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Plexus Sys3 UNIX Programmer's Manual -- vol 24

PREFACE

This manual contains a collection of documents that describe specifie
aspects of the UNIX# operating system. These include basic descriptions of
the operating system, document ‘preparation tools and programming and
language tools. )

Additional documents deseribing programming, language, administrative and

maintenance tools are collected in the Plexus Sys3 UNIX Programmer's Manual
-- vo0l 2B (Plexus publication #98-05037.2).

Both these volumes (24 and 2B) should be used as supplementary documents
for the Plexus Sys3 UNIX Programmer's Manual ~-- vol 14 {Plexus publication
#98-05045), and Plexus Sysi UNIX Programmer's Manual -=- yol 1B (Plexus
publication 98-05046), the basic reference manual for the operating systen.

Comments
Please address all comments concerning this manual to:

Plexus Computers Inc
Technical Publications Dept
2230 Martin Ave

Santa Clara, CA 95050
408/988-1755

Reyision History
This edition (#98-05036.2) contains a new Annotated Table of Contents.

# UNIX is a trademark of Bell Laboratories. Plexus Computers Inc is
licensed to distribute UNIX_under the authority of ATE&T.
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Edition).
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18. Caleculators
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e A Tutorial Introduction to the Graphical Editor.
A. R. Feuer.
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M. E. Lesk and E. Schmidt.
Creates a recognizer for a set of regular expressions; each
regular expression can be followed by arbitrary C code which
is executed when the regular expression is found.

The Mi Macro Processor.

B. W. Kernighan and D. M. Ritchie.
A macro processor useful as a front end for C, Ratfor,
Cobol, etc.

DNIX Remote Job Entry User's Guide,

A. L, Sabsevitz and K. A. Kelleman.
The beginner's "how to" guide for sending a job to IBM or
UNIVAC from UNIX via the Remote Job Entry facility.

UNIX Remote Job Entry Administrator's Guide.
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D. A. Nowitz,
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P. F. Long and C., Mee, III.
Describes the initial release of the Virtual Protocol
Machine, a new UNIX synchronous communication subsystem.

& Helease 2.0 of the UNIX Virtual Protocol Machine.
P. F. Long and C. Mee, III.
Describes the second release of the UNIX Virtual Protocol
Machine,

Administration, Maintenance, and Implementation
29. Setting Up
e Setting Up UNIX.

R. C. Haight, T. J. Kowalski, M. J. Petrella, and L, A, Wehr.
Procedures used to install UNIX System III and the steps
necessary to regenerate the sof'tware.

30. Administrative Advice
& Administrative Advice for UNIX/TS.

R. C. Haight,

Hints for getting UNIX up, getting it going, and keeping it
going, plus some good stuff about hardware.
31. Accounting

@ The PWB/UNIX Accounting System.
H. S. McCreary.




Deseribes the structure, implementation, and management of
the UNIX Accounting System.

32. FS8CK

@ FSCK «~ The UNIX/TS File System Check Program.
T. J. Kowalski.
How to check and fix the file systems.

33. UNIX I/0

® The UNIX I/0 System.
D, M, Ritchie, :
Provides guidance to writers of deviece driver routines, and
is oriented more toward deseribing the environment and
nature of device drivers.

34, UNIX Implementation

" @ UNIX Implementation.
D. M.- Ritchie,
How the system actually works inside,

35. C Compiler

® A Tour through the Portable C Compiler.
8. €. Johnson,
How the portable C compiler works inside,

36. Security

e Password Security: A Case History.
R. Morris and K., Thompson, : -
How the bad guys used to be able to break the password
algorithm, and why they can't now, at least not =o easily.

@ On the Security of UNIX.
D. M. Ritchie.
Hints on how to break UNIX, and how to avoid doing so.
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1. INTRODUCTION

UNIX* is a trademark for a family of computer time-sharing operating systems developed at
Bell Laboratories and licensed by Western Electric. The first such operating system was
conceived in 1969 when Bell Laboratories scientists set about to create a computing
environment which was both comfortable to use and-effective in their work. The result is an
operating system of unusual simplicity, generality, and, above all intelligibility. The numerous
software tools and utilities in UNIX Systems coupled with a simple user interface have
propelled these systems to the forefront of popular operating systems in use both inside and
outside the Bell System. Today, within the Bell System, UNIX Systems are used in applications

. involving office automation, electronic mail, document preparation, data access, data collection,
. networking, word processing and software development.

UNIX Systems are general-purpose, multi-user, interaclive operating systems designed
specifically to make the designer’s, programmer’s and documenter's computing environment

' _ simple, efficient, flexible and productive. Features of UNIX Systems include:

s Hierarchical, tree-structured file system

Flexible, easy-to-use command language that can be tailored to meet specific user needs
e Ability to execute sequential, asyml:hronous, and background processes

o Powerful Text Editors

o High degree of portability

" . » Flexible, robust document preparation and text processing systems

-o Access to the facilities of other ("host”™ or "target") computer systems, such as IBM MVS
. Sﬁppon of numerous programming languages, including: ‘ '
— C - a high-level programming language conducive 'lo structured pro'gramming
— Fortran 77 .
' — SNOBOL
— BS - An extension of Basic
— Assembler _
+ Symbolic debugging systems.
¢ Various system programming toois (e.ﬁ., compiler-compilers)
e Sophisticated "desk calculator” packages
¢ Graphics facilities
e Source Code Control System
s Network communications facilities between CPU’s running under UNIX System 111
e Synchronous Communications subsystem
* Resource Accounting for UNIX System III .
» System Activity Package for monitoring CPU and disk/tape utilization, etc.

*  UNIX is a \rademark of Bell Laboratories



e Virtual Prolocol Machine

UNIX System III, implemented throughout the Bell System in 1980, combines the features of
UNIX Time-Sharing System, Seventh Edition and the PWB/UNIX system (Programmers
Workbench) and incorporates numerous enhancements and new capabilities. The rapid
growth in popularity of UNIX Systems in the office environment and the many new features
provided by UNIX System III have prompted Western Electric to license this new release,

1.1 New Features and Enhancements

Major new features and enhancements provided by UNIX Systemn I are:

Software Support for the DEC** KMC11 Communications Microprocessor, permitting the
downloading of many I/0 functions from the main CPU:

— KMCI11/DZ11 Asynchronous Line Support, providing lower-overhead DMA processing
for the DEC DZ11 asynchronous multiplexor.

~" A new multi-leaving IBM Remote Job Entry system with expanded utilities.

— The Virtual Protocol Machine (VPM), providing a new synchronous communications
interface for the implementation of link level protocols in a high level Ianguage

Numerous New Terminal Control Optxons
Synchronous Terminal Interface for Teletype: Model 40/4 Synchronous Terminals

A new special file type called a FIFO (First-In/First-Out). FIFOs behave like pipes in UNIX
Systems but have names and can be used tc pass. data between mulitiple, non-related

processes, implement semaphores, etc.

Parallel Communications Link driver, providing high performance local networkmg of up to

" 16 CPU’s running under UNIX System III through the DEC PCL11-B.

A New Systems Activity Package reports system statistics including CPU utilization, disk
and tape I/0 activities, terminal device activity, buffer usage, system calls, etc.

Enhanced C Compiler, 'I'ext Processing software, Source Code Control System and -Graphics
capabilities.

‘Additionally, numerous enhancements to ex:stmg software tools, new tools, games, eic. are
included.

** DEC is a irademark of Digital Equipment Corporation




2. PRODUCT OVERYIEW OF UNIX SYSTEM III
A synopsis of the major features of UNTX System III follows,
2.1 The File System

The file system of UNIX System IIl consists of a highly uniform set of directories and files
arranged in a tree-like hierarchical structure. Some of its features are:

» File systems are addressable to one billion bytes

« Simple and consistent naming conventions; name can be absolute, or relative to any
directory in the file system hierarchy. :

Mountable and de-mountable file systems and volumes
o File linking across directories
» Automatic file space allocation and de-allocation that is invisible to users

e Flexible directory and file protection modes; allows all combinations of "read”, "write" and
"execute” access, independently for the owner of each file or directory, for a group of users,
and for all other users; protection modes can be set dynamically.

o Facilities for creating, accessing, moving and processing files, directories or sets of these in a
simple, uniform and natural way.

e Provides device-independence since each physical 1/0 device, from interactive termmals to
main memory, is treated like a file, allowing uniform file and device 1/0.

2.2 The Command Language

- Communication with a CPU running under UNIX System 11] is normally carried out with the
aid of a program called "shell". The shell is both a command language interpreter and a
programming language that provides an interface to the operaling sysiem. As a command
language interpreter it reads lines typed by the user and interprets them as requests to execute
other programs. .

As 2 programming language the shell includes such features as:
¢ Control-flow primitives
o Parameter Passing
" e Variables and string substitution
» Constructs such as "while", "if then else", "case” and "for"
; Two-way communication betweeﬁ shell commands

"The shell can modify the environment in which commands run. Input and output can ‘be
redirected to files and processes that communicate through “pipes” and semaphores can be

_invoked. Commands are found by searching directories in the file system in a sequence that can
be defined by the user. Command lines can be read either from the terminal or from a file, thus
allowing command procedures to be stored for later use.

By utilizing the shell as a programming language, users of UNIX System IIl can eliminate a
greal deal of the programming drudgery that ofien accompanies a project. Many manual
procedures can be quickly, inexpensively and conveniently automated. Because it is so easy to
create and use shell procedures, projects using UNIX System IIl can customize the general
environment into one tailored to ils own requirements, organizational structure and
terminology.



2.3 Document Preparation and Text Processing

UNIX systems are renowned for their text processing and document preparation facilities.
Included are a powerful text editor, programmable text formatters that are robust and yet easy
to use, text processing macro packages which simplify the creation of letters, reports,
memoranda, books, etc., special processors for mathematical expressions and tabular material,
and numerous supporting utilities such as spelling and typographical error detectors. A variety
of output devices are supported, including phototypesetters,. typewriter-like terminals, line
printers and dot-matrix printer-plotters. UNIX System 111 contains more than one hundred
enhancements to these facilities, improving their efficiency, flexibility and robustness.

2.4 Remote Job Entry

The Remote Job Entry (RJE) facility in UNIX System III provides for the submission and
retrieval of jobs by a remote computer running under UNIX System III from an IBM host
system. To the host system, such a remote system appears as an IBM System/360 remote
multi-leaving work station. At the request of a user of the remote system, RJE gathers the
jobstream to be sent 10 the host system and subsequently retrieves from the host the resulting
output, notifies the user of the output’s arrival and places it in a convenient file on the remote
system for perusal or optionally passes it as input to a program in UNIX System III to be
automatically executed. Additionally, an interface utility is provided to execute JES or HASP
commands on the host computer from the remote system.

This release contains a new, more efficient KMC-based, multi-leaving RJE system and also
provides a D(QS-base RJE for upward compatibility.

2.5 Source Code Control System

The Source Code Control Systern (SCCS) in UNIX System III is an integrated set of commands
designed to aid software development projects or document preparation groups control changes
to source code or files of text (e.g. manuals). SCCS provides facilities for storing, updating, and
retrieving, by version number or date, all versions of source code modules or of a document,
and for recording who made the change, when it was made and why. SCCS is designed to solve
most of the source code and documentation control problems that projects encounter when
customer suppori, system testing and development are all proceeding simultaneously.

Some of the main characteristics of SCCS are:

® The exact source code or text, as jt existed at any pomt of development or maintenance, can
be recreated at any later time.

» All versions of a source module or document are stored together, so that common code or
text is stored only once.

» Versions of a source module or document can be protected from unauthorized changes.

- o Sufficient identifying information (module name, date, time, etc.) can be automatically
inserted into the source module or document, enabling one to identify the exact version of a
module given only the corresponding load module, memory dump or text.

UNIX System 1II includes several enhancements and new features for SCCS.
2.6 The Yirtual Protocol Machine

The Virtual Protocol Machine (VPM) in UNIX System III is a general-purpose synchronous
communications interface that allows link-level protocols to be implemented in a high-level
language. The VPM software consists of a protocol compiler, a driver, an interpreter that
executes in the KMC11-B microprocessor, and several utility programs. Byte-oriented, haif-

duplex synchronous {BISYNC) and bit-oriented, full-duplex protocols {e.g. HDLC, X.25) can
be implemented.




2.7 File transfer between CPU's under UNIX System-lll (uuce

UUCP consists of a series of programs designed to permit communications between CPU’s
running under UNIX System III using either dial-up or hard-wired communication lines.
UUCP’s simple user interface provides for file transfers and remote command execution.
UUCP operates in batch mode; files are created in a spool directory for subsequent processing
by a UUCP daemon program, thus eliminating the need for tying up a user port while the
actual file transfer takes place.

2.8 Resource Accounting in UNIX System 111

The Resource Accounting System in UNIX System III collects per-process resource utilization
data, records user connect time, monitors disk utilization and charges fees to individual users.
Report generators are provided for data reduction of the accounting data and generation of
summary files and reports.

2.9 The System Activity Package

A number of counters have been incorporated into UNIX System III that record various system
activities, including CPU utilization, disk and tape I/0, buffer cache hit ratios, etc. Report
- software depict this data in tabular and graphic formats. The System Activity Package is
particularly useful for system administrators to menitor performance of a CPU running under
UNIX System II1, thus enabling them to configure their system for optimum throughput.

2.10 Graphics Facilities

UNIX System IIlI includes non-interactive graphics facilities consisting of commands that
construct data plots, pie charts, bar charts, histograms, etc. An interactive graphical editor is
provided to construct, edit and display graphic images.



kB COl\dPUfER CONFIGURATIONS FOR UNIX SYSTEM 111
UNIX System HI is available for the following DEC processors:

PDP 11/23
PDP 11/34
PDP 11/44
PDP 11/45
PDP 11/70
VAX 11/780

This wide range of processing price/performance coupled with the ease of porting software
developed on one computer 1o other computers with UNIX Systemn III provides enormous
flexibility in planning a computing environment. UNIX System III can be tailored to meet the
needs of user communities ranging in size from one user up to 48 simulianeous users on a
single system. The cost per user hour of UNIX System Il is significantly lower than that of
most other interactive computer systems. The processors and peripherals supported by UNIX
System Il are-depicted in Table 1. Each hardware configuration must include at least the
following: .

s A processor with memory management
» Memory as speciﬁedA in Table 1

A system disk
A magnetic tape drive { Except for the PDP 11/23)
System clock

System console

The following equipment is strongly recommended:
. 'Flogting-point hardware

s Communications controller

Full-duplex 96 character ASCII terminals

Extra disk drive for system backup

Synchronous communication interface for RJE




o
. . . TABLE I
Processors and Peripherals Supported by UNIX System 111

i

IProeesar. PDP-11/23 | PDP-11/34 | PDP-11/45 | PDP-11/44 | PDP-11/70 | vax-11/780 |
g | Memory 256KB 256KB 256KB .05-1M8B 0.5-1MB 1-2MB
» | Floating Point: ) - FP11-A FP11-B - FP11-C FP780
Console Terminal: .
LA36 S S S S s s
LAI120 F F F F F F
Disk drives:
RLO1/2 (2 required) F F 5 ] N -
RKO5 (2 required) - 0 0 o - -
RPO3 - - 0 0 - -
RPD4,05 - 0 (8] - (o] -
. (UNIBUS) | (UNIBUS) | (UNIBUS) | (MASSBUS)
RPO6 : - . S F . - F F
(uNiBus) | (unNIBUS (UNIBUS) {MASSBUS)
Fixed-head disks: .
' RF1} - - 0 - - -
RS03.4 - - - N N N -
{uNIBUS) (UNIBUS) (MASSBUS)
Tape drives: :
TUlD - 0 o] 0 - -
Tulé - 0 4] O [ ¢] -
TEI6 - F F F F F
TU45 - - - - s S
Line printer:
E'. LPI1 (or equiv.)t - 5 s s 5 s
’ Asynch. interfaces: .
DLV1] s - - - -
DLI-E - s s S S -
D211 - 1 s 5 s 5
KMCl1B/DZ11% - F F F F F
DHIL - 0 O c 0 -
Synch, interfaces:
KMC11B/DMC - F F F F F
DMC - s ) S S S
DU1! - 0 o] 0 o -
DQS1B - - [¢) 0 O -
Auto Call Unis:
DN11AA/DA - s S S S s
Parallel interface;
DRVII S - - - - .
DRI1IC - 5 S s s -
DRIIB = S s s $ -
DA11B (use DMCs) - N N N N -
PCLIIB : - N N N N -
Max. Users 4 8 16-24 20-30 3240 48+
Key: F — First choice.

