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STUDENT GUIDE

INTRODUCTION

The VAX/VMS Operating System Internals course is intended for
the student who requires an extensive understanding of the
components, structures, and mechanisms contained in the VAX/VMS
operating system. It is also an aid for the student who will go
on to examine and analyze VAX/VMS source code.

This course provides a discussion of the interrelationships

among the 1logic or code, the system data structures, and the
communication/synchronization techniques used in major sections of
the operating system.

Technical background for selected system management and
application programmer topics is also provided. Examples of this
information include:

e The implications of altering selected system parameter
("tuning" or "SYSGEN" parameter) values

@ The implications of granting privileges, quotas, and
priorities

e How selected system services perform requested actions.

Information is provided to assist in subsequent
system-related activities such as:

e Writing privileged wutilities or programs that access
protected data structures

e Using system tools (e.g., the system map, the system dump
analyzer, and the MONITOR program) to examine a running
system or a system crash.

This course concentrates on the software components 1included
in (and the data structures defined by) the linked system image.
Associated system processes, utilities, and other programs are
discussed in much less detail. Specifically, the implementation
of I/0 and the method of writing a device driver for VAX/VMS are
not discussed in this course.
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COURSE GOALS

1.

Describe the contents, wuse, and interrelationship of
selected VAX/VMS components (e.g., Jjob controller,
ancillary control processes, and symbionts), data
structures (e.g., SCB, PCB, JIB, PHD, and Pl space), and
mechanisms (e.g., synchronization techniques, change mode
dispatching, exceptions and interrupts.)

Describe the similarities and differences of system
context and process context.

Discuss programming considerations and system management
alternatives in such problems as:

- assigning priorities in a multi-process application,

- ~controlling paging and swapping behavior for a process
or an entire system, and

- writing and installing a site-specific system service.

Use system-supplied debugging tools and utilities (e.g.,
SDA and XDELTA) to examine crash dumps and to observe a
running system.

Describe the data structures and software components used
when a process 1is created or deleted, an image |is
activated and terminated, and the operating system is
initialized.

Describe how the following interrupt service routines are
implemented:

AST delivery

Scheduling

- Hardware clock

Software timers
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RESOURCES

1. VAX/VMS Internals and Data Structures Manuals

2. VAX/VMS System Dump Analyzer Reference Manual

3. VAX/VMS Operating System Internals Supplemental Listings
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COURSE MAP
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INITIALIZATION

PROCESS
CREATION AND
DELETION

DEBUGGING

SYSTEM
COMPONENTS
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II.
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COURSE OUTLINE

System Components

A.

B.

C.

D.

The

How VMS implements the functions of an operating system

How, and when, operating system code is invoked
Interrupts and priority levels

Location of code and data in virtual address space
Examples of flows for:

1. Hardware clock interrupt

2. System event completion

3. Page fault

4. RMS request for I/0

5. $QI0 request for I/0

6. DECNET communication

Examples of System processes

1. Operator communication (OPCOM)

2. Error logger (ERRFMT)

3. Job controller (JOB_CONTROL)

4. Symbionts (PRTSYMBn)

Process

Overview - process data structures

1. Software context information
2. Hardware context information

Overview -~ virtual address space

1. S@ space (operating system code and data)
2. P@ space (user image code and data)

3. Pl space (command language interpreter, process data)



III.

IV.
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System Mechanisms

A.

B.

C.

D.

Processor and process state
Interrupts
Access modes and exceptions

Synchronization

Debugging Tools

A. Crash dumps and bugchecks
B. The system map file (SYS.MAP)
C. The system dump analyzer (SDA)
D. Other debugging tools (DELTA, XDELTA, CCL, PATCH)
Scheduling
A. Process states
l. What they are (current, computable, wait)
2. How defined
3. How they are related
B. How process states are implemented in data structures
1. Queues
2. Process data structures
C. Operating system code that implements process state
changes
1. Context switch (SCHED.MAR)
2. Result of system event (RSE.MAR)
D. Steps at quantum end
1. Automatic working set adjustment
E. Boosting software priority of normal processes



VI.

VII.

