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PREFACE

This document presents the functional design of the HAL/SM
programming system. The HAL/SM programming language is defined
in the "HAL/SM Language Specification, " and the requirements for the
programming system to be used as a guideline for this design are
described in the "HAL/SM System Software Requirements Specification."

Prepared by:

C. Ross
G. P. W. Williams, Jr.

Project Manager:

J. Pruitt

]

Approved by:







Section

TABLE OF CONTENTS

LIST OF FIGURES
LIST OF ACRONYMS

1.

2,

3.

4,

INTRODUCTION

PREPROCESSOR

2.1 Input System

2.2 Cutput System

2.3 Semantic Routines
HAILLINK

RUN TIME LIBRARY

APPENDIX HAL/SM Working Grammar

REFERENCES

iii
iv

12

17

23

51

67



(BLANK)

ii



LIST OF FIGURES

Figure No, Title

2-1 HAL/SM Preprocessor Data Flow

2-2 HAL/SM Preprocessor Structure Chart

2-3 HAL/SM Input System Data Flow

2-4 HAL/SM Input System Structure Chart

2-5 HAL/SM Output System Data Flow

2-6 HAL/SM Output System. Structure Chart

2-7 HAL/SM Semantic Routines Data Flow

2-8 .HAL/SM Semantic Routines Structure Chart

341 HALLINK Data Flow _

3-2 HALLINK Structure Chart

3-3 HALLKED Data Flow

3-4 HALLKED Structure Chart

4-1 RTL I/O and Error Systems Structure Chart

4-2 RTL Initialization, Error, and Real Time Systems
Structure Chart

4-3 RTL Real Time System Structure Chart

4-4 RTL Real Time System Data Flow

4-5 RTL Control and Display System Data Flow

4.6 RTL 1/0 System Data Flow

4-7 RTL Error and Real Time System Data Flow

FRECEDING PAGE BLANK NOT Frampy

iii



LIST OF ACRONYMS

CVT Concept Vérification Test

ERP External Reference Point

1/0 Input/Output

MOSS Modular Operating System for SUMC

PAF Program Access File

RTL ‘ Run Time Library

SUMC-S Space Ultrareliable Modular Computer - Simplex

8VC ' © SBupervisor Call

-iva-



1. INTRODUCTION

This document describes the functional design of the HAL/SM
programming system (a version of the HAL programming language specifi-
cally adapted for use in the Concept Verification Test (CVT) environment
on the Space Ultrareliable Modular Computer Simplex (SUMC-S) under
the Modular Operating System for the SUMC (MOSS)}). The HAL/SM pro-
gramming language is defined in the HAL/SM Language Specification
{(Reference 1), and the HAL/SM system implementation requirements are
defined in the HAL/SM System Software Requirements Specification
(Reference 2); familiarity with both documents shall be assumed herein.

As described in Reference 2, the major subsystems of the HAL/SM
system and their functions shall be as follows:

o HAL/SM Preprocessor - convert HAL/SM source
language modules into HAL/S source language modules,
perform minimal syntax verification, and provide
various support features which cannot be conveniently
or adequately performed by the HAL/S-360 Compiler.

o HAL/S-360 Compiler - convert HAL/S source language
modules into IBM S/360 compatible object modules and
perform complete syntax verification.

) HALLINK - combine HAI,/S object modules into load
modules, calculate run time stack size requirements,
and add the stack to the load module and add and/or
delete certain other CSECTS from the generated load
module (depending on options specified),

o Run Time Library (RTL) - when properly linked with
each HAL/SM task, provide computational routines
and MOSS interface routines to support various
features of the HAL/SM language.

The funcfional design of the preprocessor, HALLINK, and RTL
subsystems is described in the following sections through the use of
structure charts, data flows, and intermodule interface definitions.

Structure charts and data flows are defined and illustrated in the
+HAL/SM System Design and Implementation Plan (Reference 3). This
reference may be used as a guide for interpretation of the structure charts
and data flows which follow. A structure chart and a data flow diagram
are included for each subsystem, Also a group of intermodule interface



definitions (one definition per module) is included immediately following
the structure chart and data flow for a particular subsystem. Each of
these intermodule interface definitions consists of the identification of
the module, the function the module is to perform, the identification and
definition of parameter interfaces to the module, and any design notes
associated with the module. -
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2. PREPROCESSOR

The HAL/SM Preprocessor is represented by the data flow and
structure chart shown in Figure 2-1 and 2-2, These figures give an over-
view of the preprocessor. More detailed descriptions of the input system,
output system, and semantic routines are given in Sections 2.1, 2.2, and
2.3, respectively. The remaining modules are described in this section.