S — Supported.
© — Driver provided, but device is obsolete.
N — Driver provided, but device is not recommended.
- —= No driver - not supported. ‘
t Use a printer on an RS232 interface.
1 4 DZ11s (32 lines) per KMC.

Ocrober 1981 -

_-‘-"'th



4, SOFTWARE

Most of the programs available as commands in UNIX Systems are listed. Source code and
printed manuals are distributed for all of the listed software except games. Almost all of the
code is written in C. Commands are self-contained and do not require extra setup information,
unless specifically noted as "interactive.”" Interactive programs can be made to run from a
prepared script simply by redirecting input. Most programs intended for interactive use (e.g.,
the editor) allow for an escape to command level (the Sheil). Most file processing commands
can also go from standard input to standard output ("filters”). The piping facility of the Shell
may be used to connect such filters directly to the input ‘or output of other programs.

4.1 Basic Software

This includes the time-sharing operating system with utilities, a machine language assembler
and a compiler for the programming language C - enough software to write and run new
applications and to maintain or modify UNIX System I itself.

4.1.1 Operating System

UNIX ) The basic resident code on which everything else depends. Supports the
: system calls, and maintains the file system. A general description of the
design philosophy and system facilities in UNIX Systems appeared in the
Communications of the ACM, July, 1974. A more extensive survey is in
the Bell System Technical Journal for July-August 1978. Capabilities

include:

o Reentrant code for user processes.
e Separate instruction and data spaces.

e "Group” access permissions for cooperative projects, with overlapping
memberships.

e Alarm-clock timeouts.

e Timer-interrupt sampling and interprocess monitoring for debugging
and measurement.

» Mulitiplexed 1/0 for machine-to-machine cornmunication.

DEVICES ' All I/0 is logically synchronous. 1/0 devices are simply files in the file
system. Normally, invisible buffering makes all physical record structure
and device characteristics transparent and exploits the hardware's ability
to do overlapped 1/0. Unbuffered physical record 170 is available for
unusual applications. Drivers for these devices are available; others can
be easily written:

e Agynchronous interfaces: DZ11, KMC11B/DZ11, DH11, DL11.

s Support for most common ASCII terminals.

» Synchronous interface: KMC11B/DMC11, DMC11, DQS11, DULL.
e Automatic calling unit interface: DNI11.

¢ Parallel interface: DR11C/B, PCL11B.

» Line printer: LP11, or equivalent.

e Magnetic tape: TUI10, TUL6, TU45, TU77, or equivalent.

s DECtape: TCII,
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e Fixed heéd disk: RS11, RS03 and RS04, or equivalent.

o Pack type disk: RPO3, RP04, RPOS, RPO6, or equivalent; minimum-
_ latency seek scheduling.

o Cartridge-type disk: RLO1, RKO05, ene or more physical devices per
togical device.

e Null device.

o Physical memory of PDP-11, or mapped mémory in resident system.

o Phototypesetier: Graphic Systems System/1 through DR11C.
Procedures to get UNIX System I1I started.

Tailor device-dependent system code to hardware configuration. As
distributed, UNIX System III can be brought up directly on any
acceptable CPU with any acceptable disk, any sufficient amount of core,
and either clock. Other changes, such as optimal assignment of
directories to devices, inclusion of floating point simulator, or installation
of device names in file system, can then be made at leisure.

" 4.1,.2 User Access Control

LOGIN

PASSWD

NEWGRP

Sign on as a new user.

» Verify password and establish user’s individual and group (project)

identity. .
Adapt to characteristics of terminal.

Establish working directory.

Announce presence of mail (from MAIL).

Publish message of the day.
¢ Execute user-specified profile.
» Start command interpreter or other initial program.

" Change a password.

e User can change his own password.
'e Passwords are kept encrypted for security.

Change working group (project). Protects against unauthorized changes
to projects.

4.1.3 Terminal Handiing =

TAB
STTY

Set tab stops appropriately for specified terminal type.

Set up options for optimal control of a terminal. In so far as they are
deducible from the input, these options are set automatically by LOGIN.

¢ Half vs. full duplex.

- o Carriage return + line feed vs. newline.

¢ Interpretation of tabs.
s Parity.

* Mapping of upper case to lower.
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s Raw vs. edited input.

¢ Delays for tabs, newlines and carriage returns. '

4.1.4 File Manipulation

CAT

Cp

PR

LPR
CMP
TAIL

CSPLIT
SPLIT

DD

SUM
PACK
UNPACK
PCAT
CPIO
PASTE

CuT
REFORM

TOUCH

Concatenate one or more files onto standard output. Particularly used for
unadorned printing, for inserting data into a pipeline, and for buffering
output that comes in dribs and drabs. Works on. any file regardless of
contents.

Copy one file to another, or a set of files to a directory. Works on any
file regardless of contents.

Print files with title, date, and page number on every page.
¢ Multicolumn output.

- » Parallel column merge of several files.

Off-line print. Spools 'arbitrary files to the line printer.
Compare two files and report if different.
Print last n lines of input.

e May print last n characters, or from n lines or characters to end.

Split a large file into more manageable pieces. Occasionaily necessary for
editing (ED). :

Physical file format translator, for exchanging data with foreign systems,
especiaily IBM 370’s.

Sum the words of a file.

Store files in a compressed form.

Restore compressed files to original form.

Does for packed files what CAT does for ordina;y ﬁh_es.
Copy ﬁle archives in and out.

Merge corresponding lines of several files or subsequent lines of a single
file. o

Cut out selected fields of each line of a file.

Reformat text files.

o Rearrangment of tab characters.
e Trim trailing blanks.

e Truncate lines.

e Prepend blank lines.

.Update access and modification times of a file.

4.1.5 Manipulation of Directories and File Names

RM

Remove a file. Only the name goes away if any other names are linked
to the file,
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o Step through a directory deleting files interactively.
» Delete entire directory hierarchies.

LN "Link" another name (alias) to an existing file.
LINK
UNLINK Exercise link and unlink system calls.
MV Move a file or files. Used for renaming files.
CHMOD Change permissions on one or more files. Executable by files’ owner.
CHOWN Change owner of one or more files.
CHGRP Change group (project) to which a file belongs.
CHROOT Change root directory for a command.
~MKDIR Make a new directory.
RMDIR - Remove a directory.
MVDIR Move a directory.
CD Change working directo'ry.
UMASK Set file-creation mode mask.
FIND : Pr_owl_ the dir_ectorjv hierarchy finding every file that meets specified
criteria,

e Criteria include:
name matches a given pattern,
creation date in given range,
date of last use in given range,
given permissions,
given owner,
given special file characteristics,
boolean combinations of above.
* Any directory may be considered to be the root.
s Perform specified command on each file found.
" 4.1.6 Running of Programs
SH The Shell, or command language interpreter.
. Supply arguments to and run any executable program.
¢ Redirect standard input, standard output, and standard error files.

» Pipes: simultaneous execution with output of one process connected
to the input of another. .

» Compose compound comnmands using:
if....then. .. else,
case switches,



RSH
ENV
TEST

EXPR

WAIT
LINE
ECHO

SLEEP
NOHUP
NICE
KILL
CRON

TEE
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while loops,

for loops over lists,

break, continue and exit,

parentheses for grouping.
¢ Initiate backgound processes.

e Perform Shell programs, i.e., command scripis ‘with substitutable
arguments.

e Construct argument lists from all file names satisfying specified
patterns. :

" Take special action on traps and interrupts.

s User-settable search path for finding commands.
o Executes user-settable profile upen login. -
. Optionaliy announces presence of mail as it arrives.

o Provides variables and parameters with default setting.

. Restricted version of the shell. Allows limited command execution.

Set an environment for command execution.
Tests for use in Shell conditionals,

e String comparison.

« File nature and accessibility.

s Boolean combinations of the above. -
Slring. computations for calculating command arguments.

» Integer arithmetic. '

o Pattern matching.

Wait for termination of asynchronously running processes.

Read a line from terminal, for interactive Shell procedure.‘

Print remainder of command line. Useful for diagnostics or prompts in
Shell programs, or for inserting data into a pipeline.

Suspend execution for a specified time.
Run a command immune to hanging up the terminal.
Run a command in low (or high) priority.

Terminate named processes.

Schedule regular actions at specified times.

o Actions are arbitrary programs.

» Times are conjunctions of month, day of month, day of week, hour
and minute. Ranges are specifiable for each.

Pass dala between processes and divert a copy inte one or more files. .
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© LS

FILE ~

. DATE

DF
DU
PS

WHO

WHODO .
*
ID

I0STAT
TTY

PWD
LOGNAME
UNAME
SYSDEF |
DEVNAM
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List the names of one, several, or all files in one or more directories.
e Alphabetic or temporal sorting, up or down.-

e Optional information: size, owner, group, date last modified,. date last
accessed, permissions, i-nodeé number.

Try to determine what kind of information is in a file by consulting the
file system index and by reading the file itself.

Print today’s date and time. Has considerable knowledge of calendric and
horological peculiarities.

e May set date and time.
Report amount of free space on file system devices.

- Print a summary of total space occupied by all files in a hierarchy.

Report on active processes.
e List your own or everybody’s processes.
¢ Tell what commands are being executed.

~ o Optional status information: state and scheduling info, priority,

attached terminal, what it's waiting for, size.
Tell who's on the system. _
o List of presently logged users, ports and times on.
¢ Optional his}ory of all login's énd logouts.

Tell who's doing what on the system. Prints merged, reformatted, and
dated output from the WHO and PS eommands. )

Print user and group IDs and names.
Print statistics about system 1/0 activity.
Print name of your terminal.

. Print name of your working directory.

Print login riame.

Print the current system name of UNIX System 111,

Extract Eonﬁguration information from the operating system file.
Identify the special file associated with a mounted file system.

4.1.8 Backup and Maintenance

MOUNT
UMOUNT
~ SETMNT

MKF5

Attach a device containing a file system to the tree of directories.
Protects against nonsense arrangements.

Remove the file system contained on a device from the tree of
directories. Protects against removing a busy device.

‘Create the "mnttab” tabl'e used by the MOUNT and UNMOUNT

commands.

Make a new file system on a device.
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MKNQD Make an i-node (file system entry) for a special file. Special files are

. physical devices, virtua! devices, physical memory, etc.
TP, )
TAR Manage file archives on magnetic tape of DECtape. TAR is newer.
e Collect files into an archive.
e Update DECtape arcﬁive by date.
o Replace or delete DECtape files.
e Print table of contents.
» Retrieve from archive.
DUMP Dump the file system stored on a specified device, selectively by date, or
indiscriminately. )
"RESTOR Restore a durhped file system, or selectively retrieve parts thereof.
sSu Temporarily become the super user with all the rights and privileges
thereof. Requires a password.
FSCK Audit and interactively repair inconsistent conditions for file systems.
¢ For consistent file systerris, print gross statistics; number of files,
number of blocks used, number of blocks free. .
e For inconsistent file systems, the opetator is prompted for
concurrence before corrections are attempted.
NCHECK Generate file names from i-numbers.
CLRI - Peremptorily expunge a file and its space from a ﬁle system. Used to
repair damaged file systems. _ _
SYNC Force all outstanding 1/0 on the system to complet:on Used 1o shin
down gracefully.
~ FSDB File system debugger Used to patch up a damaged file system after a
crash. ’ '
VOLCOPY Copy a file system with label checking. -
LABELIT " Create initial labels for disk or tape file systems.
_INSTALL Install commands.
SHUTDOWN Terminate all processing.

e Broadcast log off message. .
e Unmount file systems.
e Run file-save procedure.
« Update super blocks.
= Stop processing.
4.1.9 Accounting and S)mem Aciivity Reporting

The accounting software is structured as a set of tools (consisting of both C programs and sheil
procedures) that can be used to build accounting systems.




ACCTON
ACCTDISK

ACCTDUSG
ACCTWTMP
ACCTCMS
ACCTCON

ACCTMERG
ACCTPRC
ACCTSH

RUNACCT '

FWTMP
' WTMPFIX
PROFILER
SAG

TIMEX
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Turn process accounting on (or off).

Build accounting records containing user ID, login name, and number of
disk blocks. - '

Compute disk resource consumption by login.
Write an accounting record.
Print command summary from per-process accounting records.

Connect-time accounting. Create accounting records for login/logoff
activity. }

Merge or add total accounting records.

Process accounting. Creates accounting records for executed processes.

A collection of shell procedures to manage accounting activities.

Run daily accounting. The main daily accounting shell procedure.
Normally initiated via CRON, }

Commands for manipulating accounting file records.

- A system of commands to facilitate an activity study of UNIX System III.

Display, in graphical form, system activity of UNIX System III for a
specified time interval.

Time a command and generate a system activity report.

- 4.1.10 Communication

MAIL

" NEWS

CALENDAR
WRITE
WALL
MESG

Cu

uUucp

Mail 2 message to one or more users. Also used to read and dispose of
incoming mail. The presence of mail is announced by LOGIN and
optionally by SH.

o Each message can be disposed of individually.
e Messages can be saved in files or forwarded.

Print news items. Used by system administrator 1o keep users informed
of current events.

Automatic reminder service for evenis of today and tomorrow.
Establish direct terminal communication with another user.
Write to all users.
Inhibit receipt of messages from WRITE and WALL.
Call up another time-sharing system.
o Transparent interafce to remote machine,
» File transmission.
¢ Take remote input from local file or put remote oulput into local file,
* Remote system need not be UNIX System III.
File transfer between CPU’s.

e Automatic queuing until line becomes available and remote machine
is up.



UUCLEAN
UULOG
UUNAME
UUSTAT

UUSUB
UuTO
UUPICK

CT
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e Copy between two remote machines.

e Differences, mail, etc., between two machines.
Clean up UUCP spool directory.
Maintain a summary log of UUCP and UUX transactions.
List the UUCP names of knoqvn systems.

UUCP status inguiry and job control. Display status of, or cancel,
previously specified UUCP commands, or provide general status on
UUCP connections to other systems. .

Define and monitor 28 UUCP subnetwork.

Public CPU-10-CPU command execution. Gather files from various
CPUs, execute 2 command on a specified CPU, and then send standard
“output to a file on a specified CPU.

Dial the phone number of a modem attached te a terminal, and spawn a
login process to that terminal.

4.1.11 Basic Program Development Tools

. Some of these utilities are used as integral parts of the higher leve! languages described in

Section 2.
AR

AS.PDP
AS.VAX

Masintzin archives and libraries. Combines several files into one for
housekeeping efficiency. :

e Create new archive.

+ Update archive by date.

»_Replace or delete files.
e Print table of contents.

.» Retrieve from archive.

. Assembler.

» Creates object program consisting of
code, possibly read-oniy,
initialized data or read-write code,
uninitialized data.

» Relocatable object code is directly executable ;vithout further
- transformation.

¢ Object code normally includes a symbol table.
¢ Multiple source files. -
¢ Local labels.

o Conditional assembly. .
s "Conditional jump” instructions become branches or branches plus )
jumps depending on distance.
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LIBRARY ' The basic run-time library. These routines are used freely by all
: software.

e Buffered character-by-character 1/0.

o Formatted input and output conversion (SCANF and PRINTF) for
standard input and output, files, in-memory conversion.

e Storage allocator.

» Time conversions.

« Number conversions.

¢ Password encryption.

o Quicksort.

* Random number generator.

o Mathematical function library, including trigonometric functions and
inverses, exponential, logarithm, square root, Bessel functions.

ADB Interactive debupger.
¢ Postmortem dumping.
e Examination of arbitrary files, with no limit on size.
e Interactive breakpoint debugging with the debugger as a separate

. : process.

» Symbolic reference to loéa_l and global variables.
;'Stack trace for C programs.
» Output formats: _ .
' 1-, 2-, or 4-byte integers in octal, decimal, or hex
single and double floating point
character and string
disassembled machine instructions
¢ Patching. . ,
e Searching for integer, character, or floating pattérns.
_ o Handles separated instruction and data space,
SDB Symbolic debugger (VAX-11/780 only).
s Dynamic access to program variables and stacks.
e Interactive breakpoint debugging.
¢ Selective execution of program pieces.
s Symbolic reference to local and global variables.
e Stack tracing. ’
¢ Output format control.
. ¢ Variable names written in C or F77 format.

oD Dump any file. OQutput options include any combination of octal or
decimal by words, octal by bytes, ASCII, opcodes, hexadecimal.
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+ Range of dumping is controllable.

LD - Link edit. Combine relocatable object files. Insert required routines
from specified lib;aries.

e Resulting code may be sharable.

‘s Resulting code may have separate instruction and data spaces,

LORDER Places object file names in proper order for loading, so that files
. depending on-others come after them.

