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. CHAPTER 1
Inte INTRODUCTION TO XENIX

Audience

This overview is intended for new XENIX users who want a basic knowledge of XENIX
and for experienced users who want a list of commands and programming tools. This
overview is the XENIX manual you should read first. It introduces you to the XENIX
operating system and to the full set of XENIX manuals. After you have read this
manual, you should understand what an operating system is, be familiar with basic
XENIX concepts and terminology, have an overall view of what is included in the
system, and understand what information is presented in each manual in the set of
XENIX manuals.

Chapters
This overview has these chapters and appendixes:

1. Introduction to XENIX -- an introduction to the Overview of the XENIX 286
Operating System. It describes the book's intended audience and chapters,
presents operating system concepts, and briefly describes the history and features
of the XENIX operating system.

2. Files and File Systems -- description of ordinary files, directories for organizing
files, special files (devices), file protections, tools for working with files, and the
new file system.

3. Running Programs -- introduction to programs and processes. This chapter
explains what happens when you run programs, from system startup to login to
executing commands.

4, Text Processing -- brief description of tools for people who prepare documents for
printing or typesetting.

5. Programming -- introduction to XENIX programming concepts, including the C
programming language, standard function libraries, system calls, supporting tools,
shell programming, and customizing XENIX.

A. Basic System Commands -- brief definitions of the commands in the Basic System.

Text Formatting Commands -- brief definitions of the text formatting commands
in the Extended System.

C. Programming Tools -- brief definitions of the commands, libraries, and system
calls in the Extended System.

D. Related Publications -- a list of related Intel publications and suggested readings.
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The Basic System and the Extended System

Intel has divided the XENIX operating system into two different products to satisfy
different user requirements. These products are the Basic System and the Extended
System.

The Basic System

The Basic System is intended for all users. It has all of the things needed to run
application software and to administer the system. It also has general-purpose tools like
the ed and vi text editors, electronic communications, and many commands. These
manuals accompany the Basic System:

o Overview of the XENIX 286 Operating System. This manual is intended for all
XENIX users. It describes operating systems in general and XENIX in particular,
covering important concepts such as files and file systems, the shell, and
commands. Programming tools are introduced for programmers, and text
processing features are described for writers and text processors.

o XENIX 286 Installation and Configuration Guide. This manual is for the system
administrator. It gives complete instructions for installing XENIX software from
5z-inch and 8-inch flexible disks. The section on configuration explains how to
add devices to the system and remove devices from it.

° XENIX 286 User's Guide. The user's guide is intended for all users of the system.
It has brief tutorials that introduce basic concepts and common commands, and it
has full chapters on the ed text editor, vi text editor, electronic mail, Bourne shell
(sh), and be calculator.

° XENIX 286 Visual Shell User's Guide. This guide explains how to use the visual
shell, which is a user interface based on menus. The menus list common functions
and application software programs that the system administrator has added.

° XENIX 286 System Administrator's Guide. This manual is for the system
administrator. It describes the procedures that the system administrator performs
on a regular basis, such as administering users, making back-up copies of files, and
monitoring system use.

° XENIX 286 Communications Guide. This manual is for the system administrator.
It explains how to set up and administer a Micnet or uuep communications
network.

° XENIX 286 Reference Manual. This manual is intended for anyone who wants

technical information or a detailed list of options for different commands. It
summarizes the syntax and options of each command in the Basic System. It also
has reference information about files and devices.
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The Extended System

The Extended System is made up of software development tools and text formatting
tools. The software development tools include utility programs, standard C libraries,
system calls, a C compiler, an assembler, a linker, a loader, a debugger, a lexical
analyzer, and a compiler-compiler (a program that generates a compiler). The text
formatting tools include commands for improving writing, mm (memorandum) macros,
and standard nroff and troff programs. The mm macros are codes that you use to
prepare memos, letters, reports, and other documents. The nroff program formats
documents for a printer, and the troff program formats documents and prints them on a
phototypesetter.

These manuals are part of the Extended System:

° XENIX 286 Programmer's Guide. This manual is intended for applications
programmers. It describes these important programming tools: eec (C compiler),
lint (C program checker), make (a program maintainer), SCCS (a source code
control system), adb (a program debugger), as (an assembler), lex (a lexical
analyzer generator), yace (yet another compiler-compiler), and m4 (a macro
processor). Appendixes discuss C language portability and give reference pages
for programming commands.

° XENIX 286 C Library Guide. This manual is intended for programmers. It
describes system calls and standard libraries of C subroutines. It covers standard
I/0 functions, sereen processing, character and string processing, process control,
pipes, signals, system resources, and error processing. Appendixes give reference
information such as the assembly language interface, programming differences in
this release, and reference pages for individual subroutines, system calls, and file
formats.

o XENIX 286 Device Driver Guide. This manual is intended for a programmer who
writes device drivers. Chapters cover the kernel, simple character device drivers,
terminal device drivers, block device drivers, instructions for adding drivers to the
configuration, designing and debugging hints, and drivers supplied with XENIX.
Appendixes give related reference information.

o XENIX 286 Text Formatting Guide. This manual is intended for writers who want
to prepare manuscripts for printing or phototypesetting. It gives an overview of
text processing, describes writing and editing tools, explains how to use macros,
nroff, and troff, and shows how to format tables and mathematies.
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What Is an Operating System?