STUDENT GUIDE

Paging
A. Linker action in creating executable files
B. Image activator for setting up process header
C. Invoking pager routine
D. Memory management data structures
E. Following a process page faulted in and out of a process
F. Following a global page faulted in and out of a process
Swapping
A. Comparison of paging and swapping
B. Swapper functions
1. Maintain free page count
e Write modified pages to paging file
e Shrink working sets
2. Outswap -~ rules and example
3. Inswap - rules and example
C. Selected events that wake swapper
D. Locating disk files for swap
E. How swapper's P@ page table is used to speed disk I/O
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VIII. Process Creation and Deletion
A. Process creation and deletion
l. Roles of operating system programs
2. Creation of process data structures
3. Deletion sequence

B. 1Initiating jobs

1. Interactive
2. Batch

C. DCL structure and function
D. 1Image activation and rundown
1. Mapping image file
2. Image startup
3. Termination handlers
IX. System Initialization and Shutdown
A, System initialization sequence
B. Functions of initialization programs
C. How memory is structured and loaded

D. Startup command procedures

E. Hardware differences in the 780, 750, and 730 and how they
affect initialization

F. Front panel switches
G. Shutdown procedures and their functions
H. Auto-restart sequence

I. Power-fail recovery

19
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SYSTEM COMPONENTS

INTRODUCTION

This module introduces the major software components supplied
in or with the VAX/VMS operating system. As an overview of the
operating structure, it gives a review of facilities introduced in
previous VAX/VMS courses. New terms and logic components are
introduced, but detailed discussion of them is generally deferred
until later modules of this course.

This module does not provide a complete catalog of all
facilities, modules, and programs 1in the operating system. It
provides an understanding of the relationships and coordination
among the various software components.

Software components may be classified by several attributes,
including:

e Implementation form (service routine, procedure, image, or
process)

e "Closeness" to the linked system image (part of SYS.EXE,
linked with system symbol table, privileged known image,
and so forth)

e Access mode (kernel, executive, supervisor, or user)

e Address region (program, control or system)

® Memory residence characteristics (can be paged, swapped or
shared).

13



SYSTEM

OBJECTIVES

Upon completion of this
software component, you will

l.

2.

Its primary function

Its implementation

COMPONENTS

module, for each selected VAX/VMS

be

procedure; in which

access modes it uses)

able to briefly describe:

(process, service routine, or
address region it resides; what

The method or methods by which it accomplishes

communication.

RESOURCES

Reading

VAX/VMS Internals and Data Structures Manual, overview

Additional Suggested Reading

VAX/VMS Internals and Data Structures Manual, Chapters on

I/0 System Services,
miscellaneous system services.

Source Modules

Facility Name

SYS

DCL,MCR,CLIUTL

RSX
DEBUG
RTL
RMS

F11A,F11B,MTAACP
REM, NETACP
JOBCTL, INPSMB, PRTSMB

oPCOM

ERRFMT

14
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II.

III.

Iv.

V.

VI.

SYSTEM COMPONENTS

TOPICS

How VMS Implements the Functions of an Operating System
How, and When, Operating System Code Is Invoked
Interrupts and Priority Levels

Location of Code and Data in Virtual Address Space
Examples of Flows for:

A. Hardware clock interrupt

B. System event completion

C. Page fault

D. RMS request for I/O

E. $QIO request for I/O

F. DECNET communication

Examples of System Processes

A. Operator Communication (OPCOM)

B. Error logger (ERRFMT)

C. Job controller (JOB_CONTROL)

D. Symbionts (PRTSYMBn)

15
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THREE MAIN PARTS OF VMS
Scheduling and Process Control ( 1 PL 3)

Functions

e Assign processor to computable process with highest
priority

e Attend to process state transitions

e Facilitate synchronization of processes

e Perform checks and actions at timed intervals

Code and Data

e Scheduler interrupt service routine
e Report system event code

e Hardware <clock and software timer interrupt service
routines

e System services (SWAKE)

Memory Management

Functions
e Translate virtual addresses to physical addresses
e Distribute physical memory among processes
e Protect process information from unauthorized access
°

Allow selective sharing of information between processes

Code and Data

e Pager fault service routine and swapper process
e PFN database, page tables
e System services ($SCRETVA)

