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xii Introduction

Introduction: ULTRIX-11 Documentation

The documentation for the ULTRIX-11 operating system is
divided into two sets. The first set, user-level documenta-
~tion, consists of:

ULTRIX-11 Programmer's Manual, Volume 1
ULTRIX-11 Programmer's Manual, Volume 2A
ULTRIX-11 Programmer's Manual, Volume 2B

00O

The second set, system-level documentation, consists of:
o ULTRIX-11 Software Technical Description

o ULTRIX-11 Installation Guide

o ULTRIX-11 System Management Guide

ULTRIX-11 System Management Guide

This document assumes the reader has a basic understanding
both of the UNIX operating system and of the differences
between the UNIX Time-Sharing System, Seventh Edition and
the ULTRIX-11 software. If you do not have such understand-
ings, you should read the ULTRIX-11 Software Technical

Description and the following documents from the ULTRIX-11
Programmer's Manuals:

UNIX for Beginners - Second Edition
The UNIX Time-Sharing System

An Introduction to the UNIX Shell
The UNIX I/O System

UNIX Implementation

0O00O0O

*UNIX 1s a trademark of AT&T Bell Laboratories



Chapter 1

ULTRIX-11 I/0 System

To administer an ULTRIX-11 system, the system manager should
have an understanding of how the ULTRIX-11 I/0 system works
and how the operating system communicates with devices. As
system manager, you should read this chapter first and then
read the remaining chapters as the need arises.

The remaining sections of this chapter discuss:

I/0 system calls

ULTRIX-11 terminology

Logical partitioning of disks

Logical device names and special files
Disk unit numbers
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1.1 I/0 System Calls

The ULTRIX-11 operating system uses devices for:

° Loading programs
° Swapping process images
e Manipulating files

In addition, the ULTRIX-11 operating system lets user-level
programs use devices for accessing files. In performing
I/0, a user-level program uses system calls:

e close() - Close files

° creat() - Create and open files for writing

e lseek() - Position file access pointer

e open() - Open existing file for reading/writing
) read() - Read data from an open file

e write() - Write data to an open file
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1.2 ULTRIX-11 Terminology

The following terms relate to ULTRIX-11 I/O operations and
are used throughout this manual.

1.2.1 ULTRIX-11 Kernel

The ULTRIX-11 kernel is the memory-resident portion of the
system that schedules processes, services system calls,
maintains the file systems, and interacts directly with the
system hardware.

1.2.2 File System

To the ULTRIX-11 kernel, a file system is a 512-byte block
structure that is imposed on a disk or disk partition. This
disk-resident structure lets the ULTRIX-11 kernel store and
access files. Essentially, a file system can be divided into
four regions:

° Block 0 is the boot block. On the root file system, the
boot block contains the primary boot program. On non-
bootable file systems, the boot block usually is unused.

For further information, read Section 3.1, The Boot Se-
quence.

° Block 1 is the superblock. On each file system, the su-
perblock contains the parameters that define the physi-
cal structure of that file system. For example, the su-
perblock defines the size of the file system as well as
the starting and ending block addresses of the file sys-
tem, the 1inode 1list (ilist), the free inode list, and
the free block list.

e Block 2 through block n is the ilist. On each file sys-
tem, the ilist is a series of 64-byte structures called
inodes. Both the number of blocks allocated to and the
number of 1inodes contained in the ilist varies by the
size of the file system. Each allocated inode contains
the parameters that define a directory, a special file,
or a data file in that file system.

° Block n+1 through the last block in the file system are
the free data blocks. On each file system, blocks are
allocated as needed to directories and data files from
the chained free list, a series of blocks that each con-
tain the addresses of 100 free blocks.

Figure 1-1 illustrates the 4-region file system layout.
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Start | End

Ilist |

Free | Free | |
Block | Block | | Block
[~

block
Figure 1-1 File System Layout

For further information, read filsys(5) in the ULTRIX-11
Programmer's Manual , Volume 1.

1.2.3 Single-User Mode

During single-user mode, the ULTRIX-11 system runs with only
the root file system mounted and with the superuser account
active (running /bin/sh) at the console. No other terminals
are enabled, and no other login accounts are active.

Because the login command was not invoked, however, the nor-
mal user environment was not fully created for the superuser
account., Specifically, the HOME, TERM, SHELL, and USER
variables have not been set. Under certain circumstances,
this can cause unexpected errors. For example, errors occur
when using either the cd command without specifying a direc-
tory or the vi command at the console terminal.

1.2.4 Multiuser Mode

When multiuser mode is invoked, the ULTRIX-11 system
automatically reads the multiuser start-up file, /etc/rc.
This file is a shell script that lists those commands that,
when executed, prepare the system for time sharing. The
following provides a line-by-line explanation of the /etc/rc
file:

Sets default system-level PATH shell variable
Removes the /etc/mtab file (mount table)
Initializes the /etc/utmp file

Mounts all file systems listed in /etc/fstab
Removes the login lock file

Enables system accounting (optional)

Cleans up /usr/tmp

Preserves ex and vi temporary files (if any)
Cleans up /tmp

Removes all tip and uucp lock files

Invokes the update command

Invokes the cron command

Enables system error logging

Displays the size of the error log file (optional)
Enables terminals

Restarts the line printer spooler (if interrupted)

When multiuser mode is restarted using the opser command,
the ULTRIX-11 system automatically invokes the multiuser
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restart file, /opr/restart. This file also is a shell
script that 1lists those commands that, when executed,
prepare the system for time-sharing. The following provides
a line-by-line explanation of the /opr/restart file:

Removes the /etc/mtab file (mount table)

Mounts all file systems listed in /etc/fstab
Enables system accounting (optional)

Cleans up /usr/tmp

Cleans up /tmp

Removes all tip and uucp lock files

Enables system error logging

Displays the size of the error log file (optional)
Invokes the cron command

Invokes the update command

Removes the login lock file

Restarts the line printer spooler (if interrupted)
Enables terminals

For further information, read Chapter 3, ULTRIX-11 Boot Pro-
cedures, Section 5.1.6, Restarting Multiuser Mode, as well
as cron(8) and update(8) in the ULTRIX-11 Programmer's
Manual, Volume 1.

1.2.5 Mounting File Systems

Mounting a file system creates a logical association (link)
between that file system and the directory on which it is
mounted. Without this logical link, the system and users
could not access data from the file system.

You can mount a file system either on an empty directory or
on one that contains existing entries for files. When you
mount a file system on a directory that contains existing
entries, however, you make the corresponding files inacces-
sible. While the files in the mounted file system become
accessible, the previously existing files logically disap-
pear. When you unmount the file system, the previously
existing files again become accessible.

When you create files in a directory on which a file system
is mounted, those files logically exist in the root direc-
tory of the mounted file system. They do not exist in the
directory on which the file system is mounted.

1.2.6 File

To the average user, a file 1is a collection of related
information. To the user-level program that manipulates
this information, a file is a contiguous stream of Dytes.

To the ULTRIX-11 kernel, a file is a series of 512-byte
blocks.

The user-level program that creates a file determines how
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its data is organized. The ULTRIX-11 system simply stores
this data as a contiguous string of bytes, which it accesses
in 512-byte blocks. A user-level program accesses a file
with an access pointer set to the byte address by using the
lseek() system call. For further information, read lseek(2)
in the ULTRIX-11 Programmer's Manual, Volume 1.

1.2.7 Special File

A special file is an entry in the /dev directory that the
ULTRIX-11 system uses to access a confiqured I/0 device.
Each configured device has at least one associated special
file. When a wuser-level process accesses a special file,
the system activates the associated device. For example,
when a wuser-level process writes data to /dev/lp (line
printer spooler), this data is printed on the system line
printer.

1.2.8 Directory

A directory is a file that contains a 16-byte entry for
every file, special file, and directory assigned to it.
Essentially, the directories in a file system logically
organize it into groups of related files and give it its
tree structure. Each directory entry contains:

e Inumber (2 bytes)
e File name (14-byte maximum)

The first two entries in every directory (. and ..) are spe-
cial names. The entry for . lists the inumber of the direc-
tory itself. The entry for .. lists the inumber of the
dire?tory in which its own entry is contained (parent direc-
tory).

1.2.9 Inumber

An inumber is an inode index number. Although a user speci-
fies a file name when accessing a file, the system automati-
cally translates that name to the corresponding inumber and
uses it to access the appropriate inode.

1.2.10 Inode
An inode is a 64-byte data structure that contains the

parameters that define a file, special file, or directory.
Each inode lists:
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Type (regular file, special file, or directory)
Mode (access permissions)

Owner (userlID)

Group (groupID)

Size (in bytes)

Block addresses (directory and regular file)
Major/minor numbers (special file)

Last time accessed

Last time modified

For further information, read filsys(5) in the ULTRIX-11
Programmer's Manual , Volume 1.

1.2.11 File Mode Settings

Regardless of the type, each inode (file) has nine permis-
sion bits (three sets) which the ULTRIX-11 operating system
uses in determining what access permissions (mode) apply for
a given  user. The first set determines read, write, and
execute permission for the file's owner. The second set
determines read, write, and execute permission for all group
members. The last set determines read, write, and execute
permission for all other users.

When a user attempts to access a directory, special file, or
data file, the ULTRIX-11 system first opens the appropriate
inode and compares the user's ID number with the wuserID
listed in the 1inode. If these userIDs match, the system
uses the first set of permission bits and grants "owner"
access. If they do not match, the system then compares the
user's grouplID with the groupID listed in the 1inode. If
these groupIDs match, the system uses the second set of bits
and grants "group" access. If neither userIDs nor grouplDs
match, the system defaults to the third set of bits and
grants "other" access.

1.2.1

Directory Mode Settings

Although each directory inode has the standard nine permis-
sion bits, the ULTRIX-11 system uses them differently than
those for special files or data files. Each read bit speci-
fies permission to list the contents (entries) of the direc-
tory. Each write bit specifies permission to <create an
entry in the directory. Each execute bit specifies permis-
sion to search for or access an inumber from an entry in the
directory.

1.2.13 UserlID

A userID is the unique number by which the ULTRIX-11 kernel
identifies a user's processes and determines owner access
permission to files. Although a user specifies a login name
when logging 1in, the system automatically translates this
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name to the appropriate userID.

1.2.14 GrouplD

A grouplID is the identification number by which the ULTRIX-
11 kernel determines group access permission to files. In
addition to translating the login name to a wuserID during
the login process, the system establishes the user's
grouplD,

1.2.1

Block 1/0 Mode

In block (buffered) I/0 mode, the ULTRIX-11 kernel uses the
I/0 buffer cache to transfer data between a user process and
a device. Normally, the ULTRIX-11 kernel wuses block 1I/0
mode whenever it accesses files.

In block I/0 mode, the user-level process opens the desired
file and specifies the byte offset from the start of the
file and the number of bytes that are to be transferred.
The system then converts the byte offset into a block number
and attempts to locate that block in the buffer cache. If
that block is not already in the buffer cache, the system
loads it in from disk.

On a read operation, the system passes the requested number
of bytes from the buffer cache to the user-level process's
buffer. Anticipating that this process will read the next
block, the system automatically initiates a read on the next
block. This feature is called read ahead.

On a write operation, the system passes the desired number
of Dbytes from the user-level process's buffer to the buffer
cache. In anticipation of further writes to the same block,
the system does not write that block out to the file system
immediately. Instead, the block remains in the buffer cache
until the ULTRIX-11 kernel performs a sync or flushes that
buffer. This is known as delayed write or write behind.

NOTE
To prevent file system inconsistencies,

the system writes out immediately all
blocks that contain inode information.

During normal operations, the ULTRIX-11 system flushes the
buffer cache whenever one of the following occurs:
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° The update program invokes the sync system call--
normally every 30 seconds.

° The system requires that buffer for another 1/0
transfer.

™ A user executes the sync command.

For further information, read sync(1M), sync(2), and
update(8) in the ULTRIX-11 Programmer's Manual, Volume 1.

Although it improves throughput, block (buffered) I/0 can
result in file system inconsistencies. For example, when
the system halts unexpectedly (crashes), the blocks that
remain in the buffer cache may not be completely written out
to disk. When this occurs, the information the system uses
to define and access the file system may not be consistent
with the file system's current status on disk.

For further information, read Section 4.1.1, Checking File
System Consistency, and Section 4.1.2, Correcting File Sys-
tem Inconsistencies.

1.2.16 Character I/0 Mode

In character (raw) I/0 mode, the ULTRIX-11 kernel transfers
data directly from the device to the user-level process's
buffer. Character I/0 transfers begin on a block boundary
and have a length that is a multiple of 512 bytes. Nor-
mally, the ULTRIX-11 kernel uses character I1/0 mode to
transfer large amounts of data directly to or from devices
without concern for any file structure. For example, charac-
ter I/0 mode 1is wused for swapping and for file system
maintenance.

1.2.1

Major/Minor Device Numbers

When accessing a configured device, the ULTRIX-11 system
determines the 1initial mapping information in the same way
that it does for a file or directory. In this case, the
system searches the /dev directory for an entry with the
designated name and uses the listed inumber to access the
appropriate inode.

Once reading the appropriate inode, the ULTRIX-11 kernel
uses the major and minor device numbers that are listed in
place of block addresses to activate that device. The major
number specifies the device controller and associates the
controller with the appropriate software device driver.
Within the ULTRIX-11 system, devices are classified either
as block-mode devices (disks or tapes) or as character-mode
devices (line printers and communications multiplexers).
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Block-mode devices (disks and tapes) also are configured as
character-mode devices. They, therefore, have two entries
in the /dev directory: one for block-mode access and one for
character-mode access. By contrast, character-mode devices
have only one entry in the /dev directory.

For disks, the minor number indicates the device unit number
and specifies other device-dependent information. For small
disks, the minor number indicates the physical unit number.
For large disks, the minor number indicates the disk parti-
tion, unit number, and, in the case of MSCP disks, the con-
troller number:

° Bits 0-2 indicate the partition
° Bits 3-5 indicate the unit number
° Bits 6-7 indicate the MSCP controller number (0-2)

NOTE

The ULTRIX-11 software divides the
large disks into eight partitions
and accesses each partition as a
pseudodisk. The size and location
of the pseudodisks are determined by
a sizes table in the device driver.
For further information, read Sec-
tion 1.3, Logical Partitioning of
Disks, and Appendix D, Disk Logical
Partition Sizes.

For tapes, how the minor number is used is device dependent.

TE16, TU16, and TU77 are dual density tapes and use the
minor number as follows:

o Bits 0-5 indicate the unit number

® Bit 6 indicates the density: 0 (1600 bpi) or 1 (800 bpi)
™ Bit 7 indicates no rewind on close

TE10, TS03, and TU10 are single density tapes (800 bpi) and
use the minor number as follows:

° Bits 0-2 indicate the unit number
™ Bits 3-6 are unused
° Bit 7 indicates no rewind on close

TK25, TS11, TSV05, and TU80 are single density tapes (1600
bpi) and use the minor number as follows:

® Bits 0-6 are unused (unit 0 only)
° Bit 7 indicates no rewind

The no-rewind feature lets files be appended to the end of a
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previously written tape.

For a list of ULTRIX-11 devices and their major device

numbers, read Appendix C, ULTRIX-11 Device Names and Major
Device Numbers.
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1.3 Logical Partitioning of Disks

The ULTRIX-11 system accesses partitioned or nonpartitioned
disks:

Partitioned Nonpartitioned
RK06/7 RX50
RP02/3 RX02
RM02/3 RK05
RMO5 ML 11
RP04/5/6
RA60
RA80/RA81
RC25
RLO1/2
RD51/RD52

For nonpartitioned disks, the system accesses each unit as a
single file system. For the larger disks, each physical
unit is partitioned into eight logical subunits called pseu-
dodisks. The ULTRIX-11 kernel accesses each pseudodisk as a
separate logical file system. For larger disks, therefore,
each physical wunit can contain multiple file systems. The
sizes table in each disk driver determines the size and
location of each disk partition.

A typical partition scheme allocates three small partitions
for system use, one or more large partitions for user file
systems, and one partition to let the entire disk be
accessed as a single logical file system. For further
information about disk partitions, read Appendix D, Disk
Logical Partition Sizes.