An operating system is a set of programs that manage the hardware resources of a
computer and provide useful services. It has three basic components: the kernel, a set
of utility programs, and a command interpreter.

When you want to work on a computer, you need to send data from one device to
another. For example, if you are writing a letter at your terminal, you need to store it
on a disk. Later, you may want to print it on a printer. To complicate’ matters,
someone else may want to use the printer at the same time. Clearly, the resources of
the computer system have to be shared. These are some of the reasons that the
computer has an operating system.

Hardware Devices

Since the operating system coordinates the activities of the hardware, it is useful to
identify the functions that different pieces of hardware perform.

A typical computer system has a CPU (central processing unit) plus several hardware
devices, such as terminals, disks, memory, printers, and tape drives (see Figure 1-1).

©
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Figure 1-1. Hardware Devices
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The hardware devices serve these functions:

o CPU. The CPU does all of the processing. It reads instructions one by one and
executes them, performs necessary logic operations, and makes mathematical
calculations.

o Terminal. The terminal is the device you use to communicate with the computer.

It has a keyboard so that you can enter information and a screen that displays
what you type.

° Disks. Disks store programs and data for fast and easy retrieval.

° Memory. Memory is an area where data is stored while it is processed.
° Printers. Printers produce a copy of data on paper.

° Tape drives. Tape drives store copies of programs and data on tape.
The Kernel

The kernel is a software program that interacts directly with computer hardware. When
the system administrator starts the computer, the kernel is loaded into memory from
disk storage. It remains there as long as the computer is running and oversees all of the
activities of the computer system. When you give commands or run application
software, these programs may use system calls to ask for services from the kernel. For
example, each time a program wants to read a file, it sends a read system call to the
kernel.

In a multiuser computer system, several people share memory, printers, and other
computer resources. It is the kernel that gives each person exclusive use of a resource
for a period of time. The kernel's function is to do this so efficiently that users are
unaware that the resources are being shared.

A kernel typically performs these functions:

° Mass storage management. A computer system stores a large amount of data on
disks. The kernel maintains some form of file system on disks to keep track of all
this data so that it can be located and used.

] Process management. In a computer system, many processes may be running at
the same time. The kernel gives each process a share of processing time and
keeps track of each process.

o Memory management. Any computer system has a certain amount of memory and
that memory often has to be shared by several processes. The kernel gives each
process an area in memory and keeps one process from interfering with another. If
a process needs more memory than is available, the kernel temporarily moves the
process out of memory and onto disk until it is time to bring it back into memory.
This technique is called swapping.
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° Device management. Each device in a computer system has special
characteristics that the kernel has to understand to send information to and from
devices. In the kernel, software programs called device drivers communicate with
devices. When a program uses a system call, the kernel selects the appropriate
device driver.

o Error checking. The kernel constantly checks the operation of the system and
displays error messages when problems occur.

° Accounting. A multiuser operating system normally keeps some kind of records of
how resources have been used. These records may be the basis for billing for
computer time or for evaluating computer use.

Utility Programs

Some people speak of the kernel as the operating system, but the kernel is usually
accompanied by a set of utility programs that you can run to create files, copy files, and
perform other useful functions. Throughout this manual, these programs are considered
part of the operating system.

One type of program that comes with an operating system is a text editor, which is a
tool that you use to type programs, reports, and other text. A text editor has commands
for adding, changing, and deleting lines of text.

Other programs that are usually available are programming tools, such as standard
software libraries, compilers, linkers, loaders, and assemblers. Tools for checking and
debugging code are sometimes included.

A Command Interpreter

You request services from the operating system by giving commands. Every operating

system has at least one command interpreter that takes your commands so programs
can be executed.
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Whatls the XENIX 286 Operating System?

XENIX 286 is Intel's value-added version of the XENIX operating system released by
Microsoft Corporation. Microsoft's XENIX, in turn, is a value-added version of the
System III UNIX operating system developed by Bell Laboratories at AT&T. XENIX 286
also includes features developed by the University of California at Berkeley. XENIX
286 supports multiple users and multiple tasks. It has all of the components of standard
operating systems--a kernel, utility programs, and a command interpreter--with
features that many others do not have.

The XENIX Kernel

The XENIX kernel performs all of the functions that a typical operating system kernel
performs. It manages mass storage, processes, memory, and devices, and it checks for
errors during operation. The system administrator can turn process accounting logs on
or off and clear them as desired.

The XENIX kernel has these important features:

° Standard system calls. Programmers can use over 60 different system calls to
request services from the kernel. These system calls include all those provided by
UNIX System III.

° Speed. The speed of the kernel is driven by the speed of the processor, and the
XENIX 286 system runs on Intel's iAPX 286 microprocessor, which represents the
leading edge of microprocessor technology.

° Small size. The XENIX kernel has only 10,000 or so lines of code.

° High-level language. Most of the kernel is written in the C programming language
rather than in assembly language, so the operating system can run on many
different computers.