NM Print the namelist (symbol table) of an object program. Provides control
over the style and order of names that are printed.

SIZE . Report the core requirements-of one or more object files.

STRIP Remove the relocation and symbol table information from an object file
to save space.

TIME Run a command and report timing informdtion on it.

PROF Construct a profile of time spent per routine from statistics gathered by

time-sampling the execution of a program. Uses floating point.
e Subroutine call frequency and average times for C programs.

MAKE Controls creation of large programs. Uses a control file specifying source
file dependencies to make new version; uses time last changed to deduce
minimum amount of work necessary.

s Knows about CC, YACC, LEX, etc.
CRASH - - Examine system images.

« Print location of a process. .

¢ Print the user structure of a process.

e Generate a kernel stack trace of a process.

e Print entries from system tables and buffers.

e Print crash dump data and statistics.

XREF . Print a cross reference for C programs.

4.1.12 Programmer s Manual for UNIX System 11

MANUAL Machine-readable version of the Programmer s Manual ‘for UNIX System_
III. ) .

» System overview,
» All commands.

All system calls.

All subroutines in C-and assembler libraries.

All devices and other special files.

Formats of ﬁle systemn and kinds of files known to system software.

Boot and maintenance procedures.

MAN Print specified manual section on your terminal.



4.1.13 Error Logging
ERRDEMON

ERRPT .
ERRDEAD
ERRSTOP
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Error-logging daemon. Collects error records from the operating system
and places them in a log file.

Process a report of logged errors.
Examine a system dump and extract error records.

Terminate the error-logging deamon.

4.1.14 Special Device Handfer Programs

300
4014
450
HP
ST

© VLX

VPR
. 4.2 Languages

Bandle special functions of DASI 300 and 300s terminals.
Paginator for the Textronix 4014 terminal.

Handle special functions of the DASI 450 terminal.

Handle special functions of HP 2460 and 2621 - series terminals.
Syﬁchronous terminal control.

VAX-11/780 LSI console floppy interface.

Versatec printer spooler.

4.2.1 The C Language

CcC

LINT

Compile and/or link edit programs in the C language. The operating
system in UNIX Systemn III, most of the subsystems, and C itseif are
written in C. For a full description of C, read The C Programming
Language, Brian W. Kernighan and Dennis M. Ritchie, Prentice-Hall,
1978.

¢ General purpose language designed for structured programming.

e Data types include character, integer, float, double, pointers to all
types, functions returning above types, arrays of all types, structures
and unions of all types.

s Operations intended to give machine-independent control of full
machine facility, including to-memory operations and pointer
arithmetic. ‘

e Macro preprocessor for parameterized code and inclusion of standard
files.

¢ All procedures recursive, with parameters by value.

* Machine-independent pointer manipulation.

+ Object code uﬁes full addressing capability of the PDP-11.
¢ Runtime library gives access 10 all system facilities.

o Definable data types.

¢ Block structure.

Verifier for C programs. Reports questionable or non- portable usage
such as:

Mismatched data declarations and procedure interfaces.
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Unused variables, unreachable code, no-effect operations.
Mistyped pointers. '
Obsolete syntax.

e Full crossmodule checking of separately compiied programs.

CB A beautifier for C programs. Does proper indentation and placement of
braces.

scc . C compiler for stand-alone programs. Prepares files for stand-alone
execution.

4.2.2 Fortran
F17 A full compiler for ANSI Standard Fortran 77.
‘ o Compatible with C and supporting tools at object level.
' ¢ Optional source compatibility with Fortran 66.
e Free format source.
¢ Optional subscript-range checking, detection of uninitia!ized variables.

e All widths of arithmetic: 2- and 4-byte integer; 4- and 8-byte real; 8-
and 16-byte complex.

RATFOR . Ratfor adds rational control structure a la C to Fortran.
s Compound statements.

. If-else,‘ do, for, while, repeat-until, break, next statements.
o Symbolic constants.

s File insertion. '

o Free format source.

» Translation of relaticnals like >, $= .

. lProduces genuine Fortran to carry away.

e May be used with F77.

EFL . Extended Fortran language. Compiles a program written in EFL
language into clean Fortran.

e C-like control structures.
s C-like data structures.
s Generic functions.
e Assignment operators (+ =, &=, etc.).
» Lpgical operators.
o Translation of relationals.
o Free-form imput.
o Defines and includes. '
4.2.3 SNOBOL

SNO A SNOBOL compiler and interpreter. Very similar 10 SNOBOL 3, its
limitations are: ’ '
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« Function definitions are static.
o Pittern matches are always anchored,
¢ No built-in functions.

4.2.4 Other Algorithmic Languages

‘BS A compiler/interpreter for modest-sized programs. A descendant of
Basic and SNOBOL 4 with a little C language thrown in.

» Statements from console execute immediately.

o Statements from a file compile for later execution {by default).
® Line-at-a-time debugging.

» Many builtin functiong.

pC Interactive programmable desk calculator. Has named storage locations
as well as conventional stack for holding integers or programs.

Unlimited precision decimal arithmetic.

e Appropriate treatment of decimal fractions.

Arbitrary input and output radices, in particular binary, otcal, decimal
and hexadecimal. .

Reverse Polish operators:
+ -*/
remainder, power, square root,
load, store, dup_licate, clear,
print, enter program text, execute.
BC A C-like interactive interface to the desk calculator DC,
» All the capabilities of DC with a high-level syntax.
e Arrays and recursive functions.

« Immediate evaluation of expressions and evaluation of functions upon
call.

» Arbitrary precision elementary funictions: exp, sin, cos, atan.
. Go-t:o-less programming.
4.2.5 Macroprocessing
M4 A general purpose macroprocessor. .
¢ Siream-oriented, recognizes macros anywhere in text.
» Syntax fits with functional syntax of most higher-level languages.
e Can evaluate integer arithmetic expressions.
4.2.6 Compiler-compilers |

YACC An LR(1)-based compiler writing system. During execution of resulting
parsers, arbitrary- C functions may be called to do code generation or
semantic actions.
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¢ BNF syntax specifications.
e Precedence relations.

e Accepts formally ambiguous grammars with non-BNF resolution
rules.

LEX Generator of lexical analyzers. Arbitrary C functions may be called upon
isolation of each lexical token.

e Full regular expression, plus left and right conteit dependence.
» Resulting lexical analysers interface cleanly with YACC parsers.
4.3 Text Processing ' '
4.3.1 Document Preparation
ED Interactive context editor. Random access to al} lines of a file.

e Find lines by number or pattern. Patterns may include: specified
characters, don’t care characters, choices among characters, repetitions
of these constructs, beginning of line, end of line.

e Add, delete, change, copy, move, or join lines.

» Permute or split contents of a line. .

o Replace one or all instances of a pattern within a line.
e Combine or split files.

e Escape to Shell (command language) during editing.

» Do any of above operations on every patiern-selected line in a given
range. . ‘

* Optional encryption for extra security.

PTX Make a permuted {key word in context) index.
SPELL Look for spelling errors by comparing each word in a document against a
word list. - : . .

. » 25,000-word list includes proper names.
¢ Handles common prefixes and suffixes.
e Collects words to help tailor local spelling lists.

TYPO Look for spelling errors by a statistical technigue; not limited 10 English.
CRYPT Encrypt and decrypt files for security.

HYPHEN Find hyphenated words.

4.3.2 Document Formatting

TROFF

NROFF Advanced typesetting. TROFF drives a Graphic Sysiems phototypesetter;

NROFF drives ASCII terminals of all types. TROFF and NROFF accept
the same input language.

e Completely definable page format keved to dynamically planted
"interrupts” at specified lines.




MM

-723-

o Maintains several separately definable typesetting environments {e.g.,
one for body text, one for footnotes, and one for unusually elaborate
headings).

+ Arbitrary number of output pools can be combined at will.

¢ Macros with substitutable arguments, and macros invocable in mid-
line.

e Computation and printing of numerical quantities.
¢ Conditional execution of macros.
e Tabular layout facility.

e Pgsitions expressible in inches, centimeters, ems, points, machine
. units or zrithmetic combinations thereof.

e Access to character-width computation for unusually difficult layout
problems.

¢ Overstrikes, built-up brackets, horizontal and vertical line drawing.

* Dynamic relative or-absolute positioning and size selection, globally or
at the character level. '

o Can exploit the characteristics of the terminal being used, for

approximating speciali characters, reverse motions, proportional
spacing, etc.

The Graphic Systems typesetter has a vocabulary of several 102-character
fonts (4 simultaneously) in 15 sizes. TROFF provides terminal output
for rough sampling of the product.

NROFF will produce multicolumn output on terminals capable of reverse
line fesd, or through the postprocessor COL.

High programming skill is required to exploit the formaltting capabilities
of TROFF and NROFF, although unskilled personnel can easily be
trained to enter documents according to canned formats such as those
provided by MM, below. TROFF and EQN are essentially identical 1o
NROFF and NEQN so it is usually possible 1o define interchangeable
formats to produce approximate TROFF copy on terminals before actual
typesetting. The preprocessor TBL is fully compatible with TROFF and
NROFF.

Format documents using the Memorandum Macro (MM) package.
Designed for use with NROFF and TROFF. Features include:

e Pagination control.

s Automatically numbered paragraph headings.
o Footnotes.

e List generation.

e Paragraphing, display and indenting.

¢ Page headers and footers.

e Table of contents.

¢ Static and Floating displays.



MMT
MVT

EQN

NEQN

TBL

TC

GREEK

coL
DEROFF
CHECKEQ
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¢ Two-column output.

¢ Special formatting macros for preparing memoranda and released
papers.

Typeset documents, view graphs, and slides. Similar to MM, except
typesetting is via TROFF.

A mathematical typesetting preprocessor for TROFF. Translates easily
readable formulas, either in-line or displayed, into detailed typesetting
instructions. ‘

s Automatic calculation of size changes for subscripts, sub-subscripts,
ete.

Full vocabulary of Greek letters and special symbols, such as
‘mamma’, "GAMMA’, ’integral’.

Automatic calculation of large bracket sizes.

Vertical "piling" of formulae for matrices, conditional alternatives, ete.

Integrals, sums, etc., with arbitrarily complex limits.

Diacriticals: dots, double dots, hats, bars, etc.
e Easily learned by nonprogrammers and mathematical typists.

A version of EQN for NROFF; accepts the same input language. Prepares
formulas for display on any terminai that NROFF knows about, for
example, those based on Diablo printing mechanism.

o Same facilities as EQN within graphical capability of terminal.

A preprocessor for NROFF/TROFF that translates simple descriptions of
table layouts and contents into detailed typesetting instructions.

« Computes column widths.

o Handles left- and right-justified columns, centered columns and
decimai-point alignment.

¢ Places column titles.
s Table entries can be text, which is adjusted to fit.
e Can box all or parts of table.
Simuiate Graphic Systems typesetter on Tektronix 4014 scope. Useful

for checking TROFF page layout before typesetting.

Fancy printing on Diablo-mechanism terminals like DASI-300 and
DASI-450, and on Tektronix 4014.

o Gives half-line forward and reverse motions.

e Approximates Greek letters and other special characters by
overstriking.

Canonicalize files with reverse line feeds for one-pass printing.
Remove all TROFF commands from input.
Check document for possible errors in EQN usage.
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CHECKCW .
MMCHEK
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Prepare TROFF input files for typesetting in the constant-width font.
Check for possible errors in CW usage.
Check for possible errors in usage of MM macros and EQN delimiters.

4.4 Information Handling

SORT

TSORT
UNIQ

TR

DIFF

BDIFF
DIFF3

SDIFF
DIFFMK
COMM

JOIN
GREP

wC

Sort or merge ASCII files lihe-by-line. No limit on input size.
e Sort up or down. )
» Sort lexicogaphically or on numeric key.
o Multiple keys located by delimiters or by character position.
s May sort upper case together with lower into dictionary order.
o Optionally suppress duplicate data.
Topological sort - converts a partial order into a total order.
Collapse successive duplicate lines in a file into one line.
e Publish lines that were originally uniqué, duplicate&, or both.
o May give redundar'icy count for each line.
Do one-to-one character translation according to an arbitrary code. :
o May coalesce selected repeated characters. '
e May delete selected characters,

Report line chahges. additions and deletions necessary to bring two files
into agreement. -

+ May pi'oduce an editor script 1o convert one file into another.
» A variant compares two new versions against one old one.
Big difference program. Process files too big for DIFF.

3-way differential file comparison. Compares three versions of a file and
publishes disagreeing ranges of text,

Side-by-side difference program. Produces a side-by-side listing of two
files indicating those lines that are different.

Compare two versions of a file and create a third file containing "change'
mark” commands for NROFF or TROFF.

Identify common lines in two sorted files. Qutput in up to 3 columns
shows lines present in first file only, present in both, and/or present in
second only.

Compbine two files by joining fecords that have identical keys.
Print all lines in a file that satisfy a pattern as used in the editor ED.
e May print all lines that fail to match.
e May print count of hits.
+ May print first hit in each file.
Count the lines, "words" (blank-separated strings) and characters in a file.
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AWK

" DIRCMP

" BES

PWCE
GRPCK
CREF

4.5 Other Utility Programs
- ARCV

BCOPY
FSCV
HELP

NL
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Stream-oriented version of ED. Can perform a sequence of editing
operations on each line of an input stream of unbounded lenght.

¢ Lines may be selected by address or range of addresses.
» Control flow and conditional testing. .

o Multiple output streams. -

e Multi-line capability.

Pattern scanning and processing language. Searches input for patierns,
and performs actions on each line of input that satisfies the pattern.

s Patterns include regular expressions, arithmetic and lexicographic
conditions, boolean combinations and ranges of these.

e Data treated as string or numeric as appropriate.

e Can break input into fields; fields are variables.

s Variables and arrays {with non-numeric subscripts).
« Full set of arithmetic operators and control flow.

e Multiple output streams to files and pipes.

e Qutput can be formatted as desired.

o Multi-line capabilities.

Examine two directories and generate tabulated information about their

T contents,

Big file scanner. Similar to ED, except it is read-only and processes

" larger files. Useful for identifying sections of a large file where CSPLIT
* can be used to divide it. '

Maximurﬁ file size is 1024-K bytes.

Scans actual file, not a copy.

All ED address expressions are supported.

» Regular expression' processing.

# Most ED commands operate.

e« Many additional commands.
Scan the password file and note inconsistencies.
Verify entries in the group file.
Make a cross-reference listing of an assembler or € program.
Convert archive files from PDP-11 to VAX-11/780 format.
Interactively copy files starting at arbitrary block boundaries. _
Convert file systems between PDP-11 and VAX-11/780 formats.

Print information to explain a message from a command or explain the
use of a command.

Line numbering fillter. Read lines from a file and prepend line numbers.
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REGCMP - Compile regular expressions. Qutput is C source code.
vC Version contrel. Copies lines based on tests of keyword values.

XARGS Construct an argument list and execute a specified command.
4.6 Graphics '

The programs in this section are predominantly intended for use with Tektronix 4014 storage
scopes. : .

GRAPHICS Establish access to the graphical and numerical commands.
GRAPH Prepares a graph of a set of input numbers.
~ « Input scaled to fit standard plotting area.
& Abscissae may be supplied automatically.
e Graph may be labeled.
. Conlroi over grid style, line style, graph orientation, etc.
SPLINE - - Provides a smooth curve through a set of points intended for GRAPH.

TPLOT A set of filters for printing graphs produced by GRAPH and other
programs on various terminals, Filters provided for Textronix 4014,
DASI termainals, Versatec printet/plotter.

GDEV A set of graphical device routines and filters for the Textronix 4010
series terminals and the Hewlett-Packard 7221 A Graphics Plotter.

GED An interactive graphical editor. Used to display, construct, and edit
graphical data files on Textronix 4010 series display terminals.

GUTIL A set of device independent graphical utility commands.

STAT - A set of command level functions (nodes) . that can be interconnected to

form a stastical network. Data is passed through the network as
sequences of numbers (vectors). There are four classes of nodes:

e Transformers map input vector elements into output vector elements.
e Summarizers calculate statistics of a vector.
N ® Translators convert among formats.
» Generators are sources of definable vectors.
TOC A set of routines 1o generate graphical table of contents,
4.7 Source Code Contrel System (SCCS)

SCCS is a collection of commands for controlling changes to files of text (typicaily, the source

code of programs or text of documents). -

ADMIN Create new SCCS files and change parameters of existing ones.
CDC Change the delta commentary of an SCCS delta.

COMB o Combine SCCS deltas.

DELTA Make a delta (change) to an SCCS file.