NOTE

Logical disk partitions may overlap. As
system manager, you must be sure not to
place file systems on overlapping parti-
tions. For further information on
RA60/RA80/RA81, RC25, and RD51/RD52 disk
partitions, read rasize(1M) in the
ULTRIX-11 Programmer's Manual, Volume 1.
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1.4 Logical Device Names and Special Files

Although a user accesses a device by its special file name,
the ULTRIX-11 kernel activates that device by its major and
minor device numbers. The special file maps a logical name
to an inumber which the system uses to access the appropri-
ate inode and determine the major/minor device numbers and
the I/0 mode.

The ULTRIX-11 kernel uses either block (buffered) or charac-
ter (raw) mode special files. Because all block-mode dev-
ices usually are also confiqured as character-mode devices,

you can access disks and tapes with either block I/0 mode or
character 1/0 mode. By contrast, since they are configured
as character-mode special files, you can access line

printers and communications devices only with character 1I/0
mode.

To summarize, each special file has these attributes:

° A logical device name
° Major and minor device numbers
) Block or character I/0 mode

NOTE
To list the attributes of the configured
special files, use the ls command with

the -1 option specified on the /dev
directory.

1.4.1 Creating Special Files

To create a special file, use one of the following commands:

/etc/csf Use this command to create or remove all spe-
cial files for a physical unit on a device.
For further information, read csf(1M) in the
ULTRIX-11 Programmer's Manual, Volume 1.

/etc/mknod Use this command to create a single special

file. For further information, read mknod( 1M)
in the ULTRIX-11 Programmer's Manual, Volume 1.

/dev/msf Use this shell script to create or remove spe-
cial files when specifying a generic device
name and unit number. DIGITAL recommends that
you use this script to create special files.
For further information, read Section 2.6,
Updating the Device Support Files.

When creating special files, you can assign arbitrary
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logical device names. To provide a consistent I/0 inter-
face, however, you should use the ULTRIX-11 device naming
convention. When you use the msf script and specify a gen-
eric device name, the system automatically assigns the
appropriate ULTRIX-11 mnemonic to the device special file.
For a list of ULTRIX-11 device mnemonics, read Appendix C,
ULTRIX-11 Device Names and Major Device Numbers.

The next five sections discuss the ULTRIX-11 special file
names assigned for:

Partitioned disks
Nonpartitioned disks
Magnetic tape
Terminals
Miscellaneous devices

1.4.2 Partitioned Disks

For the large disks, each physical unit is partitioned into
a maximum eight logical subunits. For partitioned disks,
special file names are assigned in the format:

/dev/xxnp (block 1/0)
/dev/rxxnp (character 1/0)

XX Indicates the ULTRIX-11 device mnemonic.

r Indicates a character (raw) mode special file.
n Indicates the device unit number.
P Indicates the partition number (0-7).

For further information, read Section 2.6.1, Support Files
for Disks.

The following are examples of a block and character special
file that both access an RP02/3, unit 1, partition O:

/dev/rp10
/dev/rrp10
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NOTE

You can access RA60, RA80, RA81, RX50,
RC25, RD51, and RD52 disks with the same
software driver. The RA, RC, and RD
disks follow the partitioned disk naming
convention for special files. The RX50
disk uses the nonpartitioned disk spe-
cial file names. The msf command accom-
modates this inconsistency.

1.4.3 Nonpartitioned Disks

For smaller disks, each physical unit 1is accessed as

file

1-15

one

system. For nonpartitioned disks, special file names
are assigned in the format:

/dev/xxn (block 1/0)

/dev/rxxn (character 1/0)
Indicates the ULTRIX-11 device mnemonic.
Indicates a character (raw) mode special file.

Indicates the device unit number.

The following are examples of a block and character
special file that both access an RK05, unit 0:

1.4.4

/dev/rk0
/dev/rrk0

Magnetic Tapes

For tape, special file names are assigned by density
unit number in the format:

mt

ht

800 bpi 1600 bpi

/dev/mt# /dev/ht# (block 1/0)
/dev/rmt# /dev/rht# (character 1/0)
/dev/nrmt# /dev/nrht# (character 1/0)

Indicates 800 bpi.
Indicates 1600 bpi.

Indicates the device unit number.

mode

and
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r Indicates character (raw) I/0 mode.
n Indicates no rewind when the special file is closed.
NOTE

The TM11 operates at 800 bpi and
uses the mt mnemonic only. The
TS11, TSV05, TU80, and TK25 are
1600 bpi and use the ht mnemonic
only. The TM02/3 is dual density
and uses both the mt and ht mnemon-
ic. For example, /dev/rmt0
accesses TM02/3, unit 0 at 800 bpi,
while /dev/rht0 accesses TM02/3,
unit 0 at 1600 bpi.

1.4.5 Terminals

For terminals, special file names are assigned for each com-
munication interface in the format:

/dev/tty##

tty Indicates the terminal mnemonic.
4 Indicates the 2-digit terminal number.

Once created, this special file associates a terminal with a
port on either a multiline interface (for example, DH11) or
a single line interface (for example, DL11). A user-level
process then can access the special file /dev/tty## to
access the control terminal. The file /dev/console refers
to the console terminal.

For further information about general terminal interfaces,
read tty(4) in the ULTRIX-11 Programmer's Manual, Volume 1.
For a description of how tty special files are created, read
Section 2.6.3, Support Files for TTY Interfaces.

1.4.6 Miscellaneous Devices

To create special files for the miscellaneous devices, use
the csf or msf command. The following lists the miscellane-
ous special files:



/dev/errlog

/dev/kmem
/dev/1lp
/dev/mem

/dev/null

/dev/swap
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Refers to the error log area on the system
disk. The ULTRIX-11 error logger creates and
uses this special file. For further informa-
tion, read Chapter 8, ULTRIX-11 Error Logger.

Refers to kernel mapped memory. You can use
this special file to access kernel memory.

Refers to the main 1line printer. The lpr
command uses this special file.

Refers to physical memory. You can use this
special file to access physical memory.

Refers to the system null file. When you
write to this special file, your data is dis-
carded. When you read this special file, you
immediately receive an end-of-file.

Refers to the swap area on the system disk.
This file lets system commands (for example,
ps) access the swap area without having to
know where it is.

For further information about these special files, read Sec-
tion 4, Special Files, in the ULTRIX-11 Programmer's Manual,

‘Volume 1.




1-18 System Overview

1.5 Disk Unit Numbers

For most disks, the wunit number 1logical assignment plug
(LAP) specifies the device unit number. The following are
guidelines for dealing with disk wunit number assignment
plugs.

e Before booting the operating system, determine the
desired unit number for each disk and insert the correct
LAP into the disk unit.

® Before changing a disk unit number, make sure all file
systems on that disk are unmounted.

° For the RL0O1 and RL02 disks, the first access of the
RL11 controller determines the status of each unit.
Subsequent changes cannot be detected. 1If you turn off
the power from a unit or remove the LAP once the status
of a unit is determined, that unit is considered nonex-
istent. Interchanging unit numbers between an RLO1 and
RLO2 disk causes the driver to miscalculate the size of
each disk. When using RL01/02 disks, follow the first
guideline carefully.

e Disk unit number assignments do not have to be contigu-
ous. The number of wunits that you specify at sysgen
time must be one greater than the highest wunit number
assigned. For example, if you assign unit numbers 0, 2,
and 3, you then should configure the system for four
disk units.

° Do not duplicate unit numbers for dual access disks.
For example, four disks connected to one controller
through port A and to another controller through port B
must each have a unique unit number.

NOTE
DIGITAL recommends that you not

change a disk's unit number while
the operating system is running.

1.5.1 RD51/RD52/RX50 Unit Numbers

The RD51 and RD52 Winchester disks and the RX50 diskettes do
not use unit number select plugs. The RQDX1 controller
determines the unit number of each disk during initializa-
tion. The ULTRIX-11 system supports two Micro/PDP-11 disk
confiqurations. The basic configuration uses a single Win-
chester disk as unit 0 and the RX50 disks as units 1 and 2,
respectively. The alternate configuration uses a second
Winchester disk as unit 1 and changes the RX50 unit numbers
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to 2 and 3.

Because unit number plugs are not used, the physical loca-
tion of each unit determines the Winchester and RX50 unit
numbers. A Winchester disk (unit 0) is always mounted in
the basic Micro/PDP-11 package. A second Winchester disk
(unit 1) is mounted external to the basic package.

The Micro/PDP-11 may be either rack mounted or packaged as a
free-standing unit. When rack mounted, the Micro/PDP-11 is
horizontal, and the lower numbered RX50 unit 1is the top
drive. when free standing, the Micro/PDP-11 is vertical,
and the lower numbered RX50 unit is on the left.



Chapter 2

ULTRIX-11 System Generation

During an ULTRIX-11 system generation, you tailor the
ULTRIX-11 kernel to your:

Processor type

System disk

Peripheral devices

Amount and type of work to be done

You may generate either a split I and D kernel, for those
processors that have separate Instruction and Data space, or
a nonsplit I and D kernel, for those that do not. For a
detailed description of the kernel and processor types that
have split Instruction and Data space, read the ULTRIX-11
Software Technical Description.

You also tailor the ULTRIX-11 kernel for the type of system
disk and peripheral devices used. Then, by adjusting the
values of the system parameters, you tailor the ULTRIX-11
kernel to the number of users it is to support. These sys-
tem parameters determine the process table sizes and various
other internal data structures.

The remaining sections of this chapter discuss the genera-
tion process and the fatal sysgen error messages. An
ULTRIX-11 system generation consists of:

Preparing for system generation
Creating the system configuration file
Making the ULTRIX-11 kernel

Installing the ULTRIX-11 kernel
Updating the device support files

For a sample system generation, read Appendix A, Sysgen Pro-
gram Example.
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2.1 Preparing for System Generation

As preparation for an ULTRIX-11 system generation, you
should familiarize yourself with the sysgen program. In
addition, you should gather all the pertinent system
hardware information.

2.1.1 Running the sysgen Program

To run the sysgen program, you first must log in to the sys
account., Once you have logged in, the system prints the
following message and the /bin/sh prompt:

Welcome to the ULTRIX-11 System

$

Then, use the cd command to change directories to /sys/conf.
In response to the shell prompt, type this command sequence:

$ cd conf

Once in the /sys/conf directory, you are ready to run the
sysgen program.

To start the sysgen program running, type:
§ sysgen

Once loaded and running, the sysgen program prints the fol-
lowing messages and a sysgen> prompt:

ULTRIX-11 System Generation Program
For help, type h then press <RETURN>
sysgen>

The sysgen> prompt indicates that the program is ready to
accept your commands.

The sysgen program has an extensive on-line help facility.

The help information is the main source of documentation for

the system generation process. For help information, type:
sysgen> h

The sysgen program then prints:
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The "sysgen>" prompt indicates the sysgen program is ready to
accept commands. To execute a command you type the first letter
of the command, then press <RETURN>. Some of the commands will
ask you for additional information, such as a file name. For
more help with a command, type h followed by the command letter
then press <RETURN>. For example, "h c" for the create command.

Command Description

<CTRL/D> Exit from sysgen (backup one question in "c" command).
<CTRL/C> Cancel current command, return to "sysgen>" prompt.
!command Escape to the shell and execute "command".

[c]reate Create an ULTRIX-11 kernel confiquration file.
[r]emove Remove an existing configuration file.

[l]list List names of all existing configuration files.
[plrint Print a configuration file.
[m]ake Make the ULTRIX-11 kernel.

[ilnstall Print instructions for installing the new kernel.
[dlevice List configqurable processors and peripherals.
[slource Compile and archive a source code module (ul.c, etc.).

The sysgen sequence is: use "c" to create the configuration file,
"m" to make the new kernel, and "i" for installation instructions.

2.1.2 Gathering System Information

You also should have all the relevant documentation readily
available., DIGITAL recommends that you have this documenta-
tion available for use:

° System hardware documentation
e ULTRIX-11 Installation Guide
e ULTRIX-11 Software Technical Description

Then, you should gather the system information that 1is
needed to generate your ULTRIX-11 kernel. While doing so,
consider the following and write the information on the sys-
tem configuration worksheet, Appendix G in the ULTRIX-11
Installation Guide:

° Determine your processor type. The most significant
consideration is whether the processor has separate
Instruction and Data space. The ULTRIX-11 software sup-
ports all memory-managed PDP-11 processors from the
PDP-11/23 through the PDP-11/73. The ULTRIX-11
software, however, does not support the LSI-11/03 and
the Personal Computer series. The Micro/PDP-11 uses the
PDP-11/23 or PDP-11/73 processor. If the processor is
not listed as supported by the ULTRIX-11 software techn-
ical description, use the processor type with features
that most closely match those of the processor you are
using. For example, the PDP-11/35 uses processor type
40, the PDP-11/50 uses processor type 45 or 55.
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Because the sysgen program assigns disks by controller
type, determine the type of each disk controller present
and the drives that are connected to it. To display a

list of ULTRIX-11 supported controllers and drives, use
the sysgen device command.

Determine the type of each tape controller and tape
drive connected to it.

Determine the type of each communications interface and
the number of units for each interface type.

Determine what peripherals are to be configured into the
system.

If the system is to support any user-written device
drivers, read Section 2,8, Sysgen of User-Written Device
Drivers.

Determine the hardware CSR address and interrupt vector
address of all devices that are to be configured into
the system. Most devices, except communication inter-
faces, have a standard address and vector. The sysgen
program knows the standard address and vector for all
supported devices.

Determine the disk controller and drive where the
ULTRIX-11 root and swap file systems and error log file
are to reside. The sysgen program has standard loca-
tions for these files. The program can also display a
help message to give gquidelines for changing their
placements.

According to the number of users the ULTRIX-11 system is
to support, determine the values of the system parame-
ters. The sysgen program has a standard value for  each
parameter. Each standard value is based on an estimated
number of users for each processor type. For guidelines
for changing parameter values, read the help message
text in Appendix A, Sysgen Program Example.
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2.2 Creating the System Configuration File

To create the system configuration file, use the sysgen pro-
gram and specify the create command. In response to the
sysgen> prompt, type:

sysgen> ¢

Once the create command begins executing, the sysgen program
first prompts you for a confiqguration file name. To use the
default name (unix), press the <RETURN> key. Then, it
prompts you for information about your system and writes
your responses to this configuration file. You later wuse
this configuration file to make your ULTRIX-11 kernel.

You should respond to each sysgen prompt with the appropri-
ate information gathered earlier (Section 2.1.2). For each
prompt, the sysgen program prints either a default response
or a 1list of possible responses. - To use the default
response to any given prompt, press the <RETURN> key. If
you need further help with any given prompt, type ? and
press the <RETURN> key.

If you have made a mistake when entering information to a
given prompt, press <CTRL/D>. The <CTRL/D> erases all the
information entered for that prompt and backs up to the pre-
vious prompt. You can press <CTRL/D> repeatedly to back up
more than one prompt. As you do so, however, you erase the
information for each prompt.



2-6 System Generation

2.3 Verifying Your Responses

When you have answered all sysgen prompts, you should verify
your responses. To verify the newly created configuration
file, use the sysgen program and specify the print command.
In response to the sysgen> prompt, type:

sysgen> p

This configuration file contains the specifications that
define the necessary information about the system hardware
configuration and parameter values.

The /sys/conf directory contains several prototype confi-
guration files. You can use the sysgen program to:

° List their file names
° Print their contents
° Remove an unwanted file
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2.4 Making the ULTRIX-11 Kernel

To make the ULTRIX-11 kernel, use the sysgen program and
specify the make command. In response to the sysgen>
prompt, type:

sysgen> m

Once the make command begins executing, the sysgen program
prompts you for the configquration file name. If you used
the default confiquration file name (unix), you should press
the <RETURN> key. If you used a different configuration
file name, however, you should type that name.

The ULTRIX-11 kernel is produced 1in two phases from ten
files or archives:

c.c Configuration tables

dds.c MSCP data structures

dds.h Disk driver headers

dump.s Crash dump code

ec.c Additional configuration tables
l.s Locore vectors

mch0.s Machine and dump header file
mch.o Machine language assist

LIB1 System library

LIB2 Device driver library

First, the sysgen program calls the mkconf program. The
mkconf program reads the specified configuration file and
creates the c.c, dds.h, 1l.s, and mchO.s files. In addition,
it prints a description of the system configuration. For
further information, read mkconf(1M) in the  ULTRIX-11
Programmer's Manual, Volume 1.