L Hierarchical file system. XENIX has a hierarchical file system so you can
organize your files of information. Intel has redesigned the file system to increase
processing speed. Chapter 2 describes the new file system.

° Devices treated like files. You can send data to devices and take data from them
just as if they were ordinary files. This is called device independence.

° Separate code and data. Program code and data are kept in separate areas of
memory, which is efficient since several users may share one copy of the code.

° Buffer management. Buffers are areas where data is stored when it is brought
from a disk. With Microsoft's exported buffer management technique, the kernel
has access to buffers that are outside its primary data segment. With Intel's
enhancements, programs are loaded directly into memory, and buffer contents are
left undisturbed. Programs are thus loaded faster and information in the buffers
can continue to be used.

(] Device drivers. Intel releases XENIX 286 with device drivers for terminals,

Winchester disks, flexible disks, and tapes, plus a guide to writing device drivers so
you can add appropriate hardware devices to your system.
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Utility Programs

Together, the Basic System and the Extended System offer over 200 utility programs.
You can create additional funetions without writing C programs if you take advantage
of tools called pipes (they connect the output of one program with the input of another)
or write shell programs using a shell command interpreter.

The utility programs are all stored on a disk, and you run them by giving commands to a
command interpreter called a shell. In many discussions of XENIX, the terms
"eommand", "program", and "utility" are used interchangeably.

The utility programs for the Basic System are listed in Appendix A, and the- utility
programs for the Extended System are listed in Appendix B and Appendix C.

Command Interpreters

A XENIX command interpreter is called a shell. You communicate with the operating
system by typing commands that the shell interprets. For example, if you want the
operating system to print a calendar, you give the cal command and the shell responds
to it.

In some operating systems, the command interpreter is part of the kernel and cannot be
changed easily, but in XENIX it is a separate C program that can be modified or
replaced by another C program. The Basic System has three different shells: the
Bourne shell, restricted shell, and visual shell. The Extended System adds the C shell.
These shells are discussed in Chapter 3.
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Who Uses the XENIX Operating System?

Everyone on the computer uses the operating system, but people work with it in
different ways. Users typically fall into one of these categories: users who run
application software, the system administrator, application programmers, systems
programmers, and writers and text processors. XENIX 286 gives each of these types of
users tools to make their work easier and to improve their final products.

Users who run application software. Many users run application software, such as
word processing or a spreadsheet program. These users may be aware of the
operating system only when logging on the computer (logging on is typing your
name and giving your password). This is especially true if you use a visual shell
that lists applications and functions on a menu. Users who run application
software often use XENIX's office tools, such as electronic mail, personal
calendars, and a desktop calculator. These tools are in the Basic System.

System administrators. The system administrator is the person responsible for
maintaining the computer and its software. The system administrator needs to
understand system operations very well and to know how to install XENIX, add
devices, add users, monitor system use, make duplicate copies of data, tailor the
environment, solve system problems, and set up communications networks.
Administering the system has been simplified by new commands for adding users,
removing users, making system backups, and other common tasks. Procedures for
the system administrator are outlined in the XENIX 286 Installation and
Configuration Guide, the XENIX 286 System Administrator's Guide, and the
XENIX 286 Communications Guide. All of these manuals are in the Basic System.

Application programmers. Application programmers write software such as
general ledgers and spreadsheets. Application programmers normally use the
operating system's text editors and commands for working with files. To do
programming other than shell programming they need the Extended System, which
has commands for developing software, libraries of standard functions, system
calls, and programming tools. Programmers who develop software on one XENIX
system can usually put it on several machines with only minor changes.

Systems programmers. Systems programmers change the operating system to
meet the requirements of a particular product. They add device drivers and add or
change utility programs. The XENIX 286 Device Driver Guide in the Extended
System has instructions for writing device drivers plus examples of different
drivers.

Writers and text processors. Writers and text processors produce documents such
as programs, memos, letters, and books. These users can create documents with
the XENIX text editors. They need the Extended System to print or typeset
documents with standard features such as centering and bolding.
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The History of XENIX

XENIX has evolved over more than a decade and has been used successfully in many
different environments.

UNIX

The history of XENIX begins with the development of UNIX at AT&T's Bell
Laboratories.

In the late 1960s, Ken Thompson and others at Bell Laboratories were participating in a
project that involved a large, sophisticated, multiuser operating system called Multics
on a large mainframe computer from General Electric Corporation. When Bell
Laboratories left the project, Thompson wanted to move a particular program called
Space Travel from the mainframe to a dedicated PDP-7 computer, so he created a new
operating system for it. = Since the new operating system was for single users, it was
named UNIX as a play on the name Multies.

The first version of UNIX was written in assembly language. It was a personal effort by
a programmer who wanted a system that made it easy to write, test, and run programs.
He also favored elegance of design, and the limited size of his development computer
encouraged economy and elegance. By 1971, the new operating system was being used
within Bell Laboratories on Digital Equipment Corporation's PDP-7 and PDP-9
computers.