GET Create an ASCI] text file from a specified SCCS file.

PRS Print an SCCS file.
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RMDEL Remove a delta from an SCCS file.

SACT Inform the user of any irﬂpending deltas to a nameﬁ SCCS file.

SCCSDIFF Compare two versions of an SCCS file and generate a list of differences.

UNGET Undo a previous GET of ai SCCS file.

VAL Determine if a ‘specified file is an SCCS file meeting characteristics
* specified by the argument list. .

WHAT  Identify SCCS files.

4.8 Remote Job Entry (RJE)

RIE provides for submission and retrieval of jobs from a host system (e.g. an IBM System/360
_or System/370). To the host RJE appears to be an IBM 360 remote multileaving work station.

SEND . The command-level interface to the RJE system. It allows the user to
. coilect input from various sources in order to create a run stream
consisting of card images, and submit this run stream for transmission to

a host computer. -

GATH Concatenate files and write them to the standard output.

RIESTAT Reports interactively on the status of any job(s) on the RJE host
systems, as well as on the status of the RJE links themselves.

4.9 Virtual Protocol Machine (VPM)

VPM is a synchronous communications subsystem built around the KMC11 microcomputer.

KAS An assembler/debugger/loader for the KMC11 microprocessor.

KUN An un-assembler for the KMC11/DMC11 microprocessor. It produces
. an output listing, acceptable to the assembler KAS, from cbject code.
VPMC A compiler for the protocol descriptioh language.

e Generates a load module for the virtual protocol machine.
e Language is essentially a subset of C. '

e Uses the RATFOR preprocessor. -

o Two versions: BISYNC version, HDLC version.

VPMSTART * Writes Joad module to the KMCI11 and starts the VPM interpreter.
VPMSNAP Opens the trace drive and reads and prints time-stamped event records.
VPMTRACE Opens the trace driver and reads and prints event records.

4.10 Novelties, Games, and Things That Didn’t Fit Anywhere Else
" BACKGAMMON A player of modest accomplishment.

CHESS - Plays good class D chess,

BJ A blackjack dealer.

CUBIC An accomplished player of 4x4x4 tic-tac-toe.
' MAZE " Constructs random mazes for you to solve.

MOO A fascinating number-guessing game.



CAL
BANNER
UNITS

TTT .

ARITHMETIC
FACTOR
QuIz

WUMP
REVERSI
HANGMAN
TRUE
FALSE
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Print a calendar of specified month and year.
Print output in huge letters.

Convert amounts between different scales of measurement. Knows
hundreds of wunits. For example, how many km/sec is a
parsec/megayear?

A tic-tac-toe program that learns. It never makes the same mistake
twice,

Speed anci accuracy test for number facts,

Factor large integers.

Test your knowledge of Shakespeare, Presidents, capitals, etc. .
Hunt the wumpus, thrilling search in a dangerous cave.

A two perso-n'board' game, isomorphic to Othello.
Word-guessing game. Uses the dictionary supplied with SPELL.

Provide truth values.
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The UNIX Time-Sharing System®

D. M. Riwchie and K. Thompsen

ABSTRACT

UNIXT is a general-purpose, multi-user, interactive operating system for
the larger Digital Equipment Corporation PDP-11 and the Interdata 8/32 com-
puters. It offers a number of features seldom found even in larger operating
systems, including

i A hierarchical file system incorporating demountable volumes,
ii ~ Compatible file, device, and inter-process 1/0,

iii ~ The ability to initiate asynchronous processes,

iv  System command language selectable on a per-user basis,

v Over 100 subsystems including a dozen language;s.

vi  High degree of portability.

This paper discusses the nature and implementation of the file system and of
the user command interface.

1. INTRODUCTION

There have been four versions of the UNIX time-sharing system. The earliest (circa
1969-70) ran on the Digital Equipment Corporation PDP-7 and -9 computers. The second ver-
sion ran on the unprotected PDP-11/20 computer. The third incorporated multiprogramming
and ran on the PDP-11/34, /40, /45, /60, and /70 computers; it is the one described in the pre-
viously published version of this paper, and is also the most widely used today. This paper
describes only the fourth, current system that runs on the PDP-11/70 and the Interdata 8/32
computers. In fact, the differences among the various systems is rather small; most of the revi-
sions made to the originally published version of this paper, aside from those concerned with
style, had 1o do with details of the implementation of the file system.

~ Since PDP-11. UNIX became operational in February, 1971, aver 600 instaliations have been
put into service. Most of them are engaged in applications such as computer science education,
the preparation and formatling of documents and other textual material, the collection and pro-
cessing of trouble data from various switching machines within the Bell System, and recording
and checking tetephone service orders. Our own installation is used mainly for research in
operating systems, languages, computer networks, and other topics in computer science, and
also for document preparation.

Perhaps the most important achievement of UNIX is to demonstrate that a powerful
operating system for interactive use need nol be expensive either in equipment or in human
effort: it can run on hardware costing as little as $40,000, and less than 1wo man-years were
spent on the main system software. We hope, however, thal users find that the most important

* Copyright 1974, Association for Computing Machinery, Inc., reprinted by permission. This is a revised ver-
sion of an article that appeared in Communications of the acm, /7, No. 7 (July 1974), pp. 365-375. That arli-
cle was a revised version of a paper presented at the Fourth acM Symposium on Operating Systems Princi-
ples, 18M Thomas J. Watson Research Center, Yorkiown Heights, New York, Oclober 15-17, 1973,

tUNIX is a Trademark of Bell Laborawories.
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characteristics of the system are its simplicity, elegance, and ease of use.
Besides the operating system proper, some major programs available under UNIX are

C compiler

Text editor based on QED!

Assembiler, linking loader, symbolic debugger

Phototypeselting and equation setting programs?:3

Dozens of languages including Fortran 77, Basic, Snobol, APL, Algol 68, M6,
TMG, Pascal

There is a host of ‘maintenance, utility, recreation and novelty programs, all written locally.
The UNIX user community, which numbers in the thousands, has contributed many more pro-
gratns and languages. [t is worth noting that the system is totally self-supporting. All UNIX
software is maintained on the system: likewise, this paper and all other documents in this issue
were penerated and formatied by the UNIX editor and text formatting programs.

II. HARDWARE AND SOFTWARE ENVIRONMENT

The PDP-11/70 on which the Research UNIX system is installed is a 16-bit word (8-bit
byte) computer with 768K bytes of core memory; the sysiem kernel occupies 90K bytes about
equally divided between code and data tables. This system, however, includes a very large
number of device drivers and enjoys a generous allotment of space for I/O buffers and system
tables; 2 minimal system capable of running the software mentioned above can require ag little
as 96K bytes of core altogether. There are even larger installations; see the description of the
PWB/UNIX systems,% 3 for example. There are also much smalier, though somewhat restricted,
versions of the system.®

Our own PDP-11 has two 200-Mb moving-head disks for file system storage and swapping.
There are 20 variable-speed communications interfaces attached to 300- and 1200-baud data
sets, and an addilional 12 communication lines hard-wired to 9600-baud terminals and satellite
computers. There are also several 2400- and 4800-baud synchronous communication interfaces
used for machine-to-machine file transfer. Finally, there is a variely of miscellaneous devices
including nine-track magnetic tape, a line printer, a voice synthesizer, a phototypesetter, a digi-
tal switching network, and a chess machine.

The preponderance of UNIX software is written in the abovementioned C language.’ Early
versions of the operaling system were written in assembly language, but during the summer of
1973, it was rewritten in C. The size of the new system was about one-third greater than that
of the old. Since the new system not only became much easier to understand and to modify
but also included many functional improvements, including multiprogramming and the ability
10 share reentrant code among several user programs, we consider this increase in size quite
acceptable.

111. THE FILE SYSTEM

The most important role of the system is to provide a file system. From the point of view
of the user, there are three kinds of files: ordinary disk files, directories, and special files.

3.1 Ordinary files

A file conlains whatever information the user places on il, for example, symbolic or
binary (object) programs. No particular structuring is expected by the system. A file of text
consists simply of a string of characters, with lines demarcated by the newline character. Binary
programs are sequences of words as they will appear in core memory when the program starts
executing. A few user programs manipulate files with more structure; for example, the assem-
bler generates, and the loader expects, an object file in a particular format. However, the struc-
ture of files is-controlled by the programs that use them, not by the sysiem.




3.2 Directories

Directories provide the mapping between the names of files and the files themselves, and
thus induce a structure on the file system as a whole. Each user has a directory of his own
files; he may also create subdirectories 1o conlain groups of files conveniently treated logether.
A directory behaves exactly like an ordinary file except (hat il cannot be written on by
unprivileged programs, so that the system controls the conients of directories. However, any-
one with appropriate permission may read a directory just like any other file.

The system maintains several directories for ils own use. One of these is the root direc-
tory. All files in the system can be found by tracing a path through a chain of directories until
the desired file is reached. The starting point for such searches is often the root. Other system
directories contain all the programs provided for general use; that is, all the conunands. As will
be seen, however, it is by no means necessary that a program reside in one of these directories
for it to be executed.

Files are named by sequences of 14 or fewer characters. When the name of a file is
specified to the system, it may be in the form of a path name, which is a sequence of directory
names separated by slashes, ‘*/”", and ending in a file name. If the sequence begins with a
slash, the search begins in the root directory. The name /alpha/beta/gamma causes the sys-
tem to search Lhe root for directory alpha, then to search alpha for beta, finally to find gamma
in beta. gamma may be an ordinary file, a directory, or a special file. As a limiting case, the
name-**/"" refers to the root itself,

A path name not starting with **/*" causes the system to begin the search in the user's
current directory. Thus, the name alpha/beta specifies the file named beta in subdirectory
alpha of the current directory. The simplest kind of name, for example, alpha, refers 1o a file
that itself is found in the current directory. As another limiting case, the null file name refers
to the current directory.

The same non-directory file may appear in several directories under possibly different
names. This feature is called finking, a directory entry for a file is sometimes called a link. The
UNIX system differs from other systems in which linking is permitted in that alf links to a file
have equal status. That is, a file does not exist within a particular directory; the directory entry
for a file consists merely of its name and a pointer to the information actually describing the
fite. Thus a file exists independently of any directory entry, although in practice a file is made
to disappear along with the last link 1o it.

(3% "

Each directory always has at izast two entries. The name **."" in each directory refers to
the directory itself. Thus a program may read the current directory under the name **.”
without knowing its complete path name. The name “‘.."" by convention refers to the parent
of the directory_ in which it appears, that is, to the directory in which it was created.

The directory structure is constrained to have the form of a rooted tree. Except for the
special entries **."" and **.."", each directory must appear as an entry in exactly one bther
directory, which is its parent. The reason for this is to simplify the writing of programs that
visit subtrees of the direclory structure, and more importanl, to avoid the separation of portions
of the hierarchy. If arbitrary links to directories were permitted, it would be quite difficuit to
detect when the last connection from the root to a directory was severed.

3.3 Special files

Special files constitute the most unusual feature of the UNIX file system. Each supported
1/0 device is associated with at least one such file. Special files are read and written just like
ordinary disk files, but requests to read or write result in activation of the associated device.
An entry for each special file resides in directory /dev, although a link may be made to one of
these files just as it may to an ordinary file. Thus, for example, to wrile on a magnetic tape one
may wrile on the file /dev/mt. Special files exist for each communication line, each disk, each
tape drive, and for physical main memory. Of course, the active disks and the memory special
file are protected from indiscriminate access.
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There is a threefold advantage in treating [/O devices this way: file and device I/O are as
similar as possible; file and device names have the same syntax and meaning, so that a program
expecling a file name as a parameter can be passed a device name; finally, special files are sub-
ject 1o the same protection mechanism as regular files.

3.4 Removable file systems

Although the root of the file system is always stored on the same device, il iS nol neces-
sary that the entire file system hierarchy reside on this device. There is a mount system
request with two arguments: the name of an existing ordinary file, and the name of a special file
whose associated storage volume (e.g., a disk pack) should have the structure of an indepen-
dent file system containing its own directory hierarchy. The effect of mount is jo cause refer-
ences to the heretofore ordinary file to refer instead to the root directory of the file system on
the removable volume. In effect, mount replaces a leaf of the hierarchy tree (the ordinary file)
by a whole new subtree (the hierarchy stored on the removable volume). After the mount,
there is virtually no distinction between files on the removable volume and those in the per-
manent file system. In our installation, for example, the root directory reside3 on a small parti-
tion of one of our disk drives, while the other drive, which contains the user’s files, is mounted
by the sysiem initialization sequence. A mountable file system is generated by writing on its
corresponding special file. A utility program is available to create an empty file system, or one
may simply copy an existing file system.

There is only one exception o the rule of identical treatment of files on different devices:
no link may exist between one file system hierarchy and another. This restriction is enforced
so as o avoid the elaborate bookkeeping that would otherwise be required to assure removal of
the links whenever the removable volume is dismounted.

3.5 Protection

Although the access control scheme is quite simple, it has some unusual features. Each
user of the system is assigned a unique user identification number. When a file is created, it is
marked with the user ID of its owner. Also given for new files is a set of ten protection bits.
Nine of these specify independently read, write, and execute permission for the owner of the
file, for other members of his group, and for all remaining users.

If the tenth bil is on, the system will temporarily change the user identification (hereafter,
user ID) of the current user to that of the creator of the file whenever the file is executed as a
program. This change in user D is effective only during the execution of the program that calls
for it. The set-user-ID feature provides for privileged programs that may use files inaccessible
to other users. For example, a program may keep an accounting file that should neither be read
nor changed except by the program itself. If the set-user-1D bit is on for the program, it may
access the file although this access might be forbidden to other programs invoked by the given
program’s user. Since the aciual user ID of the invoker of any program is always available, set-
user-ID programs may take any measures desired to satisfy themselves as to their invoker's
credentials. This mechanism is used to allow users to execute the carefully written commands
that call privileged system entries. For example, there is a system entry invokable only by the
“super-user’’ (below) thal creates an emply directory. As indicated above, directories are
expected (o have entries for **. " and **.."". The command which creates a directory is owned
by the super-user and has the set-user-ID bit set. Afier it checks its invoker’s authorization to
create the specified directory, it creates it and makes the entries for **, " and **.."".

Because znyone may set lhe set-user-ID bit on one of his own files, this mechanism is
generally available without administrative intervention. For example, this protection scheme
easily solves the MOO accounting problem posed by ** Aleph-null.”'8

The system recognizes one particular user 1D (that of the “‘super-user’’) as exempt from
the usual constraints on file access; thus (for example), programs may be written to dump and
reload the file system without unwanted interference from the protection sysiem.




3.6 1/0 calls

The system calls to do 1/0 are designed to eliminate the differences between the various
devices and styles of access. There is ng distinction between “‘random’’ and ‘‘sequential®’ /0O,
nor is any logical record size imposed by the system. The size of an ordinary file is determined
by the number of byles wrilten on it; no predetermination of the size of a file is necessary or
possible.

To illustrate the essentials of [/0, some of the basic calls are summarized below in an
anonymous language that will indicate the required parameters without geuling into the underly-
ing complexities. Each call 10 the system may polentially result in an error return, which for
simplicity is not represented in the calling sequence.

To read or write a file assumed to exist already, it must be opened by the following call:
filep = open (name, flag)

where name indicates the name of the file. An arbitrary path name may be given. The flag
argument indicates whether the file is 1o be read, written, or “‘updated,” that is, read and writ-
ten simultaneously.

The returned value filep is called a fife descriptor. 1t is a small integer used to identify the
file in subsequent calls to read, write, or otherwise manipulate the file.

To create a new file or completely rewrite an old one, there is a create system call that
creates the given file if it does not exist, or truncates it to zero length if it does exist, create
also opens the new file for writing and, like open, returns a file descriptor.

The file system maintains no locks visible to the user, nor is there any restriction on the
number of users who may have a file open for reading or writing. Although it is possible for
the contents of a file to become scrambled when two users write on it simulianeously, in prac-
tice difficulties do not arise. We take the view thal locks are neither necessary nor sufficient, in
our environment, to prevent interference between users of the same file. They are unnecessary
because we are not faced with large, single-file data bases maintained by independent processes.
They are insufficient because locks in the ordinary 'sense, whereby one user is prevented from
writing on a file that another user is reading, cannot prevent confusion when, for example, both
users are editing a file with an editor that makes a copy of the file being edited.

There are, however, sufficient internal interlocks to maintain the logical consistency of the
file system when two users engage simultaneously in activities such as writing on the same file,
creating files in the same directory, or deleting each other’s open files.