Module: XREF Processor

Function: Receives and alphabetizes the HAL/SM identifiers to produce
the cross-reference listing included as part of the preprocessor output
listings. Each usage of an identifier is referenced in the listing.

Parameters: HAL/SM identifier. Referencing statement number.

Module: PAF Processor

Function: Processes all variables declared with the access attribute
against the Program Access File (PAF) to determine the legality of
access to these variables.

Parameters: Variable identifier with access attribute,
Note: This module reads the PAF data set,

Module: Directive Processor _

Function: Processes both HAL/SM and HAL/S directives. HAL/S direc-
tives are passed through to the output system for inclusion in the HAL/S
source. The HAL/SM directive selects the processing options for the
preprocessor.

- Parameters: HAL/SM directives, HAL/S directives,

Module: DDIU Processor

Function: Creates preformatted display messages for the C&D consoles.
Coded references to the messages are placed in output HAL/S code where
each message is referenced. The display messages are stored in a
standard data set accessed by the RTL during program execution.

Parameters: Display statement symbols.

Note: The DDIU module consists of several subroutines: one for each
different display statement symbol.

-3
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Module: M&C Pfocessor

Function: Converts each reference to 31-character External Reference

Point (ERP) names to 9-character '"Q-names' in the output HAL/S code.
The M&C Definition File is used to verify all ERP references and their
correct usage. ‘

Parameters: 3l-character ERP name from HAL/SM source statements.

2.1 Input System

The input system data flow and structure chart are shown in Figures
2-3 and 2-4. The input system reads the primary and symbolic source files
and prepares the symbols for processing by the semantic routines, The
input system interfaces directly with the output system to produce the
HAL/SM formatted listings. The modules of the input system are given
below. :

Module: Get Statement

Function: Provides characters from the current statement. When the
current statement is entirely processed, the next statement is read from
the primary input file or the symbolic library., Incoming MACRO defini-
tions are passed to the MACRO processor. Incoming directives are
passed on to the directives processor,

Parameters: Character buffer to return the next character,

Module: MACRO Processor

Function: Processes MACRO definitions and MACRO expansion requests.
MACRO definitions are placed in the MACRO table. MACRO expansions
are handled through the MACRO table. The parameters to the MACRO
are expanded according to the model definition.

Parameters: MACRO Definition, MACRQ Name, or MACRO Parameters
for expansion.

Note: The MACRO Processor will be divided into two modules for detailed
design - a MACRO definition processor and a MACRO expansion
processor.

" Module: Symbol Processor

Function: Builds HAL/SM symbols (the smallest logical parts of a source

-6~
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statement) from source statement characters. The symbols and their
associated context are maintained in the symbol table.

Parameters: Symbol locator giving the position relative fo the current
symbol. Symbol return buffer.

Note: 1. Symbols which are identifiers are passed to the XREF Processor.
2. Symbols which are access variable identifiers are passed to the
PAF Processor.

Module: Context Processor
Function; Maintaing the context of the symbols relative to the HAL/SM
grammar. Also allows the context to be selected to obtain a symbol from

the Symbol Processor.

Parameters: Context Selector, Symbol Liocator, Symbol Return Buffer,

Module; Get Symbol

Function: Returns a selected symbol based on context and symbol position.

Parameters: Context Selector, Symbdl Lbcator, Symbol Return Buffer.

2.2 Output System

The output system data flow and structure chart are shown in
Figures 2-5 and 2-6. The output system performs the output functions
for the preprocessor including HAL/SM listings and HAL/S listing and
source file preparation. The HAL/SM directives indicates the listing
options to be performed. ' ' -

" The output HAL/S source code is maintained in two temporary
files - one for global statements, the other for local statements. The
HAL/SM source statement can cause the generation of global statements
in the HAL/S source (which must be placed at the beginning of the program),
In order to avoid a second pass to produce the ordered HAL/S source, the
output system maintains separate files which are merged for final output.
The modules of the output system are described below.

Module: Put Symbol

| Function: Receives symbols to merge into source statements for output.
The symbol may either be HAL/S symbols or HAL/SM symbols.
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Parameters: Symbol to be included in the output.

Module: Statement Processor

Function: Combines the symbols to form source statements for output.

Parameters: Symbol buiffer.

Note: Also processes HAL/S directives to be output.

Module: Listing Synthesizer

Function: Builds and formats the listing snd HAL/S source files for output.
Maintains the dual output files for HAL/S source which are merged to out-
put at the end of the run. HAL/SM source statements are formatted and
sent directly to the line output module to be printed.

Parameters: Statement Buffer.

Note: The output options controllihg the processing of this module are
provided by the directives processor.

