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DNOS Software Manuals Summary

Concepts and Facilities
Presents an overview of DNOS with topics grouped by operating system functions. All new users (or
evaluators) of DNOS should read this manual.

DNOS Operations Guide
Explains fundamental operations for a DNOS system. Includes detailed instructions on how to use each
device supported by DNOS.

System Command Interpreter (SCI) Reference Manual
Describes how to use SCI in both interactive and batch jobs. Describes command procedures and gives
adetailed presentation of all SCIl commands in alphabetical order for easy reference.

Text Editor Reference Manual
Explains how to use the Text Editor on DNOS and describes each of the editing commands.

Messages and Codes Reference Manual
Lists the error messages, informative messages, and error codes reported by DNOS.

DNOS Reference Handbook
Provides a summary of commonly used information for quick reference.

Mastor Index to Operating System Manuals
Contains a composite index to topics in the DNOS operating system manuals.

Programmer’s Guides and Reference Manuals for Languages
Contain information about the languages supported by DNOS. Each programmer’s guide covers oper-
ating system information relevant to the use of that language on DNOS. Each reference manual covers
details of the language itself, including language syntax and programming considerations.

Performance Package Documentation
Describes the enhanced capabilities that the DNOS Performance Package provides on the Model 990/12
Computer and Business System 800.

Link 'Editor Reference Manual
Describes how to use the Link Editor on DNOS to combine separately generated object modules to
form a single linked output.

Supervisor Call (SVC) Reference Manual
Presents detailed information about each DNOS supervisor call and DNOS services.

DNOS System Generation Reference Manual
Explains how to generate a DNOS system for your particular configuration and environment.

User’s Guides for Productivity Tools
Describe the features, functions, and use of each productivity tool supported by DNOS.

User’s Guides for Communications Software
Describe the features, functions, and use of the communications software available for execution
under DNOS.

Systems Programmer’s Guide
Discusses the DNOS subsystems and how to modify the system for specific application environments.

Online Diagnostics and System Log Analysis Tasks User’s Guide
Explains how to execute the online diagnostic tasks and the system log analysis task and how to inter-
pret the results. :

ROM Loader User’s Guide
Explains how to load the operating system using the ROM loader and describes the error conditions.

DNOS Design Documents
Contain design information about the DNOS system, SCi, and the utilities.

DNOS Security Manager’s Guide
Describes the file access security features available with DNOS.

iv ' 2270512-9701



DNOS System Design Document

PREFACE

This DNOS system design document contains the information that is
needed to understand the operation of the system but is not
provided 1in other DNOS manuals. The document describes the flow
of control of the operating system in general and of each of its
subsystems in particular. It also includes data structure
plctures, 1link streams, and directory information for DNOS
modules. Revisions made to this manual since DNOS 1,1 are marked
with revision bars in the margins.

This manual is divided into the following sections:
Section

1 How to Use the Design Document =-- Explains how to use
this manual.

2 Overview of DNOS -- Discusses the general features of
the DNOS system.

3 Naming and Coding Conventions =--— Explains the
conventions used in writing DNOS modules.

4 DNOS Structure and Nucleus Functions -- Discusses the
overall structure of DNOS, common interface routines,
map file wusage, major data structures, and queue
server structures.

5 IPL and System Loaders =- Describes the process of
Initial Program Load and the structures that support
system loading.

6 SVC Processing -- Discusses the preprocessing done by
the system, the several paths of control through
supervisor call (SVC) processing, and how new SVC
processors can be added to DNOS.

7 Segment Management -- Explains the structures,
function, and use of segment management facilities of
DNOS,

8 Job Management -- Discusses the job management flow

of control and the data structures that support job
management .

9 Program Management —- Describes the flow of control

and the data structures used by DNOS in controlling
bidding, loading, and synchronizing tasks.

2270512~-9701 v
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DNOS System Design Document

I/0 Subsystem =+ Reviews the overall 1I/0 processing
structure and the details of handling of device I/0,
I/0 utility calls, interprocess communication (IPC),
file security, and name management.

Disk Structures and File I/0 <+ Includes an overview
of file management, a description of disk and in~
memory file structures, and a detailed description of
key indexed file management.

DNOS System Tasks =+ Discusses the conventions used
in writing DNOS system tasks and provides detailed
descriptions of many system tasks provided with DNOS.

System Generation Utility =~~~ Provides an overview of
the system generation utility and the data structures
used.

Logging and Accounting ++* Describes the functions and
the flow of control for the system log and job
accounting functions.

DNOS Performance Package ++ Discusses the conventions
used in system source code to enable the performance
package and describes the routines executed in
microcode.

DNOS Development and Analysis Tools =+~ Describes
several tools available to Texas Instruments internal
users for development purposes only and several tools
and command procedures available for general access.

Analyzing a System Crash <+« Describes the ANALZ
utility functions and how to use them in analyzing a
system crash file or in studying a running system.

XOP Processing *+~ Describes the XOP processors in
DNOS and how to add a new XOP processor.

Special SVCs == Describes SVCs used only by the
operating system.

Linking Information for DNOS =+ Explains how to 1link
DNOS and provides examples of link streams and link
maps from building a DSR link, a 1link of a system
task, and the link of the DNOS root.

DNOS Source Disk Structure - Describes the
directories and files provided with a DNOS source
kit. :

Texas Instruments vi 2270512+9701
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22 Data Structure Pictures -—- Provides data structure

pictures for DNOS data structures commonly needed to
understand the system.

A Keycap Cross—Reference - Discusses the generic keycap
names that apply to all terminals that are used for
keys on keyboards through out this manual.

For further information related to the use of DNOS, refer to the
following document and those shown in the frontispiece.

Title Part Number

DNOS Source Installation Guide 2270515-9701
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SECTION 1
HOW TO USE THE DESIGN DOCUMENT

The description of DNOS design is divided into sections according
to major operating system functions. The nucleus routines are
described first, along with their data structures and the overall
operating system structure. This section is followed by separate
sections describing each of the major subsystems in DNOS. For an
overview of all subsystems, skim through this document, reading
carefully the overview portion of each subsystem section. For
details on a particular subsystem or module within a subsystem,
consult the detailed diagrams and discussion that follow the
overview.

Section 3 details naming conventions for the DNOS modules. When
searching for details about a particular module, use the module
name to determine which subsystem description is relevant. For

details about particular data structures being used, consult the
section on data structure pictures.

The section on linking information provides example link control
streams used to build pieces of the operating system. To build a
device service routine (DSR) or a new system task, use these link
examples as a guide in building the required link streams. Link
streams are also shown for several other parts of the operating
system to show how these pieces are structured. The DNOS link
streams should be considered the primary source of information
about the modules included to support a particular task or
subsystem. The link streams are also the primary source for full
pathnames for modules in DNOS.

Most data structure pictures in this document are built directly
from the templates copied into operating system source code. The
structures are shown with hexadecimal byte counts, special
comments, flags, and a diagram.

Most of the special terms used to describe DNOS can be found in
the glossary - in the DNOS Concepts and Facilities manual. Other

terms are defined in this document as they are needed. Acronyms
for system structures and routine names are introduced at various
points throughout the manual. If you read a section from the

manual without reading all preceding sections, an acronym may be
encountered without an explanation of its meaning. Table 1-1
lists most of the acronyms used in the manual. Refer to this
list 1in conjunction with the glossary for a complete description
of the term. |
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Acronym

R R X X

ACC
ADR
ADU
BRB
BRO
BTA
BTB
CCB
CDE
CDR
CDT
DIA
DIB
DOR
DPD
DPR
DSR
FCB
FDB
FDR
FID
FIR
FMT
FSC
I0U
IPC
IRB
JCA
JIT
JMR
JSB
KCB
KDB
KDR
KIB
KIT
KSB
LDT
LFD
LPD
LSE
MRB
NDB
NDS

DNOS System Design Document

Table 1-1 Acronyms Used in this Manual

Meaning

e e e e

Accounting record contents
Alias descriptor record
Allocatable disk unit
Buffered request block
Buffered request overhead
Buffer table area

B~tree block

Channel control block
Command definition entry
Channel descriptor record
Command definition table
Diagnostic status

Device information block
Directory overhead record
Disk PDT extension data
DIOU Device Parameters
Device Service Routine
File control block

File directory block

File descriptor record
File identification

File information record
File management task area
File structure common

I/0 utility task
Interprocess Communication
1/0 request block

Job communication area
Job information table

Job manager request block
Job status block

KIF currency block

KIF descriptor block

Key descriptor record

KIF information block

KIF task area

Keyboard status block
Logical device table

Log file definition

Line printer PDT extension
Load segment entry

Master Read/Master Write buffer
Name definition block
Name definition segment
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Table 1-1 Acronyms Used in this Manual (Continued)

Acronym Meaning

B e e B b e R o R

NRB Name manager request block
OAD Overlay area description
OAW Overlay area wait block

OSE Owned Segment Entry

0VB Overhead beet

OVT Overlay table entry

PBM Partial bit map

PDT Physical device table

PFIL Program file directory index
PFZ Program file record zero
PRM DIOU/I0U Parameters

QHR Queue header

RDB Request definition block
RIB Return information block
RLT Record lock table

ROB Resource ownership block
ROM Read~only memory

RPB Resource privilege block
RST Reserve segment table

SAT Secondary allocation table -
SCO Track 0, sector 0 format
SCI System Command Interpreter
SDB Stage descriptor block

SGB Segment group block

SLB System log block formats
SMT Segment manager table

SOB Segment Owner block

SSB Segment status block

STA System table area

STE Swap table entry

TDL Time delay list entry

TOL Time+~ordered 1list

TPCS TILINE peripheral control space
TSB Task status block

UDR User descriptor record

WCs Writable control store

WOM Waiting for memory queue
XTK Extension for a terminal with keyboard
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SECTION 2

OVERVIEW OF DNOS

2.1 INTRODUCTION

DNOS, a general purpose operating system for the 990 computer,bis
designed to meet a variety of computing needs. DNOS 1is a
configurable operating system, allowing users to generate small
systems with minimal software development capability; medium+
range systems with a limited number of options; and large systems
with a wide variety of system options.

Among the special features available for DNOS are program and
overlay loading, program swapping, key indexed files, dynamic job
creation, output spooling, dynamic system configuration,
interprocess communication (IPC), multiprogramming support, file
access security, and a wide variety of utilities.

A performance package is available for DNOS. It wuses microcode

implementations of a number of DNOS routines to enhance the
processing speed of DNOS.

2.2 GENERAL STRUCTURE

DNOS is composed of memory+~resident and disk+~resident code. The
memory+~resident portion includes the following:

* Device service routines

* Interrupt processors

* Extended operation (XOP) processors

* System tables and device buffers

* Many supervisor call (SVC) processors
* Task scheduler

* Nucleus support functions

* Memory~resident tasks

2270512+-9701 2+1 Overview



DNOS System Design Document

These parts are linked when DNOS 1is generated, and they are
loaded into memory during initial program load (IPL). This
memory~resident portion 1s referred to as the kernmel of DNOS.
The first portion of the kernel is referred to as the root; it
forms the first segment of the mapping structure for kernel
activities and for system tasks.

Disk~resident parts of DNOS include system tasks and overlays for
some system tasks. These tasks include the I/O0 Utility, the Job
Manager, and a number of miscellaneous SVC processors. These
tasks are loaded into memory whenever their services are
required.

Most of the DNOS functions are performed by routines that serve
queues of requests. A queue is a first~in, first*out 1list of
data to Dbe processed. Each queue consists of a queue anchor,
from which blocks of data are linked. Most queue anchors are
located 1in the system root; those for file management are in the
job communication area of the user job. The queues are singly
linked, and the anchor points to the first data block, the first
block points to the second, and so on. The anchor also points to
the last block in the queue to enable efficient queue handling.
The queue header format 1is displayed 1in the section of data
structure pictures as the QHR.

2.3 FLOW OF CONTROL OF DNOS

While DNOS is running user jobs, the control paths vary. The
diagram 1in Figure 2+~1 shows an overview of DNOS initialization,
functioning, and termination. Detailed paths for the wvarious
subsystems are described in the following sections.
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Halt~Load Sequence
on 990 Front Panel
|
\
Initial Program Load
(loads kernel and memory-resident
tasks, installs disk volumes, etc.)
|
\
System Restart Task
(sets up system log and accounting log,
bids required system tasks, etc.)
|
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error path only
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| error in hardware
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DNOS Crash Routine

|

v

System Halt

Figure 2-1 Flow of Control in DNOS
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2.4 DX10 COMPATIBILITY

For a number of users, DNOS is an upgrade from the DX10 operating
system. Most software that executes under DX10 executes without
source change under DNOS. It needs only to be relinked with DNOS
run+time support. The notable exceptions are user+written DSRs,
X0OP processors, system tasks and utilities, and SVC processors.
Several sections of this document describe the changes needed to
make these pieces of software function under DNOS,.

Several system SVCs that were used with DX10 are not available

for use in DNOS; in most cases, their functions are performed by
a new SVC.
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SECTION 3

NAMING AND CODING CONVENTIONS

3.1 NAMES OF ROUTINES

DNOS modules are written in either assembly language or Pascal.
In most cases, a module consists of one routine. When several
small routines perform related functions, those routines appear
in a single module. Each routine and module is named wusing the
form aabbbb where aa is an abbreviation for the subsystem in
which the routine fits and bbbb 1is a set of characters that
describe the function of the routine. For example, JMHALT is the
job management routine that processes the Halt Job SVC.

Abbreviations for subsystems in the DNOS kernel and wmajor
utilities are shown in Table 3+~1.

Modules are organized into directories that correspond to DNOS

subsystems. Table 3+-2 lists the major directories that comprise
DNOS and indicates the section in which each directory 1is
described. Other directories 1include modules for the various

utilities of DNOS. The major directories labeled DNOS are
detailed 1in this document; those 1labeled SCI, UTILITIES are
detailed in the DNOS SCI and Utilities Design Document.

