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CHAPTER 1

INTRODUCTION

This manual describes a collection of transportable, source-level
programming tools for use with the BLISS 1language. These tools
provide extensive input/output facilities, a wuniform interface for
obtaining operating-system services - such as dynamic memory, and aids
for data structuring and string handling.

Stand-alone BLISS utility programs, such as PRETTY or BLSCRF, are not
described in this manual.

The Transportable Programming Tools package is informally referred to
as XPORT -~ for "transportable" - which indicates the design emphasis
on source-level transportability across all BLISS target systems, as
well as on ease-of-learning and ease-of-use. (Transportability is
discussed in further detail below.)

1.1 APPLICABILITY OF XPORT FACILITIES

Except for the data-structure definition aids described in Chapter 2,
the facilities described in this manual are intended for use in
development of 'application' programs, that is, programs that can make
use of operating-system services, as opposed to the programs that make
up the operating system itself. (The BLISS language, of course, is
intended for implementation of programs in both categories.)

In the system-software context, an 'application' might be a compiler,
linker, or utility program. The use of XPORT for such implementations
offers programming convenience, maintainability, and transportability
in the system-services area, combined with the efficiency and
reliability obtainable through the use of BLISS.
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The data-structuring facilities do not 1involve <calls on underlying
target-system services (as do the other XPORT facilities), and thus
can be used in any type of program development.

1.2 PROGRAM TRANSPORTABILITY

With a very few exceptions, the XPORT programming tools are fully
transportable. This means that, wused 1in accordance with the
guidelines given in this manual, the same XPORT source code will
produce identical or equivalent results on each BLISS target system.

XPORT provides a small number of system-specific features deemed
mandatory for some programs on a particular target system. An example
of this type of feature is a field type, $SIXBIT, that relates to the
SIXBIT string encoding. Some programs for the TOPS-10 environment may
require its use.

XPORT also provides a few discretionary features that allow you to
take advantage of the storage characteristics of a particular system,
e.g., to possibly eke out a bit more storage efficiency in certain
situations.

Use of the discretionary type of non-transportable feature is strongly
discouraged except 1in wvery wunusual situations. In the majority of
cases only a very 1little storage will be saved at the cost of
transportability, which may turn out to be a very serious cost at some
point in the product's lifecycle. Also, compaction of storage beyond
that provided by default may 1incur a significant execution-speed
penalty.

Obviously the wuse of XPORT will not make an otherwise non-
transportable BLISS program into a transportable one. And as in the
case of Common BLISS constructs, features of XPORT that are 1in
themselves transportable can be used in completely non-transportable
ways. This is due to the very significant architectural differences
that exist among the several target-system families.

In order to use either Common BLISS constructs or XPORT features in a
transportable fashion, these crucial differences must be recognized at
the outset and kept constantly in mind. (One such difference 1is in
the range of integer values possible on the 16-bit systems versus the
32— or 36-bit systems.) Just as with BLISS 1itself, transportable
programming using XPORT is primarily a matter of design rather than of
coding.
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Throughout this manual we have tried to provide transportability
guidelines and warnings concerning all ‘"problematic" features of
XPORT. Transportable BLISS programming in general is discussed in the
"Transportability Guidelines" chapter of the several BLISS User's
Guides.

1.3 FILE TRANSPORTABILITY

There are two aspects of XPORT file transportability. The first
concerns the transportability of I/O operations at the source-program
level. With very few exceptions (clearly noted), the XPORT 1I/0
functions behave the same in all environments.

The second aspect of file transportability concerns the ability to
move XPORT-created files themselves from one environment to another.
It is not a goal of XPORT to provide this’ kind of file
transportability. Instead, standard file-interchange utilities -
provided as a part of each target system - must be used to move files
from system to system.

1.4 GSYMBOL NAMING CONVENTIONS

The names used in the XPORT package are formed in accordance with
VAX/VMS operating-system conventions. The names so formed are
somewhat unwieldy in a few cases, but they all have the wvirtues of
consistency and clarity. After you have 1learned the few simple
patterns involved, you can easily identify the kind of entity (macro,
completion code, control-block field, etc.) represented by any given
name.

VAX/VMS-compatible names are formed of facility codes, dollar signs,
underscores, and alphanumeric strings. The facility codes assigned to
the XPORT package are the following (more may be added in future):

o XPO - I/0, memory, and host-system service facilities
o IOB - I/O control block definitions
o STR - String-handling facilities.
Names formed according to the convention begin with one of the

facility codes 1listed above. Arbitrarily, we will use the facility
code XPO in the name formats and most of the examples given below.



Introduction
SYMBOL NAMING CONVENTIONS

The name formats used in XPORT are as follows:

o $XPO_xxxXx Macro name
Example: $XPO_PUT

o XPO$xxxx Global symbol, usually a routine name
Example: XPOSFAILURE

o XPO$ xxxx Completion code (special case of a literal name)
Example: XPO$_NORMAL

o XPOSc_xxxx Variable or field name
where ¢ is a data-type code, as follows:
c = Address/pointer value

Byte value (9-bit field on -10/20 systems)

General value (fullword integer)

Short value (two bytes)

Literal ("konstant")

Text string (STR descriptor)

Arbitrary field (usually one or more bits)
Other

N<HXRIDQWwWP

Examples:
IOB$T STRING -- a string descriptor sub-block,
which includes the fields:

IOBSH_STRING -- a two-byte count value
IOBSA STRING -- a character-string pointer

Two other forms are used for internal names, some of which you may
encounter in listings and compiler diagnostics:

$XPOSxxxx and $XPOSSxxxx

In Chapter 2, the macros associated with the data-structuring facility
have simple names of the form "$xxxx", such as SFIELD, SINTEGER,
$TINY INTEGER, SDESCRIPTOR, and $OVERLAY. This 1is so because the
data-structuring facility has no facility code assigned to it; the
names otherwise adhere to the naming convention.