Except as indicated below, reading and wriling are sequential. This means that il a partic-
ular byte in the file was the fast byte written (or read), the next I/O call implicitly refers 10 the
immediately foilowing byte. For each open file there is a pointer, maintained inside the system,
that indicates the next byte to be .read or written. IF » byles are read or writien, the pointer
advances by » bytes.

Once a file is open, the following calls may be used:

I

n = read (filep, buffer, count)
n = write ( filep, buffer, count)

Up 1o count bytes are transmitted between the file specified by filep and the byte array specified
by buffer. The returned value n is the number of byies actually transmitied. In the write case,
n is the same as count except under exceptional cendilions, such as 1/0 errors or end of physi-
cal medium on special files; in a read, however, n may without error be less than count. If the
read pointer is so near the end of the file that reading count characters would cause reading
beyond the end. only sufficient byles are transmitled to reach the end of the file, also.
typewriter-like terminals never return more than one line of input. When a read call returns
with n equal to zero, the end of the file has been reached. For disk files this occurs when the
read pointer becomes equal to the current size of the file. It is possible to generate an end-of-
file from a terminal by use of an escape sequence that depends on the device used.
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Bytes written affect only those parts of a file implied by the position of the write pointer
and the count; no other part of the file is changed. If the last byte lies beyond the end of the
file. the file is made to grow as needed.

To do random (direct-access) 1/0 it is only necessary to move the read or write pointer to
the appropriate location in the file.

location = Iseek { filep, offset, base)

The pointer associated with filep is moved to a position offset bytes from the beginning of the
file, from the current position of the pointer, or from the end of the file, depending on base.
offset may be negative. For some devices (e.g.. paper tape and terminals) seek calls are
ignored. The actual offset from the beginning of the file to which the pointer was moved is
returned in location.

There are several additional system entries having to do with 1/0 and with the file system
that will not be discussed. For example: close a file, get the status of a file, change the protec-
ton mode or the owner of a Rle, create a directory, make a link to an existing file, delete a file.

IV. IMPLEMENTATION OF THE FILE SYSTEM

As mentioned in Section 3.2 above, a directory entry contains only a name for the associ-
ated file and a pointer to the file itsell. This pointer is an integer called the i-number (for index
number) of the file. When the file is accessed, its i-number is used as an index into a system
table (the i-fisr} stored in a known part of the device on which the directory resides. The entry
found thereby (the file’s i-node) contains the description of the file:

i the user and group-1D of its owner

i its protection bits

iii  the physical disk or tape addresses for the file contents

iv  its size

v time of creation, last use, and last modification

vi  the number of links to the file, that is, the number of times it appears in a directory
vii  a code indicating whether the file is a directory, an ordinary file, or a special file.

The purpose of an open or create system call is (o turn the path name given by the user into an
i-number by searching the explicitly or implicitly named directories. Qnce a file is open, its
device, i-number, and read/write pointer are stored in a system table indexed by the file
descriptor returned by the open or create. Thus, during a subsequent call to read or write the
file. the descrip_tor may be easily related to the information necessary to access the file.

When a new file is created, an i-node is allocated for it and a directory entry is made that
contains the name of the file and the i-node number. Making a link to an existing file involves
creating a directory entry with the new name, copying the i-number from the original file entry,
and incrementing the link:count field of the i-node. Removing (deleting) a file is done by
decrementing the link-count of the i-node specified by its directory entry and erasing the direc-
tory entry. If the link-count drops to 0, any disk blocks in the file are freed and the i-node is
de-allocated.

The space on all disks that contain a file system is divided into a number of 512-byte
blocks logically addressed from O up to a limit that depends on the device. There is space in
the i-node of each file for 13 device addresses. For nonspecial files, the first 10 device
addresses point at the first 10 blocks of the file. If the file is larger than 10 blocks, the 11 dev-
ice address points to an indirect block containing up to 128 addresses of additional blocks in the
file. 5tll larger files use the twelfth device address of the i-node to point to a double-indirect
block naming 128 indirect blocks, each pointing to 128 blocks of the file. If required, the thir-
teenih device address is a triple-indirect block. Thus files may conceptually grow to
[(104+128+1282+128%)512] byles. Once opened, bytes numbered below 5120 can be read
with a single disk access; bytes in the range 5120 1o 70,656 require two accesses; bytes in the
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range 70,656 to 8,459,264 require three accesses; bytes from there to the largest file
{1,082,201,088) require four accesses. In practice, a device cache mechanism- (see below)
proves effective in eliminating most of the indirect felches.

The foregoing discussion applies to ordinary files. When an 1/0 request is made 1o a file
whose i-node indicates that it is special, the last 12 devjce address words are immaterial, and
the first specifies an internal device name, which is interpreted as a pair of numbers represent-
ing, respectively, a device lype and subdevice number. The device type indicates which system
routine will deal with I/0 on that device; the subdevice number selects, for example, a disk
drive attached to a particular controller or one of several similar terminal interfaces.

In this environment, the implementation of the mount system call (Section 3.4} is quite
straightforward. mount mainlains a system table whose argument is the i-number and device
name of the ordinary file specified during the mount, and whose corresponding value is the
device name of the indicated special file. This table is searched for each i-number/device pair
that turns up while a path name is being scanned during an open or create; if a maich is found,
the i-number is replaced by the i-number of the root directory and the device name is replaced
by the table value.

To the user, both reading and writing of files appear to be synchronous and unbuffered.
That is, immediately after return from a read call the data are available; conversely, after a
write the user's workspace may be reused. In facl, the system maintains a rather complicated
buffering mechanism that reduces greatly the number of I/0 operations required to access a
file. Suppose a write call is made specifying transmission of a single byle. The system will
search its buffers to see whether the affecied disk block currentiy resides in main memory; if
not, it will be read in from the device. Then the affected byte is replaced in the buffer and an
entry is made in a list of blocks to be written. The return from the write call may then lake
place, although the actual I/0 may not be completed until a laiter time. Conversely, if a single
byte is read, the system determines whether the secondary storage block in which the byte is
located is already in one of the sysiem’s buffers; if so, the byte can be relurned immediately. If
not, the block is read into a buffer and the byte picked out.

The system recognizes when a program has made accesses Lo sequential blocks of a file,
and asynchronously pre-reads the next block. This significantly reduces the running time of
most programs while adding little to system overhead.

A program that reads or writes files in units of 512 byles has an advantage over a program
that reads or writes a single byte at a lime, but the gain is not immense; it comes mainly from
the avoidance of system overhead. If a program is used rarely or does no greal volume of 1/0,
it may quite reasonably read and wrile in units as small as il wishes.

The notiop of the i-list is an unusual feature of UNIX. In practice, this method of organiz-
ing the file system has proved quile reliable and easy to deal with. To the system itself, one of
its strengths is the fact that each file has a short, unambiguous name related in s simple way to
the protection, addressing, and other information needed to access the file. It also permits a
quite simple and rapid algorithm for checking the consistency of a file system, for example,
verification Lhat the portions of each device containing useful information and those free to be
allocated are disjoint and together exhaust the space on the device. This algorithm is indepen-
dent of the directory hierarchy, because it need only scan the linearly organized i-list. At the
same time the notion of the i-list induces certain peculiarities not found in other file sysiem
organizations. For example, there is the question of who is to be charged for the space a file
occupies, because all directory entries for a file have equal status. Charging the owner of a file
is unfair in general, for one user may create a file, another may link (o it, and the first user may
delete the file. The Arst user is still the owner of the file, but it should be charged 1o the
second user. The simplest reasonably fair algorithm seems to be (o spread the charges equally
among users who have links to a file. Many installations avoid the issue by nol charging any
fees at all.



V. PROCESSES AND IMAGES

An image is a computer execution environment. It includes a memory image, general
register values, status of open files, current direciory and the like. An image is the current
state of a pseudo-computer.

A process is the execution of an image. While the processor is executing on behalf of a
process, the image must reside in main memory; during the execution of other processes it
remains in main memory unless the appearance of an active, higher-priority process forces it to
be swapped oul to the disk.

The user-memory part of an image is divided into three logical segments. The program
text segment begins at location 0 in the virtual address space. During execution, this segment
is write-protected and a single copy of it is shared among all processes executing the same pro-
gram. At the first hardware protection byte boundary above the program text segment in Lhe
virtual address space begins a non-shared, writable data segment, the size of which may be
extended by a sysiem call. Starting at the highest address in the virtual address space is a stack
segment, which automatically grows downward as the stack pointer fluctuates.

5.1 Processes

Except while the system is bootstrapping itself inic operation, a new process ¢an come
into existence only by use of the fork system call:

processid = fork ()

When fork is executed, the process splits into two independently executing processes. The two
processes have independent copies of the original memory image, and share all open files. The
new processes differ only in that one is considered the parent process: in the parent, the
returned processid actually identifies the child ‘process and is never 0, while in the child, the
returned value is always 0.

Because the values returned by fork in the parent and child process are distinguishable,
each process may determine whether it is the parent or child.

5.2 Pipes

Processes may communicate with related processes using the same system read and write
calls that are used for file-system 1/0. The call:

filep = pipe ()

rewurns a file descriptor filep and creates an inter-process channel called a pipe. This channel,
like other open files, is passed from parent to child process in the image by the fork call A
read using a pipe file descriptor waits until another process writes using the file descriptor for
the same pipe. At this point, data are passed between the images of the two processes. Neither
process need know that a pipe, rather than an ordinary file, is involved.

Although inter-process communication via pipes is a quite valuable tool (see Section 6.2),
it is not a completely general mechanism, because the pipe must be set up by a common ances-
tor of the processes involved.

5.3 Execution of programs
Another major system primitive is invoked by

execute (file, arg,, arg,, ..., arg )

which requests the sysiem (o read in and execute the program named by file, passing it string
arguments arg,, arg;, ..., arg,. All the code and data in the process invoking execute is
replaced from the file, but open files, current directory, and inter-process relationships are
unaltered. Only if the call fails, for example because file could not be found or because its
execute-permissien bit was not set, does a return take place from the execute primitive; it
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resemnbles 2 “‘jump’’ machine instruction rather than a subroutine call.

5.4 Process synchronization
Another process control system call:

processid = wait (status)

causes its caller to suspend execution until one of its children has completed execution. Then
wait returns the processid of the terminated process. An error return is taken if the calling
process has no descendants. Certain status from the child process is also available.

5.5 Termination
Lastly:

exit { status)

terminates a process, destroys its image, closes its open files, and generally obliterates it. The
parent is notified through the wait primitive, and status is made available to it. Processes may
also terminaie as a result of various illegal actions or user-generated signals (Section VII
below). '

V1. THE SHELL

For most users, communication with the system is carried on with the aid of a program
called the shell. The shell is a command-line interpreter: it reads lines typed by the user and
interprets them as requests to execute other programs. (The shell is described fully elsewhere,?
so this section will discuss only the theory of its operation.) In simplest form, a command line
consists of the command name followed by arguments to the command, all separated by spaces:

command arg, arg, ....arg

The shell splits up the command name and the arguments into separate strings. Then a file
with name command is sought; command may be a path name including the **/** character to
specify any file in the system. If command is found, it is brought into memory and executed.
The arguments collected by the sheil are accessibie to the command. When the command is
finished, the shell resumes its own execution, and indicates its readiness to accept another com-
mand by typing a prompt character.

If file command cannot be found, the shell generally prefixes a string such as /bin/ to
command and attempts again to find the file. Directory /bin contains commands intended to0
be generally used. (The sequence of directories to be searched may be changed by user
request.)

6.1 Standard 1/0

The discussion of 170 in Section IIl above seems to imply that every file used by a pro-
gram musl be opened or created by the program in order to get a file descriptor for the file.
Programs executed by the shell, however, start off with three open files with file descriptors 0,
1, and 2. As such a program begins execution, file 1 is open for writing, and is best understood
as the standard output file. Except under circumstances indicated below, this file is the user’s
terminal. Thus programs that wish 1o wrile informative information ordinarily use file descrip-
tor 1. Conversely, file 0 staits off open for reading, and programs thal wish to read messages
typed by the user read this file.

The shell is able to change the standard assignmenis of these file descriptors from the
user's terminal printer ang keyboard. If one of the arguments to a command is prefixed by
“>"_file descriptor | will, for the duration of the command, refer to the file named after the
“*“>". For example:
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Is

ordinarily lists, on the typewriter, the names of the files in the current directory. The com-
mand:

s >there

creates a file called there and places the listing there. Thus the argument > there means “‘place
.output on there.”” On the other hand:

ed

ordinarily enters the editor, which takes requests from the user via his keyboard. The com-
mand

ed <script ‘
interprets script as a file of editor commands; thus < script means *‘1ake input from script.”

Although the file name foilowing ** <’ or *“*>"" appears to be an argument to the com-
mand, in fact it is interpreted completely by the shell and is not passed to the command at all.
Thus no special coding to handle [/0O redirection is needed within each command; the com-
mand need merely use the standard file descriptors 0 and 1 where appropriate.

File descriptor 2 is, like file 1, ordinarily associated with the terminal output stream.
When an output-diversion request with “>"" is specified, file 2 remains attached to the termi-
nal, so that commands may produce diagnostic massages that do not silently end up in the out-
put file.

6.2 Filters

An extension of the standard 1/0 notion is used to direct output from one command to
the input of another. A sequence of commands separated by vertical bars causes the shell to
execute all the commands simultanecusly and to arrange that the standard output of each com-
" mand be delivered 1o the standard input of the next command in the sequence. Thus in the
command line: :

is|pr —2|opr

Is lists the names of the files in the current directory; its output is passed lo pr, which paginates
its input with dated headings. (The argument **—2°" requests double-column output.) Likewise,

the output from pr is input to opr; this command spools its input onto a file for off-line print-

ing.
This procedure could have been carried out more clumsily by:
Is >templ .
pr —2 <templ >temp2 -
opr <temp?2 ) -

-~
followed by removal of the temporary files. In the abseng&-éf the ability to redirect output and
input, a still clumsier method would have been 10 reduire the Is command to accept user
réquests to paginate its output, to print in multi-column format, and to arrange thal its output
be delivered off-line. Actually it would be surprising, and in fact unwise for efficiency reasons,
to expect authors of commands such as Is to provide such a wide variety of output options.

A program such as pr which copies its standard input to its standard output (with process-
ing) is called a filier. Some filters that we have found useful perform character transliteration,
selection of lines according to a pattern,. sorting of the input, and encryption and decryption.
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6.3 Command separators; multitasking

Another feature provided by the shell is relatively straightforward. Commands need not
be on different lines; instead they may be separated by semicolons:

Is; ed
will first list the contents of the current directory, then enter the editor.

A related feature is more interesting. If a command is followed by "*&,*" the shell will not
wait for the command to finish before prompting again; instead, it is ready immediately to
accept a new command. For example:

-as source >outpul &

causes source to be assembled, with diagnostic output going to output; no matier how long the
assembly takes, the shell returns immediately. When the shell does not wait for the completion
of a command, the identification number of the process running that command is printed. This
identification may be used to wait for the completion of the command or to terminale it. The
**&' may be used severai times in a line:

as source >output & Is >files &

does both the assembly and the listing in the background. In these examples, an output file
other than the terminal was provided; il this had not been done, the outputs of the various
commands would have been intermingled.

The shell alsc allows parentheses in the above operations. For example:
(date; I1s) >x &

writes the current date and time followed by a list of the current directory onto the file x. The
shell also returns immediately for another request.

6.4 The shell as a command; command files

The shell is itself a command, and may be called recursively. Suppose file tryout contains
the lines:

as source
mv a.out testprog
testprog

The mv command causes the file a.out to be renamed testprog. a.out is the (binary) output of
the assembler, ready to be executed. Thus if the three lines above were typed on the keyboard,
source would be assembled, the resulting program repamed testprog, and testprog executed.
When the lines are in tryout, the command:

sh <tryout

would cause the shell sh to execute the commands sequentially.

The shell has further capabilities, including the ability to substitute parameters and to con-
struct argument lists from a specified subset of the file names in a directory. It also provides
.general conditional and looping constructions. i

6.5 Implementation of the shell

The outline of the operation of the shell can now be understood. Most of the time, the
shell is waiting for the user 1o type 2 command. When the newline character ending the line is
typed, the shell’s read call returns. The shell analyzes the command line, putting the argu-
ments in a form appropriate for execute. Then fork is called. The child process, whose code of
course is still that of the shell, attempts to perform an execute with the appropriale arguments.
If successful, this will bring in and start execution of the program whose name was given.
Meanwhile, the other process resulting from the fork, which is the parent process, waits for the
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child process to die. When this happens, the shell knows the command is finished, so it types
its prompt and reads the keyboard to obtain another command.