The source library for DNOS has one or more of the following
subdirectories for each of the directories:

* PSOURCE for Pascal source

* FSOURCE for Fortran source

* SOURCE for Assembly language source

* MSOURCE for /12 microcode

* MOBJECT for assembled microcode

* MLIST for Microcode assembly listing

* TSOURCE for Link Editor modules needing to Dbe
transliterated from POPs code to assembly language

* UTILITY for the transliteration wutilities for 1linker
code
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Table 3-1 DNOS Subsystem Abbreviations

Abbreviation

R eadhadt g 2 g

D$§
DM
DS
DU
E$
FM
10
IP
1U
JM
KM
LG
MB
NF
NM
oI
PL
PM
RP
SE
SL
SM
S0
SP
TP
uT
aaa

Coding Conventions

Subsystem or Utility

LR O R o R R R R o

Debugger

Disk management

Device service routines (DSRs)

Device I/0 Utility

Text Editor

File management

1/0 routines

Interprocess communication (IPC)

I/0 utilities

Job management

Key indexed file (KIF) management
System log and accounting log

Mailbox

Nucleus functions

Name management

Operator Interface
Pascal+~to*assembly~language interface
Program and memory management

Request processing + SVC support
Security

System loaders

Segment management

System overlay management

Qutput spooler

Teleprinter device utilities
Subroutines common to several utilities
SCI utilities - aa or aaa 1s the SCI command
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Table 3+2 Major Directories of DNOS

Directory Location of Documentation

e e e S P B e e i B g e e e Yo S e B b B B B B e S e R e
ANALZ DNOS +~ Section 17
BATCH DNOS + Section 21
DEBUG DNOS =~. Section 16
DEBUGGER SCI, UTILITIES
DEVDSR DNOS + Section 10
DIOU DNOS + Section 10
DISKMGR DNOS + Section 12
EDITOR SCI, UTILITIES
FILEMGR DNOS +~ Section 11
IOMGR DNOS + Section 10
10U DNOS + Section 10
IPC DNOS ~ Section 10
JOBMGR DNOS + Section 8
KIFMGR DNOS - Section 11
LINK DNOS - Section 20
LOADERS DNOS + Sectiom 5
LOG DNOS + Section 14
LOGON DNOS +~ Section 12
MACROS DNOS + Section 3
MAILBOX SCI, UTILITIES
MESSAGES SCI, UTILITIES
NAMMGR DNOS +~ Section 10
NUCLEUS DNOS +~ Section 4
OPERATOR SCI, UTILITIES
PASASM DNOS + Section 3
PERFORM DNOS = Section 15
PROGMGR DNOS = Section 9
REQPROC DNOS + Section 6
RESTART DNOS + Section 12
S$ SCI, UTILITIES
SCI990 SCI, UTILITIES
SECURITY DNOS - Section 10
SEGMGR DNOS + Section 7
SPOOLER SCI, UTILITIES
SYSJEN DNOS +~ Section 13
SYSOVLY -DNOS = Section 12
TEMPLATE DNOS +~ Section 3,22
TIGRESS DNOS +~ Section 16
TPCALANS SCI, UTILITIES
UTCOMN SCI, UTILITIES
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3.2 GLOBAL DATA AND STRUCTURE TEMPLATES

Names of system tables and data structures are generally three
characters long, with the <characters chosen to reflect the
structure name. Fields within the structure have six*character
names (whether part of Pascal records or assembly language code);
the first three characters are the same as the structure label.
Flag fields within the structure are detailed using equates, with
each flag bit (or set of bits) identified by aaFbbb where aa
represents the first two characters of the structure name, F
indicates a flag, and bbb describes the flag. For example, the
task status block is the TSB. TSBPRI is the name a field within
the TSB that carries the task priority. TSFSYS names a flag in
the TSB that indicates whether a task is a system task.

Global constants and error equates are named using these formats:

WDaaaa DATA >aaaa
ERRaa BYTE >aa
BYTEaa EQU ERRaa

where a is a hexadecimal digit and > 1is wused to represent a
hexadecimal value.

The TEMPLATE directory contains the global constants aund
variables used by DNOS source code. In the following 1list of
subdirectories of the TEMPLATE directory, DSC is a synonym for
the entire DNOS source directory. All of these directories,
except the PREAMBLE directory, also appear in the linkable parts
directory .S$OSLINK on an installed DNOS system.

DSC.TEMPLATE.ATABLE
DSC.TEMPLATE .COMMON
DSC.TEMPLATE.DECLARE
DSC.TEMPLATE .PREAMBLE
DSC.TEMPLATE.PTABLE

The DSC.TEMPLATE.ATABLE directory contains templates for DNOS
data structures that are wused by assembly language routines.
Files in this directory are copied into an assembly language
module to reference fields within the data structures. A module
accesses a particular field in a structure by using a template
offset with a pointer. The pointer can be passed to the module
or retrieved from some other DNOS structure. This directory also
includes a template of system crash codes (NFCRSH) and a template
of task states (NFSTAT). Files from this directory are shown in
detail in the section on data structure pictures. They are built
using the picture macros described in the section on DNOS
Development and Analysis Tools.
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The DSC.TEMPLATE.COMMON directory contains the common data wused
by assembly language routines. It consists of files of CSEG
blocks, including the following major files:

* DSC.TEMPLATE.COMMON.NFDATA +~ Global data values for the
current state of the system

* DSC.TEMPLATE.COMMON.NFERnO ~ Byte constants (>n0 through
>nF) and equates for system error codes (16 such
templates)

* DSC.TEMPLATE.COMMON.NFPTR -~ System pointers to global
lists and structures

* DSC. TEMPLATE.COMMON.NFWORD = Word constants

Any assembly language module that makes use of a byte constant or
a word constant copies the appropriate common template and uses
the constant in that module. Similarly, NFPTR and NFDATA are
copied into a module to allow access to a system pointer or
global data item. Use of the templates provides documentation of
all wuses of a particular error code, constant, or system
variable.

NFPTR includes pointers to system queues, pointers to beginnings
of structure 1lists, addresses of segment management tables,
pointers to device 1iunformation, and several miscellaneous
pointers. Full details on NFPTR appear in the section on data
structure pictures.

NFDATA includes anchors for several system data structures,
counts for jobs and tasks in the system, parameters for system
time wunits, sizes of the system and system files, scheduling
data, a word of flags which define system options chosen at
system generation, and several other items. Details of NFDATA
are shown in the section on data structure pictures.

The DSC.TEMPLATE.DECLARE directory is used by Pascal routines.
It consists of files of procedure declarations, which are copied
into Pascal modules. Each subsystem or utility written in Pascal

has a file of declarations for its own set of modules. Also,
declarations are included for run~time routines and for interface

routines from Pascal code to assembly language modules.

The DSC.TEMPLATE.PREAMBLE directory has the templates for
documentation preambles to assembly language and Pascal source
modules.
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The DSC.TEMPLATE.PTABLE directory has data structure templates
and common segment templates for wuse by Pascal code. The
directory includes files corresponding to each of those ian the
DSC.TEMPLATE.ATABLE and DSC.TEMPLATE.COMMON directories. Also,
it has a number of files that have no counterparts in the other
directories but are needed by Pascal routines.

3.3 ASSEMBLY LANGUAGE CODING CONVENTIONS

Each assembly language module begins with a preamble that
describes that module. Fields in the preamble template that are
not used for a particular module are omitted in that module. In
the assembler template, the following are required sections:

copyright statement errors

routine name revision

abstract environment

entry IDT name

exit PSEG, code, and END

When more than one routine 1s included in a module, each routine
is preceded by a description that includes abstract, entry, exit,
and error information. .

The abstract gives a brief English description of the general
purpose of the module, while the algorithm section describes how
the routine works. The environment section points out what table
areas are used by the module. Revision information 1is provided
in the format shown below. Other entries are self+explanatory.

* REVISION: <creation date mm/dd/yy - ORIGINAL
* {revision ID> = <date> = <purpose> =~ <0S release no>
* repeated, with latest revision last

where:

{revision ID> is a pair of decimal digits, beginning

with 0Ol1.

<date> is the form mm/dd/yy, where each field
is decimal.

{purpose> is description of the change, including

the number of any STR on design request
being satisfied by this revision.

<0S release no> is the release for which this revision
was prepared.

Coding Conventions 3«6 2270512+9701



DNOS System Design Document

To keep track of which 1lines of <code were added for what
revisions, each added line is flagged. In columns 58 through 60
of the line added to an assembly language module, the characters
Rmn are inserted, where <mn> is the revision ID specified for
this revision in the preamble.

Templates copied 1into assembly language programs with the COPY
statement are by default UNListed. (Data templates and other
structures are surrounded by UNL and LIST. To see the copied
items, the program may be assembled with the FUNLST (F) option of
the assembler enabled.)

For the most part, assembly language code uses tab settings of 1,
8, 13, 31, and a right margin of 60 to make the assembly 1listing
as legible as possible. Comments are 1ncluded in the preamble
and in atoms within each routine. An atom is several 1lines of
comments, set off from the code it describes.

Labels wused within an assembly language routine are composed of
three characters followed by three digits (for example, OPNL1OO
for a label in a routine performing open processing). The
characters are chosen from the routine name unless another set of
characters is clearly more useful. The numeric portion ends 1in
zero to allow room for inserted labels, and labels appear in
ascending numeric order from beginning to end of a module.

The format of the assembly language preamble 1s as follows:
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TITL ‘<MODULE ID -~ SHORT DESCRIPTIOND>’

(C) COPYRIGHT, TEXAS INSTRUMENTS INCORPORATED, 1983.
ALL RIGHTS RESERVED. PROPERTY OF TEXAS INSTRUMENTS
INCORPORATED. RESTRICTED RIGHTS ~ USE, DUPLICATION
OR DISCLOSURE IS SUBJECT TO RESTRICTIONS SET FORTH
IN TI‘S PROGRAM LICENSE AGREEMENT AND ASSOCIATED
DOCUMENTATION.

ROUTINE NAME: <NAME OF ROUTINE(S)>
ABSTRACT: <DESCRIBE THE GENERAL PURPOSE OF THIS ROUTINE>

ENTRY: <INSTRUCTION/STATEMENT/INTERRUPT USED TO ENTER>
(<KRN>) = <DESCRIPTION>

EXIT: (<RN>) = <VALUE> IF <CONDITION>

ERRORS: <ACTION OR CODE> IF <CONDITION>

STACK REQUIREMENTS: <N> WORDS

ALGORITHM: <DESCRIPTION OF ALGORITHM IF NECESSARY>

REVISION: <CREATION DATE IN MM/DD/YY> - ORIGINAL
<REVISION DATE; LATEST LAST> - <NATURE>

ENVIRONMENT: 990/10 ASSEMBLER
CALLABLE FROM <assembler,Pascal)>
TABLE SEGMENTS MAPPED IN WHEN ENTERED:
<LIST>
TABLE SEGMENTS MAPPED IN DURING ROUTINE:
<LIST>

NOTES: <SPECIAL CONDITIONS/ASSUMPTIONS OR OTHER
SPECIAL INFORMATION>

% ¥ N % % % % % ok ¥ ¥ N ¥ % % % % Ok % ¥ O % H % B b % ¥ % % H F ¥ ¥ X ¥ F *

SUBROUTINE REFS:

REF <NAME> <DESCRIPTION>
*
* CONDITIONAL ASSEMBLY:
* {VARIABLE) <DESCRIPTION>
*
* MACROS TO BE USED:
LIBIN DSC.MACROS.TEMPLATE
* LIBIN DSC.<MACRO LIBRARY PATHNAME)>
*
* EQUATES:
KNAME> EQU <VALUE> <DESCRIPTION>

* {INSERT COPIES OF EQUATE FILES IF ANY>
*

* GLOBAL DATA (TO SHARE AND ACCESS DATA IN COMMON AREAS)
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*
* {INSERT COPIES OF ANY RELEVANT CSEG FILES>
PAGE
*
IDT ‘<MODULE NAME>’
DEF <MODULE NAME>
PSEG
<ROUTINE CODE>
END

Several macro libraries are available in the MACROS directory for
use by assembly language routines. 1In each case, the SOURCE file
shows the macro definitions and documents their use. To find out
how a particular macro functions, read the comments in the source
file for the macro.

The DSC.MACROS.TEMPLATE library must be included with a LIBIN
statement in most modules that wuse data structure templates.
Many of the templates inm the DSC.TEMPLATE.ATABLE directory are
defined wusing macros that allow processing in assembly language
and Pascal structures. It includes macros for ADDR, BITS, CHAR,
FLAG, FLAGS, LONG, PTR, RECORD, WORD, INT, PCKREC, ENDREC, REC,
ARRAY, POSINT, and VARNT.

In the rare instance that a CSEG must be used as a DSEG, the set
of macros in DSC.MACROS.DORGCSEG should be used. This set
includes macros for CSEG, CEND, and DZERO directives. These
macros are often used by modules that issue the Retrieve System
Data SVC (>3F) to access a part of a system common area. The SVC
expects the user to specify an offset into the common area (as a
DSEG would allow) rather than an absolute CSEG address.

The DSC.MACROS.FUNC library includes macros to inhibit and enable
scheduling, to initialize a block of data, to test conditions
during assembly of code, and to provide common subroutine access.
This set includes macros for ASSUME, DATAM, ENAB, INHB, SCALL,
SPOP, SPUSH, GTA, GTAO, RTA, PRCK, SGCK, SRTN, and TRTN. These
macros must be used for the purposes described in Table 3~3. See
the FILE DSC.MACROS.FUNC.SOURCE for the descriptions of the macro
details. All accesses to the routines indicated in Table 3+3
must be made using the macros, since the macros provide access to
performance microcode,
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Table 3-3 Macros from DSC.MACROS.FUNC

MACRO NAME PURPOSE
ASSUME Test an assembly condition, (generally
a template field)
DATAM Generate data fields
DCLOSE Door Close
DOPEN Door Open
ENAB Access NFENAB to enable scheduling
INHB Inhibit scheduling
SCALL Call another routine
SPOP Access NFPOP
SPUSH Access NFPSH
GTA Access NFGTA
GTAO Access NFGTAOQO
PRCK Access RPPRCK
SGCK Access RPSGCK
RTA Access NFRTA
SRTN Access NFSRTN
TRTN Access NFTRTN

Macros in DSC.MACROS.UTILITY are used by a number of DNOS and SCI
utility programs to perform commonly needed operations. It
includes macros to terminate a program under abnormal error
conditions and a variety of special field initialization macros.

A set of macros is available to build assembly language routines
to be <called by Pascal routines. These macros yield code
compatible with Pascal subroutine conventions. The macros are in
the library named DSC.MACROS.RIFLE.MACROS.

3.4 PASCAL CODING CONVENTIONS

Several subsystems are written in a subset of TI Pascal. These
include job management, system generation (sysgen), system log
processing, accounting log processing, and many SCI utilities.

Statements are written one per line, and segments of programs are
visibly separated to facilitate readability. As with assembly
language programs, Pascal programs are documented in the preamble
and throughout the code. To allow printing of source code on any
available printer, only uppercase characters are used.

In the Pascal template, the following fields are required:
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compiler options revision
copyright statement environment
program statement procedure (function) and code

abstract
The revision information must be of the following format:

" REVISION: <creation date mm/dd/yy - ORIGINAL>
" <revision ID> = <date> ~ <purpose> = K0S release no>
" repeated, with latest revision last

To keep track of which 1lines of code were added for what
revisions, each added 1line 1is flagged. For Pascal code, the
characters Rmn are inserted with a comment indicator after column
60.