1.5 COMPILATION ERROR MESSAGES

The use of XPORT facilities usually implies the expansion of many
macros during compilation. Macro expansion following the occurence of
a source-language error can result in the generation of spurious error
messages.
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Once an error-level diagnostic (prefixed %ERR) has been generated, the
compilers stop performing most expression evaluations. This causes
the object file to be discarded and, assuming there are macros in the
source program, sometimes results in erroneous macro expansions and
the consequent generation of spurious error messages.

If the cause of a compiler diagnostic is not immediately evident
(especially one referring to a macro expansion) and an error-level
diagnostic has already been issued, ignore the diagnostic in question,
correct all known source errors, and recompile. Any spurious error
messages will "go away" when the preceding actual errors are
eliminated.

1.6 SMALL SAMPLE PROGRAM

As an initial "taste" of XPORT coding, we present below a minimal
sample program consisting almost entirely of XPORT macro calls. This
program is a simple file-copy utility, called LISTER.

Appendix D contains a much more extensive programming example which
illustrates the wuse of many XPORT features in a completely realistic
context.

SAMPLE PROGRAM
MODULE LISTER ( MAIN = LISTER ) =

BEGIN

1+

This program asks for a file name, opens the named file,
and copies the file to the terminal.

LIBRARY 'BLI: XPORT'; ! XPORT definitions
OWN

terminal_iob : $XPO_IOB(),

file iob : SXPO_IOB();

ROUTINE LISTER =
BEGIN

! Open the user's terminal and ask for a file name.
$XPO_OPEN ( IOB=terminal_iob, FILE SPEC=$XPO_INPUT );

$XPO_GET ( I0B=terminal iob,
PROMPT= 'Enter name of file to be listed: ' );
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! Open the file,

$XPO_OPEN ( IOB=file iob, FILE_SPEC=terminal_iob[IOB$T_STRING] );

! Process each line.

WHILE $XPO GET( IOB=file iob ) DO
$XP0_PUT ( IOB=terminal_ iob, STRING=file_iob[IOB$T_STRING] );

$XPO_CLOSE ( IOB=file_iob Y

$XPO_PUT( I0B=terminal iob, STRING= '*** End of file ***x' ).
$XPO_CLOSE( IOB=terminal_iob )

END;

END
ELUDOM

Note: $XPO _INPUT is the transportable name for the standard 1input
device. It is, for example, equivalent to "TTY:" on some systems.
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CHAPTER 2

TRANSPORTABLE DATA STRUCTURES

2.1 INTRODUCTION

This chapter describes a high-level aid for defining BLOCK-type data
structures in a convenient and transportable manner.

2.1.1 The Problem

The specification of reasonably compact, non-uniform data structures
—-- typically control blocks -- for use across target systems poses a
difficult transportability problem. The difficulty is caused by the
basic architectural differences found among the BLiSS target systems,
as discussed in Chapters I and III of the BLISS Language Guide.

Briefly, the differences are found in the following system
characteristics:

o The size of the fullword (or BLISS value): 16, 32, or 36 bits
o The size of the addressable unit: 8 bits vs. 36 bits

o The ability to access fields that cross fullword boundaries:
VAX-11 only

These differences affect the transportable design of all types of data
segments, scalar or structured, to some extent. But in particular,
the difficulty of defining BLOCK and BLOCKVECTOR structures
transportably, wusing standard BLISS declarations, is such that the
programmer often ducks the issue altogether and resorts to separate
sets of FIELD and data declarations for each target system.
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The numeric notation ordinarily used in the standard FIELD declaration

-— €e.9., [1,0,16,1] -- while powerful, is inconvenient to code and
modify and is quite error—-prone, in addition to being
nontransportable.

2.1.2 The Solution

The XPORT structure-definition facility is a collection of macros that
provides a solution to these problems. It allows you to define
efficient BLOCK structures in a way that is both convenient and, for
the most part, system independent. The facility consists principally
of a replacement for the standard BLISS FIELD declaration, using the
keyword $FIELD.

The facility also includes several groups of supporting features,
namely:

$<field-types> }
$FIELD SET SIZE } Block-defining features

$ALIGN }

SOVERLAY } Field-positioning features
$CONTINUE }

SLITERAL }

SDISTINCT } Literal-defining features
SSHOW } Value-display feature
$SUB_FIELD } Subfield-referencing feature

The overall strategy of the structure-definition facility is to allow
you to name the kind of field required for each block component, as
opposed to specifying its (necessarily machine dependent) position and
size, and to have the compiler calculate the appropriate structure-
reference values and the aggregate block size for each target system.
A "kind of field" or field-type (e.g., $SHORT INTEGER) generally
implies not only the size but also the alignment and sign-extension
mode required.

In addition to transportability, this facility offers a degree of
coding convenience (and consequent ease of modification) that alone
justifies its use.
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CAVEAT

The XPORT structure-definition facility
cannot solve all transportability
problems. Particularly, it cannot of
itself solve the kind of
transportability problem that 1is often
encountered when transporting a program
between a 32- or 36-bit system on one
hand and a 16-bit system on the other,
caused by the 1large discrepancy in
BLISS-value size between those two
system groups. Section 2.4 discusses
such transportability problem areas in
some detail,

2.1.3 Simple Example

The following example of a fairly simple block structure called XCB
(for Xample Control Block), gives the general flavor of the XPORT
structure-definition facility:

SFIELD
XCB_FIELDS =

SET
XCB_1 = [$ADDRESS],
XCB_2 = [$TINY INTEGER],
XCB_3 = [$BYTET,
XCB_4 = [$SHORT_INTEGER],
XCB 5 = [$SPOINTER]
TES ;

LITERAL

XCB_SIZE = $FIELD SET SIZE ;

OWN
XCB_ALPHA : BLOCK[XCB_SIZE] FIELD(XCB_FIELDS) ;

If the XPORT data-structure macros were not used, the following sets
of equivalent, system-specific declarations would be required for each
BLISS dialect:



FOR BLISS-16 =>
FIELD

OWN

XCB_FIELDS
SET
XCB 1
XCB_ 2
XCB_3
XCB 4
XCB5
TES ;

XCB_ALPHA

FOR BLISS-32 =>

FIELD

OWN

XCB_FIELDS
SET
XCB 1
XCB_ 2
XCB_ 3
XCB_ 4
XCB 5
TES ;