1/0 Subsystem

Functions

e Read/write devices on behalf of software requests
® Service interrupts from devices
e Log errors and device timeouts

Code and Data

e Device drivers, device independent routines
e I/0 data structures

e System Services ($QIO)

17
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INVOKING SYSTEM CODE

EVENT mm)p TABLE mssp EXECUTED CODE

POINTER TO
l’;:SlE.T —- PAGE FAULT
CODE
INTERRUPT POINTER TO
—z-b SCHEDULER
CODE SCHEDULER

CODE

Figure 1-1 1Invoking System Code

e VAX/VMS driven by interrupts and exceptions

e On interrupt or exception, hardware vectors to correct
code

e Example, page fault
- Page fault occurs

- Hardware vectors through table
- Page fault code executes

18
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HARDWARE MAINTAINED PRIORITY LEVELS

Processor is always operating at one of 32 possible
hardware maintained priority 1levels (4 - 31).

Operating at a higher level causes hardware to block
interrupts at the same and lower levels from being
serviced.

Hardware determines which code will execute after an
interrupt occurs.

How to get into and out of different levels:

l. Interrupt

Into - Hardware requests interrupt (for example,
from a terminal). Levels 16 through 31.
Software requests interrupt (uses MTPR
instruction). Levels @ through 15.

foen

xﬁﬁJbut of - Use REI instruction.

2. Block Interrupt

Into - Software raises priority level (uses MTPR).
Out of - Software lowers priority level (uses MTPR).

These hardware maintained priority levels are called
Interrupt Priority Levels (IPLs).

19
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INTERRUPT SERVICING SEQUENCE

CODE User program being executed.

PC = address of next
instruction to be executed.

PC—— PSL = general status
information.

IPL Interrupt occurs. Associated
IPL must be greater than

PSL current IPL in PSL, else
interrupt not serviced.
Hardware saves current PC and
PSL on stack.

PC

PSL

Hardware indexes into table of
service routine addresses to
get new PC, and builds new PSL.

—»| ADDRESS &+—®NEW PC

SYSTEM CONTROL BLOCK

TK-8949

Figure 1-2 Example of Interrupt Servicing
(Sheet 1 of 2)
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NEW > Interrupt service routine
PC executes at new IPL.

At end, interrupt dismissed
with REI istruction (making

REI sure old PC and PSL are at top
INTERRUPT SERVICE ©f stack).
ROUTINE

CODE REI

- Pops PC, PSL from stack
~ Checks PSL

- Moves PC, PSL to CPU
registers

PC— l

TK-8948 ~ Transfers control to PC

Interrupted program continues
execution.

Figure 1-2 Example of Interrupt Servicing
(Sheet 2 of 2)

21



SYSTEM COMPONENTS

TWO TYPES OF PRIORITY
IPL
31
requested by
hardware Hardware
Maintained 31
16 f'
15 Real time
procez;ﬁ@
requested by A 1pq oo
software 16 ‘*“"b} ﬁ"ngf
15
ér/ A
'LO Soi_‘twa_re Normal
| Maintained process
~>0

Figure 1-3 Two Types of Priority

diplidher, puma @ LPL 3
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ACCESS MODES AND COMPONENTS

Runtime User
Library Images
e|/0
® SCHEDULING K E S U

e MEMORY
MANAGEMENT

Program
Development
Tools

Figure 1-4 Access Modes and Components

1. The kernel of the operating system (shown here 1in the

innermost circle) 1is protected from the user by several
layers of access protection.

2. The user normally accesses this protected code and data
through the Command Language Interpreter (CLI), Record
Management Services (RMS), and the system services.