The preamble template for a Pascal module 1is of the following
form:

(*#*&FILL~,ADJT~,SLIM(72)%)

”

" (C) COPYRIGHT, TEXAS INSTRUMENTS INCORPORATED, 1983.
" ALL RIGHTS RESERVED. PROPERTY OF TEXAS INSTRUMENTS

" INCORPORATED. RESTRICTED RIGHTS ~ USE, DUPLICATION

" OR DISCLOSURE IS SUBJECT TO RESTRICTIONS SET FORTH IN
" TL’S PROGRAM LICENSE AGREEMENT AND ASSOCIATED

" DOCUMENTATION.

(*$WIDELIST,NO MAP,LOCALS,GLOBALS*)
PROGRAM <DUMMY NAME>;

"

" ROUTINE NAME: <NAME OF ROUTINE(S)>
" ABSTRACT <DESCRIBE THE GENERAL PURPOSE OF THE ROUTINE>

" NOTES: {SPECIAL CONDITIONS, ASSUMPTIONS, OR OTHER SPECIAL
" INFORMATION>

" METHOD: <DESCRIPTION OF ALGORITHM IF NECESSARY>

" REVISIONS: ORIGINAL <MM/DD/YY>;
" REVISION <INTEGER>: <MM/DD/YY>, <PURPOSE OF REVISION>

" ENVIRONMENT: 990/10 PASCAL X.X

" TABLE SEGMENTS MAPPED IN WHEN ENTERED

" <STA, JCA OR OTHER TABLE>

" TABLE SEGMENTS MAPPED IN DURING ROUTINE
" <STA, JCA OR OTHER TABLE>

(*SPAGE*)

" GLOBAL DECLARATIONS
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CONST <IDENTIFIER> = <CONSTANT EXPRESSION>; (*<DESCRIPTION>#*)
?7COPY <FILENAME OF GLOBAL CONSTANTS>;
TYPE <IDENTIFIER> = <TYPE>; (*<DESCRIPTION>*)
?COPY <KFILENAME OF GLOBAL TYPES>;
COMMON <IDENTIFIER> : <TYPE>; (*<DESCRIPTION>#*)
?COPY <FILENAME OF COMMONS>;
ACCESS <IDENTIFIER>,

<IDENTIFIERD>;

" FUNCTIONS OR PROCEDURES DEFINED EXTERNAL TO THIS MODULE

"

<INSERT THE ?COPY THAT BRINGS IN PROCEDURE DECLARATIONS FOR THIS
SUBSYSTEM, WHERE EACH PROCEDURE IS DEFINED WITH ITS PARAMETERS AND
DECLARED AS BEING FORWARD>;

(*$PAGE*)

PROCEDURE <{PROCEDURE NAME)>;
"<{COMMENT HERE THE PROCEDURE NAME WITH ITS PARAMETERS AS A READING AID>

n

" LOCAL DECLARATIONS

LABEL <INTEGERD, (*<DESCRIPTION>*)
<INTEGER)D, (*<DESCRIPTIOND*)
CONST CIDENTIFIER> = <CONSTANT EXPRESSION)>; (*<DESCRIPTION>*)
CIDENTIFIER> = <CONSTANT EXPRESSION); (*<DESCRIPTION>*)
TYPE CIDENTIFIERD> = <TYPE);
<IDENTIFIER> = <TYPE)>;
VAR : <IDENTIFIERD>, <IDENTIFIERD> : <TYPE)>;
CIDENTIFIERD>, <IDENTIFIER> : <TYPE)>;
COMMON <IDENTIFIER>, <TYPE>; (*<DESCRIPTIOND*)
KIDENTIFIERD>, <TYPE>; (*<DESCRIPTION>*)
ACCESS <IDENTIFIER),
<IDENTIFIER),

BEGIN (*$MAP*)
"

~+«INSERT PROCEDURE CODE#++

END;

n

BEGIN (*$NO OBJECT*)

END.

Pascal routines make use of the templates in the

DSC.TEMPLATE.PTABLE directory through use of ?COPY statements.
The data structure templates are copied in as type declarations,
and the CSEG template equivalents are copied as common
declarations. In addition to templates for DNOS structures, the
DSC.TEMPLATE.PTABLE directory also includes a standard set of
types for DNOS in DSC.TEMPLATE.PTABLE.TYPES.
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The PASASM directory includes interface routines written in the
Pascal .MACROS to allow routines written in Pascal to call DNOS
kernel routines written in assembly language. Routine names
begin with the letters PL and have the same last four characters
as the nucleus routine to which they interface.

For wutilities written 1in ©Pascal, a collection of routines is
available for interface to SCI. These routines are like the 8§
routines used by assembly language and are found in the Pascal
object directory.

3.5 ERROR HANDLING

Errors detected by assembly language routines are encoded using
error code constants and equated symbols from the collection
defined in these copy modules:

DSC.TEMPLATE.ATABLE.NFCRSH (for system crash codes)

DSC.TEMPLATE .COMMON.NFEROQOO (error codes >00 through >0F)
DSC.TEMPLATE.COMMON.NFER1IO (error codes >10 through >1F)
DSC.TEMPLATE.COMMON.NFER20 (error codes >20 through >2F)
DSC.TEMPLATE.COMMON.NFER30 (error codes >30 through >3F)
DSC.TEMPLATE .COMMON.NFER40 (error codes >40 through >4F)
DSC. TEMPLATE.COMMON.NFERS50 (error codes >50 through >5F)
DSC.TEMPLATE.COMMON.NFER60 (error codes >60 through >6F)
DSC.TEMPLATE.COMMON.NFER70 (error codes >70 through >7F)
DSC.TEMPLATE.COMMON.NFERSBO0 (error codes >80 through >8F)
DSC.TEMPLATE.COMMON.NFER90 (error codes >90 through >9F)
DSC,TEMPLATE.COMMON.NFERAQ (error codes >A0 through >AF)
DSC.TEMPLATE.COMMON.NFERBO (error codes >B0O through >BF)
DSC.TEMPLATE.COMMON.NFERCO (error codes >CO through >CF)
DSC.TEMPLATE.COMMON.NFERDO (error codes >D0O through >DF)
DSC.TEMPLATE.COMMON.NFEREQO (error codes >EQO through >EF)
DSC.TEMPLATE.COMMON.NFERFO (error codes D>FO0 through >FF)

All SVC error codes and crash codes are documented in these copy
modules. Errors detected by Pascal routines use the same codes,
defining constants to have the appropriate error number. The
meaning of each error code is described in detail in the DNOS
Messages and Codes Reference Manual. These errors are also
viewable with the Show Expanded Message (SEM) command.

3.6 GENERATING NEW ERROR CODES

The current set of error codes must be very carefully examined
when a new error code is added. For SVCs, the new error code
must not duplicate any previously defined code which might arise
for that SVC. The DSC.TEMPLATE.COMMON.NFERxx files and the SVC
code list in the DNOS Messages and Codes Reference Manual must be
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examined. In addition to codes 1listed explicitly, an SVC
processor may return an error code defined for I/0 SVC 00 if an
I1/0 8VC is executed by the processor. Thus, for SVCs in the
following set, any new error code cannot duplicate any defined
for SVC 00: >l4, >1F, >20, >22, >25, >26, >27, >28, >29, >2A,
>2B, >31, >34, >37, >38, >40, >43 and >48. The error codes
reserved for I/0 are annotated in the NFERxx files as being used
for SVC 00, IOU, FILEMGR, DIOU, or IPC. Also, SVC >40 and SVC
>43 must not share an error code, since SVC >43 returns errors
from SVC >40.

Once a new error code has been chosen for an SVC error, that code
must be documented in the appropriate NFERxx file. It also must
be documented in the S8VC files wused by the error processing
utilities. These files are DSC.MESSAGES.TEXT.SVC and
DSC.MESSAGES .EXPTEXT.SVC. If the message employs variable text
pulled from the offending call block, the appropriate entries
must also be made to the tables in DSC.REQPROC.SOURCE.RPRCDA for
use by the Returun Code Processor SVC. The section on system
tasks 1includes a description of the task RPRCP and its required
data structures for handling the Return Code Processor SVC.

When adding error codes for non+~SVC purposes, several sources
must be examined. Task errors are documented in the NFERxx files
as well as in the DNOS Messages and Codes Reference Manual. Any
additions to the set must not duplicate previously defined codes,
and appropriate updates must be made to the NFERxx files and the
manual.

Additional system <c¢rash codes must be checked with the file
DSC.TEMPLATE.ATABLE.NFCRSH and with the DNOS Messages and Codes
Reference Manual, Additional error codes for SCI or utilities.
must be checked against currently defined codes as documented in
the DNOS Messages and Codes Reference Manual. Further
information about assigning error codes for SCI or utilities can
be found in the DNOS SCI and Utilities Design Document.
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SECTION 4

DNOS STRUCTURE AND NUCLEUS FUNCTIONS

4.1 OVERVIEW

DNOS uses the memory mapping option of the 990/10, 990/10A and
990/12 to efficiently divide the operating system code. It uses
a number of common data structures and a set of system files to
facilitate communication between subsystems. The DNOS nucleus
includes the <code for miscellaneous support functions, task
scheduling and execution, interrupt processing, task termination,
and SVC processing.

4.2 SYSTEM MEMORY MAPPING

Parts of DNOS run in map file 0, some parts run 'in map file 1 and
other parts alternate use of each map file. Each map file 1is
divided into three segments that may total up to 64K bytes of
physical memory.

Task code is executed in map file 1. SVC support, device service
routines (DSRs), interrupt support, and scheduling code are
executed in map file 0. Several nucleus support routines may
execute in either map file (depending on which is in use by the
caller). Figure 4~1 shows the arrangements used by DNOS.

Map file O contains the following: sl

* First map segment (system root):

~ Interrupt and XOP vectors, interrupt decoder and
tables

- Nucleus common support routines

-~ Common data segments

t

System table area (STA)
* Second map segment:

~ Job communication area (JCA) for the task
currently executing, or
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~ Special table areas as needed by subsystems, or
~ Buffers for I/0
* Third map segment:

= Scheduler overlay including some SVC support, or

~ SVC support not included in scheduler overlay, or

- DSR code as required by devices.

~ Task code running in a fast transfer mode
Map file 1 is set up in one of two ways, depending on whether or
not the task is installed in a program file as a system task. If
the task is a system task, the first map segment is set up the
same as map file 0, the second map segment 1s set up with the JCA
of the task, and the third map segment 1s set up with the task
code. For nonsystem tasks, all three map segments may be wused

for task and procedure code (no system area is mapped into the
task).
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Figure 4#1 DNOS Map Files

4.3 SYSTEM DATA STRUCTURES

DNOS data structures include both common segments and dynamically
allocated tables.

The two common segments that contain most of the system variables

and pointers are NFDATA and NFPTR. The common segments
containing most of the constants used in DNOS include: NFWORD,
NFEROO, NFER10, NFER20, NFER30, NFER40, NFER50, NFER60, NFER70,
NFER80, NFER90, NFERAO, NFERBO, NFERCO, NFERDO, NFEREO, and
NFERFO.

See the section on detailed data structures for more information.
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The four areas from which system data structures may be allocated
are as follows:

* STA, in the system root, where structures needed by more
than one job are located

* JCAs, one for each job in the system, where job*local
structures are located

* Segment Manager special table areas (see the section on
segment management for details)

* File Manager special table areas (see the section on the
1/0 subsystem for details)

Each job in the system is represented by a job status block (JSB)
in the STA. The JSB contains job identification information,
links for various queues, and priority information.

Tasks (programs) executing in each job are represented by TSBs,
kept in the JCA for the job in which the task 1is running. The
TSB contains all of the information concerning the state of a
task. This includes the current task status 1indicators of
workspace pointer (WP), program counter (PC), and status register
(ST); task state; task priority; flags; installed and run*time
IDs; segment identifiers; map file registers; outstanding I/0
counts; execution time; and end*action pointers for the WP and
PC.

4.4 SYSTEM FILES

DNOS requires certain files to be on the system disk (primary
disk) for its operation. These files are:

* The loader file, .S$IPL, containing the image of the IPL
program (see the section on IPL aud System Loaders)

* The kernel program file, containing the tasks,
procedures, and overlays comprising DNOS

* The utilities program file, containing tasks and
procedures for system utility programs

* The applications program file specified 1in SYSGEN,
containing tasks and procedures for user programs

* The shared program file, .S$SHARED, on which wusers may
place procedures to be shared by other program files,
and where tasks and procedures are placed when installed
to LUNO O
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Other

The swap file, .SSROLLD.S$ROLLA, where task 1images are
temporarily placed to make room in memory for higher+*
priority tasks

The crash file, .S$CRASH, where an image of memory 1is
written in the event of a system crash

files are also on the system disk for proper execution of

SCI and various DNOS features. These files are:

*

The command procedures directory of SCI commands,
«S$SCMDS

The directory of command definition tables used to
process keyboard bids, .S$CDT, with one file for each
system booted on this disk

The messages directories, .S$MSG and .SS$EXPMSG. If
these are not present, messages appear in cryptic form.

The spooler queue directory, .S$SDTQUE, with one file
for each system booted on this disk

The system generation directory, .S$SGUS
The overlay management directory, .S$SYSLIB

A 1library of system programmer commands and the system
history file in the directory .S$SYSTEM

The user ID directory, .SSUSER and the capabilities list
file, .SS$CLF

Accounting files, .SSACT1 and .S$ACT2, used when
accounting is enabled

The initialization batch stream .SSISBTCH, used to start
the Spooler and for user*specified activities

System log files, .S$LOGl1 and .S$LOG2

The file .S$MVI, used by the Modify Volume Information
processor to record changes to the disk

The file .S$SCA, used by LOGON and SCI

The program file «S$SECURE, used if file access security
is generated with the system :

File structures are described in detail in the section on file
management.
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4.5 NUCLEUS SUPPORT FUNCTIONS

The nucleus provides support routines for system tasks as well as
for other parts of the nucleus. The routines support such things
as routine linkage, queuing, synchronization, inhibiting
scheduling, map file changes, table area management, and system
crash analysis.

4,5.1 Linkage Support.