XCB_ALPHA

FOR BLISS-36 =>

FIELD

OWN

XCB_FIELDS
SET
XCB_1
XCB_ 2
XCB_3
XCB_4
XCB 5
TES ;

XCB_ALPHA

Transportable Data Structures
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(0,0,16,0],
[110'8711’
(1,8,8,0],
[(2,0,16,11],
[3,0,16,0]

BLOCK[4] FIELD(XCB_FIELDS)

[0,0,32,0],
[1101871]'
(1,8,8,0],
f1,16,16,1]
{2,0,32,0]

BLOCK[3] FIELD(XCB_FIELDS)

(0,0,18,07],
(0,18,9,1],
(0,27,9,0],
(1,0,18,17],
(2,0,36,0]

BLOCK[3] FIELD(XCB_FIELDS)

r

’

’

r
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2.1.4 Terminology

The coined term "fullword" stands for "word" on the PDP-11, for
"longword" on the VAX-11, and for "word" on the DEC-10/20 systems, and
corresponds to the size of a BLISS value on all target systems.

The BLISS predefined 1literal name $BPVAL 1is wused in subsequent
descriptions to denote the number of bits in a fullword (i.e., bits
per BLISS value) for any target system. That is, %BPVAL implies the
value 16, 32, or 36 for BLISS-16, BLISS-32, or BLISS-36 respectively.

The BLISS predefined 1literal name $%UPVAL 1is wused in subsequent
descriptions to denote the number of addressable units in a fullword
(i.e., units per BLISS value) for any target system. That is, $%UPVAL
implies™ the wvalue 2, 4, or 1 for BLISS-16, BLISS-32, or BLISS-36
respectively.

Also, the abbreviation "DEC-10/20" is used to stand for "DECsystem—10
or DECSYSTEM-20". It denotes the entire 36-bit family of target
systems.

2.2 S$FIELD DECLARATION AND $FIELD SET SIZE

The XPORT SFIELD declaration is used in place of the BLISS FIELD
declaration to define the structure-reference actuals for fields of a
BLOCK structure. The SFIELD SET SIZE feature is used to calculate the
size of a block defined via S$SFIELD.

2.2.1 S$FIELD Declaration
The general form of a $FIELD declaration is:
SFIELD field-set-name =
SET
field-name-1

field-name-2

[field-typel,
[field—-typel,

non

field-name-n
TES;

[field-type]
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where field-set-name and field-name-i are user-chosen names, as 1in a
FIELD declaration

field-type is one of the (macro) names defined in the following
two subsections.

The XPORT $FIELD declaration is used in much the same way as the

standard FIELD declaration. The major differences are summarized
below.

o A field-type name must be used instead of the conventional
list of numeric wvalues in each field-definition. The
field-type names are actually macro calls (as is the
'keyword' SFIELD itself).

o The S$SFIELD keyword indicates the beginning of a new
block-structure description (the macro call generates
counter—initializing code as well as a "FIELD" lexeme). This
implies that, in normal usage, each $FIELD declaration will
contain exactly one field-set-definition.

o The ordering of the individual field-definitions within the
declaration 1is significant. That is, the order in which the
fields are specified determines the physical ordering of the
corresponding block components. Fields are packed as densely
as possible, and thus several fields may be allocated within
one fullword.

o The $ALIGN feature can be used preceding a field-definition
to force a non-default boundary alignment for that field.
The use of $ALIGN is described in Section 2.3.1.

o The $OVERLAY and S$CONTINUE features can be used within the

declaration to create overlapping field-definitions; the use
of these features is described in Section 2.3.1.

2.2.2 Transportable Field-Types

The following field-types can be used with any BLISS compiler:

Field Type Definition
SBIT Single bit field
S$BITS (n) Specified number of bits - transportability

limited if n>16 (see Section 2.4.1)
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SBYTE

$BYTES (n)

SINTEGER

$TINY INTEGER
$SHORT_ INTEGER

$LONG_INTEGER
$SADDRESS

SPOINTER

$SUB_BLOCK (len)

Unsigned field: eight bits on a PDP-11 or
VAX-11; nine bits on a DEC-10/20

Unsigned field: specified number of bytes -
transportability limited if n>2 (see Section
2.4.1). Not to be used for character strings;
see Section 2.4.3.

Signed fullword integer (two bytes on a PDP-11,
four bytes on a VAX-11] or a DEC-10/20)

Signed one-byte integer
Signed two-byte integer

Signed four-byte integer - transportability
limited for PDP-11 (see Section 2.4.1)

Address of a memory location (fullword on a
PDP-11 or VAX-11, two bytes on a DEC-10/20)

Pointer to a character position in memory (a
fullword on all target systems; to be used with
CHSPTR)

Fullword-aligned beginning of a substructure
within the current structure, where the length
len is specified in fullwords. (The resulting
field description may have a zero length.) See
Section 2.2.4.2 for usage guidelines.

$DESCRIPTOR (class)

$REF_DESCRIPTOR

$STRING (n)

Fullword aligned, standard character-string or
binary-data descriptor sub-block, the length of
which varies according to the class of
descriptor requested. The class may be FIXED,
BOUNDED, DYNAMIC, DYNAMIC BOUNDED, or UNDEFINED.
See Section 2.2.4.3 for usage guidelines.
Descriptors in general are discussed in Chapter
6.

Address of a character-string or binary-data
descriptor (see Section 2.2.4.4)

Specified number of ASCII character positions,
i.e., a character-position sequence (eight bits
per character for PDP-11 or VAX-11, seven bits
per character for DEC-10/20), addressable-unit
aligned. See Section 2.2.4.5 for usage
guidelines.
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2.2.3 Nontransportable Field-Types

An additional nontransportable field-type, BLISS-36 only, is provided
for the sake of completeness:

Field Type Definition

$SIXBIT (n) Specified number of 6-bit characters, where n
must be a multiple of three (DEC-10/20 only)

2.2.4 Guidelines for Individual Field-Types

The use of the bit, byte, and integer form of XPORT field-type |is
straightforward and does not require further discussion, except under
the heading of "Transportability Concerns" (Section 2.4). The proper
use of SADDRESS, S$SPOINTER, $SUB_BLOCK, S$SDESCRIPTOR, $REF_PESCRIPTOR,
and S$STRING, however, may not be completely obvious. These
field-types are discussed individually below.