3. System services are routines in the operating system

kernel which may be called by the user via a well defined
interface.
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LOCATION OF CODE AND DATA

Process A

NATIVE MODE IMAGE

RUN-TIME LIBRARY

DEBUGGER CODE

Process B

COMPATIBILITY
MODE IMAGE

APPLICATION MIGRATION
EXECUTIVE (NATIVE)

PER
PROCESS PROGRAM REGION (PO)
ADDRESSES
COMMAND LANGUAGE COMMAND LANGUAGE
INTERPRETER INTERPRETER
DATA -- SYMBOL TABLE DATA -- SYMBOL TABLE --
CODE CODE
DEBUGGER DATA --
SYMBOL TABLE
CONTROL REGION (P1)
|
SYSTEM SERVICES

SYSTEM RECORD MANAGEMENT SERVICES
ADDRESSES SYSTEM REGION (SO)

Figure 1-5 Location of Code and Data in
Virtual Address Space

1. Images running within processes use several different
types of software components. Many of these components
are shareable sections, shareable images, or system code.
P9 space (the program region) and Pl space (the control
region) are mapped differently for - native and
compatibility mode images.

2. P@ space is where user's code and data are mapped.

3. Pl space is where process-specific information 1is stored
by the operating system.

4. SP space is where the operating system resides. One copy
of the operating system is shared by all processes.
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ENTRY PATHS INTO VMS KERNEL

External Device IPL 2¢g-23
ﬁ Hardware Interrupts

Device Driver  (#2%R3 PCj
Fork Processing 4
Software Interrupts

oL ¢-n

Transiation - not - Valid
Fault

(Page Fault) \

none
dbove IPL L

Memory
Management | I/O Subsystem

® Page Fault
Handler

® Device Drivers

® Post-
processing
routines

I/0 Postprocessing
Software Interrupt

IPL 4

Process and Time Management

® Rescheduler

o ® Clock and Timer Service
Rescheduling AST Delivery

Software Interrupt / \ Software Interrupt
IeL3 IPL

Hardware Clock Software Timer

Interrupt 1pL 1‘} Interrupt IPL7
Figure 1-6 Entry Paths into VMS Kernel

Memory Management

e Brings virtual pages into memory

Process and Time Management

Saves and restores context of process
Updates system time

Checks timer queue entries (TQES), quantum end
Causes events to be processed

I/0 Subsystem

e Reads/writes device
e Finishes I/O processing

25
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Table 1-1 Summary of System Components and Functions

Function System Component
Assign CPU to highest priority SCHEDULER
computable process
Move working set between disk SWAPPER
and memory
Move pages from disk to memory PAGER
Update system clock and quantum . HARDWARE CLOCK ISR
field, check for servicing at
intervals
Perform servicing at intervals SOFTWARE TIMER ISR
e check for quantum end
e cause events to be posted
e check device timeout
e wake swapper and error logger
Handle requests to/replies from OPCOM
operator
Write errors to error log file ERRFMT
Maintain volume structures for ANCILLARY CONTROL
driver PROCESS
Create processes for print jobs, JOB CONTROLLER

batch jobs, interactive jobs

Control devices, service device DRIVERS
interrupts, check for and report

device errors

Handle printing of files PRINT SYMBIONTS

Handle process state transitions REPORT SYSTEM EVENT
resulting from event completion

26
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THREE TYPES OF SYSTEM COMPONENTS

THREE TYPES OF SYSTEM COMPONENTS

PROCESSES:
ACP JOB CONTROLLER OPCOM
SWAPPER ERRFMT
SYMBIONTS
EXCEPTION AND INTERRUPT SERVICE ROUTINES:
SCHEDULER PAGER DRIVERS

HARDWARE CLOCK

ROUTINES:

SOFTWARE TIMER

REPORT SYSTEM EVENT

SYSTEM SERVICES

Figure 1-7

Three Types of System Components

27
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HARDWARE CLOCK INTERRUPT

Process A Process B Process C

Per Process

Space ERROR USER
Process LOGGER PROGRAM

Context

System @
Space SWAPPER @
Process

CONTEXT SWITCH
Context REI

SCHEDULER
INTERRUPT

System
Space DEVICE
3ystem DRIVER
Context

DEVICE TIMEOUT
JSB

TIMER CODE SERVICE

ROUTINE

SCHEDULE
IPL3

4 1PL 7 @

SOFTWARE
TIMER

HARDWARE CLOCK

IPL 24

CLOCK
INTERRUPT
SERVICE
ROUTINE

REPORT
SYSTEM
EVENT

Figure 1-8 Hardware Clock Interrupt

© cClock
- Updates system time and quantum field
- Checks first timer queue ‘entry