Most of the linkage between DNOS routines is accomplished by the
push and pop routines (NFPSHn and NFPOPn, where n is the number
of registers to push or pop). R10 is used throughout the DNOS
code as a stack pointer. On entry to a routine, the return
address is pushed on the stack, and a push routine is called to
save registers on the stack. To exit from the routine, the
return code is placed in the leftmost byte of RO and a branch is
made to the pop routine that corresponds to the push routine that
was used. The assembly language macros SPUSH and SPOP must Dbe
used to set up the linkage to subroutines, since the performance
microcode depends on their use. For example, the following code
shows linkage using three registers:

Entry: Exit:

-~ B * & KRR

MOV R11,*R10+ MOVB @ERR30,RO

BL @NFPSH3 B @NFPOP3
or

SPUSH 3 SPOP (@ERR30

Most of the code in the kernel makes use of the stack defined in
the scheduler segment. The scheduler stack is initialized at the
NFSCHD and RPROOT entry points.

When the called routine makes use of SPOP to returm to a caller,
the calling routine can specify three types of error returns.
The word following the BL instruction contains a return address
to be used if an error occurs in the called routine. When the
called routine branches to NFPOP, a test is made to see whether
or not the leftmost byte of RO is zero. If it is not zero, the
return is made to the address specified for error handling. Two
special cases can be specified as error addresses:
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* 0 + 1indicates that there 1is no error possible or that
the error should be ignored and, if one occurs, return
to the same address that would have been used if no
error had occurred

* +]1 =~ indicates that no error return is expected and if
one occurs a system crash (0029) should occur. (This
case is primarily used during debugging of DNOS code.)

4.5.2 Queuing Support.

Many of the DNOS system tasks are queue servers, tasks dedicated
to processing entries on queues. When an entry is placed on a
queue server’s queue, the queue server is activated (if it is not
already active) and begins processing entries. When the
processing 1is finished, the queue server either suspends and
waits for more entries to be placed on the queue, or it
terminates; depending wupon the time#*critical mnature of the
function being performed.

System data structures can be queued and dequeued to the
following types of queues, using the nucleus queuing routines:

* Queues with one~word headers, whose entries form a
singly linked list. The routines NFQUEl and NFDQl are
used to queue aund dequeue the entries in a first+in,
first®¥out manner.

* Queues with a six~word header, whose entries form a
singly linked 1list. The header includes fields pointing
to the first entry aud to the last entry, and it
contains a count of the entries. 1If the queue is being
served by a queue server, the header also contains the
task identifier for the queue server task as well as the
TSB address, the JSB address, and the program file
identifier. The routines NFQUEH and NFDQH are used to
queue and dequeue entries in a first in, first out
manner. NFQUEH activates the queue server when
necessary.

* Queues of overhead beets (OVBs), whose entries form a
doubly 1linked 1list. The routines for queuing and
dequeuing overhead beets are NFLOVB and NFDLOV memory
management lists and NFQOVB and NFDOVB for six*word
headers.

Queue headers for system queues are maintained in two 1locations.
Some queue servers execute Iin the system job and have their queue
headers in the system root. Other queue servers execute in the
user’s job and have their queue headers 1in the user’s job
communication area (JCA). Queue headers are defined with an
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assembly language DEF directive for the header so that queue
servers running in the system job can use an assembly language
REF directive for the label and access the queue header address
directly. Queue servers 1in the user’s job receive the queue
header address as their second task bid parameter and access the
queue header using this address.

The form of a system queue header is shown in the queue header
template, QHR. All system root queue headers are defined in the
template, DSC.TEMPLATE.COMMON.NFQHDR. NFQHDR is copied during
sysgen to initialize the queue headers. Some of the queues are
optional, depending upon sysgen choices. If a queue 1s not used,
the symbol for the queue header is defined as a word of zeros in
the system root. The bid of a queue server is done by NFACTQ and
the queue server terminates after processing the queue of
requests.

During system start*up, to prevent premature request processing,
the queue server IDs in several queue headers are temporarily set
to zero. When the system is ready to handle the requests, the
queue server ID 1s restored. These operations are domne by
RESTART.

Queue headers in the job communication area are built when a job
is created. The queues for program file SVC operations (install,
delete, assign space, map name to ID), Initialize New Volume SVC,
and Return Code Processor SVC are in the user job communication
area. The section on writing system tasks describes how to build
tasks for each of these environments.

4.,5.3 Synchronization and Coordinationun.

Some nucleus routines aid in coordinating access to the same
system structure or code by more than one routine. One such
coordination aid is the door. A door is described by a two+word
descriptor record that is passed to the door+*handling routines,
The routine NFDCLO closes a door and prevents other tasks from
accessing the door until it is opened by NFDOPN. A task trying
to access a door that 1is closed is suspended until the door is
opened. The macros DCLOS and DOPEN are wused to call these
routines. These macros are in DSC.MACROS.FUNC. (This type of
coordination may also be accomplished by using the semaphore SVC.
See the section on program management.)

4.5.4 Inhibiting Scheduling.

When a task 1is executing critical code, scheduling must not
occur. One assembly language macro 1is wused to inhibit the
scheduler (INHB) and another to enable the scheduler (ENAB).
Between the execution of INHB and ENAB, the task will not Dbe
rescheduled. These macros are located in DSC.MACROS.FUNC.
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4.5.5 Map File Changing.

Occasionally, a system task (which normally executes in map file
1) must call a routine that can execute only in map file O.
Interface routines are available for switching to map file 0O upon
entering a routine and returning to map file 1 upon exit. A
routine is entered in map file 0 by executing a BLWP @NFMAPO,
with the next word of program code specifying the address of the
routine to be entered. The second word following the BLWP
contains an error address, zero, or *1, If an error address is
specified and an error occurs, the return from the called routine
is made to the error address. If zero is specified and am error
occurs, no special action is taken; execution continues. If +1
is specified and an error occurs, the system crashes with a crash
code of >0029 (this is used primarily during debugging of DNOS).
The <called routine returns to the caller in map file 1 by
branching to NFRTNO.

When a routine executes in map 0, it expects to be using the
scheduler workspace. Thus it is necessary to set up any required
registers in that workspace before calling NFMAPO. It is also
necessary to pass back any data, (including any error code in RO)
before calling NFRTNO. -

4.5.6 Table Area Management.

The routines in module NFTMGR allocate and deallocate table area
in the dynamic table areas. Allocation is performed by NFGTA and
NFGTAOQ (initialized to zero after allocation), and deallocation
is performed by NFRTA. The smallest block of table area
allocated 1is eight Dbytes. When memory in the specified table
area is exhausted, an error is returned to the caller. Macros
GTA, GTAO, and RTA must be used to access these routines. These
routines may not be called from code which processes interrupts
or requires interrupts to be masked.

The Segment Manager support routines enable system functiomns to
map special table areas, find segment status block (SSB)
addresses for segments, create aund delete SSBs and SGBs, and
force load segments into memory. Descriptions of these routines
follow:
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SMMJCA, SMMJCl, and SMMJC2

Maps JCAs 1into the second segment of the executing task or
processor map file. When called from map file 0, each of
these routines performs the same processing, simply mapping
the requested JCA into the current map file 0. When called
from map file 1, SMMJCA does not change the releasable and
modified status of the old segment. SMMJC1l allows the
caller to specify the releasable and modified status.
SMMJC2 is used if the caller needs an error code rather than
loading of the JCA when the JCA is not in memory; otherwise
SMMJC2 functions like SMMJCA.

SMMTBL and SMMTBI
Maps special table areas into the second segment of the

executing task or processor map file. These two routines
function like SMMJCA and SMMJCIl.

SMMSEG
Maps an arbitrary segment into the second segment of the
executing task map file. SMMSEG allows the caller to

specify a byte offset which is to be the beginning of the
mapped portion of the segment. Specifying an offset of zero
causes the entire segment to be mapped.

SMCSGO
Maps an arbitrary segment into the second segment of the
executing task map file. SMCSGO does the actual work of and
is a common subroutine of SMMJCA, SMMTBL, and SMMSEG.

SMSRCH

Returns an SMT/SSB pair for a specified ID/file descriptor
packet (FDP) pair. SMSRCH calls SMFSID to see if an SSB
exists for the specified ID. If so, it verifies that the
caller has access to the segment, which may include an
SMCHUC call. 1If the caller has access, the SMT/SSB pair is
returned. If not, SMSRCH will returm a replicated SSB 1if
the segment is replicatable; otherwise an error is returned.
If no SSB already exists, SMBLDS is called to create one.

SMBLDS
Creates an SSB (and an SGB if necessary) for a given segment
type. The «caller specifies an FDP and a task/procedure

flag. If the FDP is zero, a memory*based segment is built.
SMBLDS first builds an SGB if there 1is none for the
specified file. It then builds an SSB of the correct size,
supplies a run*time ID, and links the SSB onto the SGB. For
data files, the length and attributes are set; for program
files, certain flags are set.
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SMFSID

Searches a segment group for a segment with a specified 1ID.
The <caller specifies the segment group via an FDP address.
If the FDP address is zero, the memory*based segment group
is assumed. The caller can search for the segment via an
installed or run+*time ID. Also, the caller can search for a
task segment. If a match 1is found, the Segment Manager
table area that contains the segment’s SSB is mapped. This
routine is callable by system tasks and processors.

SMCHUC _
Checks to see if the use counts of a given segment can all
be accounted for by the mapped or loaded segments of a task.

SMLOAD

Loads a segment into memory for system tasks if the segment
is not already in memory. The segment is not mapped into
the task address space but remains in memory as long as the
task is in memory. A segment may be loaded by more than one
task, regardless of its attributes. The use count and task=+
in*memory count of the segment are incremented. This
routine also serves the function of am SVC processor.

SMUNLD
Unloads a segment loaded by SMLOAD. SMUNLD detaches the
segment from the task; consequently, the segment need not be
in memory when the task 1is in mwmemory. This routine
decrements the wuse and task*in*memory counts for the
segment. This routine also serves the function of an §SVC
processor.

SMDSSB

Deallocates segment memory and deletes a specified SSB. 1f
the segment (specified by the SMT/SSB pair) is not wused,
reserved, or owned and not memory*resident, the SSB is
eligible for deletion. If the segment is reusable, it 1is
left cached. If it is updatable and modified, it is placed
on the write queue. If the segment is not in memory, the
swap table entry is released; if in memory, the segment is
placed on the loader queue for deallocation. The SSB is
then delinked and released. If no more SSBs exist for the
associated SGB, SMDSGB is called.

SMDSGB
Deletes a specified SGB. SMDSGB verifies that there are nuno
more SSBs linked onto the SGB and no LUNOs assigned to the
associated file, then delinks and releases the SGB. If the
SGB is deleted, an >A7 call is placed on the IOUQUE to clean
up the file structures.
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SMRMVE

Removes a segment from a task. SMRMVE 1is called when a
segment loses its association with a task on the TOL,
whether because of a segment manager SVC or task
termination. The task+*in+*memory count for the segment 1is
decremented and, 1if it goes to zero, the segment is placed
on the cache 1list. SMDSSB is then called to finish
processing the removal.

SMFL SH
Writes cached buffer segments to disk and deallocates the
memory . SMFLSH processes all segments associated with a
specified LUNO (JSB/LDT ©pair). If they are modified, it
places them on the write queue and waits for the write to
complete. SMDSSB is called to delete the segment. SMFLSH
must be called only by task code.

SMBUFF
Accesses the SSB address of a buffer in a specified task.
The caller specifies a JSB, TSB, and buffer address. SMBUFF
returns the SSB address for the buffer and the offset of the
buffer into the segment.

4.5.7 System Crash Routine.

Whenever an internal operating system error is detected, a branch
is made to the system crash routine (NFCRSH), passing a crash
code indicating the type of error. The crash routine halts the
system and displays the crash code on the front panel of the
computer. When the HALT and RUN indicators on the front panel
are pressed, the crash routine saves the state of the system at
the time of. the crash and writes an imagé of memory to the crash
file on disk. This crash file may then be analyzed by systems
programmers.

4.6 NUCLEUS FUNCTIONS FOR TASK SCHEDULING AND EXECUTION

The DNOS component that places tasks into execution is the task
scheduler (NFSCHD). A task must first be bid and activated
before the scheduler can select it for execution. The scheduler
selects the highest-priority task ready to execute and causes the
central processing wunit (CPU) to start executing it. The task
then executes for a quantum of time  until it wvoluntarily or
involuntarily releases control of the CPU. At this point, the
next task in priority order is selected for execution. The
execution period may be limited to a value known as a time slice.
The scheduler also collects the accounting and performance data
related to CPU execution.
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The following 1is a metacode description of the scheduler
algorithm:

BEGIN
IF a task is currently active
THEN BEGIN
increment execution time for task;
IF task is a timesharing task
THEN BEGIN
update I/0-bound indicator;
recompute run—time priority;
adjust run-time priority for aging;
END;
IF task is to remain active
THEN requeue task on active queue;
clear active task;
END;
REPEAT
check for reenter and time-out flags (from DSRs);
IF DSR task bid is outstanding
THEN call task bid routine for task;
IF a time-delayed task needs reactivation
THEN call activate task routinej
IF any buffered requests need processing
THEN call end of buffered request processor;
IF no task is on active queue
THEN idle (wait for next interrupt);
UNTIL task found to execute;
set up highest-priority task for execution;
IF task needs I/0 requests unbuffered
THEN call unbuffering processor;
place task into execution;
END

4,6.1 Data Structurese.

The data structures referenced by the scheduler are JSBs and:
TSBs. Each JCA includes a queue of TSBs for tasks ready to
execute, ordered by execution priority. Each JSB carries the
priority of the highest-priority task on its active queue; the
queue of JSB

execution. When a task reaches the end of its allotted execution
time, its TSB is returned to the JCA active queue if 1t dis to
remain active; it is left unqueued if the task is to be
suspended. When a task suspends, it may be necessary to change
the priority of the highest-priority active task in the JSB and
reorder the JSB on the system JSB queue.
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4.,6.2 Execution Priorities.

Every task has three associated priority values: a run—time
priority, an dinitial priority, and an installed priority. Task
run~time priorities range from a high of 0 to a low of 255. The

run-time priority is used by the scheduler when selecting tasks
for execution. The initial priority is the initial value of the
run—-time priority and also ranges from O to 255. The installed
priority is the ©priority assigned to the task when it 1is
installed in a program file. The calculation of the initial
priority is based on the installed priority, the priority of the
job in which the task is being bid, and the mode in which the
task is being bid (foreground or background). Job priorities
range from a high of 0 to a low of 31.

Installed priority O is 1limited to certain system tasks. An
installed priority of 0 always maps to an initial priority and a
run~time priority of O. The task’s run-time priority does not
vary during execution.

Real-time tasks have installed priorities ranging from 1 to 127.
The dinitial priority of a real-time task is always the same as
its installed priority. The priority of real-time tasks does not
vary during execution. Therefore, the run-time priority 1is
always equal to the initial priority and ranges from 1 to 127.