2.2.4.1 SADDRESS vs. $SPOINTER Usage

On the PDP-11 and VAX-11, the S$ADDRESS and S$POINTER field-types
produce the same size field, a fullword in each case. In the
DEC-10/20 environment (without extended addressing), however, these
two field-types produce quite different-sized fields: 18 bits vs. 36
bits respectively. It is important to understand the distinction
between these two related types of field, and their intended usage.

An address is simply the storage address of a binary data item or
structure. A pointer 1is a 'character address' that designates a
position in a BLISS character-position sequence, as interpreted by the
BLISS character-handling (CH$Sxxxx) functions. For example, a pointer
to the nth character of a character string beginning at a known
address can be calculated wusing the BLISS CH$PTR function. Thus,

"pointer" denotes a specialized, transportable kind of address value
for string data.

In a 36-bit environment without extended addressing, an address can be
represented by only 18 bits (half a BLISS fullword), but a pointer
requires 36 bits (an entire BLISS fullword). 1In a 1l6-bit or 32-bit
environment, an address and a pointer have the same internal
representation, each requiring an entire BLISS fullword.



2.2.4.2

Transportable Data Structures
SFIELD DECLARATION AND SFIELD SET SIZE

Coding the S$SSUB_BLOCK Field-Type

The intended purpose of the $SUB BLOCK field-type is to signify the

beginning of a related group of fields within a block structure. This
field-type can be used in one of two ways:

1.

As a "placeholder" only. In the form $SUB BLOCK() or
$SUB_BLOCK(0), it identifies a specific point in a block but
reserves no space. When wused in this form, the next
field-definition defines a field beginning at the same point
as that identified by the "name = [$SUB BLOCK()]" definition.
(Fullword alignment is implicit for this field-type.) For
example, consider the following $FIELD-declaration fragment:

SET

STATUS CELLS [SSUB BLOCK()],

COMP_CODE = [$BYTE],
RETRY_STATUS = [SBITS(3)1],
UPDATE_STATUS = [$BIT],

TES;

In the block structure defined by this declaration, the field
COMPL_CODE begins at the fullword also identified by the
field-name STATUS_CELLS. The implicit fullword alignment for
field-name STATUS CELLS ensures that that the positions
identified by these two names will in fact coincide, on any
system and no matter what definitions precede the ones shown.

A field description generated by $SUB BLOCK() always has a
size-value of zero, and thus can only be used in a context
that does not specify or imply indirection, that is, in a
non-fetch/non-store context.

As a "spaceholder". 1In the form $SUB BLOCK(len), where 1len
is the 1length of the sub-block 71In addressable units, 1t
identifies a specific point in a block and reserves a
specified amount of space. When used in this form, the next
field-definition defines a field that begins immediately
following the sub-block being defined. Consider the
following coding fragment:
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SET

INPUT IOB = [$SUB_BLOCK(IOBSK_LENGTH)],
OUTPUT IOB = [$SUB_BLOCK(IOBSK LENGTH)],
TEMP_IOB = [$SUB_BLOCK(IOB$K LENGTH)],

SERVICE _CODE = [$BYTE],

TES;

In this example three separate sub-blocks, each
'IOBSK_LENGTH' units long, are defined 1in sequence. The
SERVICE _CODE field follows the sub-block TEMP_IOB.

A field description generated by $SUB BLOCK(n) where n is
either 0 or greater than %UPVAL has a size-value of zero, and
can only be used in an address (i.e., non-—-fetch, non-store)
context.

The field-positioning features $OVERLAY and SCONTINUE are
often used in combination with this field-type, to define
individual fields within the sub-block. The wuse of these
features is shown in a later example (Section 2.3.1.2).

2.2.4.3 Coding the $DESCRIPTOR Field-Type

The purpose of the specialized $DESCRIPTOR(class) field-type 1is to
define the beginning and extent of a standard XPORT sub-block, called
a descriptor, within a larger block structure. The size of this sub-
block varies according to the <class of descriptor specified; the
class keywords are FIXED, BOUNDED, DYNAMIC, DYNAMIC_BOUNDED, and
UNDEFINED. Section 6.1 of this manual describes the properties of the
different classes, as well as descriptor usage in general.

The $DESCRIPTOR field-type is actually equivalent to the "spaceholder"
form of $SUB_BLOCK, that is, to $SUB_BLOCK(len) where the value of len
is implied by a class keyword. As for $SUB_BLOCK, fullword alignment
is implicit. Also, the field description generated by S$DESCRIPTOR
always has a size-value of zero, and can only be used in an address
context. The default class is FIXED for a field definition of the
form $DESCRIPTOR() .

The field-positioning features SOVERLAY and $CONTINUE can be used in
combination with this field-type, to define individual fields within
the descriptor. The use of these positioning features is shown in a
later example (Section 2.3.1.2).
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The various string and binary-data descriptors included within the
XPORT I/0 control block (IOB), described in Section 3.4 and Appendix
B, provide an actual instance of descriptors used as sub-structures
(as opposed to independent block structures).

2.2.4.4 Coding the SREF_DESCRIPTOR Field-type

The purpose of the specialized SREF_DESCRIPTOR field-type is to define
a field that 1is the address of either a character-string or binary-
data descriptor. (See Chapters 6 and 7 for deneral information on
descriptors.) For the purposes of field declaration, the
$REF_DESCRIPTOR field-type is equivalent to $ADDRESS.

Use of the $REF_DESCRIPTOR field-type has two benefits, however: (1)
the field declaration 1in which it is used is more self-documenting,
and (2) the XDUMP utility can provide a more symbolic field display

during program debugging. (See Appendix G for a description of
XDUMP.)