The second version of UNIX included software written in a programming language called
B. This language was used when UNIX was moved to Digital Equipment Corporation's
PDP-11/20 family of minicomputers in 1971. The PDP-11/20 was purchased to support
the development of a text formatting package.

The third version of UNIX came in 1973. It was a complete rewriting of the operating
system in C, which was a revision of B. C was a good choice for an operating system
because it was a high-level, structured language and yet it was able to manipulate small
units of data efficiently. This version incorporated multiprogramming, a technique that
keeps several programs in memory at once so that the central processing unit is used to
advantage. The system ran on several computers in the PDP-11 family.

Since C was a high-level language, UNIX could run on more than one computer. The
fourth version of UNIX eliminated all code that was specific to the PDP-11 family of
computers. This new version was produced in 1977 and was moved onto the Interdata
8/32, which was quite different from the PDP-11s.

Through the 1970s, UNIX was used mostly within Bell Laboratories, but by 1975 AT&T
began to license it, and other research agencies began to work with it. Many colleges
have licenses to use UNIX, and many computer scientists have become familiar with it.

Today, several versions of UNIX are in circulation. The first UNIX system to be
licensed commercially was Version 7, a multiuser system released in 1978. An update
was introduced in 1981 as System IIl. A subsequent version, System V, was released in
1983. There was no System IV. The name UNIX remains, even though the system now
supports multiple users.
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UNIX became popular at Bell Laboratories, then gained supporters in research centers
and universities, then attracted the attention of software developers and computer
manufacturers. It has become popular because of many valuable features, including

° Portability. One feature of UNIX that truly sets it apart from traditional
operating systems is portability. Most operating systems have been tied to a
specific computer or family of computers because they were written in assembly
language that only those computers could use. The UNIX operating system is
written almost entirely in C, a high-level language that can run on many different
computers. Application software developed on one computer can run on many
computers. It is sometimes necessary to make minor changes to the software, but
it is not necessary to rewrite much of it.

o Multiuser support. UNIX is a multiuser system, which means that several users
can work on a system at one time.

° Multitasking system. UNIX is a multitasking system, which means that several
users can run processes simultaneously, and that an individual user can run several
processes in the background while working at the terminal. For example, you can
edit a program at the terminal while you print a report on the printer.

° UNIX tools. The UNIX philosophy is to provide many small tools that can be
changed or combined to perform new functions. You can create new tools without
writing C programs by writing shell scripts (files of shell commands, which can
include statements from the shell programming language) or by using pipes. Pipes
are tools that connect the output of one program with the input of another.

° Office tools. Office tools such as individual calendars, user-to-user
communications, and a desktop calculator are all part of the UNIX system.

° Programming tools. UNIX tools have evolved over time in response to specific
needs of programmers. As programmers have worked with the system, they have
corrected errors, added new features, and created new utility programs.

° Networking. Several UNIX systems can be linked together so that data, including
electronic mail, can be sent from one system to another.

° Access to status information. UNIX makes status information readily available so
any user can check who is on the system, what processes are running, and what
printers are busy.

o Groups. When people work on the same projects, they often need to share files.
With UNIX this is encouraged because files can be assigned to groups of users.

° Device independence. Devices, such as printers and terminals, are accessed like

files, so you can send data to a device just as you send it to any file. Likewise,
you can bring data from a device.
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Microsoft's XENIX

Microsoft's XENIX is an enhanced version of UNIX derived from UNIX System III. In
earlier releases, valuable features such as interprocess communication with semaphores,
performance improvements for microcomputers, and file locking were added. File
locking is important because it regulates changes to a file. If one user is changing a
part of a file, all other users can be locked out of the file until the change is complete.
These enhancements continue to be important to commercial users and to
manufacturers who use XENIX on mierocomputers.

Intel moved the previous release of XENIX from the 8086 microprocessor to the iAPX
286 microprocessor, and Microsoft used the new product as the basis for its Release 3 of
the operating system. Microsoft also added many features that benefit the users who
run application software, system administrators, application programmers, systems
programmers, and text processors.

New Microsoft Features in the Basic System
The current release of XENIX includes these new features:

o Micnet communications. A new communications package called Micnet has been
integrated with a new mailer based upon the Berkeley mail program. With Micnet
you can send mail between local machines over serial lines, execute remote
commands, and transfer files from one machine to another. Although the
traditional uuep network is still available, this new Micnet network is intended to
replace uuep for local machine communications.

° System administration commands. Several commands have been added to make
system administration easier. For example, a new sysadmin command presents
options for copying and recovering data on a menu, and a new acetcom command
prints accounting information.

° Password administration. A new command, pwadmin, has been added so the
system administrator can force users to change their passwords at regular
intervals to reduce the chance that an unauthorized person can discover
passwords. The pweheck command has been added so the system administrator
can check the ete/passwd file.

] Secure startup sequence. The startup sequence prevents a user from going into
single-user mode without knowing the system administrator's password.

° Visual shell. A new shell, called a visual shell, has been added for users who find it
easier to select menu options than to remember commands. The most common
processes are listed on the menu, and the system administrator can add or change
menu selections. This user interface is similar to the Multiplan interface.

