclosed in quotes.

CONTROL ARGUMENTS

-brief, -bf
suppresses printing (on the user’s terminal) of both the question and the answer.

—-call STR

evaluates the active string STR to obtain the next answer in a sequence. The
active string is constructed from subsystem active requests and Multics active
strings (using the subsystem’s execute active request). The outermost level of
brackets must be omitted (i.e., "list_meetings -changes”), and the entire string
must be enclosed in quotes if it contains request processor special characters. The
return value "true" is translated to "ves", and "false” to "no". All other return
values are passed as is.

-match STR
answers only questions whose text matches STR. If STR is surrounded by slashes
(/). it is interpreted as a gqedx regular expression. Otherwise, answers tests
whether STR is literally contained in the 1text of the question. Multiple
occurrences of —match and -exclude are allowed (See Notes below). They apply to
the entire request line.

-exclude STR, -ex STR
passes on, to the user or other handler, questions whose text matches STR. If
STR is surrounded by slashes (/), it is interpreted as a gedx regular expression.
Otherwise, answer tests whether STR is literally contained in the text of the
question. Multiple occurrences of -match and -exclude are allowed (see Notes
below). They apply to the entire request line.

—-query
skips the next answer in sequence, passing the question on to the user. The
answer is read from the user_i/o 1/0 switch.

—-then STR
supplies the next answer in a sequence.

—-times N

gives the previous answer (STR, ~then STR or -query) N times only (where N is
an integer).
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NOTES

Answer provides preset repsonses to questions by establishing an on unit for the
condition command_question., and then executing the designated request line. If any
request in the request line calls the command_guery_ subroutines (described in Mul/tics
Subroutines and 1/0O Modules, Order No. AGY93, to ask a question, the on unit is
invoked to supply the answer. The on unit is reverted when the answer request
returns to subsystem request level.

If a question is asked that requires a yes or no answer, and the preset answer is
neither "yes" nor "no", the on unit is ignored and the user will be queried.

The last answer specified is issued as many times as necesary, unless followed by
the ~times N control argument.

The -match and -exclude control arguments are applied in the order specified.
Each —-match causes a given question to be answered if it matches STR, each -exclude
causes it to be passed on if it matches STR. A question that has been excluded by
—exclude is reconsidered if it matches a —match later in the request line. For example,
the request line:

answer yes -match /fortran/ -exclude /fortran_io/
-match /“~fortran_io/

answers questions containing the string “fortran” except that it does not answer
questions containing "fortran_io", except that it does answer questions beginning with
"fortran_io".

Recommended Names: debug__mode

SYNTAX AS A REQUEST

debug_mode -control_arg

FUNCT/ON

enables or disables debugging mode for the current subsystem.

CONTROL ARGUMENTS

-on
enables debugging mode for this subsystem.

-off
disables debugging mode for this subsystem.
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NOTES

This request is intended for use only by subsystem implementors.
See "Subsystem Debugging Facilities" in Section 4 for further information.

Recommended Names: do

SYNTAX AS A REQUEST

do request_string {args}

or

do -control_args

SYNTAX AS AN ACT/VE FUNCTION

[do '"request_string" args]

FUNCTION

expands a request line by substituting the supplied arguments into the line before
execution. As an active request, returns thé expanded request_string rather than execute
it.

ARGUMENTS

request_string
is a request line in quotes.

args
are character string arguments that replace parameters in request_string.

CONTROL ARGUMENTS
These control arguments set the mode of operation of the do request:

-long, -lg
the expanded request line is printed before execution.

-brief, -bf
the expanded request line is not printed before execution (default).

-Nogo
the expanded request line is not passed on for execution.
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the expanded request line is passed on for execution (default).

-absentee
an any_other handler is established which catches all conditions and aborts
execution of the request without aborting the process.

-interactive
the any_other handler is not established (default).

PARAMETERS

Any sequence beginning with & in the request line is expanded by the do
request using the arguments given on the request line.

&l

is replaced by argl; I must be a digit from 1 to 9.
&)

is also replaced by argi; 1 can be any value, however.
&al

is replaced by argl with any quotes in argl doubled; I must be a digit from 1 to
9.

&q(l)
1s also replaced by argl with any quotes doubled; I can be any value.

&rl
is replaced by argl surrounded by a level quotes with any contained quotes
doubled. 1 must be a digit from 1 to 9.

&r(D)
is also replaced by a requoted argl; I can be any value.

&f1
is teplaced by all the arguments starting with argl; I must be a digit from 1 to
9,

&£(1)
is also replaced by all the arguments starting with argl; I can be any value.
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&afl
is replaced by all the arguments starting with argl with any quotes doubled; I
must be a digit from 1 to 9.

&af (D)
is also replaced by all the arguments starting with argl with quotes doubled: I can
be any value.

&rl
is replaced by all the arguments starting with argl. Each argument is placed in a
level of quotes with contained quotes doubled; ! must be a digit from 1 to 9.

&rf(I)
is also replaced by all the arguments starting with argl, requoted; I can be any
value.

&&
is replaced by an ampersand.

&!
is replaced by a 15-character unique string. The string used is the same
everywhere &! appears in a request line.

&n
is replaced by the actual number of arguments supplied.

&f&n

is replaced by the last argument supplied.

Recommended Names: exec__com, ec

SYNTAX AS A REQUEST

ec ec_path {ec_args}

SYNTAX AS AN ACTIVE FUNCTION

[ec ec_path {ec_args}]

FUNCT{ON

executes a program written in the exec_com language which is used to pass request
lines to the subsystem and to pass input lines to requests which read input. As an

active function, the exec_com program specifies a return value of the exec_com
request by use of the &return statement.
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ARGUMENTS

ec_paths
is the pathname of an exec_com program. The suffix, which is normally the
name of the subsystem, is assumed if not specified.
ec_args
are optional arguments to the exec_com program and are substituted for parameter
references in the program such as &1. T ' '
NOTES

Subsystems may define a search list to be used to find the exec_com program.
If this is the case, the search list is used if ec_path does not contain a '<'" or '">"
character; if the ec_path does contain .either a ''<" or ">", it is assumed to be a
relative pathname.