2.2.4.5 Coding the $STRING Field-Type

The $STRING (n) field-type reserves space for an ASCII
character-position sequence of 1length n. Each character position
occupies eight bits on the PDP-11 or seven bits on the DEC-10/20. The
BLISS character-handling (CHS$xxxx) functions, described in Chapter 20
of the BLISS Language Guide, are specifically designed to access and
manipulate such sequences in a completely transportable fashion. For
example, a pointer to the beginning (first character position of) a
transportable string field defined as, e.qg.,

STRING BUFFER = [$STRING(80)]

should be constructed with the function CH$PTR (address), for example,
CHSPTR ( IOBLOCK[STRING_BUFFER] ).

The field description generated by a S$STRING(n) definition has a zero
size wvalue if n specifies a character-position sequence whose length
exceeds %BPVAL bits (or if n is 0). In usual practice, however, this
is of no consequence because the field-name is only used to generate a
character-position pointer as described above. A SSTRING field is
aligned to the nearest (higher order) addressable-unit boundary: A
byte boundary for the PDP-11 or VAX-11l, or a word boundary for the
DEC-10/20. (This ensures that the field-reference implied by the
field name is usable as a primary expression, i.e., as an address
value.)
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2.2.5 SFIELD SET_SIZE Usage

The SFIELD SET SIZE feature calculates the length, in fullwords, of a
block defined with the S$FIELD declaration. You would ordinarily use
this feature in a LITERAL declaration following a $FIELD declaration,
to obtain the number of fullwords needed to accomodate the fields
defined in that declaration. (The wusual placement 1is immediately
following the S$FIELD declaration, since SFIELD_SET SIZE implicitly
refers to the last such declaration.) For example: -

$SFIELD
field-set-name =
SET

TES;
LITERAL literal-name = S$FIELD SET SIZE;

The example given at the beginning of this chapter amply illustrates
the use of this feature and its transportability aspects. As
demonstrated by that example, SFIELD SET_SIZE produces the exact

number of fullwords needed to allocate a BLOCK structure.

2.3 SUPPLEMENTARY FEATURES

The supplementary features of the XPORT structure-definition facility
are described below under several different functional categories.
Like the rest of the structure-definition facilities, these features
are implemented as macro calls.

2.3.1 Field-Positioning Features

The field-positioning features -- $ALIGN, $OVERLAY, and SCONTINUE --
are used within the S$FIELD declaration and allow you to alter the
default positioning of a field within a structure.

By default, the only boundary alignment performed by the SFIELD
declaration is the minimum required by the respective machine
architectures. For example, the PDP-11 and DEC-10/20 systems cannot
fetch from or store into a field that spans a fullword boundary.
Therefore, for those systems S$FIELD provides fullword alignment for
such fields that would otherwise cross that boundary. On the VAX-11,
however, no such restriction exists and no boundary alignment is
performed for a fetchable field (i.e., any field of up to %BPVAL bits
in length).
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2.3.1.1 SALIGN Usage

The SALIGN (mode) feature forces a specified mode of alignment for the
immediately following field-definition. The alignment modes are BYTE,
WORD, UNIT, and FULLWORD. S$SALIGN (xxx) causes the subsequently defined
field to begin at the next xxx-type boundary point assuming that it is
not already at such a boundary by default. The precise meaning of the
mode keywords are as follows:

o BYTE indicates alignment to the next (8-bit) byte boundary for
a PDP-11 or VAX-11l; or to the next 9-bit byte position on a

DEC-10/20 system, that is, to the next bit that is a multiple
of 9.

o WORD indicates alignment to the next even-numbered byte
boundary £for a PDP-11 or VAX-1ll; or to the next fullword or

halfword boundary for a DEC-10/20 system, whichever is
encountered first.

o UNIT indicates alignment to the next addressable-unit: to a
byte boundary on a PDP-11 or VAX-1l, or to a word boundary on
a DEC-10/20.

o FULLWORD indicates alignment to the next fullword boundary on
any system.

For example:

$FIELD
FIELDSET A =
SET B
FIELD_Al = [$SHORT INTEGER],
FIELD A2 = [$BYTE],
$ALIGN (FULLWORD)
FIELD A3 = [$SADDRESS],

TES;

The use of SALIGN here ensures that field FIELD A3 will fall on a
fullword boundary on any system. It also ensures that this alignment
is insensitive to any changes that may be made to preceding field
definitions. (See Section 2.4 on efficiency considerations.)
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2.3.1.2 SOVERLAY and SCONTINUE Usage

The SOVERLAY(field) feature causes the next field to begin at the same
point in the structure as the named field, which itself must be
defined by a preceding field-definition. Essentially it allows you to
create alternate definitions for a portion of a structure.

The $CONTINUE feature is used after a SOVERLAY and, as 1its name
implies, allows you to end a sequence of overlapping definitions and
continue defining fields at the "end" of the structure. That 1is, it
causes the field defined subsequent to it to start at a point
following the highest-order position already occupied by any
previously defined field.

Consider the following coding fragment:

STATUS = [$BITS(16)1,
SOVERLAY (STATUS)

INITIAL = [$BIT],

OPEN = [$SBITI],

ERROR = [$BIT],

EOF = [$BIT],
SCONTINUE

NEXTFIELD = [$INTEGER],

In this example, the INITIAL, OPEN, ERROR, and EOF bit fields all
overlap the 16-bit field named STATUS, while NEXTFIELD starts beyond
the STATUS field, or indeed beyond the furthermost field yet defined.
The STATUS field has 12 high-order bits that, presumably, are reserved
for future use.

2.3.2 Literal-Defining Features

The literal-defining features SLITERAL and $DISTINCT are wused in
conjunction with (but outside of) a $FIELD declaration. They allow
you to define a sequence of literal values in a convenient and easily
maintainable fashion.
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2.3.2.1 S$LITERAL and $DISTINCT Usage

These two features are used together to generate members of the
integer set 1,2,3,4,... and assign them in ascending order to literal
names. This is useful, for example, for defining an arbitrary but
dense set of status-code values and assigning names to those values.