Given this framework, the implementation of background processes is trivial, whenever a
command line contains “*&," the shell merely refrains from waiting for the process that it
created to execute the command.

Happily, all of this mechanism meshes very nicely with the notion of standard input and
output files. When a process is created by the fork primitive, it inherits not only the memory
image of its parent but also all the files currently open in its parent, including those with file
descriptors 0, 1, and 2. The shell, of course, uses these files to read command lines and to
write its prompts and diagnostics, and in the ordinary case its children—the command
programs—inherit them automatically. When an argument with <’ or **>"" is given, how-
ever, the offspring process, just before it performs execute, makes the standard 170 file descrip-
tor (0 or 1, respectively) refer to the named file. This is easy because, by agreement, the smal-
lest unused file descriptor is assigned when a new file is opened (or created); it is only neces-

sary to close file 0 {or 1) and open the named file. Because the process in which the comrand
" program runs simply terminates when it is through, the association between a file specified after
“< or ““>" and file descriptor 0 or 1 is ended automatically when the process dies. There-
fore the shell need not know the actual names of the files that are its own standard input and
output, because it need never reopen them.

Filters are straightforward extensions of standard I/O redirection. with pipes used instead
of files.

In ordinary circumstances, the main loop of the shell never terminates. (’I'he_ main loop
includes the branch of the return from fork belonging to the parent process; that is, the branch
‘that does a wait, then reads another command line.) The one thing that causes the shell to ter-
minate is discovering an end-of-file condition on its input file. Thus, when the shell is exe-
cuted as a command with a given input file, as in:

sh <comfile

the commands in comfile will be executed until the end of comfile is reached; then the instance
of the sheli invoked by sh will terminate. Because this shell process is the child of another
instance of the shell, the wait executed in the latter will return, and another command may
then be processed.

6.6 Initialization

The instances of the shell 10 which users type commands are themselves children of
another process. The last step in the initialization of the system is the creation of a single pro-
cess and the invocation (via execute) of a program called init. The role of init is to create one
process for each terminal channel. The various subinstances of init open the appropriate termi-
nals for input and output on files 0, 1, and 2, waiting, if necessary, for carrier to be established
on dial-up lines. Then a message is typed out requesting that the user log in. When the user
types a name or other identification, the appropriale instance of init wakes up, receives the
log-in line, and reads a password file. If the user’s name is found, and if he is able Lo supply
the correct password, init changes (o the user’s default current directory, sets the process’s user
ID to that of the person logging in, and performs an execute of the shell. At this point, the
shell is ready to receive commands and the logging-in protocol is complete.

Meanwhile, the mainstream path of init (the parent of all the subinstances of itself that
will later become shells) does a wait. If one of Lthe child processes terminates, either because a
shell found an end of file or because a user typed an incorrect name or password, this path of
init simply recreates the defunct process, which in turn reopens the appropriate input and out-
put files and types another log-in message. Thus a user may log out simply by typing the end-
of-file sequence 1o the shell.
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6.7 Other programs as shell

The shelt as described above is designed to allow users full access to the facilities of the
system, because it will invoke the execution of any program with appropriate protection mode.
Sometimes, however, a different interface to the system is desirable, and this feature is easily
arranged for.

Recall that after a user has successfully logged in by supplying a name and password, init
ordinarily invokes the shell to interpret command lines. The user’s entsy in the password file
may contain the name of a program to be invoked after log-in instead of the shell. This pro- .
gram is free to interpret the user’s messages in any way it wishes.

For example, the password file entries for users of a secretarial editing system might
specify that the editor ed is to be used instead of the shell. Thus when users of the editing sys-
tem log in, they are inside the editor and can begin work immediately; also, they can be
prevented from invoking programs not intended for their use. In practice, it has proved desir-
able to allow a temporary escape from the editor to execute the formatting program and other
utilities.

Several of the games (e.g., chess, blackjack, 3D tic-tac-toe) available on the system illus-
trate a much more severely restricted environment. For each of these, an entry exists in the
password file specifying that the appropriate game-playing program is to be invoked instead of
the shell. People who log in as a player of one of these games find themselves limited to the
game and unable to investigate the (presumably more interesting) offerings of the UNIX system
as a whole.

YII. TRAPS

The PDP-11 hardware detects a number of program faults, such as references to non-
existent memory, unimplemented instructions, and odd addresses used where an even address
is required. Such faults cause the processor to trap to a system routine. Unless other arrange-
ments have been made, an illegal action causes the system to terminate the process and to write
its image on file core in the current directory. A debugger can be used to determine the state
of the program at the time of the fault. :

Programs that are looping, that produce unwanted output, or about which the user has
second thoughts may be halted by the use of the interrupt signal, which is generated by typing
the “‘delete™ character. Unless special action has been taken, this signal simply causes the pro-
gram to cease execution without producing a core file. There is also a quit signal used to force
an image file to be produced. Thus programs that loop unexpectedly may be halted and the
remains inspected without prearrangement.

The hardware-generated faults and the interrupt and quit signals can, by request, be either
ignored or caught by a process. For example, the shell ignores quits to prevent 2 quit from log-
ging the user out. The editor catches interrupts and returns to its command level. This is use-
fui for stopping long printouts without losing work in progress (the editor manipulates a copy of
the file it is editing). In systems without floating-point hardware, unimplemented instructions
are caught and floating-point instructions are interpreted.

VIII. PERSPECTIVE

Perhaps paradoxically, the success of the UNIX system is largely due to the fact that it was
not designed to meet any predefined objectives. The first version was written when one of us
(Thompson), dissatisfied with the available computer facilities, discovered a little-used PDP-7
and set out 1o create a more hospitable environment. This (essentially personal) effort was
sufficiently successful to gain the interest of the other author and several colleagues, and later
to justify the acquisition of the PDP-11/20, specifically to support a text editing and formatting
system. When in turn the 11/20 was outgrown, the system had proved useful enough to per-
suade management to invest in the PDP-11/45, and later in the PDP-11/70 and Interdata 8/32
machines, upon which it developed to its present form. Qur goals throughout the effort, when
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articulated at all, have always been to build a comfortable relationship with the machine and to
explore ideas and inventions in operating sysiems and other software. We have not been faced
with the need to satisfy someone else’s requirements, and for this freedom we are grateful.

Three considerations that influenced the design of UNIX are visible in retrospect.

First: because we are programmers, we naturally designed the system to make it easy to
write, test, and run programs. The maost important expression of our desire for programming
convenience was that the system was arranged for interactive use, even though the original ver-
sion only supported one user. We believe that a properly designed interactive system is much
more productive and satisfying to use than a “‘batch™ system. Moreover, such a system is
-rather easily adaptable to noninteractive use, while the converse is not true.

Second: there have always been fairly severe size constraints on the system and its
software. Given the partially antagonistic desires for reasonable efficiency and expressive
power, the size constraint has encouraged not only economy, but also a certain elegance of
design. This may be a thinly disguised version of the “*salvation through suffering’ philosophy,
but in our case it worked.

Third: nearly from the start, the system was able to, and did, maintain itself. This fact is
more important than it might seem. If designers of a system are forced to use that system,
they quickly become aware of its functional and superficial deficiencies and are strongly
motivated to correct them before it is too late. Because all source programs were always avail-
able and easily modified on-line, we were willing to revise and rewrile the system and ils
software when new ideas were invented, discovered, or suggested by others.

The aspects of UNIX discussed in this paper exhibit clearly at least the first two of these
design considerations. The interface 1o the file system, for example, is extremely convenient
from a programming standpoint. The lowest possible interface level is designed lo eliminate
distinctions between Lhe various devices and files and between direct and sequential access. No
large “‘access melhod’' roulines are required to insulate the programmer from the system calls;
in fact, all user programs either call the syslem directly or use a small liprary program, less than
a page long, that buffers a number of characters and reads or writes them all at once.

Another important aspect of programming convenience is that there are no ‘“‘control
blocks'” wilh a complicated structure partially maintained by and depended on by the file system
or other sysiem calls. Generally speaking, the contents of a program’s address space are the
property of the program, and we have tried to avoid placing restrictions on the data structures
within that address space.

Given the requirement that all programs should be usable with any file or device as input
or output, it is also desirable to push device-dependent considerations into the operating system
itself. The oniy.alternatives seem to be to load, with all programs, routines for dealing with
each device, which is expensive in space, or to depend on some means of dynamically linking
10 the routine appropriate to each device when it is actually needed, which is expensive either
in overhead or in hardware.

Likewise, the process-control scheme and the command interface have proved both con-
venient and efficient. Because the shell operates as an ordinary, swappable user program, it
consumes no ‘“‘wired-down'® space in the system proper, and it may be made as powerful as
desired at little cost. In particular, given the framework in which the shell executes as a process
that spawns other processes to perform commands, the notions of 1/0 redirection, background
processes, command files, and user-selectable system interfaces all become essentially trivial to
implement.

Influences

The success of UNIX lies not so much in new inventions but rather in the full exploitation
of a carefully selected set of fertile ideas, and especially in showing that they can be keys to the
implementation of a small yet powerful operating system.




}.

-15.

The fork operation, essentially as we implemented it, was present in the GENIE time-

‘sharing system.!® On a number of points we were influenced by Multics, which suggested the

particular form of the 1/0 system calls!! and both the name of the shell and its general func-
tions. The notion that the shell should create a process for each command was aiso suggested
to us by the early design of Muitics, although in that system it was laler dropped for efficiency
reasons. A similar scheme is used by TENEX.!2

IX. STATISTICS

The following numbers are preser-l‘led to suggest the scale of the Research UNIX operation.
Those of our users nol involved in document preparation tend to use the system for program
development, especially language work. There are few important ‘‘applications’ programs.

QOverall, we have today:

125 user population
33 maximum simullaneous users
1,630 directories
28,300 files

301,700 512-byle secondary storage blocks used

There is a ““background’ process that runs at the lowest possible priority; it is used to soak up
any idle CPU time. It has been used to produce a million-digit approximation to the conslant e,
and other semi-infinite problems. Not counling this background work, we average daily:

13,500 commands
9.6 CPU hours

230 connect hours
62 different users
240 log-ins
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1. INTRODUCTION
A great deal of docurnentation exists for UNIXT/TS. New users are often overcome by the

volume and distributed nature of the documentation. This “‘road map’ artempts to be a terse,

np-to-date outline of important documents and information sources.

&5 The information in this road map is accurate only for UNIXITS; it may not apply o other versions
of UNIX. For the purposes of this rocdmap, however, the names PWEBIUNLY and UNIYTS may
be usad interchangeably.

1.1 Thirgs to Do

See a local UNDU/TS “system administrator’” to obtain a “‘login name™ and get other
appropriate system informatiga.
1.2 Notation Used In This Roed Map

{N] = Section N in this road map.

o8 - [tem required for everyone.
® — [iem recommended for most users.

All other items are optional and depend on specific interests. Most of the decuments
mentioned in this road map can be fouad in Documents for PWBIUNIX.

Eatries in Section n of the PRBIUNIX User's Manual are raferred 10 by rame(n).
1.3 Prerequisite Structure of Follcwing Sections

. (2}

: |

I
{31 (61171 19}
VAN
(4] {5} (s.10]

1. BASIC INFORMATION

You won't be able to do much until you have jearmed most of the material in (2.1], {2.2], and
{2.3). You must know how to log into the system, make your terminal work correstly, enter
and edit files, and petrform basic operations on directories and files,

2.1 PwB/UNIX, User’s Maaual, Release 1.0 o0

e Read [nzroduction and How to Ger Siarted,

e Read the /mtro entry in each section.

o Look through Section 1 10 become familiar with command names.

» Note the existence of the Tobie of Contznes and of the Permuted Index,

Section 1 will be especially nesded for reference use.

* UNLX is a Trademsrk of Bell Labaratoniss.
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2,2 UMIX for Beginners (Second Editlon) eo

2.3 A Tutorial [ntroduction to the UNIX Text Edltor oo

1.4 Advanced Edliting on UNIX e

2.5 The Bell System Technical Journal, Yol. §7, No. §, Part 2 @

Containg several articles on UNTX. In particular, the first paper gives a good overview of UNIX.
2.6 Thlogs te Do "

» Do all the exercises found in (2.2} and {2.3}, and maybe {2.4}.

o If you want some sequence of commands to be executed sach time you log ir, create a file
gamed .profile in your login directery.! A sample .profile can be found in profile(5).

« Files in directory /usr/news conuin recsat information on various topics. To print all the
news jitems that have besn added since you last looked, type:

news
2.7 Manual Entries to Be Studied

The followicg commands are described in Section | of the PWB/UNIY User's Manual and are
used for creating, editing, moving (i.e., remaming), and removing fles:

cat{l) ‘concaterate and print Sles (no pagination).

cd(1) change working {(curreat) directory. -

chrnod(l) change the mode of a fle. _

ep(l) copy (ep), mave (mv) or link (la) fles.

ed(1) edit a file.

Is(1) list a directary; Ble names beginning with . are aot listad unless the —z flag is
. used,

mkdir(l) make a {(ew) directory.

pr(l) print fles (paginated listings).

pwd (1) print working directory.

ma(t) remove {delete) file(s); rmdir cemaves the named directories, which =zust be

empty. :

The [oliowing heip. you communicats with other users, make proper use of diffsreat kinds af
terminals, and print mapual entries og-line:

logia(l}  sign on.

mail(1) send maij 10 other usars or inspect mail from them.

man{l) print entries of PWB/UNIY User's Manual

mesg(l)  permit or deny messages 1o your terminal

news(l)  priot gews items: news ~—n prints a list of recsnt items.

passwd(l) change your login password.

sty (1) set terminal options; i.s., inform the sysiem about the Rardwars characierissics
- of your terminal.

tabs(1) set tab stops oa your terminal.

tarm(7) a list of commoniy-used tarminals,

who(1) print list of currently logged-in users.

write(1) ©  communicate with another (logged-in) ussr.

Several zise!‘ul status commands also exist:

1. The direcrory you are in right after !ogginyg inw e sysem.
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date(1) print time and date.

du(l) summarize disk usage.

ps(1) report active process status.
sum{(1) sum and count blocks in a file.

3. BASIC TEXT PROCESSING AND DOCUMENT PREPARATION

You should read this section if you want to use existing lext processing 10cls to write letters,
memoranda, manuals, etc.

A1 PWB/MM=Prozremmer's Workbench Memorzpdum Macros o8

This is a reference manual, and can be moderately heavy going for a beginaer. Try out some
of the examples, and stick close to the default options.

1.2 Typilng Documents with PWB/MM ee
A handy fold-out.
3.3 NROFF/TROFF User's Muanual @

Describas the text formatting language in great detail; look at the REQUEST SUMMARY, but
don't try to digest the whole manual on first reading.

3.4 Document Preparation ®

This overview of UNIX/TS taxt procassing methods is ene of thz articles in the BST). (See
{2.5] above).

3.5 Mapual Entries 1o Be Studied.

- mm(1)  print a docurhes using the memorandum Macros.
oroff(1) . format or typeset (roff) text files; read this to become familiar with options.
speli{1) - identify possible spelling errors.

To obtain some special functions (e.g., reverse paper motion, subscripts, superscripts), you
must either indicate the lermmaj type to nrof or posi-process nroff output through one of the
following:

300(1) handle special functions of DASI 300, DAS! 3005 terminals.

4014(1) paginate output of Tektronix 4014 terminal.

450(1)  _handle special functions of DASI 450 (Diablo 1620} terminal.

col(l) process text for terminals lacking physical reverse vertical motion, such as the
. Texas Instrument 700 series, Model 43 TELETYPE#, etc.

greek(1})  select terminal filter. '

hp(l) hendle special funcuons of Hewlet-Packard 2621, 2640, and 2645 series
terminals.
wefl) simulate phototypesetter.

4. SPECIALIZED TEXT PROCESSING

The tocis listad bere are of a more specialized nature than those in (3],
i.i TBL=A Program 1o Format Tobles »

Great help in formatting tabular data (ses also /(1)).

4.2 Trws;emn; Mathematics —User's Guide (Second Edition) o

Read this if you need 10 produce mathematical equations. It descrides the use of the equation-
setting command egn(1). '
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43 A TROFF Tatorisl

Ag introduciion to formaning text with the phototypesatter,
4.4 Mangal Eatries to Be Studied '

cw(l) use a special coustant-width “‘example’ font.

diffmk (1) ma:k changes betwesn versions of a file, using cutput of d¢iff{1) to produce
*‘revision bars” in the right margin.

eqn{l) preprocassor for mathematical aquations.

eqnehar(7) special character definitions for egn(1).

geat(1) send phototypesetter output to a ¢entral typesetier (site-depeadent).

mmt(l)  typeset documents, view graphs, and slides. . -

tht(1) preprocessar for tabular data,

5. ADVANCED TEXT PROCESSING

You should read this section if you nesd o designm your own package of formatting macros or
perform other actions beyond the capabilities of existing tools; (3} is a prarequisite, and
familiarity with (4} is very helpful, as is ag expesienced advisor.