° Batch execution at a specified time. Earlier releases included the at command,
which you can use to place commands in a queue and define when they are to be
executed. This release adds the atq command so you can check the queue and the
atrm command so you can remove a command from the queue.

o Assignable devices. You can use the assign and deassign commands to restrict a

device for your exclusive use. For example, you may insert a flexible disk in a
drive and prevent others from using the drive while it is inserted.
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New Text Formatting Features

The Extended System includes these new text formatting features from Microsoft:

New macros. Macros are codes that you can use to prepare documents for printing
or typesetting. The new mm memorandum macros are superior to the ms macros
provided in an earlier release.

New commands. Writers and text processors can use several new commands to
format text, catech formatting errors, and improve the literary quality of
documents. They can prepare text with constant width for typesetting with the
cew and eweheck commands, cut out selected columns of text with cut, merge
selected columns of text with paste, check commands for typesetting
mathematical expressions with eqneheck, mark differences between text files with
diffmk, and locate awkward phrases with diction. :

New Programming Feafures

The Extended System includes these new programming features from Microsoft:

Fixed stack analysis utilities. New utility programs analyze C programs to help
determine stack size requirements, which is useful for those who develop software
for fixed stack machines such as unmapped iAPX 86, iAPX 286, and some M68000
systems.

MS-DOS file access utilities. Commands that allow MS-DOS files and directories
to be read from and written to are available. These commands will be useful to
those whose computers can operate both MS-DOS and XENIX. Access to IBM DOS
1.1 and 2.0 format disks is supported.

Source code control system (SCCS). The new ede command enhances the SCCS
system for controlling source code. You use source code control commands to
monitor changes to source files. The ede command changes the delta commentary
of an SCCS delta.

System calls. This release of the product has all of the system calls of the
previous release (which was based upon UNIX Version 7), all of those in UNIX
System III, and several new ones.

These new system calls let unrelated processes share data: sdget, sdfree, sdgetv,
sdenter, sdleave, sdwaitv. The chsize system call truncates files to a given length,
which is important to efficient execution of some FORTRAN write operations.
The nap system call lets a process sleep for less than one second, which is useful
for interactive, screen-oriented software.

Language tools. This release has a new C compiler that has UNIX System III
language extensions and supports large model processes (multiple data segments
and text segments). This compiler gives you the option of using the expanded
instruction set for the iAPX 286 microprocessor. The release also has cref and
xref commands so you can generate cross-reference listings from C source code.
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Floating-point support. XENIX includes a floating-point emulator and support for
the 80287 floating-point hardware.

Exported buffer management. Buffers are areas in memory that hold data
temporarily while the kernel is waiting to use it. Computer systems use buffers to
make computer operation more efficient. Data can be kept ready and waiting so
that it can be used as soon as the CPU or some device is ready. Microsoft
increased the amount of buffer space available by giving the kernel access to
buffers in segments outside its own data segment.

Berkeley Enhancements

Researchers at the University of California at Berkeley became involved with UNIX and
moved it onto the VAX computer created by Digital Equipment Corporation. As they
have worked with the product, they have added features to make UNIX easier to use or
to give it additional power. Microsoft's release of the XENIX 286 product has several
features developed by the University of California at Berkeley.

These Berkeley commands are included in the Basic System:

finger - find information about users

head - print the first few lines of a file

le - list directory contents in columns (Berkeley's enhanced directory listing)
mail - send, read, or dispose of mail

more - display information one screen at a time

tset - set terminal modes

vi - invoke the screen-oriented text editor

These Berkeley commands and libraries for programmers are included in the Extended

System:

° esh - invoke the C shell

o ctags - create a tags file for the ex and vi editors

L curses - perform screen and cursor functions

o dbm - perform data base functions

° mkstr - create an error message file and change C source

° soelim - make word processing documents portable to other UNIX-based systems
° strings - find the printable strings in a file

° termecap - perform device-independent terminal functions

°
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Intel’s Contribution to XENIX

Intel has entered the XENIX market as a technological leader. Intel invented the
microprocessor and offers XENIX on systems with the iAPX 286 microprocessor, one of
the fastest microprocessors on the market.

Intel gives its OEMs (original equipment manufacturers) the opportunity to put their
XENIX-based products on the best technology at every level of integration--from
components to boards to complete systems.

Intel's goal is total performance--performance that is based on the latest technology,
the most effective software, and the most successful users:

° Latest technology. Intel's strategy is to combine the latest UNIX-based
technology with the latest silicon technology. Its iAPX 286 microprocessor is one
of the fastest microprocessors available and memory management has been
integrated into the chip.

° Effective software. To improve software efficiency, Intel has created a new file
system that reduces the amount of time spent searching for data. It is deseribed
in Chapter 2.

Intel has rewritten the dump and restor programs so that they do more error
checking and give more options. The restor command now has an option that
verifies that files have been restored successfully. The dump command has an
option that tells you when the last dumps were made and what the levels were.

L Successful users. Intel recognizes that users need a basic understanding of XENIX
plus specific information about functions they perform on their jobs. As a result,
the new manual set includes books that give the big picture as well as books that
are oriented toward particular users.