For a description of the exec_com language (both version 1 and version 2), type:

.. help vlec v2ec

When evaluating a subsystem exec_com program, subsystem active requests are used
rather than Multics active functions when evaluating the &[...] construct and the
active string in an &if statement. The subsystem’s execute active request may be used
to evaluate Multics active strings within the exec_com.

Recommended Names: execute, e

SYNTAX AS A REQUEST

e LINE

SYNTAX AS AN ACTIVE FUNCT/ON

[e LINE]

FUNCTION

executes the supplied line as a Multics command line. An as active request, evaluates
a Multics active string and returns the result to the subsysiem request Processor.

ARGUMENTS
LINE

is the Multics command line to be executed or the Multics active siring to be
evaluated. It need not be enclosed in quotes.
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NOTES

The recommended method to execute a Multics command line from within a

subsystem is the ".." escape sequence. The execute request is intended as a means of
paSSing information from the cnhsyctom to the Multics command nrocessor.
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All 0, [], and ™s in the given line are processed by the subsysiem request
processor and not the Multics command processor. This fact permits the passing of
the values of subsystem active requests to Multics commands when using the execute
request or, when using the execute active request, to Multics active functions for
further manipulation before returning the values to the subsystem request processor for
use within a request line.

EXAMPLES
The read_mail request line:

e mbla [mailbox]

can be used to list the ACL of the mailbox being read by the current invocation of
read_mail.

The read_mail request line:
write all [e strip_entry [mailbox]]

may be used to write the ASCII representation of all messages in the mailbox into a
segment in the working directory whose entry name is the same as that of the
mailbox with "mbx" suffix changed to "mail".
Recommended Names: help
SYNTAX AS A REQUEST
help {topics} {-control_args}
FUNCTION

prints information about various subsystem topics including detailed descriptions of
most subsystem requests.

ARGUMENTS
topics

are the topics on which information is to be printed. The topics available within
a subsystem can be determined by using the list_help request if available.
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CONTROL ARGUMENTS
The most useful control arguments are:

~title
prints section titles and section line counts, then asks if the user wants to see the
first paragraph of information.

—brief, -bf
prints only a summary of a request or active request, including the Syntax section,
list of arguments, control arguments, elc.

—section STRs, -scn STRs
begins printing at the section whose title contains all the strings STRs. By default,
printing begins at the top of the information.

—search, STRs, —sth STRs
begins printing with the paragraph containing all the strings STRs. By default,
printing begins at the top of the information.

RESPONSES

The most useful responses which can be given to questions asked by the help request
are:

yes, y
prints the next paragraph of information on this topic.

no, n
stops printing information for this topic and proceeds to the next topic if any.

quit, q
stops printing information for this topic and returns to the subsystem’s request
level.

rest {-scn}, r {-scn}
prints remaining information of this topic without intervening questions. If
-section or -scn is given, help prints only the rest of the current section without
guestions and then asks if the user wants to see the next section.

title {-top}
lists titles and line counts of the sections which follow; if -top or -t is given,
help lists all section titles. help then repeats the previous question after titles are
printed.

section {STRs} {-top}, scn {STRs} {-top}
skips io the next seciion whose iitle contains ali the strings STRs. If —top or -1
is given, title searching starts at the top of the information. If STRs are omitted,
help uses the STRs from the previous section response or the -section control
argument.
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search {STRs} {-top}, srh {STR} {-top}
skips to the next paragraph containing all the strings STRs. If —top or -t is
given, searching starts at top of the information. If STRs are omitted, help uses
the STRs from the previous search response or the -search control argument.
skip {-scn} {-seen}, s {-scn} {-seen}
skips to the next paragraph. If -section or =-scn is given, skips all paragraphs of

the current section. If -seen is given, skips to the next paragraph which the user
has not seen. Only one control argument is allowed in each skip response.

prints the list of responses allowed to help queries.

prints "help" to identify the current interactive environment.

. command_line
treats the remainder of the response as a Multics command line.

NOTES

If given no topic names, the help request will explain what requests are available
in the subsystem to obtain information on the subsystem.

For a complete description of the control arguments and responses accepted by
this request, type:

help help

Recommended Names: if

SYNTAX AS A REQUEST

if EXPR -then LINE1 {-else LINE2}

SYNTAX AS AN ACTIVE FUNCTION

if EXPR -then STR1 {-else STR2}

FUNCTION

conditionally executes one of two request lines depending on the value of an active

string. As an active request, returns one of two character strings to the subsystem
request processor depending on the value of an active string.
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ARGUMENTS

EXPR
- is the active string which must evaluate to either "true" or "false". The active
string is constructed from subsystem active requests and Multics active strings
{using the subsystem’s execute active request).

LINE1
is the subsystem request line to execute if EXPR evaluates to "true". If the
request line contains any request processor characters, it must be enclosed in
quotes.

STR1
is returned as the value of the if active request if the EXPR evaluates to "true".

LINE2
is the subsystem request line to execute if EXPR evaluates to "false". If omitted
and EXPR is "false”, no additional request line is executed. If the request line
contains any request processor characiers, it must be enclosed in quotes.

STR2
is returned as the value of the if active request if the EXPR evaluates to "false".
If omitted and the EXPR is "false", a null string is returned.

Recommended Names: list__help, 1h

SYNTAX AS A REQUEST

1h {topics}

FUNCT/ON

displays the names of all subsysiem info segments pertaining to a given set of topics.

ARGUMENTS

topics
specifies the topics of interest. Any subsystem info segment which contains one of
these topics as a substring is listed.

NOTES

If no topics are given. all info segments available for the subsystem are listed.