©® Tinmer
- Checks for quantum end
- Causes events to be processed

G’ Report system event
- Changes process state
- May request scheduler interrupt

@ scheduler
-~ Current <----> Computable

Swapper
- Inswaps computable process

c’ Scheduled user program runs
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PERIODIC CHECK FOR DEVICE TIMEOUT

Process A Process B Process C
Per Process
Space ERROR USER
Process LOGGER PROGRAM
Context
.
System
Space SWAPPER s
PfOCéSS CONTEXT SWITCH
Context RE|

DEVICE TIMEOUT @ SCHEDULER
System 2 TIMER CODE INTERRUPT
Space DEVICE IPL 20-23 SERVICE
System DRIVER ROUTINE
Context

SCHEDULE
IPL 3

CLOCK
INTERRUPT
SERVICE
ROUTINE

HARDWARE CLOCK
IPL 24

@

SOFTWARE
TIMER

REPORT
SYSTEM
EVENT

Figure 1-9 Periodic Check for Device Timeout

1) 1B aeks.
2)/7’:&% k36t b

3.) thecky 4%4?, by
7) veg
5. MM

e Hardware clock interrupt (’) p’xsmu

e Once every second, a timer queue entry becomes due which
causes a system subroutine to execute.

e This system subroutine checks for device timeouts, calls
drivers to handle timeouts.

29



SYSTEM COMPONENTS

PERIODIC WAKE OF SWAPPER, ERROR LOGGER

Process A Process B Process C
Per Process
Space ERROR USER
Process ‘ LOGGER PROGRAM
Context
@|
System
Space SWAPPER
Prggz::)(t ©\ CONTEXT SWI'
_
System gg;lce TIMEOUT SCHEDULER
INTERRUPT
Space DEVICE RAEYEE TIMER CODE SERVICE
System DRIVER ROUTINE
Context

SCHEDL
IPL 3

@

A PL 7

HARDWARE CLOCK CLOCK
PL 24 SOFTWARE REPORT
INTERRUPT TIMER
> SERVICE SYSTEM
EVENT

ROUTINE

Figure 1-1¢ Periodic Wake of Swapper, Error Logger

* SCH$ CHOE
/"

e The same system subroutine may wake the swapper process
and the error logger processes.

@ Scheduler interrupt is requested.

e Swapper and error logger will eventually run.
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SYSTEM EVENT REPORTING
Process A Process B Process C
Per Process
Space USER USER
Process PROGRAM A PROGRAM B
Context
System
Space SWAPPER
Process CODE
Context
@ CONTEXT
System SWITCH
Space
System
Context g D M o oo
SET EVENT FLAG e SERVICE
ROUTINE

RESUME

Figure 1-11 System Event Reporting
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PAGE FAULT
Process A Process B Process C
Per Process USER USER
Space PROGRAM A @ PROGRAM B
Process
Context
TRANSLATION
NOT VALID
FAULT
System SWAPPER
Space PAGER CODE
Process
Context
1/0
REQUEST
System SCHEDULER
Space I/O COMPLETION > 25';?2; INTERRUPT
System EVENT SERVICE

Context @

Figure 1-12 Page Fault

ROUTINE
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DATA TRANSFER USING RMS

Process A

Per Process

Space SGET
Process

Context

Process B

System
Space

Process
Context

$Qlo
SYSTEM

SERVICE

RMS
ROUTINE

FDT
ROUTINE

System
Space

System
Context

Figure 1-13

When record formats are
clusters of blocks),

RMS) are used.
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FILE MANIPULATION USING RMS

Process A Process B

Per Process
Space

Process
Context

SGET ACP

@
System @

Space RMS $Ql0 FDT
Process ROUTINE :g:;ﬁ:'g ROUTINE

Context

System
Space

System
Context

DEVICE
DRIVER

Figure 1-14 File Manipulation Using RMS

When a file structure is imposed on a volume, the following
operations require the intervention of Ancillary Control Processes
(ACPs) to interpret or manipulate the file structure.