This manual attempts to help you understand the operating system and learn basic
concepts and terminology.

Three books give the system administrator detailed information. The new XENIX
286 Installation and Configuration Guide walks the administrator through installing
the system and adding and removing devices such as printers, terminals, and disk
drives. The new XENIX 286 System Administrator's Guide outlines a system
administrator's responsibilities and has how-to instructions for overseeing daily
operations and solving system problems. The XENIX 286 Communications Guide
explains how to set up and administer Micnet and uuep communications networks.

The new XENIX 286 Device Driver Guide gives systems programmers instructions
and examples so that they can create their own device drivers.

Intel has also simplified the installation process.
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. CHAPTER 2
inte FILES AND FILE SYSTEMS

Ordinary Files

All of the data that you and other users produce is kept in files. Technically, an
ordinary XENIX file is just a series of bytes stored on a mass storage device under a
specific name. The bytes are regular ASCII text (letters, numbers, and characters such
as punctuation marks), or they are binary codes (codes representing information in a
form that cannot be displayed directly on a screen).

The Content of an Ordinary File

You create an ordinary file by using a text editor, compiling a program, or running an
application program that creates files. It contains only what you put in it. For
example, an ordinary file may have a source program, an executable program, a letter,
or payroll data. XENIX does not keep record counts or use a special marker to show the
end of a file. Figure 2-1 has an example of an ordinary file. Notice that it has nothing
but text.

MEMO
TO Team
FROM Mary

SUBJECT Revised Schedules

Please give me your revised schedules by Friday.

Figure 2-1. Sample Ordinary File
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The Structure of an Ordinary File

XENIX does not expect data to be stored in any particular format. It is just text. When
you create a file, you may give it a format, then use that format when you write
programs. For example, the /ete/passwd file has one record for each user. The record
has seven fields of information and they are separated by colons. The sample line below
illustrates the format of the file. (If you are curious about the meaning of the fields,
see Chapter 3.)

mary:j9Hz1FzBYSOVw:201:200:M Day,Rm 21,x5006,273-5543:/usr/mary:/bin/sh

The XENIX kernel is not aware of this format, but programs that read the /ete/passwd
file need to understand it.

The Name of an Ordinary File
These are the rules and conventions that apply to file names in XENIX:

° When you want to work with a file, you identify it by name. The kernel keeps
track of each file by assigning it a unique number, called an inode number, but it is
not necessary for you to use the number.

] The name of a file can have 1 to 14 characters.

° The name can include any keyboard character except a slash (/). However, the
recommended procedure is to avoid blanks, invisible characters such as
BACKSPACE, and these special characters, which have a special meaning to the
command interpreter:

S S G

° Both uppercase and lowercase letters can be used, and they are different
characters. For example, "Memo.to.Jack" is not the same as "memo.to.jack".

o If a file name begins with a dot, it will not appear on your list of files unless you
use a special option of the command that lists files (ls -a).

° You may use dots in file names. For example, "memo.to.jack" uses dots. To
XENIX, these dots in a name are just characters, but some characters with dots
are meaningful. XENIX uses several combinations of a dot and a character at the
end of a file name to identify a particular kind of file. These combinations are
called suffixes. For example, programmers should use a ".c" suffix for programs
they write in the C programming language. These are some of the suffixes that
are meaningful to XENIX:

Alibrary archive

A program written in the C programming language
An include file for the C programming language
Input for lex

The object code created by a compiler or assembler
A program written in assembly language

Input for yacc

<ho=—Thb
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o In any directory, a file name must be unique. For example, if you have a directory
named "memos", it can have only one file named "memo.to.jack". However,
someone else could have a file named "memo.to.jack" in some other directory.
Directories will be explained in detail later in this chapter.

The Size of an Ordinary File

When you create a file, you cannot define its maximum size. The file can continue to
grow up to a limit of four megabytes as long as the disk has space for more data. The
system administrator can increase this maximum size with the ulimit command built
into the Bourne shell, and anyone can decrease the maximum size with that command.

Directories

As the number of files increases, it becomes important for you to have some way of
organizing them so that you can locate them easily. The XENIX solution is to let you
organize your own files by creating a hierarchical structure of directories.

A directory is just a list of files and their unique file numbers, which are called inode
numbers. The organization of directories is discussed in this section. Inode numbers are
explained later in the chapter.

Login Directories

When the system administrator adds you to the system, a login directory is created for
you. This is the directory where you will begin each time you work on the computer. It
is sometimes called the home directory.

Imagine that the system administrator adds a new user named Kay, gives her the login
name "kay", and defines "kay" as her login directory. When she logs in, she is placed in
her "kay" directory.

You may place files of information in your login directory, or define subdirectories so
that you can organize your files, or both. For example, Kay expects to create few files
so she sees no reason to use subdirectories. Since she will have few files, she will keep
all of them in her login directory and scan the list when she wants to work with one.
Suppose that she creates two memos, "mary.4.6" and "sue.4.8", in her login directory.
Figure 2-2 shows what her hierarchy would look like. Figure 2-3 shows what Kay sees
when she uses the directory listing command (Is) to look at her login directory. The "$"
is a standard prompt that means you can give commands.