Module: Mersge

Function: Combines the local and global HAL /S temporary files to produce
the HAL/S source format suitable for the HAL/S compiler.

Parameters: None.

Note: The HAL/SM root module invokes this module at the end of the
preprocessor ruan.

Module: Line Output

Function: Performs the actual output to the Printer of HAL/S source file
on a line basis.

Parameters: Output statement line to be output.

Note: This module also processes the XREF listing produced for the
HAL/SM formatted listing.

2.3 Semantic Routines

The data flow and structure chart for the semantic routines are
shown in Figures 2-7 and 2-8. These modules are responsible for the

~12-
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semantic processing and output of HAL/S code for the HAL/SM source
statements. This processing is carried out according to the HAL/SM
grammar in Appendix A, The grammar defines the successive buildup
of symbols into the HAL/SM statements and buildup of statements into
the compilation as a whole. The figures for the semantic routines show
only the top level definitions to.illustrate the basic structure.

The semantic routines consist of a module for each HAL/SM symbol
in the grammar. The code generation is carried out in the statermnent
processors (one for each HAL/SM statement) according to the templates
defined in Reference 2. -

Each of the semantic routines is driven by the symbols obtained
from the input system, and those generated and passed to the output
system. Individual module descriptions will not be provided for the seman-
tic routines. '

~]15~



(BLANK)

-16-



3. HALLINK

_ The HALLINK data flow and structure chart are shown in Figures
3-1 and 3-2, The necessary modifications to adapt HALLINK for use with
the HAL/SM Preprocessor system are in the HALLKED module. The
modified data flow and structure chart for HALLKED are shown in Figures
3-3 and 3-4. The following paragraph describes the changes made.

The HALMARP control section has been suppressed in the Entry
Processing and in Phase 4A. Cost-use arrays have been suppressed in
ESDLOOP. RC has been modified to limit the number of process control
sections per load module to one.

-17-
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4. RUN TIME LIBRARY

The only portions of the HAL/SM RTL considered in this section
are those modified portions of HAL/S RTL which are included in the
HAL/SM RTL and modules which are to be created for HAL/SM RTL,

Each module that appears in the structure chart and data flow in
Figures 4-1 through 4-7 is described in more detail by an intermeodule
interface definition. More detailed definitions of module interface para-
meters for those modules being created for the HAL/SM RTL may be
found in Reference 2.

Module; ONERR

Function: To transfer the error information associated with the ON ERROR
statement to an error stack. (The module shall have two entry points,
ONERR1 and ONERR2, to perform this function.)

Parameters: (For ONERRI) RO

error group number and error
number within the group.
error action indicator.
program flag descriptor.

R1
R2

{For ONERR2) RO

error group number and error
number within the group.

Rl - address of statement to which
execution is transferred when

the error occurs.

Notes: 1. The first execution of this routine links a portion of the error
stack to the executing program by placing a pointer to the
specified portion of the error stack in the ERRORLINK para-
meter of the program stack. Subsequent calls to this routine
reference that link,

2. Each call to this routine fills a double word in the error stack.
3. This routine is invoked by using the HAL linkage convention.

Module: OFFERR

Function: To delete a specific error specification from a program error
stack.

' Parameters: RO - error group number and error number within the group.

PRECEDING
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RTL I/O AND ERROR SYSTEMS STRUCTURE CHART
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RTL REAL TIME SYSTEM DATA FLOW
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RTL REAL TIME SYSTEM DATA FLOW
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RTL CONTROI. AND DISPLAY SYSTEM DATA FLOW
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RTL /O SYSTEM DATA FLOW
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RTL I/O SYSTEM DATA FLOW
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RTL ERROR AND REAL TIME SYSTEM DATA FLOW
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Notes: 1. This routine uses the ERRORLINK in the program stack to
" determine the address of the error stack then zeros the
specified entry in the stack.
2. This routine is invoked by using the HAL linkage convention.

Module: SIGNAL

Function: To establish the parameter list for the MOSS SET SVC and
invoke that SVC as required.

Parameters: FLAG_LIST - a list of the program flags to be set.

Note: This routine is invoked by using the linkage convention for NON-HAL,
programs.

Module: RESET

Function: To establish the parameter list for the MOSS EVNTDEL SVC and
invoke that SVC as required,

Parameters: EVENT_VARIABLE LIST - a list of event variable descrip-
tors of event variables to be reset. '

Notes: 1, The event variable must be communicated to MOSS as an event
variable descriptor, '
2. This routine is invoked by using the linkage convention for
NON-HAL programs.