File open

File close

File delete

Window turn (for read or write)

"sithodral window” - thain o wes (in ol Mo
o ves bty
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DATA TRANSFER USING $QIO

Per Process
Space

Process
Context

Process
USER IMAGE

$Qlo

SET EVENT FLAG

System
Space

Process
Context

$Qlo FDT
SYSTEM SPECIAL
SERVICE ROUTINE AST

ROUTINE

System
Space

System
Context

FORK REQUEST 1/0

FORK IPL 8 OR 11
POST
DI%%?‘)TECH PROCESSING
ROUTINE

DEVICE
DRIVER

IPL 8 OR 11
>

7 }“\ffﬁ» 5

INTERRUPT
DISPATCH
CODE

IPL 20-23 h ‘
DEVICE

INTERRUPT

/I 1PL 20-23

Figure 1-15 Data Transfer Using $QIO
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$QI0 SEQUENCE OF EVENTS

_YES

YES

USER
ISSUES
$alo

!

$QI0 CHECKS
DEVICE INDEPENDENT
PARAMETERS

ERROR

NO

FDT CHECKS
DEVICE DEPENDENT
PARAMETERS

ERROR

Figure 1-16

B!

RETURN WITH
ERROR MESSAGE

36

!

DRIVER REQUESTS
DEVICE ACTIVITY

!

DEVICE INTERRUPTS
CPU IPL 20-23

!

INTERRUPT
SERVICE ROUTINE
IPL 20-23

'

DRIVER DOES
FURTHER PROCESSING|
IPL 8-11

NO

YES

DEVICE INDEPENDENT
PROCESSING
IPL 4

AST ROUTINE
INVOKED
IPL 2

!

USER
CONTINUES
EXECUTING

TK-8968

$QI0 Sequence of Events
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INTRODUCTION TO DECnet
DECnet Protocols
tmm————— +
| DATA | Data in the remote file
Fomm e ——— +
ot +
| DAP] | Handled by DAP and FAL for
et —————— + data transfer
tom—tm + Handled by NETDRIVER and NETACP
INSP| | | for data transfer via logical
e ittt + link
e ot +
| TRANS | | ] | Handled by NETDRIVER and NETACP
tr———— Rt S et Ly + to determine routing
+————- ————— e T e +———+ Handled by XMDRIVER and DMC/DMR
| DDCMP| | | | | CRC| hardware to detect and retransmit
tem——— +-———- e Lttt Tt +-==+ on-line noise error

Figure 1-17 DECnet Protocol Layers
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DECnet REMOTE FILE ACCESS

LOCAL (SOURCE) NODE REMOTE (TARGET) NODE
USER LEVEL I l I USER LEVEL
| F11 ACP | F11 ACP |
MTAACP MTAACP
| | |

NORMAL | t l f !
USER 1. L R
TASK ' »| RMs -1 : RMS |e | »| FaL
E.G..
DCL COMMANDS | AP > | i f
GET. PUT. OPEN L 4 |
| : — \ |
I $ em—l g l g D s $ '
| B | o R[4 F e > 7 |
SOPHISTICATED I v NETACP v I v NETACP v |
USER ¥ £ 5 v
TASK I R | R | TARGET
E.G.. A A I USER
salo l R | > TASK
SASSIGN >,
SDASSGN ! I \ 2 4 I
| | — |
' l 2 T I PROCESS
| I M had Il i | _RTAn:
RTPAD } | ¢ v |
E
| | R
| | |
i I |

Figure 1-18 DECnet Remote File Access (e.g., Copy)
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REMOTE FILE ACCESS-DATA FLOW
Setting Up Logical Link

On source node

l.

7.

User issues DCL command:
TYPE NODEB"NAME PASSWORD": :DISKS$: [DIRECTORY]FILENAME.EXT

RMS detects ::, sets up logical link with process FAL on
NODEB

RMS issues internal QIO to NETDRIVER.
NETDRIVER passes the I/0 request to NETACP, wakes NETACP.

NETACP sets up data structures to support the 1logical
link.

NETDRIVER builds packet and issues internal QIO to
XMDRIVER.

XMDRIVER sends packet via DMC/DMR on physical 1line.

On remote node

XMDRIVER receives packet, passes to NETDRIVER.

NETDRIVER passes packet to NETACP; sends Connect
Acknowledge back to source node.