When matching topics with info segment names, an info segment name is
considered to match a topic only if that topic is at the beginning or end of a word
within the segment name. Words in info segment names are bounded by the beginning
and end of the segment name and by the characters period (.}, hyphen (-), underscore
(). and dollar sign ($). The ".info" suffix is not considered when matching topics.
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EXAMPLES
The request line:
list_help list
will match info segments named list, list_users, and forum_list but will not match an
info segment named prelisting.
Recommended Names: list__requests, Ir
SYNTAX AS A REQUEST
Ir {STRs} {-control_args}
FUNCTION
prints a brief description of selected subsystem requests.
ARGUMENTS
STRs .
specifies the requests to be listed. Any request with a name containing one of
these strings is listed unless —exact is used in which case the request name must
exactly maich one of these strings.
CONTROL ARGUMENTS
-all, -a
includes undocumented and unimplemented requests in the list of requests eligible
for matching the STR arguments.
—exact
lists only those requests one of whose names exactly match one of the STR
arguments.
NOTES
If no STRs are given, all requests are listed.
When matching STRs with request names, a request name is considered to match
a STR only if that STR is at the beginning or end of a word within the request

name. Words in request names are bounded by the beginning and end of the request
name and by the characters period (.), hyphen (=), underscore (_), and dollar sign (3).
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EXAMPLES
The request line:
list_reguests lst

will match requests named list, list_users, and forum_list but will not match a request
named prelisting.

Recommended Names: quit, q
SYNTAX AS A REQUEST
q

FUNCTION

exits the subsystem and returns to Multics command level.

Recommended Names: ready__off, rdf
SYNTAX AS A REQUEST

rdf
FUNCTION

turns off printing of ready messages after execution of each subsystem request line.

Recommended Names: ready__on, rdn
SYNTAX AS A REQUEST

rdn
FUNCT/ON

turns on printing of ready messages after execution of each subsystem request line.
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Recommended Names: ready, rdy
SYNTAX AS A REQUEST
rdy
FUNCTION
prints a ready message.
NOTES

The Multics general_ready command may be used to change the format of the
ready message printed by this request and also after execution of request lines if the
ready_on request is used. Type:

help general_ready

for more information on the available formats.

The default ready message gives the time of day and the amount of CPU time
and page faults used since the last ready message was typed.
Recommended Names: self__identify

SYNTAX AS A REQUEST

FUNCT/ON

prints the name and version of the subsystem, whether abbreviation processing is
enabled in the subsysiem, and the level of invocation of this instance of the subsysiem
if more than one invocation of the subsystem is active.

EXAMPLES

debug_tpsa 6.1a (abbrev) (level 3)
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Recommended Names: subsystem__name
SYNTAX AS A REQUEST

subsystem_name

SYNTAX AS AN ACT/VE FUNCT/ON
[subsystem_name]

FUNCTION

prints the name of the subsystem; as an active request, returns the name of the
subsystem.

Recommended Names: subsystem__version
SYNTAX AS A REQUEST

subsystem_version

SYNTAX AS AN ACTIVE FUNCT/O/Y
[subsystem_version]

FUNCT 10N

prints the version number of the subsystem: as an active request, returns the version
number of the subsystem.

Recommended Names: ?

SYNTAX AS A REQUEST

?

FUNCTION

prints a list of requests available in this subsystem.
NOTES

There may be other requests available in this subsystem which are not listed by
this request. Such requests may be listed using the request:

list_requests -all
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befoure_journal_meters command
10-35

v JI
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~A 5-30

bind map G-41

binder
see also object segment,

bound
1—16,

binding 4L-11

bit count 1-15, 2-8

bit count author
see segment, attributes

bj_mgr_call command 10-33
block transfer 3-62
blocked 1-16, 7-77
bound segments 1-16, L-11

see also object segment,
bound
structure of

G-37

brackets

3-36
branch 1-16
breakpoint

L-5

brief mode
login 4-20
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see 1/0

byte
see character

call
generating H-11
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canonical form 3-41

canonicalization 3-43, 3-53
column assignment 3-43
overstrikes 3-42, 3-4L,

3-53
replacement 3-45
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ESC C 5-31

capitalize word

ESC U 5-31

carriage motion 3-42, 3-56

carriage return 1-1¢
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definitions B-4

channel B-1, B-3
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character 1-16

character conversion B-2

character set
ASCIl A-1
EBCDIC C-16
Multics extended A-4
reserved 3-34
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10-10
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7-45

command_error condition

71-46

command_query_error condition

7-47
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complete volume dump switch
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of entryname 1-17, 3-1
concatenation 3-39
condition 7-26
alrm L4-18, 4-20
any_other 4-20
cput L4-18, L4-20
default handler
handling 7-30
information header format
7-37
list of 7-42
format of list
machine 7-34
mechanism 7-26
PL/I  7-38
signalling 7-30, 7-33
trm_  L4-18
wkp_  L4-18

7-32

7-41

condition wall 7-33

consolidated dump
see backup

continuation lines

3-58

control argument 1-17
control characters A-1i
backward character

~“B 5-30
backward word
ESC B 5-30
beginning line
~“A 5-30
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control characters {cont)

capitalize initial word
ESC C 5-31
capitalize word
ESC U 5-31
delete character
~D 5-30
deliete word
ESC D 5-30
end of line
~t 5-30
erase 5-27
backspace key 5-27
DEL, # 5-30
erase word
ESC DEL, ESC # 5-31
forward character
~F 5-30
forward word
ESC F 5-30
kill 5-27
lower case word
ESC L 5-31
multipliier
~U 5-31
quoting character
~Q 5-30
reai-time editor
redisplay
“L 5-30
repeat action n times
ESC n 5-30
retrieving deleted text
ESC Y 5-28
~Y 5-28
twiddle characters
T 5-31
twiddle words
ESC T 5-31
two characters
deleting words

5-27

5-27
5-28

retrieving deleted text

5-28
window editor request list
ESC ? 5-31
convention
equal 1-19, 3-7

exclamation point 1-19

convention (cont)
naming 3-1! 3_16’ L-2, 5_7
star 1-27, 3-5
conversion condition 7-51
conversion table
example of B-32
input B-11
output B-11