The SLITERAL 'keyword' essentially provides a modified form of the
BLISS LITERAL declaration, in which the $DISTINCT feature may be used.
The general form of this declaration is:

SLITERAL
literal-name-1 = SDISTINCT,
literal-name-2 = $DISTINCT,
literal-name-3 = $DISTINCT,
literal-name-4 = S$DISTINCT,

literal-name-n = $DISTINCT;

SLITERAL initializes an internal "value counter" to 0; SDISTINCT
bumps that counter by 1. Thus the literal names are given the values
1 through n in the order of their declaration.

Although this feature has no specific transportability aspect, it is a
coding convenience that particularly facilitates the modification or
maintenance task when such a set of literals needs to be altered.

2.3.3 Value-Display Feature

The $SHOW feature allows the numeric values generated by the XPORT
$<field-type>, S$FIELD SET SIZE, and $DISTINCT macros to be displayed
in the program immediately following each macro call. It also allows
the supression of any informational-level messages (prefixed $%INFORM)
concerning S$FIELD usage. -

2.3.3.1 $SHOW Usage

SSHOW is used anywhere in a module to enable or disable the display of
subsequent XPORT-generated field definitions, 1literal values, and
informational messages related to S$FIELD usage. The general form of
the $SHOW macro is

SSHOW ( display-keyword ,... )
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where the display-keywords are:

FIELDS or NOFIELDS - Display/don't display field
definitions

LITERALS or NOLITERALS - Display/don't display literal values

INFO or NOINFO - Give/suppress informational messages
concerning field definitions

ALL - Display both definitions and values,
and give informational messages

NONE - Don't display any definitions, and

suppress informational messages.

The initial (default) S$SSHOW options are NOFIELDS, NOLITERALS, and
INFO.

An example of the S$SSHOW macro is
$SHOW( FIELDS, NOLITERALS )

which would cause the actual field-definition values generated by any
subsequent $FIELD declaration to appear in the source listing. The
values are displayed immediately following the source line to which
they correspond. (Any SFIELD-related informational messages would be
reported by default, assuming no prior setting of NOINFO.)

2.3.4 Subfield Referencing Feature

(Note to readers: If this manual were organized according to levels
of difficulty, the following material would be presented under
"pdvanced Features". Therefore, if the material in this section seems
obscure to vyou, it is likely that you have not yet experienced the
need for a subfield-referencing capability.)

The $SUB_FIELD feature provides a convenient and clear means of
referring to a subfield; that is, to a field within a substructure.
This feature can be used instead of, or in addition to, methods of
subfield referencing involving BIND declarations ~or the wuse of
general-structure-references.

The need for a subfield-referencing mechanism arises when a data
structure is defined in a composite fashion, using separate "building
blocks", as shown in the subsequent example. The building blocks can
be either explicit SFIELD declarations or can be implicit (predefined)
XPORT descriptor structures; see the $DESCRIPTOR field-type and
Section 6.1.
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The following declarations provide a context for discussion and
examples of subfield referencing. The XCB structure definition given
in Section 2.1.3 is referred to in the first declaration, and forms a
part of the context.

$FIELD
COMPOSITE_BLOCK =

SET
X_CHAIN = [$ADDRESS],
X_CONTROL = [$SUB_BLOCK(XCB SIZE)],
X_NAME = [$DESCRIPTOR (FIXED)],
X_BUFFER = [$DESCRIPTOR (BOUNDED) ]
TES;

LITERAL COMP_BLK_SIZE = $FIELD SET SIZE;

OWN

X_PROCESS : BLOCK[COMP BLK SIZE] FIELD(COMPOSITE BLOCK);
GLOBAL o

X_REPORT : BLOCK[COMP_BLK SIZE] FIELD (COMPOSITE BLOCK);

The structure described by the COMPOSITE BLOCK field-set consists of a
single address field and three sub-blocks. The format and size of
each of the sub-blocks are defined at some point prior to this code
fragment (see Section 2.1.3 and Appendix B.2).

Note carefully at this point that, given the preceding declarations,
the ordinary-structure-references

X_PROCESS [XCB 1]
and

X_PROCESS[STRSH_LENGTH]

would be incorrect because the subfield names are not defined relative
to the origin of the entire block.

2.3.4.1 Subfield Referencing Using a BIND Declaration

To facilitate references to X_CONTROL subfields within the X PROCESS
block, for example, you could write the declaration

BIND
PROCESS_CTL = X PROCESS [XCONTROL]: BLOCKI[] FIELD (XCB_FIELDS);
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Then, within the scope of this declaration, you would be able to use
the following fetch expression:

.PROCESS CTL[XCB_1]

(The subfields XCB 2, XCB_3, etc., could also be referred to in the
same way, of course.)

Similar references to X CONTROL subfields of the X REPORT block would,
however, require an additional BIND declaration, as would references
to X NAME or X BUFFER subfields of either block. For example,
ordinary-structure-references to X BUFFER subfields of the X REPORT
block would require a governing declaration of the form

BIND
REPORT BUF = X REPORT[X_BUFFER]: $STR_DESCRIPTOR() ;

where $STR DESCRIPTOR() is an XPORT macro, described in Chapter 6,
that provides a structure-attribute and field-attribute for standard
XPORT string descriptors. Within the scope of this BIND declaration,
you would be able to use expressions such as

.REPORT BUF [STR$H_LENGTH]

2.3.4.2 Subfield References Using General Structure References

Sub- field references equivalent to those shown above can be achieved
using a general-structure-reference, as shown in the following
parallel examples of fetch expressions:

.BLOCK[X PROCESS[X CONTROL],XCB_1]
.BLOCK[X_REPORT[X_BUFFER],STR$H_LENGTH]

These expressions are more verbose than their equivalents in the
preceding subsection, but have the advantage of not requiring the BIND
declarations when only one or two references to each substructure are
to be made. The syntax of a general-structure-reference does,

however, leave something to be desired in the way of <clarity and
simplicity.



Transportable Data Structures
SUPPLEMENTARY FEATURES

2.3.4.3 sSubfield References Using $SUB_FIELD

The $SSUB_FIELD feature offers the same advantage as the general-
structure-reference for subfield references, and in addition provides

clarity of intent and a simpler syntax. The general form of a
$SUB_FIELD reference is

$SUB_FIELD( substructure-name, field-name )

where the definition of <field-name> and the definition of
<{substructure-name> occur in different $FIELD declarations.