Module: CANCEL

Function: To establish the parameter list for the MOSS CANCEL SVC and
invoke that SVC as required.

Parameters: TASK DESCRIPTOR - descriptor of the task to be canceled.
If no descriptor is specified, the requesting task is canceled.

Notes: 1. If an error code is returned from MOSS, this routine must
alert the HAL/SM error monitor.
2. This routine is invoked using the linkage convention for
NON-~HAL programs,

Module: TTERM

Function: To invoke the MOSS TASKTERM SVC as required.
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Parameters: None.
Note: This routine is invoked using the HAL linkage convention.

Module: JTERM

Function: To invoke the MOSS JOBTERM SVC as required.

Parameters; None.

Note: This routine is invoked using the HAL linkage convention.
Module: JABORT
Function: To invoke the MOSS JOBABORT SVC as required.

Parameters: None.

Note: This routine is invoked by using the HAL linkage convention,

Module: TABORT

Function: To establish the parameter list for the MOSS TASKABRT SVC
and invoke that SVC as required.

Parameters: TASK DESCRIPTOR_LIST - a list of task descriptors of
tasks to be aborted. If this parameter is omitted, the requesting task is
aborted.

Notes: 1. If no parameter is specified, the calling task is aborted.
2. This routine requires NON-HAL linkage.

Module: SLOG

Function: To establish the parameter list for the MOSS LOG SVC and
invoke the SVC as required.

Parameters: RO - the address of the character expression to be written
to the system log.

Notes: 1. If an error code is returned from MOSS, this routine must
alert the HAL/SM error monitor.
2. This routine is invoked by using the normal HAL 11nkage
convention.
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Module: UNLOCKM

Function; To establish the parameter list for the MOSS UNLOCK SVC
and invoke that SVC as required.

Parameters: LOAD MODULE_DESCRIPTOR_LIST - list of descriptors
of load modules to be unlocked.

Notes: 1., If an error code is returned from MOSS, this routine must
alert the HAIL/SM error monitor,
2. This routine is invoked by using the NON-HAL linkage convention.

Module: LOAD

Function: To establish the parameter list for the MOSS LOAD SVC and
invoke that SVC as required.

Parameters: JOB DESCRIPTCOR - descriptor for the job to be loaded.
Notes: 1. If an error code is returned from MOSS, this routine must alert
the HAL/SM error mointor.
2. This routine is invoked by using the NON-HAL linkage convention. -

Module: INIT

Function: To establish the parameter list for the MOSS INIT SVC and invoke
that SVC as required.

Parameters: JOB_DESCRIPTOR - descriptor of the job to be initiated,
Notes: 1., If an error code is returned from MOSS, this routine must
alert the HAL/SM error monitor.
2, This routine is invoked by using the NON-~-HAL linkage convention.

Module: JDEL

Function: To invoke the MOSS JOBDEL SVC as required,

Parameters: None,

Note: This routine is invoked by using the HAL linkage convention.

Module: TDEL

Function: To invoke the MOSS TASKDEL SVC as required,
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Parameters: None.

Note: This routine is invoked by using the HAL linkage convention.

Module: SCHEDULE

Function: To establish the parameter list for the MOSS SCHEDULE SVC
and invoke that SVC as required.

Parameters: OPTIONS_BIT VECTOR - bit vector indicating the presence
and format of the scheduling options,
TASK_DESCRIPTOR - description of the task to be scheduled.
OPTIONS_LIST - list of the options indicated by the bit vector.

Notes: 1, If an error code is returned from MOSS, this routine must
alert the HAL/SM error monitor.
2, This routine is invoked by using the NON-HAL linkage
conventions. ’

Module: WAIT

Function: To establish the parameter list for the MOSS SUSPEND SVC
and invoke that SVC as required.

Parameters: OPTIONS BIT VECTOR - a bit variable indicating the pre-
sence and format of the WAIT options.
' OPTIONS_LIST - list of the options indicated by the bit

vector.
Note: This routine is invoked by the NON-HAL linkage convention.

Module: ALERT

Function; To establish the parameter list for the MOSS ALERT SVC
and invoke that SVC as required.

Parameters; EVENT_ VARIABLE - bit vector corresponding to the
event variable to be alerted.

OPTIONS_BIT_VECTOR - bit vector indicating presence
and format of optional parameters.

OPTIONS_LIST - list of the options indicated by the bit

vector.

Note: This routine is invoked by using NON-HAL linkage convention.
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Module: AVERAGE

Function: To establish the parameter list for the MOSS RDERP SVC and
invoke that SVC as required,

Parameters: RO - the number of ERP readings to be averaged.
Rl - address of the descriptor of the ERP to be read.
RZ - address of variable into which the average is to be stored.