B-23

copy switch
see segment, attributes

cput condition 7-51
crash

FNP 1-17

system 1-17

create_dm_file command

10-33

create_ips_mask_err condition
7-52

create window example 5-I
_ P o~k

cross_ring_transfer condition

1-52

current length
see segment, attributes
cv_dmcf command

10-35

cv_ttf command B-3, B-5

daemon 1-17
offline 1/0 1-18
damaged switch
see segment, attributes
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data base
system parameters
sys_info -2
whotab I-4

data management files
10-3
accessing 10-4
as protected entities
creation of 10-4
manipulation of 10-5
see Multics Data Management

1-17,

10-4

data types

descriptors
formats D-5

D-1

date L-15

date and time contents
modified
see segment, attributes

date and time dumped
see segment, attributes

date and time entry modified
see segment, attributes

date and time used
see segment, attributes

date_time_ subroutine 4-15
debugging 4-5, G-2
bound segment
binder symbol block G-38
object map G-31

decode_clock_value_ subroutine
L-15
default handler 7-32

default_types statement
example of B-31

defining a request language
L-34

i-7

definition relocation codes

G-35

definition section L4-L4, 4-10,
G-1, G-28, G-37, G-38,
G-39

definition hash table G-14
dynamic linking G-5
header G-7
implicit G-36
relocation G-34
see also relocation
unstructured area G-5
DEL 5-30
delay tabie 3-57
delays 3-57
delete character
~D 5-30
delete word
ESC B 5-30
delete_window example 5-48

deieting words 5-28

derail condition

7-52

descriptor G-3
argument H-19

detach operation
see |/0 operations

detaching video system 5-42

device
limits
workspace size 5-86
names 5-87
device access 9-6
dial facility B-2
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directory 1-17 dm_lock_meters command 10-35
access control

access class 2-7 dm_lock_status command 10-35
ACL 2-8
initial ACL 2-11 dm_not_available_ condition
ring brackets 2-12 7-53
attributes 2-7
author 2-8 dm_set_journal_stamps command
current length 2-9 10-35
date-time contents
modified 2-9 dm_set_system_dir command
date-time dumped 2-9 10-35
date-time entry modified
2-10 dm_shutdown_scheduled_
date-time used 2-10 condition 7-53
initial ACL 2-11
master directory switch dm_shutdown_warning_ condition
2-11 71-54
MSF indicator 2-12
names 2-12 dm_system_shutdown command
quota 2-12 10-35
records used 2-12
safety switch 2-13 dm_user_shutdown command
security out-of-service 10-33
switch 2-13
type 2-13 dm_user_shutdown_ condition
unique identifier 2-13 7-55
default working 1-17
hierarchy 1-18 dnzp switch
home 1-17 see segment, attributes
initial working 1-17
master 1-17, 2-4 dynamic linking 1-18, L-9,
parent 1-18 L-12, G-5, G-18

process 1-24, 2-14

referencing 4-10

system 2-13 E
system daemon 2-15

system library 2-16

upgraded 1-18 EBCDIC C-16
users 2-16
working 1-18, L4-10 effective access 1-18

display_ttt command B-3, B-5 Emacs 1-9

DM files end of line
see data management files ~“E 5-30
dm_display_version command end of window processing 5-37
10-33
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end-of -page processing 3-58
endfile condition 7-56
endpage condition 7-57
entry 1-18

entry attributes
see segment, attributes

entry operator H-12
entry point 1-18
external G-3
name 1-18, 3-15

transfer vector G-i

entry point bound
see segment, attributes

entry sequence G-3, G-34

entryname 1-19, 3-1
component 3-1, 3-5, 3-7

environment subsystem
request language 4-30
request ioop 4-30
epilogue handling 7-84
equal convention 1-19
equal names 3-7
equal sign 3-7
erase character 5-27
# 5-30
backspace key 5-27
DEL 5-30
designation 3-49

erase processing 3-43, 3-49,

3-54

escape sequences 3-50, 3-55

overstrikes 3-49, 3-5i

erase
ESC

error ¢
see s

error ¢

error h

see

error

see s

word
DEL, ESC # 5-31

odes
tatus codes

ondition 7-57

andling

condition, handling

messages

tatus codes

error_output 1/0 switch

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

ESC

#

?

DEL

-1

T

U

Y

5-31
5-31
5-30
5-31
5-30
5-31

escape conventions 3-51,

escape processing 3-43

escape sequence

escape sequence character

3_

51

3-52, 3-

5-14

3-58

58
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examples

exec_com

attaching video 5-40
clear_window 5-49
create_window 5-45
delete_window 5-48
detaching video 5-42
pll

detaching video 5-43
window_Sclear_window 5-49
window Screate 5-47
window_Sdestroy 5-48

Executive Forum 1-11

Executive Mail 1-11

exec_com 1-19, 4-20
start_up.ec 1-27
Extended Mail Facility 1-10
external reference 3-1k, 4-9

external symbol 7-2

fauilt 1-20, 7-L2, 7-84
hardware condition 7-34
process termination fault

7-85
fault_tag_1, fault_tag_3
condition 7-57
file 1-20
blocked 5-17
indexed 5-18

see multisegment file
sequential 5-1§
unstructured 5-16
file manager 10-8, 10-11
file system times
conversion L-1§

i-10

finish condition 7-58
fixedoverflow condition 7-58
flow control 3-61

input 3-61

output 3-62
FNP

see Front-End Network

Processor

FORTRAN 1-8, 4-1
fortran_pause condition 7-59

fortran_storage_error
condition 7-59

fortran_storage_manager_error
condition 7-60
fForum 1-11

forward character
“F 5-30

forward word
ESC F 5-30
frame (paging) 1-4, 1-22
Front-End Network Processor
B-1

function key table
example of B-25

B-25

gate 1-6, 1-20
access 9-6

gate segment
entry point transfer vector
G-3, G-l‘
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gate_err condition 7-60

GCOS environment simulator
1-10

generated code conventions

G-33

greater than character 2-1,

3-2, 3-5, 3-7, 5-7

hardcore 1-20
hash table G-14

help files
see info segments

1/0 5-1
attach description 5-64,
5-69

attachment L4-19
bulk 5-50, C-1
bulk data input 5-57
card input 5-53, C-1
access requirements
5-54
ACL 5-55
control cards 5-56
control cards list C-2
conversion modes C-11
escapes (-23
format C-11
station access contirol
5-56
user data cards C-§
card output 5-53, C-12
conversion modes C(-13
printer output 5-50
format control 5-51
punched-card codes (-1}