All other tasks are time-sharing tasks. They have installed
priorities of 1, 2, 3 or 4. 1Installed priority 1 is intended for
highly interactive tasks. Installed priority 2 is 1intended for
foreground tasks that are less interactive. 1Installed priority 3
is intended for tasks that execute exclusively in background.
Priority 4 is intended for use by tasks that can run either in
foreground or Dbackground. Priority 4 is appropriate for almost
all user tasks.

The following discussion of initial priority mapping and dynamic
priority modification applies only to time-sharing tasks.

Each of the four time-sharing task priority classes (1, 2, 3 or
4) have associated parameters that determine the mapping from
installed priority to run—-time priority. These parameters can be
modified with the Modify Scheduler/ Swap Parameters (MSP) SCI
command. The run-time and initial priorities for all ©background
tasks (regardless of their 1installed priority) are calculated
using the scheduling parameters for priority class 3.

The first parameter used in calculating a run-time priority is
the Initial Priority Mapping Value. The initial priority for a
task 1is a function of the 1Initial Priority Mapping Value
parameter, the job priority of the job in which the task is being
bid, and the Weight of Job Priority parameter. The Weight of Job
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Priority specifies the range over which an initial priority can
vary based on the job priority. For example, assume that the
task being bid has an installed priority of 4 and that the task

is being bid in foreground mode. Assume that the 1Initial
Priority Mapping Value parameter for priority class 4 is 190 and
that the Weight of Job Priority parameter for class 4 is 32. If

the job priority were 0, the initial priority for the task would
be 190 - 32 = 158. If the job priority were 31, the initial
priority would be 190 + 32 = 222, 1If the job priority were 7,
the initial priority would be 190 - 16 = 174, The mapping from
the Initial Priority Mapping Value to the actual initial priority
is proportional to the job priority, within the range specified
by the Weight of Job Priority parameter.

DNOS has optional dynamic modification of priorities. As a time-
sharing task executes, an indicator shows whether the task 1is
I/0-bound or compute-bound. The indicator shows the number of
suspensions over a fixed time period and is recomputed at the end
of each execution period for a task., This indicator is used to
modify the initial priority to create the run-time priority
(raising it for I/0-bound tasks and lowering it for compute-bound
tasks). The variation of the run-time priority from the initial
priority depends on the Dynamic Priority Range parameter for that
priority <class. A Dynamic Priority Range value of 16 would
indicate that the run-time priority could differ from the initial
priority by +/-16. A Dynamic Priority Range of 0 would indicate
that the run-time priority would never differ from the initial
priority.,

The default Dynamic Priority Range parameter for all four
priority classes is 0. That is, dynamic priority modification is
disabled by default. Performance tests have indicated that
dynamic priority modification does not improve response time and
can cause unacceptable deviations in performance between stations
when the computing environment is characterized by homogeneous
activity (basically similar tasks executing at most stations).
However, dynamic priority modification can improve response time

without causing significant performance deviations in
heterogeneous computing environments (varied computing activity,
possibly occurring at irregular intervals). I1f a system

administrator wishes to try dynamic priority modification, the
Dynamic Priority Range parameters should be set to 4,4,0,8 wusing
the MSP command. Dynamic priority modification can always be
disabled again by setting the parameters back to 0,0,0,0.

The Aging on Priority parameter is a YES/NO wvalue indicating
whether task aging is used for a given priority class. Task
aging should only be used for background tasks (priority <class
3). If task aging is in effect, the priority of an older task is
raised slightly more than the priority of a new task. To raise
the priority, the power of 4 that represents the execution time
in seconds is used. A task that has executed for 4 seconds is
raised 1 priority level, one that executed for 16 seconds is
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raised 2 levels, etc. Task aging can be disabled by setting the
Aging On Priority parameters to NO,NO,NO,NO wusing the MSP
command .

4.6.3 Time Slicing.

Time slicing allows a task to run during a quantum of time and
then forces the task to release control of the CPU., This 1is
accomplished by an interface with the clock interrupt processor.
The clock interrupt routine counts the number of clock ticks for
which a task executes. (A clock+tick is 8.33 MS in the United
States, 10 MS in Europe.) When the count reaches a specified
number, control returns to the scheduler rather than to the
executing task. During sysgen, the user can specify the 1length
of the time slice or can disable time slicing. The length of a
time slice can also be changed using the Modify Scheduler/Swap
Parameters (MSP) command.

4.6.4 Task Bid.

The process of preparing a task for execution is called bidding a
task. This 1is accomplished by the nucleus routine NFTBID. The
process involves building and initializing the necessary data
structures, such as the TSB, and activating the task.

4.6.5 Task Activation.

The NFPACT routine activates a task. If the task segments are
already in memory, checks are made to see that the task 1is not
being killed and that its Jjob 1is not terminating; if these
conditions are met, the task 1s put on the active queue. If the
segments are not in memory (as is the case following a task bid),
the task is put on the waiting-on-memory (WOM) 1list to be
processed by the task loader. (See the section on program
management for details.) After the task is loaded into memory,
NFPACT is again called to place the task on the active queue.

NFPACT calls the routine NFACTL to place a task on the active
queue. The routine NFDACT removes a task from the active queue.
The routines NFWOML and NFDWOM place tasks on the WOM 1list and
remove them from the WOM list. The routine NFWOMJ places a JSB
on the WOM list.

Figure 4-2 shows the flow through the task scheduler.
4.6.6 Table Area Scheduling.
If a GTA(O) request fails, NFPWOT may be <called to place the

active task on the Waiting On Table area (WOT) queue. NFPWOT
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causes the active task’s context to be set back as outlined
below. NFDACT is called to remove the task from the active 1list,
and NFWOTL ©places the task on the WOT. NFPWOT then returns
through NFSRTN.

When any RTA is executed, the WOT is examined. by NFRTA. If a
task is on the WOT, NFWAKE is called to restart the task. NFWAKE
calls NFDWOT to remove the first waiting task from the WOT and
makes 1t active.

NFPWOT makes certain assumptions about the environment in which
the GTA(O) was dissued. If the GTA(O0) was issued from Map 1
(task) code, NFPWOT expects entry through the GTA(O) -error
return. The restart context will be set back to the GTA(O0) XOP
which will be reissued when the task is restarted. If the GTA(O)
was issued from Map 0O, NFPWOT assumed the failure occurred while
processing an SVC. 1In this case the active task’s context is set
back to reissue the SVC. This means only modules which process
SVC’s may call NFPWOT from Map O. It is also necessary for the
SVC processor to restore all system structures to the state they
were in before the SVC was 1issued as it will ©be reprocessed
entirely.
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Figure 4-2 Flow of Control in Task Scheduling
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4.7 INTERRUPT PROCESSING

When an interrupt occurs, it 1s processed by the anpropriate
interrupt processor. When the interrupt processor is finished,
it branches to a return routine (NFTRTN), which returns to either
the interrupted code or to the scheduler if the time slice for
the task has expired.

4,7.1 Clock Interrupt Processor.

NFCLOK, the clock interrupt processor, gathers performance
statistics, keeps track of time, and decides when a time slice
occurs. The time and date are kept in the following form: year,
day (Julian), hour, minute, second, and tick. Also, a 32-bit
tick counter keeps track of time in clock ticks. The time, the
date, and the tick counter are updated each clock tick. The tick
counter counts clock ticks for 14 months before returning to
zero; it 1is used for timing system functions such as task time
delays. (A clock tick is 8.33 ms in the United States, 10 ms in
Europe.)

Statistics gathering involves sampling a set of flags. The flags
may be set and reset by the operating system at the beginning and
end of critical functions. The frequency with which a flag is
set determines the percentage of time that the operating system
spends within the section of code between the set and reset. A
variable contains the number of flags to be sampled; a two-word
counter counts the number of times that the flags are sampled.
Each flag is a full word and is followed by a two-word counter.
The counter is incremented each time the flag is found to be
nonzero. The first two flags, representing the CPU and disk
utilization, are displayed as a bar graph on the front panel,
with CPU utilization in the 1leftmost eight 1lights and disk
utilization din the rightmost eight lights. This can be changed
using the System Configuration Utility. The remainder of the
flags are defined to measure other aspects of system performance
as shown by the Execute Performance Display (XPD) command.

4.7.2 Internal Interrupt Processor.

An internal interrupt (interrupt level 2) is caused by
instruction execution errors (for example, illegal opcode,
illegal memory address, or privileged dinstruction). Internal

interrupts are processed by the internal interrupt processor,
NFINT2. 1If the interrupt occurs in task code, the task is killed
or placed into end-action code, and control returns to the
scheduler. If the interrupt occurs in operating system code, in
interrupt processing code, or while scheduling is inhibited, the
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system crash routine is called.

4.,7.3 Power-Up and Power-Down Interrupt Processors.

When a power-down interrupt (interrupt level 1) occurs, the
power—-down interrupt processor (NFPWDN) idles and waits for the
power-up dinterrupt (interrupt 1level 0). When the power-up
interrupt occurs, the power=-up processor (NFPWUP) chains Dback
through contexts saved by interrupt processors (interrupts are
not reentered after power up) to find the noninterrupt code that
was executing at the time of power down. When the code is found,
the map files are set wup for that code, the devices are all
reinitialized by entering each DSR at its power-up entry point,
the microcode is reloaded by «calling NFLWCS, and the code is
restarted.

4.8 SVC PROCESSING

When a task issues an SVC, the SVC rums with scheduling inhibited
until it either completes or suspends the task that issued the
SvcC. The requesting task is suspended if completion requires a
task driven SVC processor. -

When an SVC processor terminates, it may reactivate the «calling
task by branching to NFTRTN. NFTRTN either reactivates the task
or, if the time slice has expired, forces rescheduling. Svce
processors that suspend the executing task and wish to return to
the scheduler do so through the scheduler return routine, NFSRTN.
NFSRTN saves the status of the executing task im 1its TSB and
exits to the scheduler.

1/0 requests and buffered SVC requests usually require
unbuffering of information to the requesting task when the
request completes. Unbuffering must occur when the task is in

memory. This is accomplished by queuing the buffered request
block (BRB), using NFEOBR, to the TSB if the TSB is in memory and
to the JSB if the TSB is not in memory. The task may then be
activated. Queued BRBs are unbuffered when the task is selected
for scheduling.

4.9 TASK TERMINATION

Task execution is terminated when the task issues a termination
SVC, another task issues a Kill Task SVC, or the task aborts by
executing an illegal or privileged instruction. Task termination
is processed by NFTERM. If the task is not terminating normally,
NFTERM builds a diagnostic packet and, if the task is active
(executable) and has specified end-action (execution after
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termination), NFTERM restarts the task at the end-action address.
The diagnostic packet includes the task program counter,
workspace pointer, status, task termination error code, and the
time by which the task must finish end action (see the DIA
template in the section of data structure pictures).

End action can continue for no more than five seconds, unless the
Modify Scheduler/Swap Parameters (MSP) command is used to change
the limit

If the task 1is terminating normally or did not specify end-
action, NFTERM deactivates the task (if active), places a task
termination entry on the accounting queue, then releases the
memory used by the task and system structures that describe that
memory by calling NFDTOL and NFDTSK. Finally, if the task was
not restarted, an entry is placed on the task termination queue
to be processed by the termination processor task, PMTERM. (See
the section on program management.)

4.10 SPECIAL COPY ROUTINE

The routines in the module NFCOPY are used to copy blocks of data
from one segment to another. There are three main entry points,
NFCOPY, NFXCPY, and NFCXFR. NFCXFR is used to copy large blocks
of data from one place to another within the current map file.
It can be used in either map file O or map file 1. NFCOPY and
NFXCPY are used to copy data from one segment to another where
neither of the blocks need be mapped. NFXCPY must be called from
map file O and NFCOPY must be called from map file 1 through the
NFMAPO interface. NFCOPY calls NFXCPY which then calls NFCMAP to
set up a special map file which is used for a <call to NFCXFR.
The routine NFCMAP can be called to set up map files for special
purposes by other routines which run in map file O and are
located in the system root.
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SECTION 5

IPL AND SYSTEM LOADERS

5.1 1IPL SEQUENCE

The DNOS initial program load (IPL) process consists of several
logical steps:

l. A read-only memory (ROM) loader on the CPU 1loads the
track 1 loader (a simple bootstrap program).

2. The track 1 loader loads the system loader.
3. The system loader loads the operating system and any

memory-resident tasks from the wuser’s application
program file. :

ROMs are discussed in other documents about the 990 computer.
See, for example, the Universal ROM Loader User’s Manual.

After Dbeing loaded, the track 1 loader relocates itself to the
last 8K bytes of the first 64K bytes of memory and then reads the
disk volume information from track O, sector O. From this
information, the track 1 loader determines whether it is to load
a diagnostic (stand-alone) program, a secondary loader, or an
operating system. The file to be loaded may be either an image
file or an object (compressed or noncompressed) file. After
determining what is to be loaded, the track 1 loader loads the
program into a portion of the first 64K bytes of memory, starting
at address >A0. Note that this loader cannot load any program

larger than 54K bytes.

The system loader loads DNOS from the kernel program file, using
the steps shown in Table 5-1.

After the system is loaded, the " loader passes control to the
power—-up interrupt handler of the loaded operating system.

The following paragraphs describe in more detail the operation

and logic of the DNOS system loader, as well as the data
structures used by the loader.
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5.2 SYSTEM LOADER OVERVIEW

The system loader resides on disk 1in an 1image file called
DSC.SS$IPL and is loaded into memory by the track 1 loader. It is
linked as if it were a system task; that is, it expects to be
mapped in with the operating system ©root and a JCA while
executing. This allows the loader to call subroutines in the
root after the root has been loaded into memory. The loader
executes with interrupts masked to level 2, inhibiting interrupts
from devices.

Once loaded into memory, the loader enables mapping, creating for
itself a two-segment map file. The first segment contains the
loader code, which is located in the first 8K bytes of physical
memory. The second segment maps in the 8K ©bytes of physical
memory immediately following the loader code.

The first section of code (located in module SLIPL) initializes
physical memory to reset any correctable memory errors and to
determine the actual size of physical memory. This procedure
involves writing to each word mapped into the second segment,
changing the map file to map in the next 8K bytes, and writing
into each word in that segment. This process 1s repeated  until
the loader tries to write to memory that does not exist.