Notes; 1. The address of an I/O error exit routine shall be provided via
the SVC for resolving I/O errors associated with the read
operation. _

2, This routine is invoked by using the normal HAL linkage
conventions,

Module: SENSE

Function: To establish the parameter list for the MOSS RDERP SVC and
invoke that SVC as required.

Parameters: DELTAS OPTIONS - a number indicating the presence of
the read Al delta option.
NUMBER_OF _ERPS - number of ERP‘s to be read.
ERP__LIS’I‘ - list of ERP descriptors of ERP's to be read.
OUTPUT_AREA - list of variablee into which the results
of the read are to be placed,

Notes: 1, The address of an I/O error exit routine shall be provided via

the SVC for resolving I/O errors associated with the read
operation.
2. This routine is invoked by using the NON HAL linkage,

Module: ISSUE

Function: To establish the parameter list for the MOSS WRTERP SVC

and invoke that SVC as required.

Parameters: ERP DESCRIPTOR - the RO ERP designator to which the
issue applies. _

RO_DATA - the list of parameters which form the data to
be issued. '

Notes: 1. The address of an I/O error exit routine shall be provided via

the SVC for resolving 1/O errors associated with the write
operation,
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2. This routine is invoked by using a NON-HAL linkage convention.

Module: SETD

Function: To establish the parameter list for the MOSS WRTERP SVC
and invoke that SVC as required.

Parameters: NUMBER_ERP_DESIGNATORS - the number of DO ERP

designators to be set. _
ERP_DESIGNATOR_LIST - the list of discretes to be set.
NUMBER OF DO_VALUES - the number of output value to

be set.

DO_VALUE LIST - the list of output values to be applied to
the DO,

- TIME_VALUE - time in milliseconds that DO is to be pulsed.

Notes: 1. The time value may only be used when one DO and output
: value are specified.
2. The address of an I/O error exit routine shall be provided
via the SVC for resolving I/O errors associated with the
write operation.
3. The routine is invoked by using a NON-HAL linkage convention.

Module: APPLY

Function: To establish the parameter list for the MOSS WRTERP SVC
and invoke that SVC as required,

Parameters: APPLY_ OPTIONS - indicator of special options for WRTERP,
NUMBER_OF_ERP_DESIGNATORS- number of A0 ERP
designators to which a value is to ) be applied.
VALUE LIST - list of values to be apphed
ERP_LIST - list of designators to which values are to be

applied.

Notes: 1. The address of an I/O error exit routine shall be provided via
the SVC for resolving I/QO errors associated with the WRITE
operation,

2, This routine is invoked by using a NON-HAL linkage convention.

Module: WTO

Function: To establish the parameter lists for either the MOSS WTO or
WTOR SVC and invoke either of these SV(G's as required.
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Parameters: REPLY OPTION - a bit variable indicating whether or not

a reply is to be expected.
MESSAGE - a character string to be transmitted to the operator.
REPLY BUFFER - the character variable into which the

reply is to be stored.

Notes: 1. WTOR is to be invoked if a reply is required.
2, WTO is to be invoked if no reply is required.
3., This routine is invoked by using a NON-HAL linkage convention.

Module: DISCON

Function: To establish the parameter lists to the MOSS ALLSPAGE,
DEALLSPG, or DISCON SVC's and invoke one of these SVC's as required.

Parameters: CONTROL_OPTIONS - the option indicator as to which con-
trol function is to be performed.
, CRT_PAGE_OPTION - bit vector indicating the specification
of a CRT and PAGE number.
CRT_# - the number of the CRT to which the control is directed.
PAGE_# - the number of the PAGE to which the control is

directed.

Notes: 1. The ALLSPAGE SVC is mvoked if the control option indicates
allocate page.
2. The DEALLSPG SVC is invoked if the control option indicates
deallocate page.
3. The DISCON SVC is invoked for all other control options.
4, This routine is invoked by using a NON-HAL linkage convention.

Module: DISBACKD

'Function: To establish the parameter list to the MOSS DISBACKD SVC
and invoke that SVC as required.

Parameters: PROGRAM_IDENTIFIER - the identifier by which the data
set containing the message is identified.
MESSAGE_ID # - the record number within the data set
containing the message.
BLINK OPTION - a b1t variable indicating the blink status option.
CRT_| PAGE OPTION - indicator as to specification of a
CRT and PAGE number.
CRT_# - the CRT number.
PAGE_# - the PAGE number.
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Notes: 1. The address of an I/O error exit routine shall be provided via
-+ the SVC for resolving I/O errors associated with the display
operation.
2. This routine ig invoked by using a NON-HAL linkage convention,

Module: DISADD

Function: To establish the parameter list for the MOSS DISADD SVC and
invoke that SVC as required.