1/0 (cont)

bulk
remote job entry 5-58,
C-6
control cards list C-7
control block (10CB) 5-7
control functions
iox_ subroutine 5-80
detach description 5-74
file 5-15
closing 5-22
opening 5-20
position designators 5-22
types 5-15
1/0 control block (10CB)
5-61, 5-63, 5-66
structure 5-63
1/0 module 5-61
implementation rules 5-67,
5-69, 5-71, 5-74,
5-76
1/0 modules 5-80
interface
device specific
1/0 modules 5-80
iox_ subroutine 5-80
interrupted operations 5-14
iox_ subroutine 5-80
magnetic tape 5-49
module 1-21, 5-1
list of 5-2
offline 1-18
open data 5-64
open description 5-64
opening modes 5-8
operations 5-4, 5-6L4, 5-66,
5—699 5-71, 5_7‘-}
attach 1-15, 5-4
close 5-6
detach 1-17, 5-¢
open 5-5
programming language
facilities 5-15
swi tch 1-28a 5-1’ 5-4, 5-7
attaching 5-7
closing 5-9
detaching 5-9
names 3-16, E-1
opening 5-8
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1/0 (cont)
switch
standard 5-14

synonym attachment 5-66,
5-69
synonym attachments 5-10,
5-14
terminai 5-24
1/0 control block 5-62
| /0 interfacer (I101) 5-80
1/0 modules 5-80
1/0 open description 5-71

illegal_modifier condition
7-60

illegal_opcode condition 7-61

illegal_procedure condition

7-61
illegal_return condition 7-6!

impure procedure 1-20
incremental dump
see backup

incremental volume dump switch
see segment, attributes

index manager 10-8, 10-10

info segments 1-20
information
data bases
sys_info -2
whotab I-4

initial access 6-5
creating user §-10
SysDaemon entries
user-defined 6-11

6-10

i-12

initial command line 4-20

initializer 1-21

initiate 1-21, 3-14, 3-32,
4-9, L4-12

input conversion table B-11

interactive subsystems L4-27

internal static offset table
(1S0T) 4-14, H-10
internal static section L-14

internal storage
see storage classes

interprocess communication

L-16
interrupt 5-14
program_interrupt condition
7-71
quit condition 7-72
quit signal 1-25

wakeup L4-1§

intersegment reference 1-18
ioa_error condition 7-62
10CB

see |/0

iox_ subroutine

5-80
io_error condition

7-62

1SOT

internal static offset table
see internal static offset
table (150T)

isot_fault condition

7-63

iteration

3-35

AG91-04



key condition 7-63
kill character 5-27
designation 3-49

kill processing 3-43, 3-49,
3-54
overstrikes

3-49

kill ring 5-28, 5-29

L
languages
programming languages 1-8,
L-1
iess than character 3-2, 5-7
limited service system 1-21

limits, devices
workspace size 5-86

line type B-3

linkage offset table (LOT)
L-14, H-10
linkage relocation codes G-36
linkage section
G-18, G-28, G-37, G-38
dirst reference G-2
first reference G-23
header G-18
internal static G-18
relocation information

G-36

linkage system 1-21

linkage_error condition

7-64

4-=L, L4-9, G-2,

i-13

linking
dynamic 1-18, 4-9, 4-12

links G-20
addresses G-2
area G-36
array G-37
attributes 2-7
author 2-8
date-time dumped 2-9
date-time entry modified
2-10
date-time used 2-10
names 2-12
type 2-13
unique identifier
elimination by binder
G-39
interprocedure
4-9, 4-13
snapping 4-10
pair 1-21
resnapping 1-27
resolution G-39
self-referencing G-11
storage system 1-21
system G-13
type 6 G-13
unsnapping 3-14

2-13
G-36,

1-18, 1-21,

LINUS 1-10, 10-8

listener 1-22, 3-31

load control group 9-5

locking 10-18, 10-19

lockup condition 7-64
logical volume
see volume, logicai
logical volume identifier
see segment, attributes,
2-11

login L4-16
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login command
-terminai_type B-4

LOT
linkage offset table
see linkage offset table
(LoT)

lot_fault condition 7-64

magnetic tape
see tape

magnetic tape 1/0 5-49
mailbox 1-23

making segment known 1-22,
3-14, 2-32, 4-9, 4-12

making segment unknown
L-12

3-14,

maiformed_list_template_entry_

condition 7-65

master directory switch
see directory, attributes

maximum length
see segment, attributes

mcc (MCC, Multics card code)
1-22

memory units 1-22
message segment 1-22

messages
ready

1-25, 3-31

i-14

miscellaneous capabilities
in windows 5-26

mmel, mme2, mme3, mmek
conditions 7-66

monitoring subsystem usage

L-23
MORE processing 5-37
MRDS 10-6, 10-8, 10-16
MRPG 1-10

MSF
see multisegment file

Multics Data Base Manager
1-10

Multics Data Management 10-1

abandoning a transaction
10-22

administering 10-31

administrative commands
10-35

AlM considerations 10-33

before journals 10-24

benefits 10-2

collection manager 10-8

command level interface

10-33
commands

before_journal_meters

10-35
before_journal_status

10-33
bj_mgr_cail 10-33
create_dm_file 10-33
cv_dmecf 10-35
dm_display_version 10-33
dm_lock_meters 10-35
dm_lock_status 10-35

dm_set_journal_stamps

10-35

dm_set_system_dir 10-35
dm_system_shutdown 10-35
dm_user_shutdown 10-33
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Multics Data Management (cont) multisegment file (MSF) 1-22
commands
transaction 10-33