A hierarchy is often referred to as a tree structure because it looks like an inverted tree
with branches.
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mary.4.6 sue.4.8

F-0307
Figure 2-2. Sample Hierarchy of Login Directory without Subdirectories

$1s
mary.4.6

sue.4.8

Figure 2-3. Sample Contents of Login Directory without Subdirectories
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Subdirectories

If you have a large number of files, you may use subdirectories to group related files. A
subdirectory is a directory within a directory. For example, imagine that Mary plans to
create memos, letters, and programs. She can create three separate directories,
"memos", "letters", and "programs" in her login directory, then place files in the
appropriate subdirectory. Figure 2-4 shows her hierarchy after she has created two
memos, two letters, and a program called "fc.c". Figure 2-5 shows what Mary actually
sees when she uses the Is (list) command and the le -R command to look at her login
directory. The Is command shows only the contents of the directory you are in. The le -
R command shows the contents of that directory plus the contents of each subdirectory.
Notice that the shorthand name (.) is used for the working directory.

fc.c

a.jones
k.brown

team.5.15
team.5.20

F-0308

Figure 2-4. Sample Hierarchy for Login Directory with Subdirectories

$ls
letters
memos
programs

$lc-R

letters memaos programs

lletters:
a.jones k.brown

J/memos:
team.5.15. team.5.20

Jprograms:
fc.c

$

Figure 2-5. Sample Directory List
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Subtrees

A subtree begins at a directory and includes all of the files and directories under it. For
example, imagine that Jack is added to the system and that he creates directories for
letters, memos, and newsletters. He wants to keep employee newsletters separate from
customer newsletters, so he creates subdirectories for them under his "newsletters"
directory. Figure 2-6 shows the "newsletters" subtree of the "jack" hierarchy.

F-0309

Figure 2-6. Sample Subtree

The Parent Directory

The directory immediately above another directory is called its parent. For example, in
Figure 2-6, "jack" is the parent to the "newsletters" directory, and the "newsletters"
directory is the parent to the "employee" and "customer" directories. A shorthand name
for the parent of a directory is "..", which is pronounced "dot dot".
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The /usr Directory

As you have seen, each user is allowed to organize files into meaningful hierarchies.
These user hierarchies, in turn, are part of a bigger hierarchy that begins with the root
directory (which is represented by /). Under root are several directories, including one
called /usr. The /usr directory is traditionally the parent of all user directories. Figure
2-7 shows a sample hierarchy for the /usr directory.

a.jones team.5.15
k.brown team.5.20

apr
may
june june

F-0310
Figure 2-7. Sample /usr Directory with Subdirectories

Full Path Names

Each file in the system has a path name that begins at root and goes through the full
path of directories to the file itself. For example, the full path name of Mary's letter to
A. Jones is

/usr/mary/letters/a.jones
Slashes separate the directories when you give a full path name.
Notice that both Mary and Jack have directories with the names "memos" and "letters".
In XENIX that is acceptable because each file has a different path name. Within a

directory, each name has to be unique. For example, Mary can have only one "a.jones"
file in her "letters" directory.
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Relative Path Names

A full path name may seem like a lot to type. Fortunately, you usually do not have to
type the full path name. You can start where you are and give the remainder of the
path, which is called the relative path name. Figure 2-8 illustrates full and relative
path names.

Full path name from root (/): /usr/mary/letters/a.jones
Relative path name from/: usr/mary/letters/a.jones
Relative path name from /usr: mary/letters/a.jones
Relative path name from /usr/mary: letters/a.jones

Relative path name from /usr/mary/letters: a.jones

Figure 2-8. Sample Path Names

Moving from Directory to Directory

When you log in, you begin in your login directory. If you want to work on a file, you
have these choices:

° Give the full path name from root.
° Give the relative path name.

° Use the ed (change directory) command to go to the directory that has the file,
then give the file name.

For example, when Mary logs in, she is in her "mary" login directory. If she wants to go

to her "letters" directory and use the ed line editor to edit the "a.jones" file, she can use
the commands in Figure 2-9.
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$ ed /usr/mary/letters/a.jones Full path name
$ edletters/a.jones Relative path name from /usr/mary
$ cd letters Change to letters directory

ed a.jones Invoke ed to edit a.jones file

Figure 2-9. Path Names with Commands

The Working Directory

The directory you are in is called your working directory or your current directory. For

example, when Mary goes to her "letters" directory to write a letter, "letters" is her
working directory.

If you forget what directory you are in, you can use the pwd (print working directory)
command. For example, if Mary uses the pwd command when she is in her "letters"
directory, this results:

$ pwd
Jusr/maryl/letters

A shorthand name for the working directory is ".", which is pronounced "dot".

The Root Directory

Before leaving the subject of directories, you should be aware of the root directory (/),
which has these subdirectories and files:

° /bin This directory has the XENIX commands that users execute most.

° /boot This file has the code for a program that is needed to start the
system.

° /dev This directory contains special device files.
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L /ete This directory has commands that are usually reserved for the
system administrator plus files that the system administrator
uses.

o /lib This directory has libraries of subroutines.