NETACP sets up data structures, handles process creation
for FAL.

Data Transfer Within Logical Link

l.

Logical link has been established to FAL, which issues

requests to RMS on remote node and sends packets back via
NETDRIVER.

Protocol headers are added to packet at source and removed
from packet at remote node.
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DECnet TASK-TO-TASK COMMUNICATION

LOCAL (SOURCE) NODE REMOTE (TARGET) NODE
USER LEVEL | I I USER LEVEL
| F11 ACP | F11 ACP |
| MTAACP | MTAACP |
NORMAL I t l t |
USER lA, RMS = I RMS :.l ] FAL
TASK l I I
EG.. 0AP | ' f
DCL COMMANDS | | }
GET. PUT. OPEN * | [ |
l g X X | ey g
| Pl ' " | n T |
I Rlesl el [0l  fenfR I
SOPHISTICATED ! NETACP v v NETACP y
USER | v E | E y |
TASK | R | R | TARGET
EG.. T A 1 USER
salo | I -> TASK
SASSIGN I >, | l
SDASSGN ' | v Vv l
R
I l E ; I PROCESS
| | M &> D ——> aran:
i | : ]
RTPAD 1 S g
| | R{
| | |
I | |

Figure 1-19 DECnet Task-to-Task Communication
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TASK-TO-TASK COMMUNICATION DATA FLOW
l. For example, on the source node, the user issues:
S$SDEF XXX NODEB"""USERID PASSWORD"""::"""TASK=Yyy"""
and in the program:
OPEN (NAME=XXX .cceccoccsccscs)
2. The OPEN command will be passed to RMS.

3. RMS checks the translation and will set up a logical
with the remote program YYY.

4. The procedure is similar to remote file access with

following differences:

a. The command procedure YYY.COM must reside
directory of USERID on NODEB (SYSSLOGIN).

b. The remote program will use the logical name
to accept connection.
e.g.' OPEN (NAME=SYS$NET ..‘.....O.....)
¢c. The two programs must cooperate. For example,

SYSSNET

one program issues a Read, the other issues a Write.

5. It is possible for a sophisticated user task to
RMS, by issuing QIO's directly to the NETDRIVER.
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DECnet PERFORMING SET HOST OPERATION

LOCAL (SOURCE) NODE

REMOTE (TARGET) NODE

USER LEVEL l I l USER LEVE
I| F1race | F11ace ]
| MTAACP | MTAACP '
NORMAL | t | t l
USER ], < -
TASK l, RMS | : RMS fi | FAL
E.G.. f
DCL COMMANDS | DAP | | ;
GET. PUT. OPEN | 4 I r I
N X X N
E | tr——————p| & " | e———>p] E
i
-  dbl
SOPHISTICATED 7 NETACP» \ll \ll "NETACP ?
USER l g E | E g |
TASK | R R | R R | TARGET
EG. USER
salo l T | l —p TASK
SASSIGN 1 >, | I
SDASSGN v
| | |
R
l l 2 ; I PROCESS
[ | M had I + »1  _RTan:
I 1 C I I
RTPAD | | 3 g I
| | R{
| | |
| | 1

Figure 1-20¢

Performing Set Host
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SET HOST DATA FLOW

1.

Similar to task-to-task communication with the following
differences:

a. The user task in source node is RTPAD. When user
types 'SET HOST', RTPAD is initiated.

b. A logical link 1is set wup with REMACP. When the
connection is established, REMACP creates an RT device
and initializes it.

c. The request from the user task on the source node is
first given to REMACP via logical link. REMACP then
gives it to RTTDRIVER. RTTDRIVER passes the request
to VMS as if the request comes from a real terminal.

d. The output from VMS goes directly from RTTDRIVER to
NETDRIVER. The information 1is then transferred via
the logical 1link to RTPAD on the source node.

REMACP is started at network startup time. It runs as a
detached process and can handle more than one logical
link. Each logical link will be associated with a process
RTAn where n can go up to 15 by default.
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DECnet Software Components

RMS

e Interprets command; issues internal QIO to NETDRIVER
DAP

e Handles the protocol exchanges for file transfer
NETDRIVER and NETACP

e Handle the protocol exchanges for

- NSP (to get to correct task)
- Transport (to get to correct node)

e NETDRIVER handles the time critical functions (
transmit or receiver data).

e NETACP handles the non-time critical functions (
setting up logical 1link).