Second, the sysgen program executes the makefile 1in the
/sys/conf directory. This makefile first assembles the 1l.s
and dump.s files and compiles the <c¢.c, dds.c, and ec.c
files. Then, to 1link the object files and libraries, the
makefile calls the link editor (1d). For further informa-
tion, read make(1) in the ULTRIX-11 Programmer's Manual,
Volume 1.

As indicated, the sysgen program itself does not make the
kernel. Rather, it calls other programs that do the actual
work. When making the ULTRIX-11 kernel, these programs
display a series of informational messages. The final mes-
sage indicates whether the sysgen was successful. For sam-
ple messages, read Appendix A, Sysgen Program Example.
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2.5 Installing the ULTRIX-11 Kernel

To install the ULTRIX-11 kernel, use the sysgen program and
specify the install command. In response to the sysgen>
prompt, type:

sysgen> i

Once the install command begins running, the sysgen program

prints the procedure for installing the new ULTRIX-11 ker-
nel:

Use the following procedure to install the new kernel:

® Type <CTRL/D> to exit from the sysgen program.

e Become superuser (type "su", then enter the root password).
® Move the new kernel to the root (mv unix.os /nunix).

e Type <CTRL/D> twice (to logout), then login to the operator
account. Use the operator services "s" command to shutdown
the system and "halt" command to halt the processor.

® Use the manual boot procedure, described in section 3.4 of
the ULTRIX-11 System Management Guide, to boot the new kernel.
For example, "Boot: rl(0,0)nunix" from an RL0O2 disk.

e Save the o0ld kernel then rename the new kernel "unix".
(mv unix ounix; mv nunix unix; chmod 644 unix)

e Set the date (date command), check the file systems (fsck),
then type <CTRL/D> to enter multi-user mode.

When an ULTRIX-11 kernel is made, the system creates an exe-
cutable file in the /sys/conf directory. This file usually
is given the name of the confiquration file that was used
when making the kernel plus the .os suffix. For example, if
you used the default configuration file name earlier, the
ULTRIX-11 kernel is named unix.os. Because, during normal
operations, several system-level commands look for the file
/unix, your current, running kernel should always be named
unix.

The specific details of a kernel installation are hardware
dependent. For further information, read Section 1.6 in the
ULTRIX-11 Installation Guide.
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2.6 Updating the Device Support Files

As the final step in the system generation process, you may
have to update the device support files. The device support
files let the operating system and users access devices.

During your ULTRIX-11 software installation, you created the
device support files for all the devices on your system.
Unless you have installed new devices or changed existing
ones, these files do not need to be updated. 1If you have
installed additional disks or tapes, however, you must
create the device support files for those devices only. If
you have reassigned the terminal numbers (tty##), you should
update the TTY support files for those devices only.

The next five sections discuss the support files that you
must update for each device type. For information about
device support files and their relation to the various
classes of devices, read Chapter 1, ULTRIX-11 I/0O Systenm,

and Chapter 4, ULTRIX-11 Maintenance and Administrative
Functions.

2.6.1 Support Files for Disks

A set of special files must exist in the /dev directory for
each confiqured disk wunit. For further information, read
Section 1.4, Logical Device Names and Special Files.

To create special files for disks, become the superuser (su
command) and change your directory to /dev. Once in the
/dev directory, use the msf script. For disks that are not
connected to a MASSBUS or MSCP disk controller, type this
command sequence:

# msf xx n

xx  Specifies the generic disk name.
n Specifies the unit number.

For example, to create the special files for an RKO07, unit
3, type:

# msf rk07 3
MASSBUS disks (RM02, RM03, RM0S5, RP04, RP05, RP06, and ML11)
can be connected to any one of three RH11/RH70 disk con-
trollers. For disks that are connected to a MASSBUS disk
controller, type this command sequence:

# msf xx_cn
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xx_c Specifies the generic disk name (xx) and the RH11/RH70
controller number that it 1is ~connected to. The
RH11/RH70 controller numbers are determined by the
order in which they are entered in the sysgen confi-
guration file. Specifically, the first entered is
numbered 0, the second 1, and the third 2. 1If the
disk is connected to the first RH11/RH70 controller,
the controller number (_c) may be omitted.

=

Specifies the unit number.

For example, this command sequence creates the special files
for an RP06, unit 0 on the first RH11/RH70 controller:

# msf rp06 0

For example, this command sequence creates the special files
for an RM03, unit 2 on the second RH11/RH70 controller:

# msf rm03_1 2

If the system disk is connected to a MASSBUS controller, you
must assign it to the first RH11/RH70 controller. Other-
wise, you can assign MASSBUS disks arbitrarily.

During a sysgen, you also can change the CSR and vector
addresses of each MASSBUS controller. By convention, the
default CSR and vector addresses for the RH11/RH70 controll-
ers are:

RH # Name CSR Vector

first HP 176700 254

second HM 176300 150

third HJ 176400 204
NOTE

When you use the msf command to create
the special files for ML11 disks, four
special files are created for each disk.
Specifically, a block and raw (charac-
ter) special file is created for each
controller type (hp## and rhp##, hm##
and rhm##, or hj## and rhj##). In addi-
tion, a block and character special file
with the names ml# and rml# are created.
These files are links to the appropriate
controller special files.

You can configure your ULTRIX-11 kernel with up to three
MSCP disk controllers, but you must configure only one of
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each type. The supported MSCP controllers and disks are:

UDAS0 - RA60/RA80/RA81
KLESI - RC25
RQDX1 - RXS50/RD51/RD52
RUX1 - RX50

For disks that are connected to a MSCP disk controller, type
this command sequence:

# msf xx ¢ n

xx ¢ Specifies the generic disk name (xx) and the MSCP con-
troller number that it is connected to. The MSCP con-
troller numbers are determined by the order 1in which
they are entered in the sysgen configuration file.
Specifically, the first entered is numbered 0, the
second 1, and the third 2. If the disk is connected
to the first RH11/RH70 controller, the controller
number (_c) may be omitted.

=

Specifies the unit number.

For example, this command sequence creates the special files
for an RA60D, unit 1 on the first MSCP controller:

#$ msf ra60 1

For example, this command sequence creates the special files
for an RC25, unit 0 on the second MSCP controller:

# msf rc25_1 0

The MSCP disk controllers are assigned the same default CSR
and vector address. During a sysgen, you must assign alter-
nate CSR and vector addresses to the second and third con-
troller (if present).

Because several system commands access /etc/fstab for their
default argument lists, you also must update /etc/fstab
after creating special files for disks. The /etc/fstab file
associates each mountable file system with the directory on
which you mount it. The system commands that access
/etc/fstab include the df, fsck, mount, quot, and umount
commands. For further information, read fstab(5) 1in the

ULTRIX-11 Programmer's Manual, Volume 1 and Section 4.6.7,
Mounting and Unmounting File Systems.

2.6.2 Support Files for Magnetic Tape

Like disks, each tape unit requires a set of special files
in the /dev directory. Although some commands (for example,
dump and restor) have default special file names built in,
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tape wunits have no other support files. For further infor-

mation, read Section 1.4, Logical Device Names and Special
Files.

To create special files for tapes, become the superuser (su
command) and change directory to /dev. Once in the /dev
directory, use the msf script. In response to the superuser
prompt, type this command sequence:

# msf xx n

XX Specifies the generic tape unit name.

n Specifies the unit number.

For example, to create a special file for a TE16, unit zero,
type this command sequence:

# msf te16 0

2.6.3 Support Files for TTY Interfaces

Unlike disks and tapes, each terminal requires only one spe-
cial file in the /dev directory. For further information,
read Section 1.4, Logical Device Names and Special Files.

To create a special file for terminals, become the superuser
(su command) and change directory to /dev. Once in the /dev
directory, use the msf script. In response to the superuser
prompt, type this command sequence:

# msf xx n tty##

Specifies the generic device name.

o

For KL11 and DL11 interfaces, specifies the number
of wunits. For all other communications interfaces,
specifies the unit number.

tty## For the KL11 and DL11, associates the unit with the
name of the special file for its terminal. For the
multiline interfaces, specifies the terminal special
file name associated with the first line on the
unit. The remaining lines in the multiline inter-
face are assigned sequentially (for example,
tty##+1, tty##+2).

For example, the following sequence of commands creates a
series of TTY special files. The make command with the tty-
clean argument specified removes all existing TTY special
files:
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cd /dev

make ttyclean
msf dz11 0 tty00
msf dz11 1 tty08
msf dh11 0 tty16
msf dl11 3 tty32

S Y T

When making KL11 or DL11 special files, count the total
number of KL11 devices (excluding the console) and DL11 dev-
ices. Then, create that number of special files with the
msf command. For example, if you have a single KL11 and two
DL11 devices, the following command sequence assigns the
KL11 to tty32 and the DL11s to tty33 and tty34:

# msf dl11 3 tty32

Having created a TTY special file for each terminal, you
also must create the initialization data for each. More
specifically, you must set the local/remote and terminal
characteristics that the system accesses from the /etc/ttys
file. For further information, read Section 4.7.2, Creating
Communications Interface Special Files, and tty(5) in the
ULTRIX-11 Programmer's Manual, Volume 1.

2.6.4 Support Files for Miscellaneous Devices

Like terminals, miscellaneous devices normally require only
one special file in the /dev directory. For further infor-

mation, read Section 1.4, Logical Device Names and Special
Files.

To create a special file for miscellaneous devices, become
the superuser (su command) and change directory to /dev.
Once in the /dev directory, use the msf script. 1In response
to the superuser prompt, type this command sequence:

# msf xx n

xx Specifies the generic device name.
n Specifies the unit number.

When ULTRIX-11 does not support multiple units for a speci-
fied device, the unit number is ignored:

# msf 1p11 0
# msf dn11 1
# msf du11 O

For a detailed description of the miscellaneous special
files, read Section 1.4.6, Miscellaneous Devices, and
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Section 4, Special Files, of the ULTRIX-11 Programmer's
Manual, Volume 1.

2.6.5 The /dev/swap File

The /dev/swap special file refers to the file system or disk
partition on which the swap area resides. By accessing
/dev/swap, some programs (for example, ps) can access the
swap area without having to know the name of the swap dev-
ice.

If you generate the system with the swap area in the stan-
dard place, you do not need to create or modify the
/dev/swap file. 1If you use a nonstandard placement of the
swap area, however, the sysgen program automatically prints
a warning message to indicate that you must modify the
/dev/swap file.

To modify the /dev/swap file, become the superuser (su com-
mand) and change to the /dev directory. Once in the /dev
directory, use the msf script to create the special file for
the disk partition where the new swap area is to reside.
Then, remove the current swap file and link the special file
for the swap partition to /dev/swap. Finally, change to the
root directory (/) and use the sync command.

The following example lists the sequence of commands for

placing the /dev/swap file on a file system on an ML11, unit
0:

cd /dev

msf ml11 0
rm swap

In ml0 swap
cd /

sync

3 NI

The /dev/swap file is always linked to the block mode spe-
cial file for the swap file system. Do not use the raw spe-
cial file. In this example, ml0 is used instead of rml0.

NOTE

You must modify the /dev/swap file when
the system is in single-user mode only.
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2.7 Error Messages

The sysgen program has extensive error checking and can gen-
erate a large number of messages. Usually, the majority of
these messages are self-explanatory and cover basic errors.
The sysgen program checks for and reports when you have:

Entered too many characters on a line
Entered an invalid device or file name
Omitted a required value

No access permission to a file

In addition, the sysgen program prints messages that indi-
cate that a fatal error has occurred. The next five sec-
tions discuss the fatal sysgen error messages.

2.7.1 sysgen: Can't exec fresh copy

After creating a configuration file, the sysgen program uses
the exec() system call to overlay itself. This action is
necessary to reset its internal tables to a known state.
This error message indicates that the exec() system call
failed. When the system prints this error message, it also
indicates the specific hardware or software problem
involved.

2.7.2 Can't make unix from configuration xxxx.o0s!

The sysgen program actually calls other programs to make the
ULTRIX-11 kernel. This error message indicates that one of
these programs encountered an error. When creating the
ULTRIX-11 kernel, the called programs print progress mes-
sages and error messages. These messages normally provide
information that 1is helpful in determining the exact cause
of this error.

2.7.3 FATAL size error xxxx.os should not be installed!

During the last phase of a kernel generation, the sysgen
program checks the size of the newly generated kernel to
ensure that it is within acceptable limits. This message
indicates that the named kernel is too large to run in the
processor's available address space.

This error can occur when you have attempted to configure
too many devices into the system. However, this situation
is unlikely for any reasonable hardware configuration. A
more likely cause is when you run out of kernel data space
due to an inordinate increase in the value of a system
parameter. The sysgen program prints the actual kernel size
and the size limit. Use these values to determine by how
much the kernel size must be decreased. When you reduce a
parameter value by one, the help message for the sysgen "Use
standard system parameters" prompt prints the number of
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bytes you save. For further information, read Appendix A,
Sysgen Program Example.

2.7.4 MAPPED BUFFERS - forbidden zone violation!

To increase the amount of available data space, the kernel
uses a mapped buffer scheme. This mapped buffer scheme
involves moving the I/0 buffer cache outside the kernel data
space and dynamically remapping between the buffers and the
8K-byte data segment at virtual address 0120000. This
imposes the restriction that you cannot access data space
symbols in the 0120000 - 0140000 address range (forbidden
zone) while memory management segmentation register 5 is
mapped to the I/0 buffers.

This error message occurs when the value of the mb end sym-
bol exceeds address 0120000. Usually, the data space
arrangement used by the kernel prevents this error from
occurring. When this error does occur, you must decrease
the size of the data structures with addresses less than the
mb_end symbol wuntil the value mb_end is less than address
0120000.

In most cases, you can recover from this error by reducing
the number of buffers (NBUF) configured into your system.
Each NBUF structure uses 30 bytes of data space. To reduce
the number of configured buffers, subtract 120000 (octal)
from the value of mb_end and convert the result to decimal.
Then, divide the result by 30 and add one. Finally, you must
reconfigure your system and reduce the number of buffers to
this calculated value.

For example, the following illustrates using the dc command
to calculate a new NBUF value when mb _end is 121234:

$ dc
81
121234
120000
-p

668

q

$ dc .
668
30
/P
22
1
Y
23
q

$

Having calculated a new NBUF value, you then must use the
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sysgen program with the c command specified to create a new
configuration file. Finally, you must remake and install
this kernel.

If this procedure does not reduce the _mb_end sufficiently,
you must determine which additional data structure to
decrease. To do so, use the sysgen "standard parameters"
help text. Not all standard parameters, however, affect the
value of the mb_end symbol. The ULTRIX-11 software allows
the data symbols which are not accessed while the I/0
buffers are mapped in (NCALL, NFREE, NPROC, and NTEXT) to be
assigned beyond the mb _end symbol.

2.7.5 UNIBUS MAP - forbidden zone violation!

On PDP-11/24s with KT24 memory expansion, PDP-11/44s, and
PDP-11/70s, the UNIBUS map uses 31 registers to map the 18-
bit UNIBUS addresses to the 22-bit addresses needed to
access memory. Each register maps 8K-bytes of memory. On
these processors, all Direct Memory Access (DMA) transfers
must go through the UNIBUS map.

DMA access to data structures in the ULTRIX-11 kernel is
required by several hardware devices to pass control infor-
mation between the device driver and the device. These ker-
nel data structures are:

Disk bad block buffers

MSCP disk packet buffers

TS11 tape packet buffers

DH11 clists

User-written device driver buffers

The first UNIBUS register is permanently allocated to map-
ping DMA transfers to and from these kernel data structures.
Assigning only one register limits the size of these struc-
tures to 8K-bytes.

During the last phase of making a new kernel, the system
checks the total size of these data structures. If this
size exceeds 8K-bytes, it prints the UNIBUS MAP warning mes-
sage.

Usually, this size limit is large enough to accommodate most
reasonable configurations. If this error does occur, how-
ever, you must reduce the size of these data structures.
More specifically, you must decrease the number of devices,
the size of the clists, or the size of the data structures
in any user-written drivers.
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2.8 Sysgen of User-Written Device Drivers

For special purpose user devices, the ULTRIX-11 operating
system lets you incorporate user-written software drivers
into the kernel. This section describes the procedure that
you should follow when generating a kernel that is to
include user-written device drivers. It is assumed that you
are a system programmer and are familiar not only with writ-
ing device drivers but also with interfacing them to the
UNIX operating system.