$.1 NROFF/TROFF User's Manual # @

Look at this in detail and try modifying the examples. Read A4 TROFF Turorial (ses (4.3}
above),

2.2 Thiags to Do

It is fairly easy (0 use the text formatters for simple purposes. A typical application is that of-
writing simple macros that print standard headings in order to eliminata repetitive keying of
such headings. It is extremely difSicult to set up general-purpose mac;o packages for use %y
largs numbers of people. Den't r=-inveat what you can borrow from an exisiing package (such
as PWB/ MM~ see (3.1} and (3.2}).

5.3 Mansal .Entries to Be Stodied
All entries mentioned in (3.5] and {4.4].

§. COMMAND LANGUAGE (SHELL) PROGRAMMING

The shell provides a pewerful programming language for Eombinins axisiing commands. This
section should be especially useful to those who want (0 automate manual procedurss and buiid
data beses.

6.1 The UNIX Time-Sharing Syatem eoe
6.2 UNIX/TS Sheil Tutorial oe

6.3 An Introductioa to the UNIX Sheil
6.4 Things to Do .

If you want to create your own library of commands, for example /usz/gas/din, set ke PATH
parameter in your .proflie so thet your own library is searched when a command is iavoked.
For example:

PATHe= :SHOME/bin:/in:/ust/bin
The HOME parameter is described in sh(1).
€.5 Maaual Eatries to Be Studled

Resd si?(l) first; we folowing entries give further detils on commands that are mest
freauently ug.ed within covarnand language srograms:
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echo(1) echo arguments (typiczally to terminal).

env{l) set environmen! for command execution.

expril) evaluate an algebraic expression; includes some string operations.
line{1) read a line from the standard input.

aohup(l) run s command immune o communications line hang-up.

sh(l) shel! (command interpreter and programming language).

test(1) evaluate a logical expression.

7. FILE MANRIPULATION

In addition to the basic commands of {2}, many UNIX commands exist to perform various
kinds of file manipulation. Small data bases can often be mansged quite simply by combining
iem processing (5], command language programming {6}, and the commands listed below in
7.4}

7.1 Things to Do

This road map notes only the most frequently-used commands. It is wise to scan Section 1 of
the PWB/UNIX User's Manual periodically—you will often discover new uses for commands.

7.1 SED—A Non-Interactive Text Editor
7.3 Awk~-A Pattern Scanning sad Processing Language
7.4 Manusl Eptries to Be Studied

The starred itemns below are especially useful for dealing with '‘fielded dawa™, i.2., dan whers
each line is a sequence of delimiter-separated fields. The following are used to search or edit
files in a single pass: ’

awk{l)" perform actions on lines matching specified pauemrns.
grep(l) search a fils for a pattern; more powerful and . spetialized versions include egrep

and fgrep.
sed(1)" stream editor.
tr{l) transliterate (substituie or delete specified characters).

The following compare files in different ways:

emp(l) compare files (byte by byte).

commm(l) print lines common to two files, or lines that appear in only one of the two
files. :

diff (1) - differential file comparator (minimal editing for conversion}.

The following combine files and/or split them apart:

ar{l) .archiver and library maintainer.

epio(l) general file copying and archiving.

cut(1)” cul out selected fields of each line of a file.
paste(1)® merge lines from several files.

sphit(1) split file into chunks of specified size.

The following interrogate files and print information abour them:

file{l1) . determine file type (best guess).
od(1) octal dump (and other kinds also).
we(l) word (and line and character) count.

Miscelianeous commands:

find(1} search directory structure for specified kinds of fles.
sort{1)*  sort or merge files.
tea(1) copy single tnput to several output files.
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uniq{1)*  c=port repeatad lines in a fle, or obtain unique ones.

3. C PROGRAMMING
Try 1o use =xisting toals first, before writing C programs at all.
5.1 The C Programming Language

By B. W. Kermighan and D. M. Ritchie: publisied by Preatice Hall (1978). Comprenensive
text, includes a tutorial and a referencs manual. Read the tutorial; try the gxamples, Chack
for updatss o the refersncs manual (8.2} from time to time.

8.2 The C Programming Lapgnage- Referzace Manual oo
8.3 UNIX Programaming ©

8.4 YACC—=Yet Ano'lhzr Compller Campiler

8.5 LEX—A Lexlcal Analyzer Generator

8.6 Lint.a C Program Checker

3.7 Make—A Program for Malutaining Computer Programs
8.3 Things to Da

Read (8.1} and do somie of the exercises. A good way 0 become familiar with C is to look at
the source code of existing programs, sspecially ones whose functions are well knawn 1o you.
Much code can be {ound in direciory /usr/sre. [n particular, the directory cmd <ontains the
source for most of the sommands. Also, investigatz dirsctory !usr/!nclgde.

8.9 Maoual Entries to Be Studled
adb(l) debug C piugrams an the PDP-11 series of machines.

ee(l) compile C programs.

1d(1) link edit objecs Sles: you must kaow abour some of its flags.
fex{1) gegerate lexical apalyzars,

iing(1. verify C programs.

make(l)  automate program (re)gensration procedurss.

nm{l) priat aame (i.e., symbol) lst.

prof(l) display profile data; used for program optimization.

ps{l) reoort ective process status.

sdb(1) debug C programs symbolically on the VAX 11/780.
strip{1) remove symbols and reiocation bits {rom executable {les.
ume(l) time 3 command.

vace{l) parser geaeralor.
9. NUMERICAL COMPUTATION
9.1 DC—An Interscrive Desk Caleajator
9.2 BC=An Arbitzary Precision Desh-Calcalator Langnage
9. Avk—~A Pattern Snnn-in: zod Processing Language
9.4 A Portabie Fortzan 77  Compller
9.5 Racfor—A Preprocessar for 1 Ratlonal Fortran
3.6 Manual Eatries 1o Be Studled

awk(1l) perform actions on lines matching specified patierns.
be(l) an interective langusge, acts as fremt ead for de(l).
B3(1) s compiler/iRtarareter for modest-sized prograrss.
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de(l) & desk caleulator.
77(1) a Fortran compiler.
ratfor(1)}  a rational Fortran dialect.

.16, INTER-SYSTEM COMMUNICATION
10.1 A Dial=-Up Network of UNIX Systems
10.2 Mzoual Entries 1o Be Studled

The following commands (most of which are site-dependent) are useful in communicating with
other UNIX systems: :

cu{l) cal! another system.

dpr(1) print files off-line at a spacified destination.

fget(l} retrieve files from the MH HONEYWELL 6000.

fsend(l) ° send files to the MH HONEYWELL 6000.

geat{l) send phototypesetter output to the MH HONEYWELL 5000.
uwucp(l}  copy files from one UNIX system to another.

uux(1) execute command(s) on another UNIX system.

January 1980
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ABSTRACT

This paper is meant to help new users get started on the UNIXT operaling
system. It includes:

@ hasics needed for day-lo-day use of the system — lyping commands, correct-
ing typing mistakes, logging in and out, mail, inter-terminal communication,
the file system, printing files, redirecting [/O, pipes, and the shell.

® document preparation — a brief discussion of the major formatting programs
and macro packages, hinis on preparing documents, and capsule descriptions
of some supporting software. )

® UNIX programming — using the editor, programming Lhe shell, program-
ming in C, other languages and tools.

‘ . _ ® An annotated UNIX bibliography.

T

September 30, 1978

+UNIX is 2 Trademark of Bell Laboratories.
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INTRODUCTION

From the user's point of view, the UNIX
operdaling svstem is easy 10 learn and use, and
presents few of the usual impediments (0 getting
the job done. It is hard, however, for the
beginner 0 know where to start, and how to
rake the best use of the facilities available. The
purpose of this introduction is 1w help new users
gel used to the main ideas of the UNIX sysiem
und start making effective use of it guickly.

You should have a couple of other docu-
ments with you for easy reference as vou read
this one. The most important is The UNIX
Progranumer's Mannal; iCs often easier o tell you
1o read aboul something in the manual than 0
rcpeat its vontents here. The other uselul docu-
ment is A Tworial horoduciion o the UNLY Texe
Edditnr. which will ell you how to use the editor
o get text — programs, duta, documents — into
lhe computer.

A word of warning: the UNIX system hus
become quite popular, and there arc several
major variants in widespread use. OF course
deuiis also change with time. So although the
basic structure of UNIX and how to usc it is com-
mon to all versions, there will certainly be a few
things which are different on vour system from
what is described here, We have tried to minim-
ize the problem, but be aware of it. In cuses of
doubt, this paper desvribes Version 7 UNIX.

This paper has five sections:

1. Getting Swarted: How 1o log in, how to type,
what to do about mistakes in lyping, how o
log oul. Some of this is dependent on which
system you log into (phone numbers, for
example) and what terminal you use, so this
section must necessarily be supplemented by
local information.

2. Duy-to-day Use: Things you need every day
1o use the system effectively: generally use-
ful communds: the file system. ’

3. Document Prepuaration: Preparing  manu-
scripts is one of the most common uses for
UNIX systems. This section conlains advice,
but nct extensive instructions on any of the
formulting tools.

4. Writing Programs: UNIX is an exceflent sys-
tem for developing programs. This section
talks about some of the tools, but again is
not a tutorial in any of the progrummin.g
languages provided by the system.

5. A UNIX Reuding List. An annotaled
bibliography of documents that new users
should be aware of,

I. GETTING STARTED

Logging in

You must have a UNIX login name, which
you can get from whoever administers your sys-

lem. You uiso necd 10 know the phone number,

unless your system uses permanently connected
terminals. The UNIX system is capuble of deal-
ing with a wide variety of terminais: Terminet
300°s: Exccuport, TI and similar portables; video
(CRT) ierminals like the HP2640, etc.: high-
prived gruphics tlerminals like the Tekironix
4014, plotting erminals like those from GSI and
DASI: and even the venerable Teletype in its
various forms. Bul note: UNIX is strongly
oriented towards devices with fower case. I your
terminal produces only upper cuse {e.g., model
33 Teletype, some video and portable terminals).,
life will be so difficult that you shoutd look for
uanother terminal.

Be sure 10 set the switches upproprigtely on
vour device. Switches that might need to be
adjusted include the speed, upper/lower cuse
mode, full duplex, even parity, and any others
that local wisdom advises. Establish a connec-
tion using whutever magic is needed lor your ter-
minal: this muy involve dialing 2 telephone call
or merely llipping a switch. In either case, UNIX
should type “login:™ at you. 1T it types gurbage,
you may be at the wrong speed; check the
swilches. I that fails, push the “‘break™ or




“interrupt’ key a few times. slowly. If that fails
10 produce a login message, consult a guru.

When you get a login: message, lype your
login name in fower case. Follow it by a
RETURN, the system will nol do anything until
you lype a RETURN. If a password is required,
you will be asked for it, and (il possible) printing
will be turned off while you type it. Don’t Torget
RETURMN.

The culmination of your login efforts is a
“prompt character,” u single character that indi-
“cates Lhat the system is ready {0 accept ¢om-
mands from you. The prompt characier i1s usu-
ally a dollar sign § or a percent sign "%. (You
may also gel a message of the day just before the
prompt character, or a folification that you have
mail.)

Typing Commands

Once you've seen the prompl characier, you
can type commands, which are requests that the
sysiem do something. Try typing

date

followed by RETURN. You should get buck
something like

Mon Jan 16 14:17:10 EST 1978

Don't forgel the RETURN after the command, or
nothing will happen. Il yvou think you're being
ignored, type # RETURN; something should hap-
pen. RETURN won’t be mentioned again, bul
don’t forget it — it has to be Lhere al the end of
each line.

Another command you might try is who,
which lells you everyone who is currently loggect
in:

who
gives something lke - g
ttyol  Jan 16 09:11

mb
ski tty05  Jan 16 09:33
gam tiyll  Jan 16 . 13:07

The time is when ihe user logged in: “‘ltyxx’ is
the sysiem’s idea of whal terminal the user is on.

If you muke a mistake typing the command
name, and refer Lo a non-existent command, you
will be told. For example, if you 1ype

whom
-~ you will be lold
whom: not found

Of course, if you inadvertently type the name of
some other command, it will run, with more or
less mysterious resulis.

Strange Terminal Behavior

Somelimes you can gel into a stale where
your terminal acls strangely. For example, cuch
letter mily be typed twice, or the RETURN may
not cuuse a line feed or a return Lo the lefl mar-
gin. You can ofien fix this by logging out and
togging buck in. Or you can read the description
of the command stty in section | of the manual.
To gel intelligent reatment of tab characlers
(which are much used in UNIX) if your terminai
doesn’t have labs, 1ype the commind

stty —tahs

and the system will convert each tab inwo the
right number of blanks for you. If your erminal
does have computer-setiable tabs, the command
tabs will set the stops corractly for you.

Mistakes in Typing

If you make a lyping mistake, and see it
befcre_ RETURN has been (yped, there are two
wuays 1o recover., The sharp-characler # erases
the lust chuaractler typed; in fact successive uses of
# erase characters back 1o the beginning of the
ling (but not beyond). So if you type badly, you
can Correct us you go:

dd#atte##e

is the same as date.

The at-sign @ erases all of the characters
wyped so far on the current input line, so if the
line is irretrievably fouled up, type an @ and
start the line over.

What il you must enter a sharp or al-sign as
part of the wext? If you precede either # or @
by a backslash \, it loses ils erase meaning. So
(0 enter a sharp or al-sign in something, lype \#
or \@. The system will always echo a newline at
you afier your al-sign, even if preceded by a
backslash. Don't worry — (he at-sign has been
recorded.

To erase a backslash, you have Lo type Lwo
sharps or two at-signs, as in \##. The backslash
is used extensively in UNIX to indicate that the
lollowing character is in some way special.

Read-uhead

UNIX has full read-ahead, which means that
you can lype as fast as you want, whenever you
want, even when some command is typing al
vou. If you lype during outpul, your inpul char-
acters will appear intermixed with the output
characters, but they will be siored away and
inlerpreted in the correct order. “So you can type
several commands one afler another wilhout
wailing for the first o finish or even begin.



Stoppilng a Program

You can stop most programs by lyping the
character “*DEL™ (perhaps called ‘*‘delete™ or
“rubout’ on your terminal). The “‘interrupt” or
“break™ key found on most terminals can also
be used. In a few programs, like the text editor,
DEL stops whatever the program is doing but
leaves you in lhat program. Hanging up the
phone will stop most programs.

Logging Out

The easiest way 1o log oul is 0 hang up the
phone. You can also type

login

and let someone else use Lhe terminal you were
on. It is usually not sufficient just to turn off the
terminal. Most UNIX systems do not use a
time-out mechanism, so you'lt be there forever
unless you hang up.

Mail

When you log in, you may sometimes get
the message

You have mail.

UNIX provides a postal system SO you can com-
municate with other users of the system. To
read your mail, type thé command

mail

Your mail will be printed, one message at a time,
mosl recent message first. After each message,
mail waits for you to say what to do with it. The
two basic responses are d, which deletes the mes-
sage, and RETURN, which does not (so it will
still be there the next time you read your mail-
box). Other responses are described in the
manual. (Earligr versions of maii do not process
one message at a time, but are otherwise simi-
lar.)

How do you send mail to someone else?
Suppose it is to go to “‘joe’" {assuming “‘joe™ is
someone’s login name). The easiest way is this;

mail joe

now pe in the exr of the letter

on as many lines as you like ...

After the last line of the letier

ype the character “‘control—d"’,

that is, hold down ““control™” and wpe
a letrer d’’.

And that's it. The “‘control-d’" sequence, oflen
called “EQF"" for end-of-file, is used throughout
the system to mark the end of input from a ter-
minal, so you might as well get used to it.

For practice, send mail 1o yourself. (This
isn't as strange as it might sound — mail to one-

self is a handy reminder mechanism.}

There are other ways 10 send mail — you
can send a previously prepared letler, and you
can mail Lo 8 number of people all at once. For
more details see mail(l). (The notation mail{l)
means the command mail in seciion 1 of the
-UNIX Programmer’s Manual)

Writing to other users

At some point, oul of Lhe blue will come a
message like

Message from joe tty07,..

accompanied by a startling beep. [t means that
Joe wants 1o wlk W you, but unless you lake
explicit action you won't be able o 1alk back. To
respond, type the command

write joe

This establishes a iwo-wuy communication path.
Now whalever Joe types on his terminal will
appear on yours and vice versa. The path is
slow, rather like talking to the moon. (If you are
in the middle of something, you have o get to a
state where you can itype a command. Normally,
whatever program you are running has to ter-
minate or be terminated. If you're editing, you
can escape temporarily from (he editor — read
the editor tutorial.)