XMDRIVER

e Handles the DMC/DMR hardware which detects 1line
errors and retransmits.

FAL

@ Access files on remote system.

44
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OPCOM, ERROR LOGGER

Process A Process B Process C

$REQUEST
OR
SREPLY

ERRFMT

PER PROCESS
SPACE
PROCESS
CONTEXT

3

ERROR

MESSAGE L

SYSTEM
SPACE
PROCESS
CONTEXT

SYSTEM BUFFER

SPACE
SYSTEM
CONTEXT

DEVICE ERROR

@

DEVICE
DRIVER

Figure 1-21 OPCOM, Error Logger

OPCOM Process

e Handles requests to and responses from the system
operator.

Error Logger

e Has buffers in memory in which detected errors are
recorded

@ Writes to the error log file.
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PRINT JOBS

LINE PRINTER

"SYMBIONT
MANAGER"

PRINT
SYMBIONT

$PRINT A

PROCESS

- - - - 4 - _

JOB CONTROLLER _J_ SYMBIONT

Figure 1-22 Print Jobs |
— et g
JRc SYSKUE. EX¥

f"‘ﬁ"“’% LD mumon
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BATCH JOBS

A.COM

"JOB
INITIATOR"

$SUBMIT A

($CRE'PRC)

PROCESS

o

JOB CONTROLLER _L BATCH PROCESS

Figure 1-23 Batch Jobs
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TERMINAL INPUT

TERMINAL
DRIVER

"Jos
INITIATOR"

($CRE'PRC)

SERVICE ROUTINE I JOB CONTROLLER PROCESS

!

Figure 1-24 Terminal Input
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CARD READER INPUT

CARD
READER
DRIVER

"JOB INPUT
INITIATOR" SYMBIONT

($CRE|PRC)

SERVICE ROUTINE

- (- - -4 T _ 4 - T _

JOB CONTROLLER PROCESS

Figure 1-25 Card Reader Input

49






THE PROCESS !






THE PROCESS

INTRODUCTION

This module details a familiar part of VAX/VMS: the process.
The definition of a process is fundamental to understanding the
operating system. The process is the representation of each user
of the system. Several of the software components of the system
itself are also processes. (See the "System Components" module.)

The process is the basic scheduling entity of VAX/VMS. A
group of one or more processes forms the basic accounting entity
of VAX/VMS: the job. Some features and resources are only
defined for each process, while other resources and features are
shared among all the processes in a job. Three major «classes of
attributes and resources can define a process and the operations
performed within it.

e Hardware process context
e Software process context
e Virtual address space (and associated memory management

data).

Hardware context 1includes the contents of the hardware
processor registers that contain perprocess values (separate from
system-wide ones). Examples of these registers include:

e The general purpose registers (R@ through R11)
e The frame pointer (FP), argument pointer (AP), the four
perprocess stack pointers (KSP,ESP,SSP,USP), and the

current stack pointer (SP)

e The processor status longword (PSL) and the program
counter (PC)

e Hardware registers that define the state of the AST queue

and the 1locations and sizes of the page tables of the
process.
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Software context defines the resources and attributes used by
the VAX/VMS software but not wused by the VAX-11] hardware.
Examples of this type of information include:

e Resource quotas, privileges, and accumulated accounting
values

® Scheduling or software priority
e Link fields to operating system data structures and queues

e Identification fields such as username, UIC, process name,
and process 1ID.

Virtual address space includes the mapping information for
and the contents of the perprocess address regions, the program
(or Pg) region and the control (or Pl) region. 1In addition, all
processes implicitly share the system region. Software executing
in any of the three address regions, but using the hardware and
software context of a process 1is said to be "executing in the
context of the process." Software components using only system
address space and the interrupt stack execute in system context
(outside process context). Examples 1inlcude interrupt service
routines and device drivers.

OBJECTIVES

e Describe the similarities and differences of system
context and process context.

e Using the System Dump Analyzer on either a crash dump file
or the current s