The ULTRIX-11 system is shipped with four user-modifiable
device driver source code modules in the /sys/dev directory:
ul.c, u2.c, u3d.c, and ué.c. Correspondingly, the ULTRIX-11
device mnemonics for the user-written devices are u1, u2,
u3, and u4. Each prototype user device driver contains null
functions and dummy data structure definitions to satisfy
all possible interface requirements to the ULTRIX-11 1/0
system (block or character mode). For information about
writing a device driver and interfacing it into the ULTRIX-
11 kernel, read Appendix H, ULTRIX-11 User Device Driver
Commentary.

To create a user-written device driver, edit one of the pro-
totype source modules. Specifically, edit the driver source
code into the null functions as needed. You should not
delete the wunused null functions. Then, replace the dummy
definitions with actual data structures (for example, device
register definitions). Finally, to configure a user-written
device, use this procedure:

1. Study one of the prototype user device drivers to deter-
mine which functions and data structure definitions you
need to replace.

2. Copy the unmodified prototype driver to a backup file.

3. Edit the prototype source module and enter the user-
written device driver source code.

4. Run the sysgen program and use the s command to compile
and archive the user device driver.

5. Use the sysgen program to create a new confiquration
file that 1includes the user-written driver. At the
appropriate prompt, type the names of the user-written
device drivers (u1, u2, u3, or u4).

6. Use the sysgen program to make a new ULTRIX-11 kernel.
7. Install and boot the new kernel.

8. Use the mknod command to create the user device special
files. The file /usr/include/sys/devmaj.h contains the
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major device numbers reserved for user devices.
NOTE

DIGITAL has verified the above pro-
cedure by editing the code from the
TS11 tape driver and the DZ11 com-
munications 1interface driver into
prototype modules ul.c and u2.c. DI-
GITAL also generated an ULTRIX-11
kernel with ul and u2 configured and
verified that user devices ut and u2
function as expected.

When writing device drivers for user devices, you should
consider:

The system configuration file specifies the device's
hardware device register address and interrupt vector
address in the same manner as standard devices. The
uistart() function in the ul.c prototype module contains
an example of the procedure for obtaining the device's
hardware register address. The driver does not need to
know the device's interrupt vector address. If the dev-
ice 1interrupts at a bus request level other than BR 5,
however, you must edit the /sys/conf/l.s file to change
the bus request level. If you change the l.s file, you
cannot use the sysgen make command. In response to the
superuser prompt, type this sequence of commands:

# cd /sys/conf
# mkconf <unix.cf
# make unixnn

nn Specifies the processor type (for example, 23, 44,
45).

You cannot interface user devices with the ULTRIX-11
error logging system. To report errors, you should use
the deverror() and printf() routines.

When the processor has a UNIBUS map, the strategy func-
tion must call the UNIBUS map allocation function
mapalloc(bp). The mapalloc(bp) function requires as an
argument a pointer to an I/O buffer header. The system
releases the UNIBUS map registers after completing the
physical I/0 transfer.

When the device uses a bus address extension register
for 22-bit addressing, the driver must load the full bus

address into the BAE register and not wuse the UNIBUS
map.
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ULTRIX-11 Boot Procedures

The ULTRIX-11 operating system usually resides on the system
disk in the /unix file. Booting the ULTRIX-11 system
involves a primary and a secondary boot program. These boot
programs load the /unix file into memory, initialize it, and
start it running in single-user mode.

When you use the autoboot procedure, the boot programs load
the operating system and start it running without interven-
tion. When circumstances require you to boot the system
from an alternate device or to boot one of the stand-alone
programs, however, you can use a manual boot procedure.

The remaining sections of this chapter discuss:

Boot sequence

Boot file specifications

System disk autoboot procedure
System disk manual boot procedure
Magnetic tape manual boot procedure
RX50 manual boot procedure

Boot options

Boot error messages
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3.1 The Boot Sequence

This section describes the ULTRIX-11 boot sequence. This
information 1is intended for reference only and is not
required for booting the ULTRIX-11 operating system.

The hardware boot ROM loads the primary boot program from
block 0 of the boot device into memory (physical location’
0). Once the primary boot program is loaded, the hardware
boot ROM starts it by jumping to location 0.

If it could not load the primary boot program, the hardware
boot ROM prints an error message or loops endlessly. (The
newer boot ROMs have error recovery, while most of the older
boot ROMs do not.)

If loaded from disk, the primary boot program relocates
itself to address 0157000 in high memory and begins execu-
tion. If loaded from tape, however, it relocates itself to
address 137000 and begins execution.

Once the primary boot program begins execution, it loads the
secondary boot program from the boot device. If the boot
device is a disk, the secondary boot 1is 1loaded from the
/boot file (root file system). When the secondary boot pro-

gram is loaded, the primary boot starts it running by a jump
to location 0.

If the /boot file could not be loaded, the secondary boot is
loaded from the /boot.bu file (root file system). If nei-
ther file can be loaded, the primary boot program loops end-
lessly.

The secondary boot program first sizes memory, then relo-
cates itself to high memory at address 0400000 (128 KB), and
starts executing in user mode. If the boot device 1is the
system disk, the secondary boot program automatically loads
the operating system, prints this message, and starts the
autoboot procedure:

Sizing Memory...

Boot: xx(0,0)unix (<CTRL/C> will abort auto-boot)

xx Specifies the ULTRIX-11 device mnemonic for the system
~  disk.

If the boot device is an alternate device, or if you abort
the autoboot procedure, the secondary boot program prints
this message and a boot prompt:
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To list options, type help then press <RETURN>

Boot:

The boot prompt lets you manually boot the operating system
from a file other than /unix or load one of the distributed
stand-alone programs. You should respond with the boot file
specification. This information tells the secondary boot
program the location of the ULTRIX-11 kernel or the stand-
alone program. For a description of the boot file specifi-
cation, read Section 3.2, Specifying the Boot File. For
further information about the distributed stand-alone pro-

grams, read Appendices B, D, and F in the ULTRIX-11 Instal-
lation Guide.

If the system cannot load the designated file, it prints an
error message and another boot prompt. If no errors occur,
the system loads the file at physical memory location 0 and
starts it with a trap instruction. The trap instruction
vectors through location 034. The secondary boot program
starts the operating system and all stand-alone programs by
vectoring through location 034. The system uses this
start-up method because the secondary boot program executes

in user mode and can not execute a jump to physical location
0.

Before starting the operating system, the secondary boot
program performs most of the operations required to initial-
ize the ULTRIX-11 operating system. When the ULTRIX-11 sys-
tem starts running, it comes up in single-user mode with the
superuser account active at the console.
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3.2 Specifying the Boot File

To boot a stand-alone program or the ULTRIX-11 system manu-
ally, you must specify the file that is to be loaded. In
response to the boot prompt, you must specify:

device(unit,offset)file

device Specifies the 2-character mnemonic of the device on
which the file 1is to be found. For a list of the
ULTRIX-11 device mnemonics, read Table 3-1, ULTRIX-
11 Device Mnemonics.

unit Specifies the unit number of the device on which the
file 1is to be found. For ht tape, unit numbers 0-3
specify physical units 0-3 at 800 bpi, while unit
numbers 4-7 specify physical units 0-3 at 1600 bpi.

offset Specifies where, from the beginning of that device,
the file 1is to be found. For disks, the offset is
the number of blocks from the beginning of the disk
where the appropriate file system starts. For exam-
ple, on disks, an offset 0 specifies the root file
system. For tapes, the offset is the number of
files from the beginning of the tape. For example,
on tapes, an offset 0 specifies the first file on
the tape.

file Specifies the name of the file that is to be loaded.
This name can be either an absolute pathname or a
single file name. If file is a file name, the boot
program searches the root directory of the file sys-
tem for that file. You should specify a single file
name when booting from tape.

For example, this sequence boots the /unix file from an
RLO2, unit O:

Boot: rl(0,0)unix

The following sequence loads the stand-alone bads program
(/sas/bads) from an RKO7, unit O:

Boot: hk(0,0)/sas/bads

The following sequence loads the stand-alone Copy program
(/copy) from TM11 tape:

Boot: tm(0,0)copy
To correct typing mistakes while entering the boot file

specifications, press the <DELETE> key to erase a single
character and <CTRL/U> to erase the entire line.



Boot Procedures 3-5

Table 3-1 ULTRIX-11 Device Mnemonics

Name

hk
hp
hm
hj
ra
rc
rd
rx
rk
rl
rp
ht
tm
ts

Device Type

RK06/7

RM02/3/5, RP04/5/6, ML11 (first RH11/RH70)
RM02/3/5, RP04/5/6, ML11 (second RH11/RH70)
RM02/3/5, RP04/5/6, ML11 (third RH11/RH70)
RA60/RA80/RA81

RC25

RD51/RD52

RX50

RKOS

RL01/2

RP02/3

TU16/TE16/TU77

TU10/TE10/TS03

TS11/TU80/TSV05/TK25
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3.3 Autobooting from the System Disk

You normally awtoboot the ULTRIX-11 kernel from the root
file system on the system disk, unit 0 (for RC25 disks, unit
1). During an autoboot, both the boot programs and the
ULTRIX-11 kernel are automatically loaded from the system

disk. To autoboot and initialize the ULTRIX-11 kernel, use
the following 4-step procedure:

1. Ensure that the processor's HALT switch is released.
Then, execute the hardware boot ROM for the system
disk. For further information about the boot ROM, read
your system's hardware documentation.

Once loaded and running, the secondary boot program

boots the ULTRIX-11 operating system and prints the
following messages:

Sizing Memory...
Boot: xx(0,0)unix (<CTRL/C> will abort auto-boot)

xx(0,0)unix: sizel+size2+size3...sizen

XX Specifies the two character ULTRIX-11 mnemonic
for the system disk (for example, hk, hp, ra,
rc, rd, rl, or rp).

size1 Specifies the size of either the ROOT TEXT seg-
ment (nonsplit I and D processor) or the
DATA+BSS segment (split I and D processor).

size2 Specifies the size of either the DATA+BSS seg-
ment (nonsplit I and D processor) or the ROOT
TEXT segment (split I and D processor).

size3 Specifies the size of the first overlay.
sizen Specifies the size of the last overlay. A max-

imum of seven overlays may be used and their
sizes reported.

Once loaded and initialized, the ULTRIX-11 operating
system starts running in single-user mode and prints
the following start-up banner:

ULTRIX-11 Kernel V#

realmem = ######
buffers = #####4#
usermem = #####H

erase = delete, kill = ~U, intr = ~C
#



V#

realmem

buffers

usermem

erase

kill

intr

Once running and ready to accept commands, the
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Specifies the version of the ULTRIX-11 system
that was booted. ‘

Specifies

Specifies

the size of all of memory in bytes.

the amount memory used by the 1I/0

buffer cache.

Specifies

the amount of free user memory in

bytes. This is the amount of memory available

after the ULTRIX-11 operating system and the
buffer cache.
Specifies that you can use the <DELETE> key
to delete by character.
Specifies that you can press <CTRL/U> to
delete an entire line of input.
Specifies that you can press <CTRL/C> to
interrupt a program.

NOTE
The system prints the last message

to remind you that it has changed

these control characters

from the

standard UNIX V7 characters (where

erase =
delete).

#, kill = @, intr =

ULTRIX-

11 operating system issues a # prompt, indicating that

the

Use

the date command to set the system date

superuser account is active.

and time.

In response to the superuser prompt, enter the follow-

command sequence:

# date yymmddhhmm.ss

ing

yy Specifies
mm Specifies
dd Specifies
hh  Specifies
mm Specifies

the
the
the
the

the

last two digits of the year (00-99).
month number (01-12).

day of the month number (01-31).
hour of the day (00-23).

minutes of the hour (00-59).
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ss Specifies the seconds of the minute (00-59). This
field is optional.

For example, to set the time and date to 6:30 PM on
August 28, 1984, type this command sequence:

# date 8408281830

DIGITAL recommends that you check the consistency of
your file systems as well as the size and a summary of
the error log file after each system boot.

To check the consistency of your file systems, use the
fsck command. In response to the superuser prompt,
type this command sequence:

# fsck -t /tmp/fsck.temp

The -t option specifies the name of a temporary file
that is to be used when checking the file systems. For
further information, read Section 4.1, File System
Maintenance.

To display the size of the error log file as well as a
summary report, wuse the elp command. In response to
the superuser prompt, type this command sequence:

# elp -s

If the command sequence fails, you may have to initial-
ize the error log file. For further information, read
Section 8.1, Operating Procedures.

Finally, to make the system available for time-sharing,
press <CTRL/D>. This command automatically causes the
operating system to change from single-user mode to
multiuser mode. The operating system prints a series
of messages and a login prompt. For further informa-
tion, read Section 1.2.4, Multiuser Mode.
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3.4 Manually Booting from the System Disk

You normally autoboot the ULTRIX-11 kernel from the root
file system on the system disk, unit 0 (for RC25 disks, unit
1). In addition, you can manually boot from the system
disk. Specifically, you can load the boot programs from the
system disk and then manually boot an ULTRIX-11 kernel or a
stand-alone program. For instructions for booting stand-
alone programs, read Appendixes B, D, and F in the ULTRIX-11
Installation Guide.

To load the boot programs from the system disk and manually

boot the ULTRIX-11 kernel, use the following 3-step pro-
cedure:

1. Ensure that the processor's HALT switch 1is released.
Then, execute the hardware boot ROM for the system
disk. For further information about the boot ROM, read
your system's hardware documentation.

Once loaded and running, the secondary boot program
autoboots the ULTRIX-11 operating system and prints the
following messages:
Sizing Memory...
Boot: xx(0,0)unix (<CTRL/C> will abort auto-boot)
xx Specifies the two character ULTRIX-11 mnemonic for
the system disk (for example, hk, hp, ra, rc, rd,
rl, or rp).
As soon as the boot prompt appears, however, interrupt
the autoboot by pressing <CTRL/C>. When you interrupt
the autoboot procedure, the secondary boot program
prints this message and a boot prompt:

To list options, type help then press <RETURN>

Boot:
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NOTE

There may be a delay of several
seconds between the time that you
press <CTRL/C> and the time that
the boot prompt reappears. If you
wait too long to press <CTRL/C>,
the ULTRIX-11 operating system will
be loaded into memory and will be-
gin printing several messages. If
this happens, you must halt the
processor and restart this step.

Enter one of the appropriate boot file specifications.
For example, the following command sequence boots a
test ULTRIX-11 kernel (/unix.test):

Boot: rp(0,0)unix.test

As it loads the system, the secondary boot program
sizes memory and prints this message:

rp(0,0)unix.test: sizel+size2+size3...sizen

size1 Specifies the size of either the ROOT TEXT
segment (nonsplit I and D processor) or the
DATA+BSS segment (split I and D processor).

size2 Specifies the size of either the DATA+BSS
segment (nonsplit I and D processor) or the
ROOT TEXT segment (split I and D processor).

size3 Specifies the size of the first overlay.

sizen Specifies the size of the last overlay. A
maximum of seven overlays may be used and
their sizes reported.

You also can boot other files from other disks by
entering the appropriate file specification. For
further information, read Section 3.2, Specifying the
Boot File.
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NOTE

If the operating system that you
wish to boot 1is not named /unix,
DIGITAL recommends that you rename
it /unix. Several user-level com-
mands and system-level programs use
the /unix file for the name list of
the operating system that currently
is running.

If you manually booted the ULTRIX-11 operating system,

it starts

running in single-user mode and prints this

start-up banner:

V£

realmem

buffers

usermem

erase

kill

intr

ULTRIX-11 Kernel V#

realmem = ######
buffers = #####44#
usermem = ######
erase = delete, kill = ~U, intr = ~C

#

Specifies the version of the ULTRIX-11 system
that was booted.

Specifies the size -of all of memory in bytes.

Specifies the amount of memory used by the
I/0 buffer cache.

Specifies the amount of free user memory in
bytes. This is the amount of memory available

after the ULTRIX-11 operating system and the
buffer cache.

Specifies that you can use the <DELETE> key
to delete by character.

Specifies that you can press <CTRL/U> to
delete an entire line of input.