Having found the end of physical memory, the loader maps in the
last 16K bytes as its second map segment and relocates itself to
that segment resetting its map file such that the first map
segment maps in the memory starting at physical address 0 and
logical address 0, and the second map segment maps in the memory
containing the loader code, starting at logical address >C000.,
From this point on, as the loader finishes a particular phase of
the load process, it displays the phase on the front panel
lights, starting at the left. Table 5~1 lists the different
phases and indicates the significance of each.
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Table 5-1 System Loader Phases

Phase Description
1 Successful relocation of the loader
2 Successful open of kernel program file

3 Successful load of root, verification of
system version, and load of writable
control store (WCS)

4 Successful load of special table areas

5 Successful initialization of system overlay
table and crash file

6 Successful load of JCA segments

7 Successful load of DSRs and scheduler

8 Successful load of memory resident system tasks

9 Successful load of memory-resident user tasks

Next, the loader initializes its load device (disk drive) for
I/0. It then determines whether the machine being loaded is a
990/12.

The system root, consisting of a procedure and "a task segment
from the kernel program file, is then loaded into memory,
starting at location O. The loader creates a new three-segment
map file, mapping in the root as the first segment, the following
physical memory (up to address >C000) as the second segment, and
the loader code as the third segment. As soon as the root 1is
loaded, the 1loader verifies that the loader file (.S$IPL), the
kernel program file, and the utilities program file (.S$UTIL),
are all of the same version. Then the loader checks the volume
information from the disk being 1loaded to see 1if a writable
control store (WCS) file is specified. If so, it then loads the
WCS from the file.

Next, the loader loads or creates the memory-based segments of
the operating system. The loader traverses the memory-based SSB
list located in the STA. Each SSB represents a file management’
or segment management table area and indicates whether to load a-
segment from the kernel program file or to build a segment in
memory (a nonzero SSBADR value indicates that the overlay is 'to
be loaded from the kernel program file). After loading or
creating a segment, the 1loader initializes that segment’s
overhead words.
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The loader then performs the following:

* Determines which of the disk drives defined is the disk
from which the system was initially loaded and marks it
as the system disk

* Installs the system disk
* Initializes the system overlay table

* Builds the file structures for the swap file and the
crash file

After all of the special table areas are in memory, the loader
scans the JSB list in the system table area. Each JSB points to
an SSB for a JCA that needs to be loaded from the kernel program
file. JCA segments may also require name segments; if so, the
loader creates the segments. Table management overhead words are
initialized in both JCA and name segments.

The next phase consists of loading the DSRs, the scheduler, and
the SVC processor segments. The map files of these various
segments, which are 1in an array for the scheduler and in the
physical device tables (PDTs) for the DSRs, contain the installed
IDs of the overlays on the kernel program file. The loader scans
the map files, loading any segments indicated.

The loader then reads the memory-resident system task ©bit maps
from the kernel program file and the utilities program file,
loading each task indicated. Any associated procedures are also
loaded. SSBs are created and initialized for all segments loaded
in this phase. If a user application program file was specified
during sysgen, the loader reads the bit map for that file and
loads all memory-resident tasks, procedures, and segments.

The next step in the load process 1is installing all on-line disk
volumes. Installing a volume includes initializing PDT
information, c¢reating an FDB for VCATALOG for that disk, and
initializing the disk manager data structures.

The final phase of the 1loader execution allocates the ©buffer
table area (BTA), loads the 1/0 utility task, and initializes the
system anchor for BTA. BTA is located in wuser memory,
immediately following the memory-resident portion of the
operating system and all memory-resident tasks. The I/O0 utility
task is then loaded, and the system anchor is initialized for the
file memory list. The memory containing the loader is part of
user memory. After the initialization is performed, the loader
transfers control to the power-up I1nterrupt processor of the
operating system.
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5.3 SYSTEM LOADER DATA STRUCTURES

Since the data structures created by the system loader are also
used by other parts of the operating system, the data structures
themselves are not described in detail. The loader’s use of
these structures and the reasons for their existence are
described in the remainder of this section. The descriptions
assume that the load medium is a disk. In the 1loader modules,
device—-dependent code is localized to as few modules as possible.
As a result, the 1loader 1is easily configurable as a download
program that uses a communication port as its load device.

The system loader uses the following data structures on the disk:
* Volume information (track 0, sector 0)
* Volume directory (VCATALOG)
* Kernel program file, named during sysgen

* Utilities program file, .SSUTIL (or a name chosen by the
user)

* Shared program file, S$SHARED

*# Application program file

% Writable control store (WCS) file

* Partial bit maps (while installing the disk)
All except the volume informationm and the WCS file are standard
structures, as described 1in the section on data structure
pictures.
In addition, the system loader uses modules SLDATA and SLDISK for
internal working storage. These storage areas are part of the

system loader object itself, and are available to the system
loader for the duration of its execution.

5.3.1 Disk Volume Information.

The volume information contains the following data wused by the
system loader:

*¥ Starting allocatable disk wunit (ADU) of VCATALOG, the
volume directory

* Names of the following files:

- kernel program file
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- wutilities program file

-~ WCS file (If the Performance Package is present)
* Total number of ADUs on the disk
* Starting sector of the partial bit maps
* Volume name

% Number of sectors per ADU on the disk

5.3.2 WCS File.

The WCS file is an image file whose content is of the following
form:

* Word 1 - number of bytes of overhead

* Word 2 - microcode word size

* One or more repetitions of
- Word 3 - microcode starting address
- Word 4 - number of microcode words

- Microcode

5.3.3 Kernel Program File.
Although the kernel program file 1is standard in format, its
contents are slightly wunusual. The kernel program file 1is
created by the Assemble and Link Generated System (ALGS) portion
of sysgen and contains all of the system segments that are
configurable during sysgen. The file contains the following:

* System root (two procedure segments)

% System JCA (overlay)

* First segment management table area (overlay)

* All DSRs included during sysgen (overlays)

* Configurable system tasks (starting with task ID 2) and
their overlays

* JCAs for sysgen-defined jobs (overlays)
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5.3.4 System Loader Intermnal Working Storage.

The modules SLDATA and SLDISK contain the following data 1items
local to the system loader.

* SLDATA
- System loader MAP files
- Linkage to system file structures
- Memory management and allocation information
*# SLDISK
- Disk initialization routine (SLINIT) workspace

- Disk I/0 routine (SLDIO) workspace

5.4 FLOW OF CONTROL THROUGH THE SYSTEM LOADER

SLIPL 1is the main routine of the system loader. It includes the
loader relocation code and calls to subroutines that perform all
of the actual loading. Figure 5-1 shows the calling
relationships between the different loader modules.
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Figure 5-1 System Loader Subroutine Calls

5.4.1 Relocating the Loader.

As described in the overview of the system loader, the first
activity of SLIPL is to determine the size of physical memory.
This is accomplished by using a second map file segment (the
first segment maps in the loader code). Initially, the loader
map file maps memory as shown:
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1st segment 2nd segment

fmmm—mm e Fmmmm—————— Fomm e /
| | [ \
| loader | 8K bytes [ /
| | | \
tmmmmmm fommm e T /
0

The memory initialization code then writes to every word in the
second map segment, comparing the contents of each word after the
write to verify that the contents are the same, If the
comparison fails, the loader assumes that it is at the end of
physical memory.

After 8K bytes have been checked, the loader resets its map file
as shown:

lst segment 2nd segment
fomm e tmm————————— tommm———————— tmm——— /
I I | | \
| loader | 8K bytes | 8K bytes | /
! I | | \
Fmmmmmm e pmmmmmmmm e trmmm—————— fmm——— /
0

This process is repeated until the end of physical memory 1is
found.

NOTE

If the computer being loaded contains the
maximum amount of memory allowed, or 1if the
search for the end of memory causes the
loader to write to the TILINE peripheral
control space (TPCS), the write/compare test
will fail on the first write to the TPCS;
thus, no accidental TILINE commands can be
issued. (TILINE is a registered trademark of
Texas Instruments Incorporated.)

After finding the end of memory, SLIPL relocates the 1loader to
the upper 16K bytes of physical memory, mapping memory as shown:
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lst segment 2nd segment
e L T tome———— ——f ) ——————— Frm———————— -t

|  old | \\ | I
|loader I // I loader |

| code I \\ I I
tmmmmm - fommm————— /] ===—————— tmmmm e +
0 >C000 end of memory

After the relocation, SLIPL calls SLINIT to initialize the 1load
device for I/0.

SLIPL also determines the CPU type and saves it as CPUID in
NFDATA.

5.4.2 Load Device Initialization.

SLINIT has two entry points, SLINIT and SLIVSU. SLINIT performs
some device initialization, dependent on values found in the
loader ROM workspace (location >80 through >9E), and is called by
SLIPL. SLIVSU is an entry point used by the disk installation
routine, SLIV, to gather the information about a disk drive
necessary to install the volume. The device initialization logic
consists of performing a Store Registers command to the disk
drive and then reading the volume information (track 0, sector
0). From this information, SLINIT initializes the workspace used
by the disk I/0 routine (SLDIO), saves the important file names,
and saves the ADU address of VCATALOG. Since the device
information is saved in common segments, it is accessible by the
other loader routines.

5.4.3 Opening a File for 1/0.

Before loading the system root, SLIPL calls SLOPEN to open the
kernel program file for I/0. SLOPEN is an important routine in
the loader; it accepts as input a file name, which is assumed to
be cataloged in the volume directory VCATALOG. It then
calculates the hash value of the file name and searches VCATALOG
for the File Descriptor Record (FDR) for that file. When the
file is found, SLOPEN reads the FDR into the 1loader’s internal
buffer (located after the 1last module in the loader) and then
builds a file control block (FCB) and file descriptor block (FDB)
for the file. The FCB and FDB are built in the file manager
table (FMT) if the FMT has been loaded, otherwise, they are built
in a temporary area in one of the loader common segments. The
FCB information 1s used by the program file I/0 routine, SLPFIO,
to read and write to the file on disk.
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NOTE

The loader is designed so that it can perform
I/0 to only one file at a time; in other
words, only one file can be open at a time.

5.4.4 Loading the System Root.

After the kernel program file is open, SLIPL 1loads the system
root. It calls the module load routine, SLLMOD, to 1load
procedure 1 and procedure 2 from the kernel program file. These
two modules are loaded in adjacent memory, starting at location
0, and combine to form the system root segment. After the root
is loaded, SLIPL resets its map file to be a three-segment map
file. It maps the root as the first segment, the physical memory
immediately following the root as the second segment, an the
loader code as the third segment, as shown:

lst segment 2nd 3rd segment
e Fm————— fm———- /] =m———————— fmmmm e +

| system | | \\ | I

| root | | // | loader |

| I | \\ | |
fommm————— pmmm—— tmm——— []=—m—————— e +

0 JCASTR >C000 end of memory

After 1loading the root, SLIPL calls SLVRFY to verify that the
versions of the kernel program file, the wutility program, and
S$IPL match.

5.4.5 Loading a Module.

The loader <calls SLLMOD to load a segment (task, procedure, or
overlay) from the currently open program file. The module |is
always loaded into memory, starting at the next available beet
address. (A beet address is an address evenly divisible by 32.)
Memory 1is allocated linearly from physical location 0 to the end
of memory. SLLMOD is used for three purposes:

* Loading a kernel segment (a segment that is not a system
or user task, such as a JCA or a DSR)

% Loading a task or procedure segment

* Reading the program file directory index (PFI) for a
segment
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When loading a kernel segment, SLLMOD does  not create any system
overhead (such as an SSB or OVB for the segment). It does,
however, make an entry in an internal table to indicate which
kernel segments have already been loaded. Thus, if a segment is
requested more than once (as is the case for the system JCA) it
will be loaded only once. This intermal table has the following
form:

e e +
0| type | ID | load beet | seg. length |

ittt et +
1] | | |
. T e e s e e S S +
. // // // //
B e e L L P e PP PP PP P PP PP PPt +
n | I I |

ittt it L e L +

Each table entry is three words long and contains four fields as
follows

* The first byte of the first word 1is the segment type
(O=task, 4=procedure, 8=overlay) on the program file.
Note that a segment installed as a procedure or a task
on the kernel 1is not necessarily loaded into memory as a
procedure or task. The system root is an example of
this.

* The second byte of the first word is the installed ID on
the program file.

* The second word is the beet address where the segment
was loaded.

* The third word is the byte length of the segment.

When a kernel segment 1is requested, SLLMOD first searches the
table to determine if the segment 1is already 1loaded; 1f so,
SLLMOD immediately returns the load beet and segment length to
the caller.

If the segment requested is a task or procedure segment, SLLMOD
loads the segment and builds system overhead for it (SSB and
OVB). Before trying to load the segment from the program file,
SLLMOD calls a routine in the system root, SMFSID, to search the
SSB group for the SSB of the currently open program file. If the
SSB is found, the segment is already in memory and need not be
reloaded; otherwise, the segment must be loaded.
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5¢4.6 Initializing the Crash File.

After the system root 1s loaded, SLIPL calls SLCRSH to initialize
the «crash file informationm in the system root. This information
is kept in the CSEG NFDATA and consists of the TILINE address;
the head, cylinder, and sector addresses of the crash file; and
the size of the c¢rash file (in -~ beets). SLCRSH obtains the
information by opening the file and extracting information from
the FDR for the file.

54.7 CPU Type Dependent Initialization.

After the load device is initialized, SLIPL determines the CPU
type. This is done by examining a CRU location. If the CPU is a
990/10 or a 990/10A, no special initialization is done. If the
CPU is a 990/12, SLWCS is called to load the WCS file if one 1is
specified 1in the volume information. If the CPU is an S300, the
clock handler is initialized for a 50hz clock.

5.4.8 Loading the Special Table Areas.

The special table areas for segment management, file management,
and system common are represented by SSBs in the memory-based
segment group, located in the STA in the root. These SSBs, built
during sysgen in the $BLOCK module in the D$SOURCE file, can be
initialized with either of the following formats:

* The beet address field of the SSB contains an overlay ID

* The beet address is 0 and the length field contains the
length of the segment to be created.

Only the first segment management table area SSB and the system
common SSB are of the first format; none of the others represent

actual program file segments.

If the table area is a segment in the program file, it is
constructed during sysgen to include only the defined data area,
thus occupying less disk space than if free area was also
allocated. The SSB for the table area contains the correct
length in the SSBLEN field. SLLMOD allocates the difference
between the SSBLEN value and the segment installed length as free
table area. When the system loader loads one of these segments,
it adds the size of the free area to the memory already allocated
for the segment; the result is a segment in memory that includes
all of the free area.

If the segment has no program file image (it is completely empty
and so sysgen built only an SSB for 1it), SLTABL allocates the
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amount of memory indicated in the length field of the SSB; SLTABL
then initializes the table area management overhead words in the
segment to indicate that it is completely empty.