The following fetch expressions, using $SUB_FIELD, are equivalent to
the fetch expressions given in the preceding two subsections:

- X_PROCESS [$SUB_FIELD (X_CONTROL,XCB_1)]

-X_REPORT [$SUB_FIELD (X_BUFFER, STR$H_LENGTH) ]

2.3.4.4 Using $SUB_FIELD with $OVERLAY

When a particular subfield of a structure will be referred to
frequently, it is common practice to provide an explicit definition of
that subfield within the overall structure definition. The following
alternative definition of the COMPOSITE BLOCK structure demonstrates

the use of SSUB_FIELD with $OVERLAY in order to declare an "explicit
subfield":

$FIELD
COMPOSITE BLOCK =
SET
X_CHAIN = [$ADDRESS],
X_CONTROL = [$S5UB_BLOCK(XCB SIZE)],
X_NAME = [SDESCRIPTOR(FIXED)],
X_BUFFER = [$DESCRIPTOR (BOUNDED)],

SOVERLAY( $SUB_FIELD (X_BUFFER,STR$H MAXLEN) )
X _MAX BUFF SIZE = [$BYTES (2)]
~  S$CONTINUE
TES;

Thus the following two references to the subfield in question would be
equivalent:

.X_PROCESS[X_MAX BUFF SIZE]

.X_PROCESS[$SUB_FIELD(X_BUFFER,STR$H_MAXLEN)]
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2.4 TRANSPORTABILITY CONCERNS

Two related problem areas cause most of the transportability concerns
that arise in connection with XPORT data structures: field size, and
integer value range. Another, lesser problem is the possible
confusion of $BYTES(n) with $STRING(n) as a means of transportably
defining a character-string field. These potential problem areas are
discussed individually below.

2.4.1 Field Size

Several of the XPORT field-types can cause a transportability problem
with respect to field size (assuming that the field being defined is
to be fetched from or stored into). The problem stems from the fact
that a fetchable/storable field cannot exceed a fullword (%BPVAL bits)
in length on any system. The problematic field-types are:

1. SLONG INTEGER. This field-type is not fully transportable to
the PDP-11, since no more than two bytes can be
fetched/stored on that system. If compiled for that system,
it will reserve four bytes 1in the data structure but the
corresponding field description will have a zero size wvalue
and will be useful in an address context only. (Note here
that the field-type SINTEGER will produce the exact same
effect as $LONG INTEGER on the VAX-11l and DEC-10/20, and is
fully transportable to the PDP-11 —--— albeit with a radical
reduction in integer value range, as discussed below.)

2. SBITS(n). If the value of n exceeds 16, this field type is
not fully transportable across all target systems, for the
reasons given under item (1) above. (This field-type,
however, is often used as a "spaceholder" for a collection of
bits that is not typically fetched or stored as a whole.)

3, SBYTES(n). If the value of n exceeds 2, this field-type 1is
not fully transportable across all target systems, for the
reasons given under item (1) above.

Observe that we have not included either $SUB_BLOCK or $STRING in the
above list, on the assumption that fields defined with these
field-types are typically longer than a fullword and are 'pointed to'
in some fashion rather than accessed directly. If, however, $STRING
were used (e.g.) to define a character-string field that was to be
fetched directly, anything over two character positions would not be
fully transportable.
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In all cases, if a longer—-than-fullword field is generated by a field-
type other than $SUB BLOCK or $STRING, it is the user's responsibility
to align it to an addressable boundary (with SALIGN (UNIT)) if its
address is to be used.

2.4.2 Integer Value Range

Transportation of programs between the two larger BLISS target-system
families (i.e., VAX-1l1l and DEC-10/20) does not usually present a
problem with regard to range of integer values, since each system
accomodates a fullword value of the same order of magnitude. However,
unless considerable care is taken at the design stage, the ©potential
problems involved in moving a program from a system with 32 or 36 bits
per value to a system with only 16 bits can be very troublesome
indeed. The discrepancy between the maximum values that can be
handled is enormous. For example, $SINTEGER defines a field on the
VAX-11 or the DEC-10/20 that can accomodate a value in excess of two
billion or 34 billion respectively. On the PDP-11, however, the
maximum (positive) value that a SINTEGER field can hold is 32,767.

Obviously, this problem can only be resolved by a design that ensures
that no calculated value need exceed the value limit of the smallest
system to which the program is to be transported.

2.4.3 Use of $BYTES for Character Strings

The $BYTES field-type is not intended for the transportable definition
of character-string fields. Although it will serve the purpose on the
PDP-11 and VAX-11l, where each ASCII character ©position occupies an
8-bit byte, on the DEC-10/20 it will define a sequence of 9-bit bytes
whereas a sequence of 7-bit character positions is required.

The BLISS transportable character-handling functions assume a 7-bit
character size on the DEC-10/20. The $STRING field-type is intended
expressly for this purpose. It provides the correct space allocation
in each case, and also provides automatic alignment of the field to an
addressable-unit boundary, which is required in order that the field's
address may be passed (or otherwise used as an address).
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2.5 EFFICIENCY CONCERNS

On some systems, a certain amount of speed advantage can be gained
from having fields begin on a major addressable boundary. The $ALIGN
feature allows you to request this alignment. By default XPORT
produces maximally packed fields, on the assumption that space
efficiency will more often be desired.

As a case in point, the VAX-11 system allow fetchable/storable fields
to cross fullword boundaries, and therefore XPORT will begin most
fields (addresses, integers, byte sequences) at any point in a VAX
longword. As an extreme example, an address field may begin at bit 31
of a given word and extend through bit 30 of the following word. A
considerable amount of efficiency would be gained (assuming, of
course, that the address value is used with some frequency) if the
field began on a fullword boundary. In general it can be said that,
on the byte-oriented architectures, a field that corresponds to a
standard allocation wunit (BYTE, WORD, LONG) should, for maximum
efficiency, start on an address boundary that is ‘'natural' for its
size. On a PDP-11 system this alignment of fields tends to occur
"automatically" in XPORT data structures as a result of the PDP-11
field-reference restrictions (discussed above). On the VAX-1ll however
this alignment is the user's responsibility.