Parameters: PROGRAM IDENTIFIER - the program identifier by wh1ch
the data set containing the addon message is identified.

MESSAGE_ID_# - the number specifying the record number
within the data set which containg the message.

BLINK_OPTION - the bit variable which indicates the
blink status option.

# PAIR_VARIABLES - the number of variable control
word/variable pairs which follow.

VARIABLE_LIST - the list of variable control words and
' associated variables.

CRT_PAGE_OPTION - indicator as to specification of a
CRT and PAGE number.

CRT_# - the CRT number,

PAGE_# - the PAGE number.

Notes: 1. The address of an I/O error exit routine shall be provided via
the SVC for resolving I/O errors associated with the addon
operation.

2. This routine is invoked by using a NON-HAL linkage convention.

Module: UPDI'SM

Function: To establish the parameter list to the MOSS UPDISM and invoke
that SVC as required.

Parameters: # VARIABLE PAIRS - the number of pairs of variable con-
trol words and associated variables to be transmitted.

VARIABLE_LIST - the list of variable control words and
associated variables.

BLINK_OPTION - the bit variable which specifies the blink
option,

CRT_PAGE_OPTION - the bit variable that indicates the
specification of a CRT and PAGE number.

CRT_# - the CRT number,

PAGE_# - the PAGE number. .
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Notes: 1. The address of an I/O error exit routine shall be provided via
the SVC for resolving I/O errors associated with the update
' operatmn.
2. This routine is invoked by using 2 NON-HAL linkage convention.

Module: T1 TRANS

Function: To establish the parameter list for the MOSS T1 TRANS SVC
and invoking that SVC as required,

Parameters: TYPEl PROGRAM_ IDENTIFIER - the program 1dent1f1er of
the TYPEI program in the program library,
. CRT_PAGE _OPTION - the bit variable which specifies the
presence of a CRT and PAGE number,
CRT_# - the CRT number.
PAGE _# - the PAGE number.

Notes: 1., The address of an I/0O error exit routine shall be provided via
the SVC for resolvmg I/O errors associated with the transmit
operation,

2. This routine is invoked by using a NON-HAL linkage convention,

Module: TI1IDATA

Function: To estabhsh the parameter list for the MOSS T1DATA SVC a.nd
invoke that SVC as required.

Parameters: TYPEl PROGRAM_IDENTIFIER - identifier of TYPElprogram
for which the data is specified.

#_OF VARIABLES - number of TYPEI update variables.

VARIABLE _LIST - list of update variables.

CRT PAGE_INDICA'I’OR bit indicator of CRT - PAGE
number spec1f1cat10n.

'CRT_# - the CRT number (1f specified).

PAGE_# - the PAGE number (if specified).

Notes: 1. The entry point to an I/O error exit routine shall be provided
via the SVC, '
2. This routine is invoked by using a NON-HAL linkage convention,

Module: RQSTKYBD

Function: To establish the parameter list for the MOSS READCD and invoke
that SVC as required.

Parameters: ADR_CHARACTER_EXP - address of character data area.
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WAIT _INDICATOR - the automatic wait indicator; also the
parameter in which a return code is specified.

Notes: 1, The entry point of an I/O error exit routine is provided via the
SVC list,
2, This routine is invoked by using a NON-HAL linkage convention.

Module: SELECT

Function: To establish the parameter list for the MOSS SELECT SVC and
invoke that SVC as required.

Pa.ra.meters: DESCRIPTOR_;LIST - a list of paired variables; the first vari-
able gpecifies the resource descriptor and the second is a bit vector which
specifies access rights.

Note: This routine is invoked by using a NON-HAL link convention.

Modﬁle: RLSE

Function: To establish the parameter list for the MOSS RELEASE SVC and
invoke that SVC as required.

Parameters: DESCRIPTOR_LIST - list of resource descriptors.

Note: This routine is invoked by using a NON-HAL linkage convention.

Module: CHAN

Function: To determine which of the MOSS SVC's CONTROL or CLOSE is to
be invoked; establish the parameter list to the appropriate SVC and invoke it
as required,

Parameters: CHANNEL # - channel to be controlled.
FUNCTION_INDICATOR - control function to be performed.
FILE_COUNT - if files are to be spaced, this specifies the

count.

Notes: 1. This module must invoke the RTL routine IOINIT to determine the
required file descriptors for the SVC invocation.
2, Also the entry point to an I/O error exit routine shall be provided
with the CONTROL SVC,
3. This routine is invoked by using a NON-HAL linkage convention.