Specifies that you can press <CTRL/C> to
interrupt a program.
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NOTE

The system prints the last message
to remind you that it has changed
these control characters from the
standard UNIX V7 characters (where
erase = #, kill = @, intr =
delete).

Once running and ready to accept commands, the ULTRIX-
11 operating system issues a # prompt, indicating that
the superuser account is active.

If you booted an ULTRIX-11 kernel, you need to set the
date, check your file systems and the error log file,
and then make the system available for time-sharing.
For specific information, read Steps 2-4 of Section
3.3, Autobooting from the System Disk.
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3.5 Manually Booting from Tape

You normally autoboot the ULTRIX-11 kernel from the root
file system on the system disk, unit 0 (for RC25 disks, unit
1). In addition, you can boot from alternate media. Specif-
ically, you can 1load the boot programs from tape and then
manually boot an ULTRIX-11 kernel or a stand-alone program.
This procedure lets you boot from a different media. For
instructions for booting stand-alone programs, read Appen-
dixes B, D, and F in the ULTRIX-11 Installation Guide.

To load the boot programs from tape and manually boot the
ULTRIX-11 kernel, use the following 4-step procedure:

1. Mount the ULTRIX-11 distribution tape on drive 0.
Ensure that the tape drive is on-line and ready and
that the tape is rewound to load point (BOT).

2. Next, to boot from tape, use either your hardware
bootstrap ROM or one of the tape boot programs
explained in Appendix A of the ULTRIX-11 Installation
Guide.

Once loaded and running, the secondary boot program
prints the following messages:

Sizing Memory...
To list options, type help then press <RETURN>
Boot:

3. Enter one of the appropriate boot file specifications.
For example, the following command sequence boots the
ULTRIX-11 kernel (/unix) from an RM02, unit 0, on the
third RH11/RH70 controller:

Boot: hj(0,0)unix
As it loads the system, the secondary boot program

sizes memory and prints this message:

hj(0,0)unix: sizel+size2+size3...sizen

sizei Specifies the size of either the ROOT TEXT
segment (nonsplit I and D processor) or the
DATA+BSS segment (split I and D processor).

size?2 Specifies the size of either the DATA+BSS
segment (nonsplit I and D processor) or the
ROOT TEXT segment (split I and D processor).
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size3 Specifies the size of the first overlay.

sizen Specifies the size of the last overlay. A
maximum of seven overlays may be used and
their sizes reported.

You also can boot other files from other disks by
entering the appropriate file specification. For
further information, read Section 3.2, Specifying the
Boot File.

NOTE

If the operating system that you
wish to boot 1is not named /unix,
DIGITAL recommends that you rename
it /unix. Several user-level com-
mands and system-level programs use
the /unix file for the name list of
the operating system that currently
is running.

If you manually booted the ULTRIX-11 operating system,
it starts running in single-user mode and prints this
start-up banner:

ULTRIX-11 Kernel V#

realmem = ######
buffers = ######
usermem = #####Y
erase = delete, kill = ~U, intr = ~C
#
V# Specifies the version of the ULTRIX-11 system

that was booted.
realmem Specifies the size of all of memory in bytes.

buffers Specifies the amount of memory used by the
I1/0 buffer cache.

usermem Specifies the amount of free user memory in
bytes. This is the amount of memory available
after the ULTRIX-11 operating system and the
buffer cache.

erase Specifies that you can use the <DELETE> key
to delete by character.

kill Specifies that you can press <CTRL/U> to
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delete an entire line of input.

intr Specifies that you can press <CTRL/C> to
interrupt a program.

NOTE

The system prints the last message
to remind you that it has changed
these control characters from the
standard UNIX V7 characters (where
erase = #, kill = @, intr =
delete).

Once running and ready to accept commands, the ULTRIX-
11 operating system issues a # prompt, indicating that
the superuser account is active.

If you booted an ULTRIX-11 kernel, you need to set the
date, check your file systems and the error log file,
and then make the system available for time-sharing.
For specific information, read Steps 2-4 of Section
3.3, Autobooting from the System Disk.
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3.6 Manually Booting from RX50 Diskette

On the Micro/PDP-11, you also can boot from different media.
Specifically, you can load the boot programs from the boot
diskette and then manually boot an ULTRIX-11 kernel or a
stand-alone program. For further information, read Appen-
dixes B, D, and F in the ULTRIX-11 Installation Guide.

To load the boot programs from the boot diskette and manu-
ally boot the ULTRIX-11 kernel, use the following 4-step
procedure:

1. First, insert the boot diskette into the RX50 drive,
unit 2.

2. Next, to boot RX50, unit 2, use your hardware bootstrap
ROM.

Once loaded and running, the secondary boot program
prints the following messages:

Sizing Memory...
To list options, type help then press <RETURN>
Boot:

3. Enter one of the appropriate boot file specifications.
For example, the following command sequence boots the
ULTRIX-11 kernel (/unix) from an RD51, unit O:

Boot: rd(0,0)unix
As it loads the system, the secondary boot program

sizes memory and prints this message:

rd(0,0)unix: sizel+size2+size3...sizen

size1 Specifies the size of either the ROOT TEXT
segment (nonsplit I and D processor) or the
DATA+BSS segment (split I and D processor).

size2 Specifies the size of either the DATA+BSS
segment (nonsplit I and D processor) or the
ROOT TEXT segment (split I and D processor).

size3 Specifies the size of the first overlay.
sizen Specifies the size of the last overlay. A

maximum of seven overlays may be used and
their sizes reported.
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You also can boot other files from other disks by
entering the appropriate file specification. For
further information, read Section 3.2, Specifying the
Boot File.

NOTE

If the operating system that you
wish to boot 1is not named /unix,
DIGITAL recommends that you rename
it /unix. Several user-level com-
mands and system-level programs use
the /unix file for the name list of
the operating system that currently
is running.

If you manually booted the ULTRIX-11 operating system,
it starts running in single-user mode and prints this
start-up banner:

ULTRIX-11 Kernel V§#

realmem = ######
buffers = ######
usermem = ####4#
erase = delete, kill = ~U, intr = ~C
#
V# Specifies the version of the ULTRIX-11 system

that was booted.
realmem Specifies the size of all of memory in bytes.

buffers Specifies the amount of memory used by the
I/0 buffer cache.

usermem Specifies the amount of free user memory in
bytes. This is the amount of memory available
after the ULTRIX-11 operating system and the
buffer cache.

erase Specifies that you can use the <DELETE> key
to delete by character.

kill Specifies that you can press <CTRL/U> to
delete an entire line of input.

intr Specifies that you can press <CTRL/C> to
interrupt a program.
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NOTE

The system prints the last message
to remind you that it has changed
these control characters from the
standard UNIX V7 characters (where
erase = #, kill = @, intr =
delete).

Once running and ready to accept commands, the ULTRIX-
11 operating system issues a # prompt, indicating that
the superuser account is active.

If you booted an ULTRIX-11 kernel, you need to set the
date, check your file systems and the error log file,
and then make the system available for time-sharing.
For specific information, read Steps 2-4 of Section
3.3, Autobooting from the System Disk.
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3.7 Boot Program Options

If you abort the autoboot procedure or use a manual boot
procedure to load from alternate media, the secondary boot
program prints this message and a boot prompt:

To list options, type help then press <RETURN>
Boot:

Once you receive this prompt, you can obtain information
about these boot program options:

° Automatic unit select option
e Automatic CSR select option
@ CSR address option

To obtain on-line help, type:
Boot: help
The secondary boot program then prints the following 1infor-
mation and a boot prompt:
ULTRIX-11 boot program options,
Enter the desired option using lowercase characters,
then press <RETURN>., Refer to the ULTRIX-11 System
Management Guide for more detailed information about

each option. The section number is listed after the
option name.

Option Section Description

help 3.7 Print this list of boot options.
aus 3.7.1 Enable/disable auto unit select.
acs 3.7.2 Enable/disable auto CSR select.
csr 3.7.3 List/change device CSR address.

Auto unit select changes the unit number in the ROOT,
PIPE, SWAP, and ERROR LOG specifications in the booted
kernel. This allows booting from disks other than unit

Auto CSR select changes the CSR address for the system
disk to match the CSR in the BOOT program.

The csr command lists and/or changes a device's CSR
address in the BOOT program.

The next three sections provide detailed discussions of
these options.
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3.7.1 Automatic Unit Select Option

During a boot, the secondary boot program passes the wunit
number of the system disk to the booted ULTRIX-11 kernel and
appropriately changes its ROOT, PIPE, SWAP, and ERROR LOG
specifications. The automatic unit select option (aus) lets
you disable this feature and leave these specifications as
originally configured.
To use the aus option, type:

Boot: aus
The secondary boot program then prints:

Auto unit select <y or n> ?

To disable automatic wunit select, type n. To enable
automatic unit select (default), type y.

The aus option lets you boot from a unit other than wunit 0
and, for RC25 disks, from a unit other than unit 1.

3.7.2 Automatic CSR Select Option

During a boot, the secondary boot program passes the CSR
address listed in its internal table for the system disk to
the booted kernel. When booting a stand-alone program, the
secondary boot program passes all CSR addresses listed in
its internal table to the booted program. The automatic CSR
select option (acs) lets you disable this feature and leave
each CSR address as originally configured.

To use the acs option, type:
Boot: acs

The secondary boot program then prints:
Auto CSR select <y or n> ?

To disable automatic CSR select, type n. To enable
automatic CSR select (default), type y.

The acs option lets you boot from a disk that is at a non-
standard CSR address.

3.7.3 CSR Address Option

During a boot, the secondary boot program passes the CSR
address listed in its internal table for the system disk to
the booted kernel. When booting a stand-alone program, the
secondary boot program passes all CSR addresses listed in
its internal table to the booted program. If any device is
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at a nonstandard CSR address, you can use the csr option to
change its CSR address in the boot program's internal table.

To use the csr option, type:
Boot: csr

When this option is specified, the secondary boot program
first prints:

List all current CSR addresses <y or n> ?
To list all current CSR address assignments, type vy. The
secondary boot program then prints a table of all devices
and their corresponding CSR addresses.

Regardless of your response to the previous prompt, the
secondary boot program then prints:

Enter device name or press <RETURN> for no change.

Device <list of ULTRIX-11 device mnemonics>:
To change a device's CSR address in the boot table, type the
appropriate ULTRIX-11 mnemonic. The secondary boot program
then prints:

Enter new CSR address or press <RETURN> for no change.

CSR <o0ld address>:

When you enter the new CSR address, the secondary boot pro-
gram prompts you for verification:

New (mnemonic) CSR address is nnnnn <y or n> ?

When you respond yes, the secondary boot program changes its
CSR table accordingly and prints a boot prompt. If you
respond no, the secondary boot program disregards the
request.

For example, the following uses the csr option to change the
current CSR address for an RC25 disk:
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Boot: csr

List all current CSR addresses <y or n> ? n

Enter device name or press <RETURN> for no change.
Device <hk hp hm hj ra rc rd rx rk rl rp ht tm ts>: rc
Enter new CSR address or press return for no change.
CSR <172150>: 172160

New (rc) CSR address is 172160 <y or n> ? y
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3.8 Boot Error Messages

Although the primary boot program does not display error
messages, the secondary boot program prints four types of
error messages:

File specification errors
Operating system parameter errors
Device errors

Hardware traps

3.8.1 File Specification Errors

The following error messages indicate an invalid file
specification:

Bad device

Unknown device

Bad unit specifier

Missing offset specification
Bad magtape file name

The following error messages indicate that the secondary
boot program could not find the file, that you specified an
invalid pathname, or that the file system is corrupted:

null path

(filename) not found
not a directory

zero length directory

The following error messages indicate either that the secon-
dary boot program could not read the file system on the dev-
ice or that the file system is corrupted:

bn negative

bn ovf # (# = block number)
bn void # (# = block number)

3.8.2 Operating System Parameter Errors

When it detects a parameter error while loading the operat-
ing system file (normally /unix), the secondary boot program
prints one of more of the following error messages. These
messages usually indicate that the operating system could
not be booted. Because the sysgen program checks all of the
system parameters during system generation, these errors are
not likely to occur.

The following messages indicate either that the processor
has insufficient memory or that the system was generated
with too few buffers:
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less than 192K bytes of memory!
less than 16 buffers!

The following messages indicate that the system's name 1list
(symbol table) either is missing or could not be accessed:

Unix symbol table missing
Can't access namelist in xxxx

The following error messages indicate either that the system
file could not be opened for reading or that it is not the
correct file type. The system must be a 0431 (split I & D)
or 0430 (text overlay) file. The # indicates the actual
type of the file being loaded:

Can't load (#) unix files
Can't load # files
Can't open xxxx file

The following message indicates that the secondary boot pro-
gram attempted to load a split I & D kernel on a nonseparate
I & D processor: The # indicates the file type.

Can't load sep I&D (#) files

The following messages indicate that the size of one of the
system's segments is invalid. The # indicates the size of
the segment in octal:

text segment too small (#)

text segment too big (#)

data segment too large (#)

data segment too big (#)

max overlay too big (#)

Root text segment too small (#)
Root text segment too large (#)

The following message indicates a problem with the mapped
I/0 buffer system in the overlay kernel. For further infor-
mation, read Section 2.7.4, MAPPED BUFFERS - forbidden zone
violation! The # indicates the value of the symbol mb end
in octal. This value is used to correct the error condi-
tion.

MAPPED BUFFERS - forbidden zone violation
_mb end = #

The following message indicates a problem with the UNIBUS
mapping. For further information, read Section 2.7.5,
UNIBUS MAP - forbidden zone violation! The # indicates the
value of the symbol _ub_end in octal. This value is used to
correct the error condition.
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UNIBUS MAP - forbidden zone violation!
_ub _end = #

The following message indicates that the TTY structures
could not be assigned to the communications interface ports
because one of the parameters needed to make the assignment
either is out of range or could not be found:
Can't assign TTY structures in xxxx

The following messages indicate that the system has been
generated with too many buffers. The # indicates the amount
of memory available:

TOO MANY BUFFERS for #K bytes of memory!
UNIBUS MAP REGISTER LIMIT EXCEEDED: too many buffers!

When these messages are printed, the secondary boot program
makes the appropriate adjustments and then prints this mes-
sage:

Reducing number of buffers to #

The # indicates the current number of buffers.

3.8.3 Device Errors

All ULTRIX-11 stand-alone device drivers report errors in
the following format:

® Header -- device name and unit number

° Address -- block number or disk address

o Hardware registers -- control, status, and error
[} Error type -- fatal or recoverable

For UDAS50, KLESI, RUX1, and RQDX1 disk errors, an MSCP error
code prints instead of the hardware registers. For further

information, read Appendix F, UDAS50/KLESI/RUX1/RQDX1 - MSCP
Error Codes.

For example, the following message indicates that a fatal
error occurred on an RK06/7, unit 2:

HK unit 2 disk error:

€cs1=100220 ¢s2=202 ds=100301 err=200 hkdc=293 track=1 sect=12
(FATAL ERROR)

The stand-alone drivers for disks with hardware Error
Correction Capability print a message in the following for-
mat when the driver uses ECC to recover data from a disk
block:

HP # ECC bn = ##
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The # indicates the unit number and ## indicates the logical
block number.

3.8.4 Hardware Traps

When hardware-detected errors occur, the PDP-11 processors
trap through fixed addresses in low memory. The possible
processor trap locations are:

Location Error type

4 bus error

10 illegal instruction

14 break point trace

20 IOT instruction

24 power fail

30 EMT instruction

34 TRAP instruction
240 Programmed interrupt request
244 floating point exception
250 memory management segmentation
114 memory parity
7?2 stray vector

The stand-alone ULTRIX-11 device drivers do not operate in
interrupt mode. The stray vector error message indicates the
processor vectored through an unexpected location (other
than one of the above trap addresses). Any device interrupt
causes the stray vector message.