crash recovery 10-23 N
creating a system directory
10-31 .
daemon registration 10-32 name (f) (PL/!) condition
data storage 10-8 7-66
DMS initialization 10-26
DMS shutdown 10-28, 10-29 names
features 10-2 alternate 1-15
file manager 10-8 entry point 3-15
index manager 10-8 equal 1-19, 3-7
installation considerations naming conventions 3-1,
10_31 3_16, L4-2, 5_7
integrity services 10-13 primary 1-24
locking 10-18 reference 1-26, 3-14, 3-32,
performance 10-33 4-10, 4-12
record manager 10-8 reserved 3-14, E-1
recovery procedures 10-20 shriek 1-26
relation manager 10-8 star 1-27, 3-5
retrieval services 10-8 unigque
role of the daemon 10-22 request ID 3-16
run-time parameters 10-32 shriek 1-29
transaction definition table
(TpT) 10-17 new_proc L-17
transaction failure 10-21
transaction_manager_ 10-15 nondiscretionary access
usage with MRDS 10-6, 10-16 control 1-22
Multics Graphics System 1-10 nonlocal transfer 7-83
Multics Report Program not_a_gate condition 7-67

Generator 1-10
not_in_call_bracket condition

Multics security é-1 7-67

mechanisms 6-1
access control lists 6-2 not_in_execute_bracket
access isolation mechanism condition 7-68

6-12

passwords 6-1 not_in_read_bracket condition
ring mechanism 6-22 7-68
user names 6-1

trusted path 6-1, 6-32 not_in_write_bracket condition
DSR signal $-33 7-68

DTR signal §6-33
no_execute_permission
multiplier condition 7-66
~U 5-31
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no_read_permission condition
7-66
no_start_up attribute 4-20

no_write_permission condition
7-67
NUL character A~}

7-68

null_pointer condition

object map 4-5, G-2, G-31

structure of G-31
object segment 1-22, L-3, G-2,

G-18

bind map G-41

binding 4-11

bound G-1, G-5, G-14, G-37,

G-39

binder symbol block G-39
defined G-37
definition section G-39
internal references G-39
link resolution G-39
links G-36
nonrelocatable G-40

creating 4-3

definition section G-1, G-7,

G"28’ G-3L}r G-37v G-38
defined G-5

entry bound of gate G-i

entry sequence G-3, G-34

first reference G-2, G-18

format L-4

gate G-3, G-4

linkage section L-4, G-2,
G-18, G-28, G-36, G-37,
G-38

relocation information G-28,
G-36, G-37

reserved entry point E-8

searching for L4-10
self-referencing G-12

object segment (cont)
standard G-1
static section
G-12, G-37
structure G-37
symbol block G-41
symbol section G-2, G-
G-28, G-37, G-38
symbol table 4-4
test section G-1, G-33
text section G-12, G-2
G-37, G-38

L-4, G-

object segment, standard
break map G-2
definition section
G-7
hash table
format of G-1
gate segment G-L
linkage section
static section
symbol section
text section

G-1

G-14

G-2, G
G-2, G-
G-2, G-
G-1, G-3

on unit 7-27
any_other condition 7-
operations
on windows
change_window 5-L47
clear_window 5-L49
create_window 5-Li
set_window_info 5-47

operator
call H-12
entry H-12
push H-13
return H-13
short_call
short_return

H-12
H-14

op_not_complete condition
7-69

output buffering 5-38

i-16

2,

12,

8.

’ G-S,

-18
17
24

30
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output conversion table
B-11

3-58,

out_of_bounds condition

7-69
overflow condition

7-65

overlap rule for windows

5-L4

packed_pointer_fault condition

7-70
page 1-23
control 1-23

page_fault_error condition

7-70
paging 1-4
fault 1-4
parameter descriptors H-22
parentheses 3-35
parity condition 7-70
PASCAL 1-9, 4-2
passwords 1-23, 6-1
pathname 1-23, 3-2
absolute 1-23, 2-1, 3-2
length of 3-2
relative 1-23, 3-2
PDT

see project definition table

per-process data G-3
linkage section 1-21, 4=k,
4L-9, G-18
stack H-1
static section L-4

i-17

per-ring data H-1
internal storage offset
table (I1SOT) H-10
linkage offset table (LOT)
H-10
stack segment H-1

percent sign 3-7

perprocess data
linkage section G-2
see also linkage section,
object segment, and

stack
person name table (PNT) 1-23
Person_id 1-23, 9-3
PIT
process initialization table
(PIT)
see process initialization
tabile
PL/I 1-8, 4-1

pll_operators H-11

PMF
see project master file

PNT
see person name table

pointer 1-24
positioning the cursor
in windows 5-25

preaccess command entry
preaccess_command statement
B-30
type statement B-30
prelinking G-2, G-36, G-39

pricing 9-4
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print_terminal_types (ptt)
command B-3
process 1-24
creation 1-4, 4-17
directory 1-24
initialization of

L-17

overseer L4-16, 4-18, 4-19,
L-21
process initialization table
(PITY 1-24, 4-17
process overseer 1-24, 4-16,
L-18, 4-19, L4-21
closed subsystem 1-8, 1-1§

Jimited service system

1-8

standard service system 1-7,
1-27
process termination fault
7-85
process, initialization of
L-17

program compiling 4L-1

program preparation L-1
program_interrupt condition

71-71

project 1-24
administrator
9-2
project definition table
(PDT) 1-24
project master file (PMF)
1-24

1-2’41 9-19

Project_id 1-24, 9-3

pure procedure 1-25
push operator H-13
creation of stack frame
H-13

i-18

Qedx 1-9

question mark 3-5
gquit
enabling 4-21
handiing L4-21

quit condition 7-72
quit request 1-25
quit signal 1-25, 5-1}4
quota

storage 1-7, 1-13, 9-7
quoted strings 3-34

quoting character

~Q 5-30

raw access 1-25
raw mode
input

output

B-2
B-2

RCP effective access

5-93

ready message 1-25, 3-31

real-time editor
control characters
deleting words 5-28
erase and kill values
erase character 5-27
kill character §5-27
retrieving deleted text