5.4.9 Loading the JCAs.

The SSBs that represent JCA segments are also in the memory-based
segment group but are not located in the STA in the root. They
are located in the first segment management special table area,
which is built during sysgen and loaded in the preceding phase of
the system load. To load the JCAs into memory, SLIPL calls the
routine SLJCA. This routine scans the JSB 1list, maps in the
segment management special table area and then wuses the SSBADR
field to indicate which segment is to be loaded. SLJCA never
creates a JCA segment, since they are all built during sysgen and
have a segment in the kernel program file.

NOTE

Normally, JCA segments are considered
swappable (except for the system JCA).

As SLJCA loads each JCA segment, it inspects the job information
table (JIT) in the JCA to see if any name segment must be created
for the job. This 1s indicated by a nonzero value in the SSB
address field for the segment. If the value is nonzero, it is
used as the size of the area that must be created. SLJCA creates
an empty segment and initializes it as a name segment. (For
details, see the description of name management in the section on
the I/0 subsystem.)

5.4.10 Loading the DSRs.

The next phase of the load process is the loading of the DSRs,
the scheduler, and the SVC processor segments. The routine SLDSR
loads these. SLDSR first loads the scheduler and SVC processor
segments, then the DSRs. It determines which segments to load by
inspecting the map files for the scheduler and DSRs.

The scheduler/SVC map files are in an array located in the STA in
the root. The array begins with the scheduler map file, and
MAPSHD in the NFPTR common segment in the root points to the
array. Each entry 1in the array 1is a six-word map file,
initialized during sysgen as follows:

l. Limit 1 is set to the length of the root.

2. Bias 1 is set to O.

IPL and System Loaders 5-14 2270512-9701



DNOS System Design Document

3. Limit 2 is set to >4000 (one’s complement of >C000).
4, Bias 2 is the overlay ID of the system JCA.

5. Limit 3 is set to the negative value -1, (This 1is a
signal wused by IPL to determine whether or not the DSR
map file has been initialized.)

6. Bias 3 is the overlay ID of the scheduler or SVC
segment to be loaded.

SLDSR inspects each map file, loading the segments indicated by
the bias 2 and bias 3 fields and initializing each map file with
the correct bias and limit values.

After the map file array has been processed, SLDSR scans the PDT
list, loading the segments indicated by the map file in each PDT.
The PDT map files are initialized 1in the same way as the
SVC/scheduler map files, with the wvalue in bias 3 being the
overlay ID of the DSR for the device.

5.4.11 Loading Memory-Resident Tasks.

After all of the JCAs are in memory, SLIPL is ready to 1load all
of the memory-resident tasks for the system and for user jobs.
SLIPL first calls SLSTSK to load all of the tasks defined in the
system job. SLSTSK calls SLMRES to load all memory-resident
tasks on the kermel program file. SLSTSK then opens the utility
program file and calls SLMRES to load all memory-resident tasks
in that program file. SLIPL calls SLUTSK to load wuser-defined
tasks from the user’s application program file. SLUTSK operates
in the same manner as SLSTSK,

54,12 Disk System Initialization.

SLIPL calls SLDINT to perform some system disk initialization.
SLDINT performs the following functions: ' c

1., Searches the PDT 1list for the disk PDT, which
represents the disk from which the system was loaded.
This PDT is then marked to be that of the system disk

by setting the system disk flag and setting the pointer
SYSPDT to point to the PDT.

2., Opens the system swap file by calling SLOPEN.
3. Installs the system disk volume by calling SLIV,

4., Initializes the system overlay table used by the system
overlay loader.

2270512-9701 5

15 IPL and System Loaders



DNOS System Design Document

5¢.4.13 1Installing Disk Volumes.

The next phase of the system loader is the installation of all
disk volumes that are on-line during IPL. To do this, SLIPL
calls SLIV, which scans the PDT 1list in the STA, searching for a
disk.
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SECTION 6

SVC REQUEST PROCESSING

6.1 OVERVIEW OF SVC PROCESSING

In the 990 hardware architecture, 16 levels of extended
operations (XOPs) are defined. Level 15 is reserved for use as
an interface between user software and operating system services.
This interface is named the Supervisor Call (SVC) interface.

When an SVC 1is 1issued, the 990 computer hardware transfers
control to a software routine, which begins decoding and
processing the SVC. The activity of the decoding routine varies,
depending on the particular SVC request. Some SVCs are processed
quickly, with 1little information passed from requester to
processor. Other SVCs require extensive effort and time or
require much information transfer between requester and
processor. To allow optimum wuse of the 990 resources, an SVC
that requires much time to process is copied 1into a block of
system table area (STA) along with information identifying the
requester; then the requester task is suspended and its memory 1is
relinquished to other tasks.

The amount of effort involved plus several other factors
determine the method used by an SVC processor. The SVC request
is copied (buffered) into registers if the processor meets the
following conditions:

* It is a memory-resident processor

* It completes processing of the SVC in a short period of
time

* It processes an SVC that may be issued by any task

* It processes an SVC that cannot be an initiated event
(using SVC >41)

* It returns all results directly to the requester task
space

Otherwise, the SVC request is buffered into the STA.
While a task is having an SVC decoded, that task cannot lose its

time slice or be preempted by the scheduler. When the SVC issued
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is one that finishes quickly, the request is decoded and is
processed, and control returns to the requester task before the
scheduler can schedule another task for execution. Essentially,
the sequence of events 1s as follows:

l. Requester task issues the SVC by wusing XOP @block,15
(or equivalent)

2. Decoding routine is entered from the XOP interface

3. Decoder determines that this 1is a request which
finishes quickly

4. Decoder coples some or all of request block into
processor routine registers

5. Decoder transfers control to processor

6. Processor performs requested service and returns
information to requester task

7. Processor returns control to requester task

If the SVC request 1issued is not a fast request, the SVC decoder
copies the request block into a buffer in STA and then follows
one of two possible paths. For requests that require much time
and effort, usually the request is queued to a processor task and
the requester task 1s suspended wuntil the request completes.
Processors that are disk-resident tasks follow this path. Such
processors are either seldom used or very large in size.

Certain special processors, such as those for I/0 and job
management use an alternate path for processing buffered
requests. Some preprocessing is required before control goes to
a processing task. When following this path, the decoder copies
the request block into a buffer d1in STA or JCA and transfers
control to the ©preprocessor. The preprocessor examines the
buffered request and performs whatever processing it can. For
some subopcodes, all processing is completed in the preprocessor.
In these cases, control is returned to the requester task., In
other cases, the preprocessor queues the request to the processor
task and suspends the requester task,

When the requester task is suspended while the SVC is being
processed, the requester task may be removed from memory to make
room for another task, When the SVC request is finished, the
buffered request must be returned to the requester task; then the
requester task can again be scheduled for execution. To allow
this, the SVC processor queues the finished buffered request
block to the requester task’s TSB (or to the task’s JSB if the
TSB is not in memory). When ready for a new task, the scheduler
examines these blocks, ensures that the task is in memory, calls
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a routine to return informationm to the task, and schedules the
task for execution.

The decoding routine examines the SVC request not only to
determine whether processing will be fast or slow, but also to
verify several other characteristics. Some SVC requests must be
aligned on a word boundary in order to execute properly. This is
the first characteristic the decoder checks for. 1If the request
block is not aligned but should be, an error code of >Fl is
returned in the return code field of the request block, and the
requesting task resumes control.

Another characteristic to be checked is the privilege level of
the request. Some SVC requests can only be issued by operating

system tasks. If this requirement is not met, an error code of
>F2 is returned in the return code field of the request block,
and the requesting task resumes control. Some SVC requests

require that the requesting task be 1installed as software
privileged. If this requirement is not met, the task recelives an
error code of >F3, and the requesting task resumes control,

Since some of the SVC requests (and their processors) are
configurable when a DNOS system is generated, it is possible for
a task to issue an SVC that is not supported on a particular DNOS
system. When this occurs, an error code of >F0 is returned to
the request block, and control returns to the requesting task.
This error code is also returned when a request specifies an SVC
code that is not defined in the DNOS set.

Some DNOS users extend the capabilities of the operating system
by adding their own SVC codes and processors during sysgen.
(Such user—-defined SVCs have operation codes >80 or greater.)
The same checks are performed on user-defined SVCs as on the DNOS
SVCs, and the same set of error codes is used for these checks.

6.2 MODULES USED FOR REQUEST PROCESSING

Most of the routines for processing SVC requests are written in
990 assembly language; several are written in ©Pascal. The
routines are found in modules either in the subsystems that they
directly support, or in the DSC.REQPROC directory. Modules in
REQPROC support the decoding, buffering, and unbuffering of
requests and also process some of the requests that do not belong

in any other DNOS subsystem. Table 6-~1 lists and describes some
of the request processor modules found in the REQPROC directory.
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Table 6~1 Major Request Processor Routines

Name Description

RPBUF Routine that copies request blocks to buffers in
STA

RPCONV Processors for SVC 0A,0B,0C,0D (data conversion)

RPDQUE Routine that dequeues and unbuffers SVC requests
to requester tasks

RPGSVC Processors for SVC 02,03,06,07,09,0E,11,2E,2F,35,
3B,3E (miscellaneous general-support SVCs)

RPIDSC Processor for SVC 38 (Initialize New Disk Volume)

RPINV Main driver for the initialize new task volume

RPINV1 Routines used to support the initialize volume
process

RPINV2 Same as RPINVI

RPINV3 Routines used to initialize disc process

RPINV4 Utility routines for the initialize new volume

process

RPIOR Utility routines for the IV, UV, and INV SVC
handlers

RPIV Handles the main portion of installation of a

disc volume

RPPRCK Routine that checks for memory protection
violations

RPPEVT Processor for SVC >4F (Post Event)

RPPSVC Processors for SVC 04,10,1B,24,2B,2C, 33
(miscellaneous) (program—-support SVCs)

RPRCDA Data base for SVC 4C (Return Code Processor)

RPRCP Processor for SVC 4C (Return Code Processor )

RPRETR Processor for SVC 3F (Retrieve System Data )

RPROOT Decoder for SVC requests

RPSDAT Module that includes the system static buffer
and a table (RPSTAB) built during sysgen, '
showing characteristics and processors for DNOS
SVCs

RPSGCK Routine that checks for mapping violations

RPUDAT 1Includes the table RPUTAB built during sysgen,
showing characteristics and processors for
user—-defined SVCs

RPUTIL Utility routines and data areas for the IV, UV,
and INV SVC handlers

RPVOL Processors for SVC 20,34 (Install Disk and
Unload Disk)

RPWAIT Processor for SVC 42 (Wait for Event)

RPWTIO Processors for SVC 01,36 (Wait for I/0)

Other modules that process SVC requests are found 1in the
subsystems for I/0, name management, job management, program
management, and segment management. Short descriptions of the
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routines that process SVCs can be found in the relevant subsystem
descriptions.

6.3 MAPPING STRUCTURE

Due to the large number of SVC processors, one map file segment
cannot contain all of them. Therefore, two arrangements of map
file 0 are set up during sysgen. One arrangement has these three
segments mapped in: system root, requester JCA, scheduler/first

SVC segment. The other arrangement has these three segments
mapped in: system root, requester JCA, second set of SVC
pProcessorss. A flag in the RPSTAB entry shows which of the map
arrangements is needed for processing a particular SVC. Before

passing control to the processor, the decoding routine makes sure
that the correct map file 1is being used. When the processor
terminates, the return routines ensure that the map file with the
scheduler segment is restored.

6.4 DATA STRUCTURES USED FOR SVC PROCESSING

The primary structure used by the SVC decoding routine is the SVC
definition table built during sysgen. This table, RPSTAB, is
created to define completely all DNOS SVCs included in the
current system configuration. Users who supply any of their own
SVCs must build a similar table, RPUTAB, to describe those SVCs.
The RPSTAB table is located in a module named RPSDAT; the wuser
defined table is placed into a file named .S$SGUS.USERSVC.RPUDAT.

Each DNOS-supported SVC code has a two-word description field in
RPSTAB. For codes that are undefined in a particular
configuration, both words are zero. Figure 6-1 shows the two-
word description format.

2270512-9701 6-5 SVC Processing



DNOS System Design Document

BYTE 0 - FLAG BYTE

BIT O - O= Do not check alignment; l=check alignment
1 - 0= Use registers to buffer; l=use table area
2 - 0= Use first SVC segment of processors;

= Use second SVC segment of processors
3,4 - Reserved
5=7 ~ Length to buffer, if going to registers;
otherwise O
BYTE 1 - LENGTH BYTE
>00 if buffering in table area
Length of whole call block if buffering in registers
BYTES 2,3 - ADDRESS WORD
Address of request definition block (RDB) if
buffering in STA
Address of processor 1f buffering in registers

Figure 6-1 SVC Entry Form in RPSTAB

SVC processors that execute quickly and require little

information from the SVC call block have the required information
buffered 1in registers. Upon entry to the SVC processor, the

following registers are set:
* RO - bytes 0,1 of call block (or zero if unused)
*# R1 - bytes 2,3 of call block (or zero if unused)
* R2 - bytes 4,5 of call block (or zero if unused)
* R3 - requester call block address
* R4 - requester TSB address
* R5 - requester map file pointer in TSB

When using a buffer in STA, a structure called the request
definition block (RDB) is used to tell how much and which fields
to buffer. The RDB is defined in the module with the memory-
resident ©processor or preprocessor, if one 1is used. For SVCs
processed by tasks with no preprocessors or for SVCs that are
configurable options of DNOS, the RDB is defined in the RPSDAT
module. The RDB is labeled RDBSxx for system SVC opcode xx. A
template for the RDB is shown in the section on data structure
pictures. Figure 6-2 shows examples of RDBs.

For many of the requests buffered according to an RDB,
information must be returned from the processed buffered request
to the requesting task. The structure used to govern this

transfer is the return information block (RIB) built for the SVC.
A RIB 1is needed if information in addition to the return code
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must be passed back to the requester task. The RIB for system
opcode xx 1is RIBSxx and is shown in detail in the section on data
structure pictures. Figure 6-2 shows an example of an RIB.

RDBS14 EQU § LOAD OVERLAY RDB
DATA >0800 USE DYNAMIC BUFFER IN STA
DATA OVYQUE OVERLAY QUEUE SERVER HEAD
DATA 0 NO RIB NEEDED
DATA >0007 MAX BUFFER SIZE
BYTE >07 BASIC BLOCK LENGTH
BYTE 0 ACCOUNTING FACTOR
DATA 0 RESERVED

RDBS48 EQU § JOB MANAGER RDB
DATA >1800 PREPROCESSOR, DYNAMIC BUFFER
DATA JMPREP ADDRESS OF PREPROCESSOR
DATA RIBS48 RIB ADDRESS
DATA >0010 MAX BUFFER NEEDED IS 16 BYTES
BYTE >10 BUFFER 16 BYTES
BYTE 0 ACCOUNTING FACTOR
DATA 0 RESERVED

RIBS48 EQU &
DATA 0 NO POST PROCESSOR "NEEDED
BYTE 0 START UNBUFFERING AT BYTE O
BYTE >10 UNBUFFER 16 BYTES
DATA 0 END OF RIB

Figure 6-2 Examples of RDB and RIB Structures

The job management SVC 1is one example of an SVC that must be
rebuffered for certain sub-opcodes. The flags defined in the RDB
for expansion govern that rebuffering. This technique 1is used
because request blocks for sub-opcodes within the SVC opcode vary
in size. The preprocessor of the SVC must make a call to RPBUF
with a revised RDB to rebuffer special cases.