The following indicates that a UNIBUS timeout trap occurred.
This probably was caused by attempting to boot from a nonex-
istent device. The value in R2 (172150) 1is the device
address for the UDAS0 disk controller:

Boot: ra(0,0)unix

Trap - bus error

ps = 140344
pc = 14672
r0 = 14604
r1 =0

r2 = 172150
r3 = 52070
ré = 52070
r5 = 63642
sp = 157750
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ULTRIX-11 Maintenance and Administrative Functions

To operate and maintain an ULTRIX-11 system, either the sys-
tem manager or operator reqularly should:

Check file system consistency

Correct reported file system inconsistencies
Back up file systems

Check for dynamic bad blocks on MSCP disks
Monitor general system performance

Then, as the need arises, the system manager should:

Add new user accounts

Set up additional user file systems
Enable user terminals

Set up the cu facility

Set up tip connections

Install the uucp facility

The remaining sections of this chapter provide discussions
of these tasks.

NOTE

DIGITAL recommends that the system
operator use the opser program for nor-
mal system maintenance. For further in-
formation, read Chapter 5, ULTRIX-11
Operator Services.
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4.1 File System Maintenance

As system manager, you should monitor the status of vyour
file systems on a regular basis. Specifically, you requ-
larly should:

Check file system consistency

Correct all reported file system inconsistencies
Report disk free space

Report disk usage

Check disk quotas

4.1.1 Checking File System Consistency

As system manager, you should ensure that all file systems
are checked regularly. To check the consistency of your
file systems, use the fsck command. Before doing so, how-
ever, you should unmount all file systems and shut down mul-
tiuser mode.

Once the system is in single-user mode, use the fsck command
to check the consistency of your file systems. In response
to the superuser prompt, type this command sequence:

# fsck special

special Specifies the logical special file name of the
file system that you want to check. If you do
not specify a file system, the fsck command
automatically checks all file systems that are
listed in /etc/fstab.

When executed on a given file system, the fsck command:

Checks the file system

Reports all inconsistencies

Reports the current number of files
Reports the number of blocks used

Reports the current number of free blocks

NOTE

When checking the root file system
(/), you should use the block mode
special file name. When checking
any other file systems, you should
use only a character mode special
file name.

The following command sequence checks both the root and /usr
file system on an RL02 system disk:
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$ fsck /dev/rl00 /dev/rrl01

When checking large file systems, the fsck command may
prompt you for the name of a scratch file. You should
respond with the name of the file that you want to use (for
example, /tmp/fsck.scratch) and press the <RETURN> key.
When checking multiple file systems, you should specify the
scratch file name with the -t option. For example, the fol-
lowing command sequence checks and reports on all file sys-
tems listed in /etc/fstab and uses /tmp/fsck.scratch as the
scratch file:

# fsck -t /tmp/fsck.scratch

For further information, read fsck(1M) in the ULTRIX-11
Programmer's Manual, Volume 1.

NOTE

DIGITAL recommends the system operator
use the opser program to check file sys-
tems. For further information, read
Chapter 5, ULTRIX-11 Operator Services.

4.1.2 Correcting File System Inconsistencies

When it detects an inconsistency, the fsck command prints a
message that describes the type of inconsistency and a

prompt (?) for your response to the suggested course of
action.

When you respond yes, the fsck command attempts to correct
the inconsistency. When you respond no (or anything else),
the fsck command leaves the inconsistency uncorrected. In
either <case, the fsck command continues to check and report
on the designated file systems. When you respond yes to a
prompt about an orphaned file (no directory entry or link),
the fsck command relinks the file to the lost+found direc-
tory in that file system.

The ULTRIX-11 system has several other commands that you can
also use to check for and correct file system inconsisten-
cies:

dcheck Checks the consistency of the directory hierarchy
on the specified file system.

fsdb Provides a means of correcting those file system
inconsistencies that fsck cannot.

icheck When the -b option is specified, reports



4-4 System Maintenance

information on the named block. This command is
useful for gathering information about the inode
to which the block is allocated.

ipatch Prints the contents of an inode. This command can
also be used to change this information.

ncheck When the -i option is specified, traces the named
inode back to a file name.

NOTE

DIGITAL recommends that you
use the 1ipatch command to
change the contents of an
inode only if you have a
thorough understanding of the
ULTRIX-11 file system.

For further information, read dcheck (1M), fsck(1M),
fsdb(1M), icheck(1M), 1ipatch(1M), and ncheck(1M) 1in the
ULTRIX-11 Programmer's Manual, Volume 1.

4.1.3 Reporting Disk Free Space

To report the current number of free blocks available on a
file system, type this command sequence:

§ df special

special Specifies the logical special file name that
contains the file system. You can type more than
one name. If you do not specify a special file
name, the df command reports the free space on
all mounted file systems listed in /etc/fstab.

The following command sequence reports the current amount of
free space on both file systems on an RL02 disk, unit 0:

$ df /dev/rrl00 /dev/rrl01

For further information, read df(1M) in the ULTRIX-11
Programmer's Manual, Volume 1.

4.1.4 Reporting Disk Usage

To report user disk (directory) wusage, type this command
sequence:

$ du directory
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directory Specifies the directory for which the disk usage
summary is to be generated. You can type more
than one name. If you do not specify a direc-
tory name, the du command reports the disk usage
for the current directory.

The following command sequence reports the disk usage for
all main subdirectories in the /usr/staff file system:

$ du /usr/staff

For further information, read du(1) in the  ULTRIX-11
Programmer's Manual, Volume 1.

4.1.5 Checking Disk Quotas

To report the number of blocks owned by each user of a file
system, type this command sequence:

$ quot special

special Specifies the logical special file name that
contains the file system.

The following command sequence reports the number of blocks
owned by each user on the /usr file system:

$ quot /dev/rrl01

For further information, read quot(1M) in the ULTRIX-11
Programmer's Manual, Volume 1.
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4.2 Backing Up and Restoring File Systems

DIGITAL recommends that you use the opser program for normal
file system backups and for shutting down multiuser mode
prior to restoring file systems. For further information,
read Chapter 5, ULTRIX-11 Operator Services.

The ULTRIX-11 system is distributed with prototype shell
command files that are to be used with the opser backup com-
mand. These shell command files are:

daily.bak Contains the prompts and commands that are to
be wused to perform daily file system backups
on ULTRIX-11 PDP/11 systems.

monthly.bak Contains the prompts and commands that are to
be used to perform monthly file system back-
ups on ULTRIX-11 PDP/11 systems.

m11_day.bak Contains the prompts and commands that are to
be wused to perform daily file system backups
on ULTRIX-11 Micro/PDP-11 systems.

m11_week.bak Contains the prompts and commands that are to
be used to perform weekly file system backups
on ULTRIX-11 Micro/PDP-11 systems.

As system manager, you must tailor the appropriate command
files to your system confiquration. To tailor the files
that are to used for your system, use one of the ULTRIX-11
editors and make the necessary changes. Specifically, ver-
ify or, as needed, change and add the device special file
names for your file systems. Once tailored to your site,
instruct the system operator of the schedule and file names
that are to be used with the opser backup command.

As distributed, these shell command files use the dump com-
mand to perform incremental backups on a monthly, weekly, or
daily basis. Once a month or once a week on the Micro/PDP-
11, a shell file backs up all files on all file systems.,
Once a day, a shell file only backs up those files that have
been modified from the time of the monthly or weekly backup.
The number of files that are backed up daily depends both on
the size of your user community and on the amount of file
system activity.
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NOTE

When the number of files that are backed
up daily becomes unmanageable, DIGITAL
recommends using either the monthly or
weekly command file ahead of schedule.
These command files back up all files
and, therefore, reduce the number of
files that are dumped on subsequent dai-
ly backups.

To restore individual files or entire file systems that have
been dumped to tape, you must use the restor command. When
restoring individual files, you may use the restor commands
while the system is in multiuser mode. When restoring
entire file systems, however, DIGITAL recommends first using
the opser command to shut down multiuser mode and then using
the restor command to restore the file system.

The ULTRIX-11 system has several other commands that you can
use for special purpose backups or restores:

cp Copies user-specified files to or from a backup
file. This command is useful for copying a minimal
number of files to another directory or file sys-
tem.

cpio Copies user-specified files or entire file systems
to or from backup media. This command is useful
for creating file archives.

tar Copies user-specified files to or from a backup
tape. This command is useful for creating a tape
archive or for copying a minimal number of files to
tape.

volcopy Copies an entire disk image to or from a backup
disk. This command is useful for making an exact
image copy of a file system.
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NOTE

When using RX50 diskettes, the
number and size of the files
copied is limited to the size
of the diskette (800 blocks
minus file system overhead).
Because both commands support
multivolumes, dump and restor
overcome this size limitation.
When using a diskette with ei-
ther the dump or restor com-
mands, you should specify the m
key. This key specifies that
RX50 diskettes are being used
in place of tape.

For further information, read cp(1), cpio(1), dump(1M),
dumpdir(1M), restor(1M), tar(1), and volcopy(1M) in the
ULTRIX-11 Programmer's Manual, Volume 1.

4.2.1 Restoring the Root File System

To restore an individual file to the root file system, you
should wuse the restor command. To restore the entire root
file system, however, you should use this procedure:

1. Use the stand-alone mkfs program and make a new file
system. This program creates an empty file system on
the root partition of the system disk. It is important
to remember that the mkfs program overwrites any exist-
ing data as it makes the new file system.

2. Use the stand-alone restor program to restore the root
file system from backup media. Restore the full (level
0) dump onto the root partition of the system disk.

3. If there is a later level 9 (incremental) dump of the
root file system, use the stand-alone restor program to
restore those files.

4. Use the stand-alone icheck program to check the restored
root file system for inconsistencies.

5. Boot the restored root file system.
For further information, read Appendix D, Disk Logical Par-

tition Sizes, and Appendix F, Stand-alone Programs, in the
ULTRIX-11 Installation Guide.




System Maintenance 4-9

4.2.2 Backing Up File Systems to TK25 Tape

On a Micro/PDP-11 system, you normally use the opser backup
command with the appropriate command file specified to dump
your file systems to an RX50 diskette. On a Micro/PDP-11
system, however, you also may dump file systems to TK25 tape
units. The ULTRIX-11 system, therefore, is distributed with
a prototype shell command file that may be used with the
opser command for this purpose:

tk_daily.bak Contains the prompts and commands that are to
be wused to perform daily file system backups
to TK25 tape.

When using TK25 tape in place of RX50 diskettes, you must
consider:

° The TK25 unit first moves through to the end and rewinds
the cartridge every time that it is loaded to ensure
that the cartridge is at the proper tension. This may
take up to five minutes.

@ This shell command file dumps multiple file systems on
one TK25 cartridge to take advantage of its large capa-
city. Specifically, it dumps each file system as a
separate tape file. To do so, it dumps each file system
(except the last) to the specified special file with no
rewind enabled. For further information, read Section
1.4.4, Magnetic Tapes.

NOTE

To create a TK25 shell command file
that may be used to perform weekly
backups, copy the tk daily.bak file.
Then, use one of the ULTRIX-11 edi-
tors to change the dump levels to
level 0. Finally, use the mv com-
mand to rename the file
tk_weekly.bak.

4.2.3 Restoring Files from TK25 Backups

To restore a file system from TK25 tape, you first must
position the cartridge at the beginning of the appropriate
tape file. To do so, use the dd command and specify the
following keywords:

if= Indicate the TK25 special file name with no rewind
enabled (for example, /dev/nrht0).

of= Indicate /dev/null. The input is discarded.
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bs= Indicate 20b for an input and output blocking factor
of 20 blocks.

files= Indicate the number of tape files that are to be
skipped.

For example, the following command sequence positions the
cartridge at the beginning of the second tape file:

dd if=/dev/nrht0 of=/dev/null bs=20b files=1

To position the cartridge at the beglnnlng of the third tape
file, substitute files=2 in the previous command sequence.

NOTE

When using the dumpdir command to list
the contents of a tape file, the TK25
unit automatically rewinds the car-
tridge. Before wusing the restor com-
mand, therefore, you must reposition the
cartridge at that tape file.

For further information, read dd{(1) 1in the ULTRIX-11
Programmer's Manual, Volume 1.

4.2.4 Preparing for RC25 File System Backups

If you are using magnetic tape or TK25 cartridge as your
backup media, use the appropriate opser backup file to back
up your RC25 file systems. If you are using RC25 cartrldges
as your backup media, use the backup procedure explained in
Section 4.2.5, Backing Up RC25 File Systems.

Before you can back up your RC25 file systems, however, you
must initialize the backup disk cartridges. If you initial-
ize a sufficient number of cartridges once, you do not have
to repeat this step prior to every backup. DIGITAL recom-
mends that you initialize a minimum of four backup RC25 car-
tridges and label them:

System disk backup A
User disk backup A
System disk backup B
User disk backup B

If you initialize at least four disk cartridges, you can
rotate each set daily.

To initialize the backup cartridges, use this procedure:

1. Shut down multiuser mode by using the opser program and
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specifying the s command. Once the system 1is 1in
single-user mode, check all file systems on the system
and user disks by specifying the f command. Then, halt
the processor by specifying the opser halt command. For
further information, read Chapter 5, ULTRIX-11 Operator
Services.

Execute the system's hardware boot ROM and wait for the
message:

(<CTRL/C> aborts the auto-boot)

Quickly, abort the autoboot procedure by pressing
<CTRL/C>. Once you receive a boot prompt, type:

Boot: rc(1,0)/sas/rabads

This command boots the stand-alone rabads program from
the system disk (unit 1).

Once running, the rabads program prints this program
banner and command prompt:

ULTRIX-11 MSCP Disk Initialization Program

rabads <help exit drives status table init replace>:
Once you receive this command prompt, 1initialize each
backup cartridges by specifying the init command. When
you specify the init command, the rabads program issues
the following prompts to which you respond:

disk type <ra60 ra80 ra81 rx50 rd51 rd52 rc25>: rc25
unit number <0-7>: 0

Starting block number <0>: 0

Number of blocks to check <50902>: 50902

Rewrite blocks written with "forced error" <y or n> ? y
As it initializes each <cartridge, the rabads program
prints the number of blocks checked, bad blocks found,
and bad blocks replaced. After you have initialized all
cartridges, exit the rabads program by specifying the

exit command. For further information, read Appendix B,

Disk Media Qualification, in the ULTRIX-11 Installation
Guide. o

If you want to back up your RC25 file systems immedi-
ately, proceed to Step 2 in Section 4.2.5, Backing Up
RC25 File Systems, and boot the stand-alone copy program
as explained. If you do not want to back up your RC25
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file systems immediately, reboot your ULTRIX-11 system
by executing the system's hardware boot ROM. For
further information, read Section 3.3, Autobooting from
the System Disk.

Once you have initialized a sufficient number of RC25 car-
tridges, you are ready to back up your RC25 file systems.

4.2.5 Backing Up RC25 File Systems

To back up your RC25 file systems, you use the stand-alone
copy program to create an image copy of your system and user
disks. DIGITAL recommends that you back up your RC25 file
systems daily and that you also alternate the backup car-
tridges (sets A and B). Depending on your processor type,
this procedure may take up to 45 minutes to complete.

Throughout this procedure, you are repeatedly told to load
and remove RC25 cartridges. When told to load a cartridge,
you should:

Insert the cartridge in the drive

Close the door

Press the RUN switch

Wait for the RUN light to stop flashing

* o o o
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When you are told to remove a cartridge, you should:

Release the RUN switch

Wait for the RUN light to stop flashing
Press the eject switch

Remove the cartridge

L] . . .
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To back up your RC25 file systems, use this procedure:

1. Shut down multiuser mode by using the opser program and
specifying the s command. Once the system 1is in
single-user mode, check all file systems on the system
and user disks by specifying the f command. Then, halt
the processor by specifying the opser halt command.

For further information, read Chapter 5, ULTRIX-11
Operator Services.

2. Execute the system's hardware boot ROM and wait for the
message:

(<CTRL/C> aborts the auto-boot)

Quickly, abort the autoboot procedure by pressing
<CTRL/C>. Once you receive a boot prompt, type:

Boot: rc(1,0)/sas/copy

This command sequence boots the stand-alone copy
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program from the system disk (unit 1). Once running,
the stand-alone copy program prints the following mes-
sage and prompts for all required information:
ULTRIX-11 Standalone Copy Program
It first prompts for the input and output file specifi-
cations, the record size, and the number of records.
Then, it prompts for verification before beginning to
copy the specified file.
Prepare to copy the system disk to a backup cartridge
by removing the wuser disk from unit 0, loading the
backup system disk cartridge into wunit 0, write-
protecting unit 1, and write-enabling unit 0.