5-28

5-27
5-27

reconnect.ec 1-25
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record 1-25
physical
header F-2
standard format F-1
trailer F-4

record (f) (PL/!) condition
7-73

record manager 10-8, 10-10

records used
see segment, attributes

record_quota_overflow
condition 7-73

recovery
see backup

recursion 1-26, L4-1, L-14

redisplay
AL 5-30

reference name 1-26, 3-14,
3-32, 4-10, L-12

register
pointer register O
operator segment pointer
H-16
pointer register 0 (PRO)
operator segment pointer
H-12
pointer register 4 {(PRY)
linkage pointer H-12
pointer register 6

stack frame pointer H-16

pointer register 7 (PR7)

stack base pointer H-16
saving registers H-12, H-13

relation manager 10-8, 10-9

reloading
see backup

relocation G-2, G-28

relocation {cont)
codes G-3L
linkage section G-36
relocation blocks G-28,
G-29
symbol section G-37
text section G-33

remote access 1-12

repeat action n times
ESC n 5-30

request |ID 3-1¢
requirements for windows 5-43
reserved characters A-4
reserving resources 5-84
resource control package (RCP)
5-80, 5-89
functions

access control
resources 5-82, 5-89,

5-91
assigning devices 5-82,
5-84
attaching devices 5-82,
5-85

cancelling resources 5-82
detaching devices 5-82
device control functions

5-82

reserving resources 5-82,
5-84

resource information 5-82,
5-89

unassigning devices 5-82
RCP effective access 5-93

resource information 5-89

resource management 5-88, 9-1
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resource type master file
syntax of the RTHF
naming rules for

rings (cont)

gate 1i-§6

attributes 5-90 root 1-26, 2-1, 3-2
retrieval 1-26
see backup S
retrieving deleted text 5-28
ESC Y 5-28 safety switch
Y 5-28 see segment, attributes
return operator H-13 scheduler

return_conversion_error

see traffic controller

condition 7-74 scratch 5-87
ring brackets scrolling
see segment, attributes in windows 5-26
ring mechanism 6-22 search rules 1-26, 3-14, 3-32,
advantages 6-22 4-10
directory access rights initialization of 4-17
6-29 working directory 4-17
directory validation levels
6-29 security 9-2

implementation 6-28
modifying directory ring

security out of service switch

brackets 6-31 see directory, attributes
modifying segment ring
brackets 6-29 segment 1-3, 1-26, 2-1
null access 6-24 access control
ring attributes 6-22 access class 2-7
ring brackets 6-23 ACL 2-8
execute 6-23 ring brackets 2-12
gate 6-24 attributes 2-7
read 6-23 access class 2-7
write 6-23 access control list 2-8
setting directory ring author 2-8
brackets 6-31 bit count 2-8
setting segment ring bit count author 2-§8
brackets 6-28 complete volume dump
usage of 6-24 switch 2-8
user ring brackets $-31 copy switch 2-8
current length 2-9
rings 1-3, 1-6, 1-26, 9-6 damaged switch 2-9
access control (ring date-time contents
brackets) 1-26 modified 2-9
condition mechanism 7-32 date-time dumped 2-9

i-20
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segment (cont)
attributes
date-time entry modified
2-10
date-time used 2-10
dnzp switch 2-10
entry point bound 2-11
incremental volume dump
switch 2-11
logical volume identifier
2-11
maximum length 2-12
names 2-12
records used 2-12
safety switch 2-13
type 2-13
unique identifier 2-13
use count 2-13
creating 1-3
number 1-3
reserved names E-2
see also object segment,
stack
sharing 1-5
wired 1-30

seg_fault_error condition

71-7L

selective alteration
in windows 5-26

selective erasure
in windows 5-26

semicoion 3-33
setting terminal types B-3

set_time_zone command L-15

set_tty (stty) command B-4
short_return operator H-1h

shot_call operator H-12

size condition 7-74
snapped link 4-10
Sort/Merge 1-9
source map G-27

source program
source segment

source segment 4-2
debugging L4-5
editing 4-2

special characters table
B-11, B-26
example of B-32
special_table statement
B-26

3-56,

special characters table entry
backspace statement B-27
black_shift statement B-27
carriage_return statement
B-27
edited_output_escapes
statement B-28
end_of_page statement B-28
form_feed statement B-27
input_escapes statement
B-28
new_line statement B-27
output_escapes statement
B-28
printer_off statement B-27
printer_on statement B-27
red_shift statement B-27
tab statement B-27
vertical_tab statement B-27

special directories
default working directory
home directory 4-20

ssu_ subroutine 4-27

stack 1-27, 4-1, 4-5, L-1L,

H-1
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stack f{cont)
frame L-14, H-1, H-5, H-T7
creation of H-11, H-1§
header L-14, H-1

stack and link area H-1

internal static offset table

H-10

linkage offset table H-10

Multics stack H-1

Multics stack frame H-=7

stack header H-1
stand-alone invocations 4-28
standard checksum F-10
standard requests L-51
standard requests table L-51,

J-1

star convention 1-27, 3-5

start_up.ec 1-27, 4-20
statement map G-72

static section
G-17

1-4, L-4, G-2,
static storage
see also relocation

status codes 7-2
creating tables 7-3

definition 1-27
storage

automatic 1-3, 1-13

quota 1-7, 1-13, g-7

storage classes
automatic H-1
internal G-2
internal static G-36
static G-18, G-37, H-10

storage condition

1-75

i-22

storage system 1-3, 2-1, 2-13,

L-1
backup 8-1
store condition 7-75
stringrange condition 7-75
stringsize condition 7-76
subroutines
calling sequences H-11

subscriptrange condition

1-77
subsystem 1-28

subsystem debugging facilities

L-50
subsystem environment L4-29
rp_options structure 4-33

tailoring L4-44
modifying standard request
processor 4-32
renlaceable procedures

L-45

subsystem invocations
info_ptr L4-28
sci_ptr L4-28

L-27

subsystem macros
multics_request
request 4-53
set_default_flags L4-55
set_default_multics_doc
L-58
set_default_multics_flags
4L-57

unknown_request

L-56

L-55

subsystem request tables
defining request tables
4-50
standard request tables
L-51