SVC processing uses several data structures in addition to the
RDB, RIB, and RPSDAT. Among these are the queue headers for the
queue server SVC processing tasks. The queue headers ‘rare
described 1in the section on nucleus functions. The SVC decoder
uses the queue header pointer in the RDB to queue a buffered
request to a queue server.

SVC processing uses TSBs of the requesting tasks to access map
file information and to return completed requests. It uses JSBs
to return completed requests if the TSBs are not available.
Other structures are used by particular SVC processors but not by
the decoder or buffering routines.
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6.5 DETAILS OF SVC PROCESSING

SVC processing begins 1in the routine RPROOT. This routine
accesses tables to locate the appropriate processor and to
determine buffering details. The routine RPBUF is used to copy
(buffer) the SVC request into a temporary work area., The routine
RPDQUE is used to return the finished request to the task issuing
the SVC. A set of miscellaneous routines is used throughout
processing.

6.5.1 Decoding Routine (RPROOT).

When an SVC is executed, the hardware transfers control via the
interrupt processing routines to the SVC decoding routine RPROOT.
RPROOT first checks for a special SVC (XOP 15,15) used by the SCI
Debugger. If this special call was issued, a flag 1s set in the
requesting task’s TSB.

A check is then made for the Initiate Event SVC. If that SVC is
specified, it is now processed in RPROOT. The SVC being
initiated is checked to ensure that it is a legal opcode and can
be initiated. (In the current version of DNOS, only I/O and
semaphore operations can be initiated.) If no errors occur, the
initiated SVC is processed like any other request.

At this point I/0 and ASegment Manager SVCs are checked for
alignment and then routed directly to thelr preprocessors. This
is done to speed up the processing of those SVCs.

RPROOT then examines the RPSTAB entry for the requested SVC. The
first check verifies that the opcode 1s defined 1in this
configuration. If there is no RPSTAB entry and no RPUTAB entry,
error code D>F0 1is returned, S8SVC ©processing terminates, and
control returns to the requester task.

If the SVC is defined, the next check is for alignment. If the
RPSTAB or RPUTAB entry shows that the request must be aligned on
a word boundary, the address of the request is checked. If it is
not legal, error code >Fl1 1is returned, and SVC processing
terminates.

The RPSTAB entry for the requested operation 1s checked to see
whether buffering occurs in registers or in STA. If the request
is to be buffered in registers, RPROOT performs the following:

l. Checks the call block for mapping and protection
violations

2. Transfers the required amount of information from the
requester call block to registers RO, Rl, and R2

3. Ensures that the correct map file 1is in use
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4., Transfers control to the processor. When the processor
completes 1its work, it transfers control back to the
requester task

If the RPSTAB entry for the SVC shows that the SVC is to be
buffered into STA, RPROOT performs the following:

l. Accesses the RDB

2. Checks the «call block for mapping and protection
violations

3. Calls the ©buffering routine RPBUF to transfer
information from the requester call block to STA
according to the RDB, creating a BRB (Buffered Request
Block)

4. Checks whether the request is to be queued to a queue
header for a task or sent on to a processor in memory

a. If the request is to be queued, RPROOT queues the
buffered block to the queue header and suspends
the requester task

b. If the request is to be sent to a processor,
RPROOT transfers control to the processor, which
either returns to the requester or queues the
buffered request to a task

After RPROOT transfers control to an SVC processor, that
processor may return control to the scheduler by ©branching to
NFSRTN or NFTRTN. It may also return to RPROOT in case an error
occurs in the processing logic. The return points are as
follows:

*# RPRTNE - an error completion. RPROOT must check whether
this was an 1initiated event and return only the error

byte to the requester task,

% RPRTNF - a task error in the requester task. RPROOT
must check whether this was an initiated event and
terminate the requester task with the task error passed
from the SVC processor. If the SVC processor itself
encounters a logic error, RPROOT terminates the
requester task with task error >04 to show an SVC
processor error. *
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6.5.2 SVC Buffering Routine (RPBUF).

RPBUF is a general request buffering routine called by RPROOT and
by several SVC preprocessors that have received a partially
buffered block from RPROOT. RPBUF uses the RDB provided by the
caller to determine how to buffer the information.

RPBUF first checks the RDB flags to see if this buffering is to
use the single system static buffer (provided as part of the
RPSTAB module) or a dynamic buffer. 1If a dynamic buffer is to be
used, a flag is checked to see whether the buffer comes from STA
or from the requester JCA. A dynamic buffer of the size
specified in the RDBMAX field of the RDB is then allocated via
the nucleus routine NFGTA.

If RPROOT called for this ©buffering, RPBUF now sets up the
buffered request by first building the buffered request overhead
(BRO). The BRO is shown in the section of data structure
pictures. It 1includes a pointer to the requester TSB and JSB,
the address of the call block in the requester task, a set of
flags, and several filelds filled during SVC processing.

After the BRO 1is completed, RPBUF includes as much of the call
block as indicated in the RDBBAS field of the RDB. RPBUF then
checks to see 1f expansions to this basic block are to be
included. 1If so, the next several words of the RDB indicate
where to buffer the information (table area or JCA), how much to
buffer, and at which offset 1into the buffered information to
place the new information.

If the buffering request is for revision of a partially buffered
block, RPBUF copies the BRO and the basic request block from the
partially buffered block to the newly acquired block. The old
block of memory is released via the nucleus function NFRTA, and
expansions are treated like those in buffering for RPROOT.

6.5.3 Dequeuing and Unbuffering Routine (RPDQUE).

When a task 1is to be scheduled for execution, the scheduler
examines the TSB to see if any SVC requests are to be unbuffered
to the requester task., If so, RPDQUE is called to remove all
queued SVC requests. RPDQUE works with each queued request,
returning information from the buffered request block to the
requester task. It passes back the return code byte and then
uses an RIB to pass back any other information, if the RIB is
defined. RPDQUE returns the number of bytes specified in RIBLEN
from the offset RIBOFF in the BRB to the offset RIBOFF in the
requester call block. Several sets of paired specifications may
be present, terminated by palr of zeros. When these pairs are
completed, a postprocessor is called, if one is specified in the
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RIBPRO field. When unbuffering is complete, RPDQUE releases the
buffer via the nucleus routine NFRTA and returns to its caller.

A Wait for Event SVC requires special handling by RPDQUE, which
checks the requester task TSB to see which event flags have
completed. The flags being tested in the Wait for Event ©block
are then matched against those in the TSB to generate a correct
reply in the requester task area.,

6.5.4 Other Request Processor Support Routines.

RPMAP2
This routine is part of the DNOS root. It is used by RPROOT
to access a processor in the second SVC map file. RPMAP2
adjusts global pointer CURMAP, loads the second map file,
and transfers control to the processor routine. If the
processor returns to RPROOT, it passes back through RPMAP2,
restoring the original map file.

RPPRCK

This routine checks the memory-protection attributes of a
portion of memory. It first examines the protection bit in
the status word of the task. If protection 1is enabled,
RPPRCK then checks to see if the map:  register 1limit
indicates write protection. If so, an error is returned.
To allow unbuffering of SVC request results, write
protection must not be enabled; thus, the error causes the
task to terminate.

RPSGCK
The requester call block must be mapped in by a single base
and limit register pair to simplify processing. RPSGCK

verifies this condition. Given any address and length,
RPSGCK uses the relevant map file to ensure that the block
addressed is correctly mapped. If not, an error 1is

returned, which may cause the task to terminate.

6.5.5 DNOS SVCs and Processors.

Table 6-2 shows the processors for each of the system-defined SVC
opcodes for DNOS. 1In some cases, a preprocessor is shown, since
that module is the one accessed from RPROOT; it may in turn call

one of several processors. Some small processors that perform
related functions have been collected into a single module; the

listing shows both the module name and the processor name for
these processorse.
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Table 6-2 SVC Processors and Modules

NOTATION: MEANING
A Alignment on word boundary required
I May be initiated with SVC 41
(Not Supported) This SVC code is intentionally omitted.
(pre) This is a preprocessor
P Software privileged task required
(P) Some of the set require software privilege
S System task required
(S) Some of the set require a system task
(task) This processor runs as a task
[nn] Name of module containing processor
Processor/Preprocessor
SvC # Name Notes [Module if Different]
00 I/0 Operations A,I,(P) IOPREP (pre)
01 Wait for I/O A RPWTOl [RPWTIO]
02 Time Delay A RPTDLY [RPGSVC]
03 Get Date and Time A RPGDT [RPGSVC]
04 End of Task RPENDT [RPPSVC]
05 (Not Supported)
06 Suspend Task RPUNCW [RPGSVC]
07 Activate Suspended Task RPAST [RPGSVC]
08 (Not Supported)
09 Extend Time Slice RPETS [RPGSVC]
0A Convert Binary to Decimal RPCBDA [RPCONV]
0B Convert Decimal to Binary RPCDAB [RPCONV]
ocC Convert Binary to Hexadecimal RPCBHA [RPCONV]
0D Convert Hexadecimal to Binary RPCHAB [RPCONV]
OE Activate Time-Delayed Task RPATDL [RPGSVC]
OF Abort I/0 Request by LUNO IOABRT
10 Get Common Data Address PMGRCM
11 Change Task Priority RPCTP [RPGSVC]
12 Get Memory A PMGRMM
13 Release Memory A PMGRMM
14 Load Overlay A PMOVYL (task)

15 (Not Supported)
16 (Not Supported)
17 Get Task Bid Parameters A RPGTBP [RPGSVC(C]
18 (Not Supported)
19 (Not Supported)
1A (Not Supported)
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Table 6-2 SVC Processors and Modules (Continued)

SVC # Name Notes [Module if Different]
1B Return Common Data Address PMGRCM

1C Put Data A PMGDAT

1D Get Data A PMGDAT

1E (Not Supported)

1F Scheduled Bid Task A RPXSBT [RPPSVC(C]
20 Install Disk Volume A,P RPVOL (task)
21 System Log Queue Request A LGSVC

22 Disk Management A,8 DMTASK (task)
23 (Not Supported)

24 Suspend for Queue Input S RPQSUS [RPPSVC]
25 Install Task A,P PMPINS (task)
26 Install Procedure/Segment A,P PMPINS (task)
27 Install Overlay A,P PMPINS (task)
28 Delete Task A,P PMPDEL (task)
29 Delete Procedure/Segment A,P PMPDEL (task)
2A Delete Overlay A,P PMPDEL (task)
2B Bid Task A RPXTSK [RPPSVC]
2C Read/Write TSB A,P PMRWTB

2D Read/Write Task A,P PMRWTK (task)
2E Self Identification A RPGSID [RPGSVC(C]
2F Get End Action Status A RPGEAS [RPGSVC]
30 (Not Supported)

31 Map Program Name to ID A PMPMAP (task)
32 (Not Supported)

33 Kill Task A RPKILT [RPPSVC(C]
34 Unload Disk Volume A,P RPVOL (task)
35 Poll Status of Task » RPPTS [RPGSVC]
36 Wait for Multiple I/O RPWT36 [RPWTIO]
37 Assign Program File Space A,P PMPASP (task)
38 Initialize New Disk Volume A,P RPINV (task)
39 (Not Supported)

3A (Not Supported)

3B Set Date and Time A RPIDT [RPGSVC]
3C (Not Supported)

3D Semaphore Operations A,IT PMSEMA

3E Reset End Action Status RPREA [RPGSVC(C]
3F Retrieve System Data A RPRETR

40 Segment Management A,(S) SMPREP (pre)

41 Initiate Event A RPROOT

42 Wait for Event A RPWAIT

43 Name Management A NMPREP (pre)

44 Reserved

45 Get Encrypted Value A SECRYP
46 Get Decrypted Value A SECRYP
47 Log Accounting Entry A PMACCT
48 Job Management A JMPREP (pre)

|
[—
w
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Table 6-2 SVC Processors and Modules (Continued)

SvC # Name Notes [Module if Different]
49 Get Accounting Info from TSB A PMACCT
4A  Modify BTA or JCA Size A,P PMSBUF (task)
4B Halt/Resume Task A,P PMHALT
4C Return Code Processor A RPRCP (task)
4D (Not Supported)
4E Comm I/O -
4F Post Event A RPPEVT

50 DNOS Performance Functions

80+ User-defined SVCs

6.6 USER-WRITTEN SVC PROCESSORS

The standard set of SVCs uses operation codes that range from >0
through >7F. The user may implement SVCs using codes from >80
through >FF. One or more codes may be specified, using any codes
within the wuser-defined range. The wuser must design- the SVC
block, build an RDB to describe buffering, build an RIB if
information is to be wunbuffered, and set up a module of
information with the IDT name RPUDAT. During sysgen, the wuser
supplies a file name for the module containing RPUDAT object and
ensures that object modules for the SVC processor(s) are 1in the
directory .S$SGU$.USERSVC of the data disk.

6.6.1 User SVC Table.
The user specifies the RDB and RIB information, as well as a set
of general information about all SVCs being defined, in a 'module
of tables that contains the following:

* An IDT name of RPUDAT

* DEF statements for RPUMAX and RPUTAB

* REF statements for each SVC processor entry point

* A byte named RPUMAX with a value of the largest user-
defined SVC code

* A table named RPUTAB with a two-word entry for each SVC
code in the range >80 through RPUMAX

* An RDB for each user-defined SVC code

2270512-9701

[*2]
I
—
£~

SVC Processing



DNOS System Design Document

* An RIB for each user-defined SVC that must return
information to the caller

The entries in the table RPUTAB consist of two words each. The
first word is the value >E000 and the second word is the address
of the RDB for the SVC code being defined. The first entry in
the table is for SVC code >80. Each successive entry is for the
next sequential SVC code. If a particular code is not defined in
the system being generated, the entry in RPUTAB must consist of
two words of zero. Figure 6-3 includes the format of RPUTAB when
the user is defining several SVCs.

An RDB for a wuser—-defined SVC includes the address of the SVC
processor, flags showing how to copy the call block for
processing, and the address of an RIB used to return information
to the calling task. Tabl<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>