Copy the system disk (unit 1) to the backup system disk
cartridge (unit 0) by answering each prompt:

Input File: rc(1,0)

Output File: rc(0,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(1,0) to rc(0,0) <y or n> ? y
The stand-alone copy program takes about five minutes
to copy the system disk to the backup cartridge. When
it is done, the stand-alone copy program prints a com-
pletion message and a continuation prompt:

Copy complete

More files to copy <y or n> ?

Answer yes.

Prepare for the next copy by removing the backup system
disk cartridge from unit 0, loading the user disk into
unit 0, write-protecting wunit 0, and write-enabling
unit 1.

Copy the user disk (unit 0) to unit 1 by answering each
prompt:

Input File: rc(0,0)
Output File: rc(1,0)

Record Size <16384 MAX>: 10240
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Number of Records: 2540

Ready to copy from rc(0,0) to rc(1,0) <y or n> ? y
The stand-alone copy program takes about five minutes
to copy the the user disk to unit 1. When it is done,
the stand-alone copy program prints a completion mes-
sage and a continuation prompt:

Copy complete

More files to copy <y or n> ?
Answer yes,
Prepare for the next copy by removing the user disk
from wunit 0, loading the backup user disk cartridge
into wunit 0, write-protecting wunit 1, and write-
enabling unit 0.

Copy unit 1 to the backup user disk cartridge (unit 0)
by answering each prompt:

Input File: rc(1,0)

Qutput File: rc(0,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(1,0) to rc(0,0) <y or n> ? y
The stand-alone copy program takes about five minutes
to copy unit 1 to the backup user disk cartridge. When
it is done, the stand-alone copy program prints a com-
pletion message and a continuation prompt:

Copy complete

More files to copy <y or n> ?
Answer yes.
Prepare for the next copy by removing the backup user
disk cartridge from unit 0, loading the backup system
disk cartridge into unit 0, write-protecting unit 0,

and write-enabling unit 1.

Copy the backup system disk cartridge (unit 0) to wunit
1 by answering each prompt:

Input File: rc(0,0)
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Output File: rc(1,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(0,0) to rc(1,0) <y or n> ? y
The stand-alone copy program takes about five minutes
to copy the backup system disk to unit 1. When it is
done, the stand-alone copy program prints a completion
message and a continuation prompt:

Copy complete

More files to copy <y or n> ?

Answer no.

Having recopied the system disk prepare to reboot by
removing the backup system disk cartridge from unit 0,
loading the user disk into unit 0, write-enabling unit
1 and unit 0.

Reboot your ULTRIX-11 system by executing your system's
hardware boot ROM. For further information, read Sec-
tion 3.3, Autobooting from the System Disk.

4.2.6 Restoring Individual Files from RC25 Backups

To restore individual files from an RC25 system or user disk

backup, you use the cp command to copy the files from the
RC25 backup to a temporary directory.

To restore individual files from an RC25 backup, use this
procedure:

1.

Shut down multiuser mode by using the opser program and
specifying the s command. Once the system 1is 1in
single-user mode, check all file systems on the system
and user disks by specifying the f command. Escape the
opser program by specifying the !sh command. For

further information, read Chapter 5, ULTRIX-11 Operator
Services.

Prepare to restore the files by removing the user disk
from unit 0, loading the backup disk cartridge into unit
0, write-protecting unit 0, and write-enabling unit 1.

Because an RC25 backup is a disk image copy, you must
mount each file system containing files that are to be
restored, one at a time, onto the /mnt directory. You
do so Dby using the mount command with the -r option
specified. Once a file system is accessible, copy the
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files by using the c¢p command. After the files are
copied from each file system, unmount that file system
by wusing the umount command. Repeat this step until you
have copied all the files that are to be restored. For
further information, read cp(1) and mount(1M) in the
ULTRIX-11 Programmer's Manual, Volume 1.

4, Prepare to restart multiuser mode by removing the backup
cartridge from wunit 0, loading the user disk into unit
0, and write-enabling unit 0 and unit 1.

5. Return to the opser program by pressing <CTRL/D>. Once

you receive an opr> prompt, restart multiuser mode by
specifying the r command.

6. Once the system is in multiuser mode, copy the restored
files to the directories that they belong in by using
the cp command. '

4.2.7 Restoring the System Disk from RC25 Backups

To restore the system disk from an RC25 system disk backup,
you use the stand-alone copy program to copy the backup
image to the system disk. Throughout this procedure, you
are repeatedly told to load and remove RC25 cartridges.

When told to load a cartridge, you should:

1. Insert the cartridge in the drive

2. Close the door

3. Press the RUN switch

4. Wait for the RUN light to stop flashing

When you are told to remove a cartridge, you should:

Release the RUN switch

Wait for the RUN light to stop flashing
Press the eject switch

Remove the cartridge

e o o o
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To restore your system disk, use this procedure:

1. Shut down multiuser mode by using the opser program and
specifying the s command. Once the system 1is in
single-user mode, halt the processor by specifying the
opser halt command. For further information, read
Chapter 5, ULTRIX-11 Operator Services.

2. Prepare to restore the system disk by removing the user
disk from wunit 0, loading the backup system disk car-
tridge into unit 0, write-protecting unit 0, and write-
enabling unit 1.

3. Execute the system's hardware boot ROM and wait for the
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message:
(<CTRL/C> aborts the auto-boot)

Quickly, abort the autoboot procedure by pressing
<CTRL/C>. Once you receive a boot prompt, type:

Boot: rc(0,0)/sas/copy
This command sequence boots the stand-alone copy program
from the system disk (unit 0). Once running, the
stand-alone copy program prints the following message
and prompts for all required information:

ULTRIX-11 Standalone Copy Program
It first prompts for the input and output file specifi-
cations, the record size, and the number of records.
Then, it prompts for verification before beginning to
copy the specified file.

Copy the backup system disk cartridge (unit 0) to unit 1
by answering each prompt:

Input File: rc(0,0)

Output File: rc(1,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(0,0) to rc(1,0) <y or n> 2 y
The stand-alone copy program takes about five minutes to
copy the backup system disk to unit 1. When it is done,
the stand-alone copy program prints a completion message
and a continuation prompt:

Copy complete

More files to copy <y or n> ?

Answer no.

Having restored the system disk prepare to reboot by
removing the backup system disk cartridge from unit 0,

loading the user disk into unit 0, write-enabling unit 1
and unit 0.

Reboot your ULTRIX-11 system by executing your system's
hardware boot ROM. For further information, read Sec-

tion 3.3, Autobooting from the System Disk.
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4.2.8 Restoring the User Disk from RC25 Backups

To restore the user disk from an RC25 user disk backup, you
use the stand-alone copy program. Throughout this pro-
cedure, you are repeatedly told to load and remove RC25 car-
tridges.

When told to load a cartridge, you should:

1. Insert the cartridge in the drive

2. Close the door

3. Press the RUN switch

4, Wait for the RUN light to stop flashing

When you are told to remove a cartridge, you should:

Release the RUN switch

Wait for the RUN light to stop flashing
Press the eject switch

Remove the cartridge

B wWN
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To restore the user disk from an RC25 backup, use this pro-
cedure:

1. Shut down multiuser mode by using the opser program and
specifying the s command. Once the system 1is in
single-user mode, check all file systems on the system
and user disks by specifying the f command. Then, halt
the processor by specifying the opser halt command.
For further information, read Chapter 5, ULTRIX-11
Operator Services.

2. Execute the system's hardware boot ROM and wait for the
message:

(<CTRL/C> aborts the auto-boot)

Quickly, abort the autoboot procedure by pressing
<CTRL/C>. Once you receive a boot prompt, type:

Boot: rc(1,0)/sas/copy

This command sequence boots the stand-alone copy pro-
gram from the system disk (unit 1). Once running, the
stand-alone copy program prints the following message
and prompts for all required information:

ULTRIX-11 Standalone Copy Program

It first prompts for the input and output file specifi-
cations, the record size, and the number of records.
Then, it prompts for verification before beginning to
copy the specified file.
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Prepare to copy the system disk to a backup cartridge
by removing the wuser disk from unit 0, loading the
backup system disk cartridge into wunit 0, write-
protecting unit 1, and write-enabling unit 0.

Copy the system disk (unit 1) to the backup system disk
cartridge (unit 0) by answering each prompt:

Input File: rc(1,0)

Output File: rc(0,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(1,0) to rc(0,0) <y or n> ? y
The stand-alone copy program takes about five minutes
to copy the system disk to the backup cartrldge When
it is done, the stand-alone copy program prints a com-
pletion message and a continuation prompt:

Copy complete

More files to copy <y or n> ?
Answer yes.
Prepare for the next copy by removing the backup system
disk cartrldge from wunit 0, loading the backup user
disk into unit 0, write-protecting unit 0, and write-

enabling unit 1.

Copy the backup user disk (unit 0) to unit 1 by answer-
ing each prompt:

Input File: rc(0,0)

Output File: rc(1,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(0,0) to rc(1,0) <y or n> ? y
The stand-alone copy program takes about five minutes
to copy the the backup user disk to unit 1. When it is
done, the stand-alone copy program prints a completion

message and a continuation prompt:

Copy complete
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More files to copy <y or n> ?
Answer yes.
Prepare for the next copy by removing the backup wuser
disk cartridge from unit 0, loading the user disk car-
tridge into wunit 0, write-protecting wunit 1, and
write-enabling unit 0.

Copy unit 1 to the user disk cartridge (unit 0) by
answering each prompt:

Input File: rc(1,0)

Output File: rc(0,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(1,0) to rc(0,0) <y or n> ? y
The stand-alone copy program takes about five minutes
to copy unit 1 to the user disk cartridge. When it 1is
done, the stand-alone copy program prints a completion
message and a continuation prompt:

Copy complete

More files to copy <y or n> ?
Answer yes.
Prepare for the next copy by removing the user disk
cartridge from wunit 0, loading the backup system disk
cartridge into unit 0, write-protecting wunit 0, and

write-enabling unit 1.

Copy the backup system disk cartridge (unit 0) to wunit
1 by answering each prompt:

Input File: rc(0,0)

Output File: rc(1,0)

Record Size <16384 MAX>: 10240

Number of Records: 2540

Ready to copy from rc(0,0) to rc(1,0) <y or n> ? y
The stand-alone copy program takes about five minutes

to copy the backup system disk to unit 1. When it is
done, the stand-alone copy program prints a completion
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message and a continuation prompt:
Copy complete
More files to copy <y or n> ?

Answer no.

Having recopied the system disk prepare to reboot by
removing the backup system disk cartridge from unit 0,
loading the user disk into unit 0, write-enabling wunit
1 and unit 0.

Reboot your ULTRIX-11 system by executing your system's
hardware boot ROM. For further information, read Sec-
tion 3.3, Autobooting from the System Disk.
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4.3 Dynamic Bad Blocks on MSCP Disks

During an ULTRIX-11 installation, you qualify your disk
media to ensure that all bad blocks are replaced before each
disk unit is used by the ULTRIX-11 system. In addition,
during normal operations, the MSCP disks (RX50, RD51, RD52,
RC25, RA60, RA80, RA81) report dynamic bad blocks.

After initialization, the MSCP disks report new bad blocks
by entering an error record in the system error log file.
These error records can be identified by the following
flags:

Bad Block Reported Indicates that the reported 1logical
block either has gone bad or is in the
process of going bad. This flag
occurs when a read operation on that
block results either in an unrecover-
able error or in a recoverable error
that warrants attention. The reported
block number is relative to the start
of the physical disk unit.

Bad Block Unreported Indicates that more than one bad block
was encountered. This flag occurs
when a read operation was performed on
multiple Dblocks. The reported block
number is relative to the start of the
physical disk unit and is that of the
first bad block. A second read,
beginning at the block after the
reported block, is required to find
the unreported block numbers.

Force Error Modifier Indicates that, during a replacement
operation, the data from the reported
block could not be successfully
transferred. During a bad block
replacement operation, the data is
first read from the bad block and then
written to the replacement block.
This flag occurs when valid data could
not be read from the bad block and
warns that the data written to the
replacement block may be corrupted.

To check for dynamic bad blocks, use the elp command and
specify the -s option to print a summary of the error log
file. For further information, read Section 8.3.1, Summary
and Full Error Reports.

When this report is printed, look for errors on MSCP disks.
If there are any, print a full report for the errors on each
MSCP disk. Specifically, use the elp program and specify
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the -d and -et options to limit the report to the appropri-
ate time range and MSCP disk. For further information, read
Section 8.3.3, Error Reports by Error Type, and Section
8.3.5, Error Reports by Date and Time.

For example, this command sequence prints a full report for
the any errors that occurred on RA60/RA80/RA81 disks between
12:00 am, January 1, 1984 and 11:59 pm, January 2, 1984:

elp -ra -d 840101000000 840102115959

NOTE

You can check the error log file for oc-
currences of dynamic bad blocks on MSCP
disks at any time. DIGITAL recommends
that you or the system operator check
the error log file each time that mul-
tiuser mode is shut down to back up your
file systems.

Although the exact procedure that you use to correct bad
blocks is disk dependent, most involve using the stand-alone
rabads program. You can use the rabads program to replace
one block, to scan the disk and replace all bad blocks, or
to rewrite a replacement block. The rabads program provides
on-line help information. For further information, read
Appendix G, Rabads Program Example.

NOTE

After the ULTRIX-11 system has been in-
stalled, you can use the rabads init
command to replace bad blocks on your
system disk. When scanning either the
entire disk or a specified section, the
rabads program reads the existing data
from the disk. It does not write a test
pattern.

4.3.1 Correcting Bad Blocks on RX50 Disks

Because the RX50 has no means of replacing bad blocks, the
diskette must be replaced if a dynamic bad block is
reported. If the diskette contains data, therefore, you
must copy the data on to another diskette.

Depending on the amount of data, you either can make an
image copy of the diskette or can copy individual files from
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it. If the image copy fails, try it again. If it still
fails after several tries, then you must copy each file
individually. By doing so, you will minimize the amount of
data that will be lost.

4.3.2 Correcting Bad Blocks on RD51/RD52 Disks

The RQDX1 disk controller provides controller initiated bad
block replacement. It automatically detects and replaces
dynamic bad blocks. When it does so, the RQDX1 controller
logs an error record containing the "Bad Block Reported"”
flag. If the read of the bad block could not be success-
fully completed, the controller sets the "Force Error Modif-
ier" in the replacement block. This flag warns that the
data written to the replacement block may be corrupted.

To clear the "Force Error Modifier,"” you must rewrite the
replacement block. To do so, use this procedure:

1. Shut down multiuser mode by using the opser program and
specifying the s command. Once the system 1is in
single-user mode, check all filke systems on the system
and user disks by specifying the f command. Escape the
opser program by specifying the !sh command. For
further information, read Chapter 5, ULTRIX-11 Operator
Services.

2. Once you receive a shell prompt, determine the bad
block's inode number by using the icheck command with
the -b option specified. Then, determine the
corresponding file name by using the ncheck command with
the -i option specified. For further information, read
icheck(1M) and ncheck(1M) in the ULTRIX-11 Programmer's
Manual, Volume 1.

3. Mount the file system that contains the file by using
the mount command. Once the file system is mounted,
determine the amount of corruption by attempting to read
through the file. If possible, correct corrupted data
by restoring the file from backup media. For further
information, read mount(1M) and restor(1M) 1in the
ULTRIX-11 Programmer's Manual, Volume 1.

4. Once the data has been sufficiently restored, quit the
shell and return to the opser program by pressing
<CTRL/D>. Once receiving an opr> prompt, halt the pro-
cessor the processor by specifying the halt command.

5. Execute the system's hardware boot ROM and wait for the
message:

(<CTRL/C> aborts the auto-boot)

Quickly, abort the autoboot procedure by pressing
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<CTRL/C>. Once you receive a boot prompt, type:
Boot: rd(0,0)/sas/rabads

This command boots the stand-alone rabads program from
the system disk (unit 0). Once running, the rabads pro-
gram prints this program banner and command prompt:

ULTRIX-11 MSCP Disk Initialization Program
rabads <help exit drives status table init replace>:

Once you receive this command prompt, force the replace-
ment block to be rewritten by specifying the replace
command. This clears the "Force Error Modifier" in the
replacement block. The rabads program provides on-line
help information. Once the bad blocks have been
replaced, exit the rabads program by specifying the exit
command. For further information, read Appendix G,
Rabads Program Example.