Module: GOCRIC (STOPCRIC)

Function: To invoke the MOSS CRITICAL SVC with the enter cr1t1ca1 processing

mode parameter.
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Parameters: None,
Notes: 1. This routine is invoked by using HAL linkage conventions,
2. The mode parameter sent to the SVC is determined by which of
the two entries, GOCRIC or STOPCRIC, is invoked.

Module: TEST

Function: To test an event variable; if the variable is zero, a zero is re-
- turned; however, a non-zero value is assumed to be a MOSS event variable
- descriptor in which case the MOSS TEST SVC is invoked.

Parameters: RO - the event variable.

Note: This routine is invoked by using the normal HAIL linkage convention.

Module: TIME (DATE)

-Function: To establish the parameter list for the MOSS TIME SVC and invoke
that SVC as required.

Parameters: RO - an indicator of the type of time value requested,
FO0 - return time value (TIME Entry)}.
R1 - return number of days (DATE Entry).

Notes: 1. This routine is invoked (as a FUNCTION by) using the normal
~ HAL linkage convention, ,
2, The value returned from the TIME Entry is a double precision
floating point number equal to the value of time in milliseconds.
3. The value returned from the DATE Entry contains the number
of days portion of the MOSS GMT value.

Module: COLUMN

Function: To increment the column index count of the associated I/0O device.

Parameters: RO - the buffer index count {I/O Column Counter - 1).

Notes: 1. The I/0O device to which the COLUMN is directed is determined
from the global data area (HALSYS).

2. All data associated with the I/O device is found in the File Control
Block data section, ‘

3. A check is made on the index to determine if it is within the allow-
able range. If it is not, an error message is sent to the error
monitor, :

4. This routine is invoked by using normal HAL linkage.
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Module:

Function;

FILEIN (FILEOUT)

To initiate and perform file I/O operations.

Parameters: RO - block 1dent1f1ca.t10n.

Notes:

1.

Module:

R1 -~ file number.
R2 - address of data area.
R3 - length of data area.

This routine uses the file number to index into the FILES table
to find the associated file control block. If no file descriptor
is found in the file control block, the MOSS GETFD SVC is
invoked with the file name as a parameter to yield the file
descriptor. If no file descriptor is found, an error message
is sent to the error monitor. If a file descriptor is found,

it is placed in the file control block.

The SELECT, READ, WRITE, and RELEASE SVC‘s are
invoked as required. '
FILEIN performs input; whereas, FILEOUT performs output.
This routine is invoked by using the normal HAL linkage -
convention.

IOQINIT

Function: To initiate sequential I/O operations.

Parameters: RO - I/O mode.

Notes:

L.

Module:

R1l - channel number.

The I/O mode is checked for accuracy. If inaccurate, the
DUMP SVC is invoked.

The channel number is used to find the associated file
control block, then the file control block is interrogated to
find the file descriptor., If a file descriptor has not been
entered, the MOSS GETFD SVC is invoked to determine
an appropriate one. If none exists an error is sent to the
error monitor,

If a file descriptor exists, it is entered in the file control
block,

This routine is invoked by using the normal HAL linkage
convention. '

INPUT

Function: To perform input from a specified sequential I/O device.
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Parameters: None.

Noteg: 1. If data is read, RO contains the length of data and R1 contains
the address of the data. RO = zero indicates data is not
changed.

2, Error checks are made on parameters in the FCB associated
with the device. Any errors are sent to the error monitor.
Severe errors require use of the MOSS DUMP SVC.

3. The MOSS SELECT, READ, and RELEASE SVC's are used to
perform the input operation.

4. The routine is invoked by using the normal HAL linkage

°  convention.
5, CIN and SKIPIN are entries in INPUT. Their parameters are:
CIN - R3 = address of character string to be filled.
SKIPIN - RO = skip count ( must be 2> 0).

Module; LINE

Function: To perform the LINE function associated with sequential I/O
‘devices.

Parameters: RO - desired line number.

Notes: 1. The FCB for the associated I/O device is determined from

information in the global data area.

2., The calculation of the number of lines to be skipped is
determined using FCB information and SKIPOUT or
SKIPIN is invoked (depending on the I/O mode) to perform
the required skip operation.

3. Any line errors are reported to the error monitor.

4, This routine is invoked by using the normal HAL linkage
convention.