Another potential candidate for alignment consideration is a two-byte
(18-bit) field on a DEC-10/20, which can be very efficiently accessed
from either a word or half-word boundary. By default XPORT will align
such a field to a fullword boundary only if it would otherwise span a
fullword boundary. Judicious use of the BYTE option of S$ALIGN can
achieve the desired positioning in this case.

On the whole, however, the real probability of significant speed gains
can only be determined by a study of the target-system architectures
in relation to the program's use of the fields in question.
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CHAPTER 3

INPUT/OUTPUT FACILITIES

This chapter describes the input/output-related portions of the XPORT
Programming Tools Facility. The description given here is intended to
present concepts rather than give complete details in all cases.
Appendix A contains complete, detailed descriptions of all XPORT macro
calls in a form designed for concise reference.

3.1 INTRODUCTION

The BLISS language does not provide built-in I/0 capabilities. Among
other services, the XPORT facility provides easy-to-use, transportable
input/output support, via macro calls, for application programs that
do not have particularly stringent or sophisticated I/O requirements.

XPORT I/0 is a system-independent service package that supports
sequential I/0 operations in record, character-stream, and binary
mode, and provides basic file-level functions. The file-level
functions include, for example, file deletion and renaming as well as
opening and closing.

The XPORT I/0 facility actually consists of a separate
source-and-object package for each target operating system and file
system. However, the source-program interface to each of these
packages is identical, and the results are equivalent. Thus the I/0
support provided is fully transportable except where clearly noted.
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3.1.1 General Characteristics

The program interface is implemented as a set of BLISS keyword-macros,
of the form $XPO_xxxx(...). For example, $XPO_PUT is the name of the
write operation; ~a typical call for writing out the content of a
character-string buffer might look as follows:

$XPO_PUT ( IOB = output_ file ,
STRING = ( .char_ count, .line_pointer ) ) ;

where the lowercase names are user-defined.

Central to the operation of the I/0O macros is the I/0 control block,
or 1IO0B. The IOB is a standard BLISS block structure, for which an
extensive set of field names is defined. As will be shown, the IOB
fields can be accessed either by standard structure-references or, in
many cases, by means of macro keywords. The IOB field names are of
the form TIOB$X XXXX; for example, IOBST STRING names a string
descriptor sub-block of the IOB. (See Section 2.2.3 concerning sub-
blocks.) The corresponding macro keywords are similar to the xxxx
portion of the field names, e.g., STRING.

Each system-dependent implementation of XPORT consists essentially of
two parts: a set of BLISS declarations (macro, literal, and field),
and a set of object-time service routines. The source declarations,
many of which define routine calls, are obtained from the XPORT
library file for the target system, which must be named in a LIBRARY
declaration in your source program. An example of such a declaration
is

LIBRARY 'BLI: XPORT'
The relevant service routines are linked with your object program. An
example of an appropriate command to perform such linking in the
VAX/VMS environment is

$ LINK user-module—-name, SYSSLIBRARY:XPORT/LIBRARY
(Appendix F gives additional examples for other target systems.)
The names of the required source-and object-time files for each target

system are given 1in Appendix F, along with suggested methods of
referring to those files in a transportable manner.
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3.1.2 Specific Functions

XPORT I/0 comprises the following I/0 and file-manipulation functions:

OPEN prepares an existing file for reading (input), or
pPrepares either a new or existing file for writing
(output) .

CLOSE terminates the processing of an input or output file,
flushing any I/0 buffers as necessary.

GET returns the address and length of <character or binary
data read from an opened input file. Logical
concatenation of several input files can be automatically
performed when an intermediate end-of-file is reached.

PUT writes character or binary data to an opened output file.
DELETE deletes an existing file.
RENAME changes the name of an existing file.

BACKUP provides a mechanism for preserving a copy of an input
file when a program creates a new version of that file
(typically used by editor-type applications).

PARSE parses a file specification into its component parts.

Each of these functions is represented by a macro name; for example
$XPO_RENAME. There are also several other related macros, for
creating and initializing various XPORT control blocks.

3.2 CAPABILITIES

XPORT I/0 provides sequential input and output for standard 1I/0
devices on the wuser's target system. In addition, a number of
file-level operations are available for named files. The specific
capabilities are discussed below.

3.2.1 File Level Capabilities

XPORT allows the user to delete, rename, and 'backup’' named files, as
well as to open and close files (and devices) for input/output. While
the general result of a file delete or rename operation should be
reasonably familiar and not in need of further elaboration, the XPORT
open, close, and backup operations require some further discussion.
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3.2.1.1 OPEN

The open operation incorporates a feature called file-specification
resolution which 1is somewhat wunusual in a high-level language
facility. This feature is essentially a file-specification defaulting
mechanism. It allows the end user, for example, to give an incomplete
file specification which, at open time, is automatically combined with
program- and system-supplied default components to make up a full file
specification. File-specification resolution is discussed in detail
in Section 3.6.1. (DELETE and RENAME also perform file-specification
resolution when necessary.)

3.2.1.2 CLOSE

The close operation provides a REMEMBER option that preserves the
file-attribute information 1in the <corresponding IOB for subsequent
operations: reopening, deletion, renaming, or backup. When the
REMEMBER option is used, any subsequent operations which would
ordinarily perform file-specification resolution do not do so, but
take the already resolved (and 'remembered') file specification from
the IOB. When a file is closed without the REMEMBER option, all
fields of the corresponding IOB are reinitialized.

3.2.1.3 BACKUP

The backup operation is intended for applications that produce an
output file that is, in some sense, an "upgraded" version of the input
file; typically an editor-type application. The presumption upon
which the operation 1is based is that the output, or new, file is to
take the name of the input, or old, file, but also that the new file
is to be "backed up" by the old file for safety's sake (e.g., for
recovery purposes). For example, the BLISS <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>