6. Reboot your ULTRIX-11 system by executing your system's
hardware boot ROM. For further information, read Sec-
tion 3.3, Autobooting from the System Disk.

4.3.3 Correcting Bads Blocks on RC25/RA60/RA80/RA81 Disks

When the controllers for RC25, RA60, RA80, and RA81 disks
detect dynamic bad blocks, they log an error record with the
"Bad Block Reported" flag set. By checking the system error
log file regularly, you then can determine not only when bad
blocks occur but also the bad block number. On learning of
a dynamic bad block on these MSCP disks, you must replace
it.

To replace a dynamic bad block on a RC25, RA60, RA80, and
RA81 disk, use this procedure:

1. Shut down multiuser mode by using the opser program and
specifying the s command. Once the system 1is in
single-user mode, halt the processor by specifying the
halt command. For further information, read Chapter 5,
ULTRIX-11 Operator Services.

2. Execute the system's hardware boot ROM and wait for the
message:,

(<CTRL/C> aborts the auto-boot)

Quickly, abort the autoboot procedure by pressing
<CTRL/C>. Once you receive a boot prompt, type one of
these commands:

Boot: rc(1,0)/sas/rabads (RC25)
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Boot: ra(0,0)/sas/rabads (RA60/RA80/RA81)

This command boots the stand-alone rabads program from
the system disk. Once running, the rabads program
prints this program banner and command prompt:

ULTRIX-11 MSCP Disk Initialization Program
rabads <help exit drives status table init replace>:

Once you receive this command prompt, replace the
reported bad block by specifying the replace command.
The rabads program provides on-line help information.
You may wuse the rabads replace command to replace one
bad block. You also may use the rabads init command to
scan either the entire disk or a specified area and
replace any bad blocks found. Once the bad blocks have
been replaced, exit the rabads program by specifying the
exit command. For further information, read Appendix G,
Rabads Program Example.

3. Reboot your ULTRIX-11 system by executing your system's
hardware boot ROM. For further information, read Sec-
tion 3.3, Autobooting from the system disk.

NOTE

If a rabads replacement operation is
interrupted (system crash or power
failure), the disk may be left in an
unusable state. When this occurs,
you must reboot the rabads program
and reissue the replacement command.
The rabads program automatically
provides instructions for restarting
the interrupted replacement opera-
tion.

If the "Force Error Modifier" flag is set during a replace-
ment operation, the bad block was replaced, but the rabads
program could not verify that the data written was uncor-
rupted. Consequently, you must verify the data and clear
the "Force Error Modifier" flag by rewriting the replacement
block. To do so, use this procedure:

1. Shut down multiuser mode by using the opser program and
specifying the s command. Once the system 1is 1in
single-user mode, check all file systems on the system
and user disks by specifying the f command. Escape the
opser program by specifying the 1!sh command. For
further information, read Chapter 5, ULTRIX-11 Operator
Services.
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Once you receive a shell prompt, determine the bad
block's 1inode number by using the icheck command with
the -b option specified. Then, determine the
corresponding file name by using the ncheck command with
the -i option specified. For further information, read
icheck(1M) and ncheck(1M) in the ULTRIX-11 Programmer's
Manual, Volume 1.

Mount the file system that contains the file by using
the mount command. Once the file system is mounted,
determine the amount of corruption by attempting to read
through the file. If possible, correct corrupted data
by restoring the file from backup media. For further
information, read mount(1M) and restor(1M) in the
ULTRIX-11 Programmer's Manual, Volume 1.

Once the data has been sufficiently restored, quit the
shell and return to the opser program by pressing
<CTRL/D>. Once receiving an opr> prompt, halt the pro-
cessor by specifying the halt command.

Execute the system's hardware boot ROM and wait for the
message:

(<CTRL/C> aborts the auto-boot)

Quickly, abort the autoboot procedure by pressing
<CTRL/C>. Once you receive a boot prompt, type one of
these commands:

Boot: rc(1,0)/sas/rabads (RC25)
Boot: ra(0,0)/sas/rabads (RA60/RA80/RA81)

This command boots the stand-alone rabads program from
the system disk. Once running, the rabads program
prints this program banner and command prompt:~

ULTRIX-11 MSCP Disk Initialization Program
rabads <help exit drives status table init replace>:

Once you receive this command prompt, force the replace-
ment block to be rewritten by specifying the replace
command. This clears the "Force Error Modifier"” in the
replacement block. The rabads program provides on-line
help information. Once the bad blocks have been
replaced, exit the rabads program by specifying the exit
command. For further information, read Appendix G,
Rabads Program Example.

Reboot your ULTRIX-11 system by executing your system's

hardware boot ROM. For further information, read Sec-
tion 3.3, Autobooting from the System Disk.
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4.4 Monitoring General System Activity

As system manager, you should monitor general system perfor-

mance on a regular basis. You can use these ULTRIX-11 com-
mands to monitor system performance:

ac Reports login accounting information.

badstat Reports disk bad block information.

bufstat Reports I/0 buffer cache usage.

iostat Reports I1/0 transfer information.

memstat Reports system memory usage.

ps Reports active process information.

pstat Reports system table information.

sa Reports system accounting information.

who Reports either the names of those wusers that
currently are logged in or a login history.

In addition, the ULTRIX-11 error logging system captures

information about device errors and saves it in the error

log file. When a fatal error occurs, a message is printed

on the console terminal, and the user process is notified

with a fatal error return.
is entered
process is not notified.
often

da message

rate

When a recoverable error occurs,
in the error log file, but the user
Because an increased soft error

precedes a hardware failure, you should examine

the error log file on a regular basis.

For further information, read Chapter 8, ULTRIX-11 Error
Logger as well as ac(1M), badstat(1M), bufstat(1M),
iostat(1M), memstat(1M), ps(1), pstat(1M), sa(1M), and

who(1) in the ULTRIX-11 Programmer's Manual, Volume 1.
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4.5 Creating User Accounts

As system manager, you should use this procedure to create a
new user account:

Edit /etc/passwd file and create a login entry
Create user's home directory

Assign user's login password

Create required shell start-up files

4.5.1 Editing the /etc/passwd File

For each new user, you must create a new entry in the
/etc/passwd file. Each entry in /etc/passwd contains infor-
mation that the system uses in verifying 1login permission
and in establishing both the user's environment and initial
process. Each entry has this format:

name:password:userID:groupID:finger:directory:shell

name Contains the user's login name (maximum eight
lowercase characters). The system uses this
name when verifying login permission.

password Contains the user's encrypted password, if used.
The system uses this password in verifying login
permission. When creating a new entry, leave
this field blank. Later, you can assign the
user's login password with the passwd command.

userID Contains the user's unique wuser identification
number. Although the user specifies a name when
logging in, the system translates this name to
this ID number and uses it both in identifying
the user's processes and in determining owner
access permission to files.

grouplID Contains the user's group identification number.
The system wuses this ID number in determining
group access permission to files. To form user
groups, use the newgrp command and /etc/group
file. For further information, read newgrp(1)
and group(5) in the ULTRIX-11 Programmer's
Manual, Volume 1. -

finger Contains information that is used by the finger
command. When creating a new entry, enter the
user's full name. By using the chfn command,

the wuser later may supply additional informa-
tion.

directory Contains the pathname to the wuser's home or
login directory. The system uses this pathname
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in placing the user in that directory during the
login process. If you do not specify a direc-
tory pathname, the system automatically places
that user at the root directory of the file sys-
tem, /.

shell Contains the pathname of the user's initial pro-
cess. The system uses this pathname in invoking
the designated program at the end of the login
process. Although the pathname of any program
may be specified, the initial process normally
is a 1login shell (/bin/sh or /bin/csh). If a
pathname is not specified, the system automati-
cally invokes the Bourne shell (/bin/sh).

The following sample entries from /etc/passwd are for a
demonstration account and two user accounts:

demo::10:20:Demo Account:/usr/demo:/usr/local/demo.program
smith::20:30:Jim Smith:/user/smith:

jones::21:30:Ed Jones:/user/jones:/bin/csh

The login name for the first entry is demo. A login pass-
word is not assigned. The assigned user and group IDs are
10 and 20, respectively. The assigned finger information is
Demo Account. The assigned home directory is /usr/demo
(/usr file system), and the assigned initial process 1is a
demo program in /usr/local.

The login name for the second entry is smith. Again, a
login password is not assigned. The assigned user and group
IDs are 20 and 30, respectively. The assigned finger infor-
mation 1is Jim Smith. The assigned home directory is
/user/smith (/user file system), and the assigned initial
process is the Bourne shell (default).

The login name for the third entry is jones. Again, a login
password is not assigned. The assigned user and group IDs
are 21 and 30, respectively. (Both Smith and Jones belong
to the same group and, therefore, have group access permis-
sion to the same files.) The assigned finger information is
Ed Jones. The assigned home directory is /user/jones (/user
file system), and the assigned initial process 1is the C
shell.

4.5.2 Creating a User Home Directory

Having created a new entry in /etc/passwd, create a direc-
tory in the specified file system and then change its owner
to the appropriate user.

First, ensure that the file system where the wuser's home
directory 1is to be located is mounted. If the system is in
single-user mode, type this command sequence:
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# /etc/mount -a

This command mounts all the file systems listed 1in the
/etc/fstab file. If the system is in multiuser mode
already, these file systems should have been mounted during
the transition from single-user to multiuser mode.

Then, create the user's home directory and change its
assigned userID and groupID to that user. The following
example lists the sequence of commands that would be entered
for the three wusers cited above in the sample /etc/passwd
file.

cd /usr

mkdir demo

chog demo demo

cd /user

mkdir smith jones
chog smith smith
chog jones jones
cd /

3 I TN

If you created user home directories while the system was in
single-user mode, you should unmount all file systems before
invoking multiuser mode. To do so, type this command
sequence before pressing <CTRL/D>:

# /etc/umount -a

For further information, read chog(1) and mkdir(1) in the
ULTRIX-11 Programmer's Manual, Volume 1.

4.5.3 Assigning a User Password

Having created the user's home directory, next assign a
login password to each new account. For each new account,
log in as that user (type the appropriate login name).

Once logged in as that wuser, wuse the passwd command to
assign a login passwd (6 character minimum). The passwd
command prompts for the password twice for verification. If
your responses match, the passwd command assigns the new
encrypted password to the /etc/passwd entry. If your
responses do not match, the passwd command does not assign
the password.

Before new users attempt to log in, you should tell them
their assigned login password. Once logged in, they can
change their login password by using the passwd command.
For further information, read passwd(1) in the ULTRIX-11
Programmer's Manual, Volume 1.
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4.5.4 Creating Shell Startup Files

Having assigned a password for each new account, next create
the required shell start-up files. Upon executing, the
login shell looks in the wuser's home directory for its
appropriate start-up files and uses this information to set
up the user's shell environment.

If the user is using the Bourne shell (/bin/sh), you should
create a .profile in the user's home directory. If the user
is using the C shell (/bin/csh), you should create a .cshrc
and .login in the user's home directory. For further infor-
mation, read csh(1) and sh(1) in the ULTRIX-11 Programmer's
Manual, Volume 1. 1In addition, read An Introduction to the
C Shell and An Introduction to the UNIX Shell in the
ULTRIX-11 Programmer's Manual, Volume 2A.
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4.6 Setting Up User File Systems

As system manager, you determine the quantity, size, and
location of your user file systems. The user file system
layout is based primarily on the number and type of disks
available as well as the needs of your user community.

During a system generation, you configure user file systems
on logical disk units. For nonpartitioned disks, a logical
unit is a physical disk unit. For partitioned disks, a log-
ical unit is one of the subunits (pseudodisks) on the physi-
cal disk unit. For further information, read Section 1.3,
Logical Partitioning of Disks.

The following sections discuss the issues that you should
consider when setting up user file systems.

4.6.1 Sysgen of User Disks

During a system generation, you should ensure that all disk
units that are to contain file systems are configured into
the ULTRIX-11 kernel. In addition, you have to create the
special files for each disk unit.

Normally, these tasks are done during an ULTRIX-11 installa-
tion. If the disk units have not been configured into the
kernel, however, read Chapter 2, ULTRIX-11 System Genera-

tion, and follow the procedure discussed in Section 2.6.1,
Support Files for Disks.

4.6.2 Qualifying Disk Media

Before locating a user file system on any disk, you should
ensure that the disk media is acceptable for ULTRIX-11 sys-
tem use. Specifically, you have to determine the bad blocks
on each disk. For a description of the disk media qualifi-
cation procedure, read Appendix B, Disk Media Qualification
Procedures, in the ULTRIX-11 Installation Guide.

4.6.3 Determining the Number of User File Systems

You should create a file system for each group of users that
either works on a common project or must share files. If
you use nonpartitioned disks, each physical unit can hold
exactly one file system. Therefore, the number of file Sys-
tems that you set up is limited to the number of disk units
that you have available. If you use partitioned disks, how-
ever, each physical unit can hold more than one file system,
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NOTE

For partitioned disks, DIGITAL recom-
mends that you set up several smaller
user file systems instead of one large,
comprehensive user file system.

4.6.4 Determining the Size of User File Systems

For nonpartitioned disks, you should set the size of each
user file system to that of the physical unit (disk size).
If you set the size of a user file system smaller than that
of 1its physical unit, you waste the remaining space on that
physical disk unit.

For partitioned disks, you should set the size of each user
file system to the size of the logical unit (partition
size). If you set the size of a user file system smaller
than that of 1its logical wunit, you waste the remaining
space.

For further information, read Appendix D, Disk Logical Par-
tition Sizes.

NOTE

When setting the size of file systems on
RC25, RD51/RD52, and RA60/RA80/RA81
disks, pay special attention to the
number of blocks that are reserved for a
maintenance area. To avoid overstepping
this area when setting the sizes of your
user file system on these disks, use the
rasize command to determine the location
and sizes available. For further infor-
mation, read rasize(1M) in the ULTRIX-11
Programmer's Manual, Volume 1.

4.6.5 Determining the Location of User File Systems

For nonpartitioned disks, you can place the user file sys-
tems on any disk but the system disk. For systems on RLO1s,
units 0 and 1 are reserved for the system disk. For systems
on RC25s, unit 1 normally is the system disk. For all other
systems, unit 0 normally is the system disk.

For partitioned disks, the system normally resides on the
first three logical partitions:
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° Partition 0 for the root file system
° Partition 1 for the swap area
° Partition 2 for the /usr file system

Therefore, for partitioned disks, you should locate the user
file systems either on a remaining system disk partition or
on any desired partition of a nonsystem disk wunit. For
further information on locating your user file systems, read
Appendix D, Disk Logical Partition Sizes.

NOTE
Partitioned disks have several different
configurations, some of which overlap.

Do create separate file systems on over-
lapping partitions.

4.6.6 Making File Systems

As system manager, you should create the ULTRIX-11 file sys-
tem structure on each logical disk unit that holds a file
system. To make a file system on an unused disk partition,
use the mkfs command. In response to the superuser prompt,
type this command sequence:

# /etc/mkfs /dev/rxxnp size disk cpu fsname volname

XX Specifies the ULTRIX-11 logical disk name. For a

T list of logical names, read Appendix C, ULTRIX-11
Device Names and Major Device Numbers.

n Specifies the disk unit number.

P Specifies the disk partition number.

size Specifies the size of the partition in blocks. For
further information, read Appendix D, Disk Logical
Partition Sizes.

disk Specifies the generic disk name.

cpu Specifies the last two digits of the processor

type.

fsname Specifies the name (6-character maximum) that is to
be recorded in the file system's superblock.

volname Specifies the volume 1label (6-character maximum)
that 1is to be recorded in the file system's super-
block.
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The following command sequence creates a file system on an
RLO2 disk, unit 1, and a PDP-11/24:

/etc/mkfs /dev/rrl17 20480 rl02 24 user usrdsk

The mkfs command uses the generic disk name and proccessor
type in determining the proper file system interleave fac-
tors to optimize I/0 throughput. For further information,
read mkfs(1M) in the ULTRIX-11 Programmer's Manual, Volume
1.

CAUTION

When you use the mkfs command to make a
new file system on a disk partition that
already contains a file system, you des-
troy all the existing data on that file
system. Therefore, when making a new
file system, either verify that the disk
partition is unused or dump the existing
data to tape before running the mkfs
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