Module: OQUTPUT

Function: To perform output to a specified sequential I/O device,

Parameters: RO - length of buffer segment.
R1 ~ address of buffer,

Notes: 1. This routine uses the buffer index, etc., in the FCB as well
as the file descriptor for preparing the output data for
" transmission to MOSS.
2. The MOSS SELECT, WRITE, and RELEASE SVC'sg are
used for data transmission.
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3., COUT, HALPRINT, FLUSH, and SKIPOUT are also entries

‘ to this module. For COUT, R3 contains the address of a
character string to be output. For HALPRINT, R1 contains
the address +1 of a HAL type character string, and RO
contains an output spacing control code. For FLUSH, RO
is used to return buffer position on first entry and to set
buffer position on secondary entrxes. For SKIPOUT, RO
contains skip count.

4, This routine is invoked by using the normal HAL linkage
convention, :

5. Error checks are made on mode, etc., and severe error

’ conditions detected require use of the MOSS DUMP SVC.

Module: PAGE

Function: To perform the paging function associated with sequential output
devices. ‘

Parameters: RO - page count (number of pages).

Notes; 1. The FCB for the associated output device is determined

from the global data area.

Z. The number of pages is resolved into number of lines to
be skipped by using maximum lines/page. SKIPOUT is then
invoked to gkip the appropriate number of lines.

3. Any errors such as negative page count are reported to the

~ error monitor,

4. This routine is invoked by using the norma.l HAL linkage

convention,

Module: SKIP

Function: To position a particular I/O device ahead by a specified number
of lines.

Parameters: RO - skip count (hnumber of lines).

Notes: 1. The associated I/O device is specifed in the global data area.
2, The line information is found in the FCB, The skip count is
determined from the line information and either SKIPOUT
or SKIPIN is invoked.
3. Any errors detected are reported to the error monitor,
4. This routine is invoked using the normal HAL linkage
convention.
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Module: ER ROR MON

Function: To process certain program errors as to any action that should
be taken on their occurrence.

Parameters: None.

Notes: 1. The error location, option, message address, group, and

number can be found in the global data area.

2. The routine finds the program error vector from the stack
ERRORLINK parameter. This vector is interrogated for

" a match with the error that has occurred.

3. The MOSS SELECT, RELEASE, SUSPEND, SET, TIME,

- and JOBART SVC's are used to perform the specified
error recovery action.

4, This routine is mvoked by using the normal HAL linkage
convention,

Module: T.OCK (UNLOCK)

Function: To perform coordination of accesses to individual data items
by update blocks.

Parameters: RO - lock group bits,

Notes: 1. The lock group variable shall be placed ina job common
“area which must be SELECTed and RELEASEd using
~ MOSS SVC's.
2, The MOSS SUSPEND SVC is used to wait the task on the
completion of use of locked group data.
3. The MOSS SET SVC is used to indicate completion of
use of locked group data.
4, This routine is invoked by using the normal HAL lmkage
convention.

Module: HALSTART

Function: To perform task initialization prior to initiation and cleanup
prior to termination.

Parameters: R1 - address of JCL parameter list.

Notes: 1, This routine processes execution time options specified
via JCL by doing error checking on the specifications
and then initializing the associated global data parameters.
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2. This routine initializes such area as the error vector
stack, etc, ‘ '

3. Any errors detected are reported to the error monitor.

4, The MOSS TTERM SVC is used to terminate the tasgk
after the required cleanup is performed.

5. This routine is invoked by using standard OS/360 linkage
convention,

Module: PROGEXC

Function: To process MOSS program exception interrupts.

Parameters: None.

Notes; 1. The SUMC registers are interrogated to determine the loca-
tion of the error and other error infortnation.

2, Errors are handled by reporting to error monitor; con-
tinuing by use of MOSS CONTINUE SVC; taking a dump by
using the MOSS DUMP SVC; and/or task termination by
use of MOSS TASKTERM SVC.

3. This routine is invoked by using standard MOSS linkage
convention, '

Module: FORCEND

Function: To process MOSS fault or error conditions; i.e., errors not
processed by the program exception or I/O error exit routines.

Parameters: None.

Notes: 1. The SUMC registers are interrogated to determine the
location of the error and other error information,
Z, An error summary is performed by the routine and the
MOSS DUMP SVC is used to perform a system dump.
3. The routine is invoked by using the standard MOSS linkage
convention, :

Module: IOERR -

Function: To process exceptional conditions encountered in processing
I/0 requestes.

Parameters: None,
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Notes: 1. The SUMC registers are interrogated to determine the loca-
' tion of the error and other error information,
2, The error is reported to the error monitor.:

3. There shall be entries into the module for each of the types
of I/O errors.

4. This routine is invoked by using the standard MOSS linkage
convention, :
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APPENDIX

HAL/SM WORKING GRAMMAR

Following is the HAL/SM working gra.nﬁmar, written in standard
BNF notation.
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