4L-50
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subsystem self-documentation system libraries L4-11
b-L7
system parameters
sub_error_ condition 7-76 data base
sys_info -2
suffix 1-28 whotab -4
reserved listing segment
suffix E-4 system_shutdown_scheduled_
reserved segment name condition 7-78
suffixes E-4
special E-j sys_info data base -2
sus_ condition 7-77
T
switch
see |/0
tab 3-4i4
symbol block G-39
tape F-1
symbol blocks G-4k4 administrative records F-4
density F-9
symbol offset 3-15 parity F-9
standard format F-1
symbol section 4-i, G-2, G-2i,
G-28, G-37, G-38 Ted 1-9
symbol block G-25, G-26
symbol header G-24 terminal B-1
symbol table 4-3 terminal type 1-29, B-2
data type codes G-71 changing B-4
entry info block G-51 preaccess commands B-30

free-format G-43
Pascal runtime symboi node

G-61, G-68
PL/1 runtime symbol table
G-46
runtime_block node G-L4§8
runtime_symbol node G-52
runtime_token node G-L47
statement map G-72
symbol block G-L44
system access control 9-6
system administrator 1-28,

9_1’ 9—2

System Administrator Table
(SAT) 1-28

terminal

i-23

setting B-3

type entry B-7
additional_info statement
B8-8
bauds statement B-8
bps statement B-§
buffer_size statement
cps statement B-S
delay statement B-9
erase statement B-10
examples of B-30
framing_chars statement
B-12
function_keys statement B-7
global statement B-22
initial_string statement
B-7

B-13
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terminal type entry {cont)
input_conversion statement
B-11
input_resume statement
input_suspend statement
B-12
input_translation statement
B-11
keyboard_addressing
statement B-11
kill statement B-10
line_delimiter statement
B-10
line_types statement
modes statement B-7
output_acknowledge statement

B-12

B-10

B-13
output_end_of_block
statement B-13
output_resume statement
B-13
output_suspend statement
B-13
set_input_conversion order
B-24
set_output_conversion order
B-24

special statement B-11
terminal_type statement B-7
video table B-14
terminal type file 3-57, B-3,
B-6
character specifications
B-6
default_types statement
B-28
global statements B-22
terminal type table B-3
default TTT B-L

terminals 1-12
characteristics 1-29
1/0 5-2i

terminate 1-29, 3-15, 4-12

G-34

text relocation codes

i-2L

text section 4-4, G-1, G-28,
G-37, G-38
entry sequence G-3, G-34

gate entry point transfer
vector G-3
structure of G-3
time L-15
L-15

time zones

timer_manager_err condition

7-78
traffic controller 1-29
trailer lines 5-44
transaction command 10-33

transaction definition table

(ToT) 10-17
transaction_bj_full_ condition
7-78
transaction_deadlock_
condition 7-79
transaction_lock_timeout_
condition 7-80
transaction_manager_ 10-15
translation table B-3, B-11,
B-12, B-24
example of B-32
translators 1-8, 1-29, 4-2

transmit (f) (PL/1) condition

7-80
trap L4-9
trap word G-13

trm_ condition

7-81
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trojan horse 6-13
truncation condition 7-81

trusted path 6-1, 6-32
DSR signal 6-33
DTR signal 6-33

tty_
modes operation B-18
set_input_conversion order

B-23
set_input_translation order
B-24
set_output_conversion order
B-23

tty_ modes B-18
can 3-41
ctl_char 3-4i
edited 3-58, B-28
erkl 3-41
esc 3-41, 3-50
rawi 3-41, B-2
rawo B-2
wake_tbl B-22

twiddle characters

~T 5-31

twiddle words
ESC T 5-31

type
see segment, attributes

type pair G-11

undefinedfile condition 7-81

undefined_pointer condition

7-82

i-25

underflow condition 7-82

unique identifier
see segment, attributes

unique name
see nhames

unique_bits_ subroutine L-1§
unique_chars_ subroutine L4-16
unsnapped link 3-14
unwinder_error condition 7-82
usage
background absentee 9-4
foreground absentee 9-4
1/0 daemon 9-5

interactive 9-4

use count
see segment, attributes

user 9-3

user names 6-1
user_dir_dir, (udd) 1-29
user_i/o 1/0 switch 5-14
user_i/o window 5-49
User_id 1-2§

user_input 1/0 switch 5-14
user_io window 5-40, 5-4i,

5-47

user_output 1/0 switch 5-1}
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video subroutines
video_utils_Sturn_on_
login_channel 5-44
window_Sclear_window example
5-49
window_Screate example
window_Sdestroy example
5-48

5-47

video system
attaching 5-40
detaching 5-42
features
end of window processing
5-37
MORE processing 5-37
windows 5-21

video table B-14
control sequences B-1}4
function simuiation B-17
global statement B-22
required functions B-17
statements B-15

virtual memory 1-3, 4-1

volume
iabel 1-29
logical 1-22,

attachment

physical 1-24

2-2
2-4

volume access control 9-6
volume names
reserved
scratch 5-87

T D_Volume 5-87

5-87

vT0C 1-30

wakeup L-15, L4-16

white space

3-49

who table 1-30

whotab data base I-4
window editor request list
ESC ? 5-31

windows

definition 5-24

height of 5-4i

miscellaneous capabilities

5-26

naming of 5-4L

number permitted 5-44

operations 5-2i
change_window 5-L47
clear_window 5-49
create_window 5-L44
set_window_info 5-L7

overlap rule 5-4i

positioning cursor

requirements 5-43

scrolling 5-26

selective aiteration 5-26

selective erasure 5-2¢

trailer lines 5-44

width of 5-44

5-25

window_
window_Sclear_window
example 5-49
window_Screate
example 5-47
window_Sdestroy
example 5-48

word 1-30

WORDPRO 1-10

work class

9-5

i-26
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workspace size 5-86

writing subsystem requests
4-38
apply request 4-39
areas and temporary segments
L-43
argument processing L-38
as Multics commands 4-40
error handling 4-39
exec_coms L4-L43

zerodivide condition 7-83
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