° /Nost+found This directory lists directories that are not linked into the file

system because of some problem. The entries are placed in this
directory automatically by the fsek command that the system
administrator uses regularly to check the integrity of the file
system.

° /mnt This directory is normally used for file systems that are mounted
on the root file system.

° /sys This directory has the code for the XENIX kernel.
L /tmp This directory is used for temporary files that are created by
programs. These files may be removed during normal operations

and they are usually removed each time the system is started.

o /usr This directory is used for all login directories. It is the ancestor
of all user files and directories.

° /xenix This file has executable code for the XENIX kernel for the hard
disk system.

° /xenix.f This file has executable code for the XENIX kernel for the
flexible disk system.

Figure 2-10 illustrates the contents of the root directory.

bin boot dev etc lib lost+found mnt sys tmp usr xenix xenix.f

F-0311

Figure 2-10. The Root Directory
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Special Files

In a XENIX system, every hardware device is accessed using a special file. Printers,
terminals, disks, tapes, and communication lines are all regarded as files. The
significance of this is that you can send data to a device or read data from a device just
as you would read data from an ordinary file or write data to it. For programmers, this
is one of the most important features of XENIX.

Special files are contained in the /dev directory and only the system administrator can
add special files. Device names are fixed by the system administrator, but they are
treated like the names of other files. Figure 2-11 gives sample entries for the /dev
directory. Notice that even memory is included in the list of special files, although it is
rarely accessed as a file.

Device Name Description

/dev/console the system administrator’s terminal

/dev/imem an image of physical main memory
/dev/ikmem an image of kernel data

/dev/null adummy device; output sent to it is discarded
/dev/rw0a adisk

/dev/rw0b adisk

/dev/tty a terminal

/dev/ttya1l aterminal

/dev/ttya2 aterminal

Figure 2-11. Sample Device Names in the /dev Directory

XENIX has two kinds of special files, block and character.

Block Special Files

Block special files work with one block of data (1,024 bytes) at a time. Examples are
disks and tapes. A block special file may also be called a structured device. It often
has a character special interface, called a raw interface, which is used by programs that
perform system maintenance functions.

Character Special Files
A character special file is any special file that does not work with a block of data at a

time. Examples are terminals, communication lines, printers, and main memory. A
character special file may also be called an unstructured device.
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File Access Permissions

In XENIX, every file belongs to an owner and a group. The owner is the person who
creates the file, and the group is the group the owner belongs to when the file is
created. The owner can give or deny access to anyone except the system administrator,
who has access to all files on the system. The owner or the system administrator can
assign a file to a new owner.

Access Permissions for Ordinary Files

For each file that you create, you can give or deny read, write, and execute permission
for three different categories of users: yourself, other members of your group, and all
others.

Read Permission for Ordinary Files

Reading a file means looking at its contents. Displaying a file on the terminal, printing
it, compiling it, and copying it are all examples of reading a file.

Write Permission for Ordinary Files

Writing a file means changing it in some way. Adding and changing information are
examples of writing a file.

Execute Permission for Ordinary Files

Executing a file means running it as a program. Most executable files are compiled
programs, and you need execute permission to run them. Some executable programs are
shell scripts (programs using XENIX commands and the shell programming language).
You need read permission to execute a shell seript. If you also have execute permission,
you can execute it with the program name. For example, you can run a shell script
named "check" with this command if you have read and execute permission:

$ check

If you have read permission, but not execute permission, you can run a shell script with
the sh command. For example:

$ sh check

Set UID and GID

As a user, you have a user ID number (UID) and a group ID number (GID). Whenever you
try to use a file, your IDs and permissions are checked. Occasionally you need someone
else's ID to use a file. For example, you need root's ID to change your password in the
/etc/passwd file, because only root can change that file. Set UID permission on the
passwd command gives you root's ID when you use the command. Any executable file,
except a shell script, can set the UID or the GID so that anyone who executes the file
has the effective ID of the owner or the group owner.
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Representing Permissions

For each file that you create, you can give or deny read, write, and execute permission
for three different categories of users: yourself, other members of your group, and all
others. These permissions may be referred to as the file mode, protection bits, or
permission bits.

Permissions can be represented in two different ways. One way is to show them with
characters: r for read permission, w for write permission, x for execute permission, s
for set UID or GID permission, and a dash (-) for permission denied. These permissions
are shown for the owner, other members of the group, and all others. For example,
read, write, and execute permission for the owner, other members of the group, and all
others, are represented in Figure 2-12. Permissions are often called the file mode.
Examples of permissions are shown in Figure 2-13.

Owner Group Others

F-0312
Figure 2-12. Representing Permissions with Characters

File Mode Meaning

r-X--X--X read and execute permission for the owner
execute permission for the group
execute permission for others

PWXIWXr-X read, write, and execute permission for the owner
read, write, and execute permission for the group
read and execute permission for others

rwWXr-x--- read, write, and execute permission for the owner
read and execute permission for the group
no permission for others

rWSsr-sr-x read, write, and execute permission for the owner
owner'’s permissions for anyone executing the file
read permission for the group
group’s permissions for anyone e