A protocel is needed to keep what you iype
from gewing garbied up with what Joe types.
Typically it's like this:

Joe Lypes write smith and waits.

Smith types write joe and wails.

Joe now types his message {as many lines
as he likes). When he's ready for a reply,
he signals it by typing (o), which stands
for "‘over™.

MNow Smith types a reply, also terminated
by (o).

This cycle repeals until someone geis
tired; he then signals his inten! o gquit
with (og), for “over and oul™.

To terminate the conversation, euch side
must lype a ‘“‘control-d"’ characiter alone
on a line. (*Delele™ also works.) When
the other person iypes his “‘control-d™,
you will get the message EOF on your
lerminal.

If you write 1o someone who isn’t logged in,
or who doesn’t want to be disturbed, you'll be
told. If the target is logged in but doesn’t answer
afier a decent interval, simply (ype “controi-d™.




On-line Manual

The UNIX Programumer's Manual is typically
kept on-line. If you get stuck on something, and
can’t find an expert Lo assist you, you can print
on your termiinal some manual section that
might help. This is also useful for getting the
mosi up-lo-date information on a command. To
print a4 manual section, type “*man command-
name’’. Thus to read up on the who command,
type

man who
and, of course,
man man

lells all about the man command.

Computer Aided 1nstruction

Your UNIX system may have available a pro-
gram called learn, which provides computer
aided instruction on the file system and basic
.commands, the editor, docum nt preparation,
and even C programming. Try typing the com-
mand

learn

If learn exists on your system, it will tell you
whal to do from there.

11. DAY-TO-DAY USE

Creating Files — The Editor

If you have to type a paper or a letter or a
program, how do you get the information siored
in the machine? Most of these tasks are done
with the UNIX *‘text editor” ed. Since ed is
thoroughly documented in ed(1) and explained
in A Tutorial fnwroduction 1o the UNIX Text Editor,
we won't spend any time here describing how to
use it. All we want it for right now is to make
some files. (A file is just a collection of informa-
tion stored in the machine, a simplistic bul ude-
quate definition.)

To creare a file called junk with some text in
iL, do the following:

ed junk  (invokes the 1ext editor)
a {command to *“‘ed™, to add text)
now wae in -
whaiever lext you want ...
(signals the end of adding text)

The **."" that signals the end of adding text must
be at the beginning of a line by itself. Daon’t for-
get it, for until it is typed, no other ed com-
mands wiil be recognized — gverything you lype
will be treated as text Lo be added.

Al this point you can do various ediling
operations on the text you typed in, such as

correcting spelling mistakes, rearranging para-
graphs and the like. Finally, you must write the
information you have typed into a file with the
editor command w:

w

ed will respond with the number of characters i
wrote into the file junk.

Until the w command, nothing is stored per-
manently, so if you hang up and go home the
information is lost.T But after w the information
is there permanently. you can re-access il any
lime by typing

ed junk

Type a q command 10 quil the editor. (If you try
1o quit withoul writing, ed will print 2 ? to rem-
ind you. A second q gets you out regardless.)

Now create a second file called temp in the
same manner. You should now have two files,

* junk and temp.

What files are out there?

The Is (for ““list”’) command lists the names
(not contents) of any of the files that UNIX
knows about. If you type

Is
the response will be
" junk
temp
which are indeed the wo files just created. The
names are sorted into alphabetical order

automaticaily, but other variations are possible.
For example, the command

Is —t

causes the files to be listed in the order in which
they were last changed, mosl recent first. The
=1 option gives a “‘long™" listing:

Is =1

will produce something like

—rw—rw—rw— 1 bwk 41 Jul 22 2:56 junk
—rw—rw—rw— 1 bwk 78 Jul 22 2:57 temp

The date and time are of the last change 10 the
file. The 41 and 78 are the number of characters
{which should agree with the numbers you got
from ed). bwk is the owner of the file, that is,
the person who created it. The —rw—rw—rw—
tells who has permission {0 read and write the
file, in this case everyone.

T This ix nov siricsly wrue — il you hang up while editing,
Ihe daie you were working on is saved in a file called
ed.hup. which you cian continug with al your next session.



Optlions can be combined: Is —It gives the
same thing as 1s —1, but sorted into time order.
You can also name the files you're interested in,
and s will list the information about them only.
More details can be found in is(1}.

The use of optional arguments that begin
with a minus sign, like —t and =It, is a com-
mon convention for UNIX programs. In general,
if a program accepts such optional arguments,
they precede any filename arguments. It is also
vital that you separate the various argumenis
with spaces: {s—1is not the same as Is —L.

Printing Files

Now that you've got a file of text, how do
you print it 50 people can look at it? There are a

host of programs that do that, probubly more

than are needed.

One simple thing is to use the edilor, since
printing is often done just before making
changes anyway. You can say

ed junk
1,5p

ed will reply with the count of the characters in
junk and then print all the lines in the file.
After you learn how 10 use the editor, you can
be selective about the parts you print.

There are times when it's not feasible 10 use
the editor for printing. For example, there is a
limit on how big a file ed can handle (several
thousand lines). Secondly, it will only print one
file at a time, and somelimes you want to print
several, one after another. So here are a couple
of alternatives.

First is cat, the simplest of all the prinling
programs. cat simply prints on the terminal the
contents of 2l the files named in a list. Thus

cat junk’
prints one fle, and
cat junk temp

prints two. The files are simply concatenated
(hence the name "‘cat™) onto the terminal.

pr produces formatted printouts of files. As
with cat, pr prints all the fites named in a list
The difference is that it produces headings with
date, ume, page number and file name at the top
of each page, and extra lines 1o skip over the
fold in the paper. Thus,

pr junk temp

will print junk neatly, then skip to the top of a
new page and print temp neatly.

pr can also produce mulli-column output:

pr —3 junk

prints junk in 3-column format. You can use
any reasonable number in place of 3" and pr
will do its besl. pr has other capabilities as well;
see prl).

It should be noted that pr is aora formatting
program in the sense of shuffling lines around
and justifying margins. The true formatters are
nroff and troff, which we will get to in the sec-
tion on document preparation.

There are also programs \hat print files on a
high-speed printer. Look in your manual under
opr and lpr. Which to use depends on what
equipment is altached o0 your machine.

Shuffling Files About

Now that you have some files in the file sys-
tem and some experience in printing them, you
can try bigger things. For example, you can
move a file from one place to another (which
amounts Lo giving it a new name), like this:

mv junk precious

This means that what used to be *‘junk™ is now
“precious™. If you do an Is command now, you
will get

precious
temp

Beware that if you move a file o another one
that already exists, the already existing contents
are lost forever.

If you want to make a copy of a file {that is,
to have (wo versions of something), you can use
the cp command:

¢p precious templ

makes a duplicate copy of precious in templ.

Finally, when you get tired of creating and
moving files, there is a command to remove files
from the file system, called rm.

rm temp templ

will remove both of the files named.

You will get a warning message if one of the
named files wasn't there, but otherwise rm, like
most UNIX commands, does its work silently,
There is no prompting or chatter, and error mes-
sages are occasionally curt. This ierseness is
sometimes disconcerling 1o newcomers, bul
experienced users find it desirable.

What's in a Filename

So far we have used filenames without ever
saying what's a legal name, so it's time for a
couple of rules. First, filenames are limited 1o
14 characters, which is enough to be descriptive.




Second, although you can use almost any charac-
ter in a filename, common sense says you should
stick to ones that are visible, and that you should
probably avoid characters that might be used
with other meanings. We have already seen, for
example, that in the s command, 1s —t means
to list in time order. So if you had a file whose
name was —t, you would have a tough time list-
ing it by name. Besides the minus sign, there
are other characters which have special meaning.
To avoid pitfalls, you would do well to use only
letters, numbers and the period unul you're fam-
iliar with the situation.

On to some more positive suggestions. Sup-
pose you're typing a large document like a book.
Logically this divides into many small pieces, like
chapters and perhaps sections. Physically it must
be divided oo, for ed will not handle really big
files. Thus you should type the document as a
number of files. You migh! have a separate file
for each chapier, cailed

chapl
chap2
17

Or, if each chapier were broken into several files,
you.might have

chapl.l
. chapl.2
+»chapl.3
chap2.1
chap2.2

You can now tell at a glance where a particular
file fits into the whole,

There are advantages 10 a systemaltic naming
convention which are not obvious to the novice
UNIX user. What if you wanted to print the
whale book? Yot could say

pr chapl.1 chapl.2 chapl.3 ......

but you would gel tlired pretty fast, and would
probably even make mistakes. Fortunately,
there is a shortcut. You can say

pr chap*

The * means **anything at all,”” so this translales
into “‘print all files whose names begin with
chap’’, listed in alphabetical order.

This sherthand netation is nol a property of
the pr command, by the way. It is system-wide,
a service of the program that interprets com-
mands {the *'shell,”” sh(l)). Using that facr,
you can see how 1o list the names of the files in
the book:

Is chap*
produces,
chapl.1

, chapl.2
chapl.3

The * is not limited 10 the last position in a
filename — it can be anywhere and can occur
several times. Thus

rin *junk™ *temp*

removes all files that contain junk or temp as
any part of their name. As a special case, * by
itsell matches every filename, so

pr*
prints all your files (alphabetical erder). and
rm*
removes all files. (You had better be very sure
that’s what you wanted 1o say!}

The * is not the only pattern-maiching
feature available. Suppose you want to print
only chapters ! through 4 and 9. Then you can
say

pr chapl12349]*
The L...] means te mawh any of the characiers
inside the brackels. A range of consecutive

letters or digits can be abbreviated, 50 you can
also do this.with ’

pr chapll—49]*
Letters can also be used within brackets: la—zl
maltches any character in the range a through z.

The ? pattern matches any single character,
50

Is ?

lists ail Gles which have single-character names,
and

Is —1chap?.l

lists information about the first file of each
chapter (chapl.t, chap2.1, etc.).

Of these niceties, * is certainly the most use-
ful, and you should get used to it. The others
are frills, but worth knowing.

If you should ever have to turn off the spe-
cial meaning of *, ?, etc.,, enclose the entire
argument in single quotes, as in

Is T

We'll see some more examples of this shortly.



What's in a Filename, Continued

When you first made that file called junk,
how did the system know that there wasn't
another junk somewhere else, especially since
the person in the next office is also reading this
tutorial? The answer is that generally each user
has a privaie directory, which conltains only the
files that belong 10 him. When you log in, you
are ““in"* your directory. Unless you take special
action, when you create a new {ile, it is made in
the direclory that you are currently in; this is
most often your own directory, and thus the file
is unrelated to any other file of the same name
that might exist in someone else’s directory.

The set of all files is organized into a (usu-
ally big) tree, with your files located several
branches into the tree. It is possible for you to
“‘walk'* around thig tree, and to find any file in
the system, by starting at the root of the tree and
walking along the proper set of branches. Con-
versely, you can start where you aré and walk
toward the root.

Let's try the;latter first. The basic tools is
the command pwd {*“‘print working directory™),
which prints the name of the directory you are
currently imn.

Although the details will vary according to
the system you are on, if you give the command
pwd, it will print something like

fusr/your-name

This says that you are currently in the direclory
your-name, which is in turn in the directory
Jusr, which is in turn in the root directory called
by convention just /. (Even i it's not called
fusr on your sysiem, you will get something
analogous. Make the corresponding changes and
read on.)

If you now lype
Is /use/your-name

you should get exactly the same list of file names
as you get from a plain ls: with no arguments, Is
lists the contents of the current directory, given
the name of a directory, it lists the contents of
that directory.

Next, try
Is /usr

This should print a long series of names, among
which is your own login name your-name. On
many sysiems, usr is a directory that conltains
the directories of all the normal users of the sys-
tem, like you.

The next step is o try
Is/

You should get a response something like this
{although again the details may be different}:

bin

dev

etc

lib

tmp

usr

This is a collection of the basic directories of files
that the system knows about; we are al the root
of the tree.

Now try
cat /usr/your-name/junk

(if junk is still around in your directary). The
name

Jusr/your-name/junk

is called the pathname of the file that you nor-
mally think of as “‘junk’. ‘‘Pathname™ has an
obvious meaning: it represents the full name of
the path you have to follow from the root
through the tree of directories to get to a particu-
lar file. It is a universal rule in the UNIX system
that anywhere you can use an ordinary filename,
you can use a pathname.

Here is a picture which may make this
clearer: '

{root)
/
!f l\
bin e st dev tmp
/N 71\ /}1 \ RN
A B
adam eve mar
AT
\ junk
junk temp

Notice that Mary's junk is unrelated to Eve's.

This isn't oo exciting if all the files of
interest are in your own directory, but il you
work with someone else or on several projects
concurrently, it becomes handy indeed. For
example, your friends can prinl your book by
saying

pr /usr/your-name/chap*

Similarly, you can find out what files your neigh-
bor has by saying

Is /usr/neighbor-name
or make your own copy of one of his files by

¢p /usr/your-neighbor/his-file yourfile

If your neighbor doesn’t want you poking:

around in his files, or vice versa, privacy can be




.

arranged. Each file and directory has read-write-
execute permissions for the owner, a group, and
everyone else, which cian be set 1o control access.
See Is(t) and chmod{1) for details. As a matter
of observed fact. most users most of the time
find openness of more benefit than privacy.

As a final experiment with pathnames, try
Is /bin /usr/bin

Do some of.lhe numes lock familiar? When you
run a program, by 1yping its name after the
prompt character, the system simply looks for a
file of that name. It normally looks first in your
directory (where it typically doesn’t find it}, then
in /bin and finally in /usr/bin. There is nothing
magic aboul commands like cat or Is, except that
they have been collected into a couple of places
o be easy to find and administer.

What if you work regularly with someone
else on common information in his direciory?
You could just log in as your friend each lime
you wani to, but you can also say ‘'l want to
wark on his files instead of my own'. This is
done by changing the directory thal you are
currently in:

cd /usr/your-friend

{On some sysiems, cd is spelled chdir.) Now
when you use a filename in something like cat or
pr, it refers 1o the file in your friend's directory.
Changing directories doesn’t affect any permis-
sions associated with a file — if you couldn’t
access a file from your own directory, changing
to another directory won't alter that fact. Of
course, il you forget whul directory you're in,
lype

pwd
to find out.

It is usually convenient 0 arrange your own
files so that all the files related to one thing are
in a directory separate from other projects. For
example, when you write your book, you might
wani (0 keep all the text in a direclory called
book. So make one with

mkdir hook
then go Lo it with
cd book

then start typing chapters. The book is now
found in (presumably)

fusr/your-name/book
To remove the directory hook, type

rm book/*
rmdir book

The first command removes all files from the
directory; the second removes the empty direc-
1ory. :

You can go up one levél in the tree of files
by saying

ed .. ) o

*.."" is the name of the parent of whatever direc-
'

tory you are currently in. For compleleness, ‘.
is an alternate name for the diréctory you are in.

Using Files instead of the Terminal

Mosl of the communds we have seen so far
produce output on the ierminal; some, like the
editor, also take their input from the terminal. Tt
is universal in UNIX sysiems that the lerminal
can be replaced by a file for either or both of
input and oulput. As one example,

Is

makes a list of files on your terminal. But if you
say

Is > filelist

a list of your files will be placed in the file filelist
(which will be created if it doesn’t already exist,
or overwritten if it does). The symbol > means
“‘put the oulput on the following file, rather than
on the terminal.”” Nothing is produced on the
terminal. As another example, you could com-
bine several files into one by capturing the oul-
put of cat in a file:

cat f1 2 3 >temp

The symbol > > operates very much like >
does, except that it means **add to the end of.”
Thau is,

cat f1 2 13 > >temp

means to concatenale f1, f2 and f3 10 the end of
whatever is already in temp, instead ol overwrit-
ing the exisling conlents. As with >, if temp
doesn’t exist, it will be created for you.

In a similar way, the symbol < means (o
take the input for & program from the following
file, instead of from the terminal. Thus, you
could make up a script of commonly used editing
commands and put them into a file cailed script.
Then you can run the script on a file by saying

ed file <script

As anolher example, you cari use ed to prepare a
letter in file let. then send it to several people
with

mail adam eve mary joe <let



Pipes

One of the novel contributions of the UNIX
system is the idez of a pipe. A pipe is simply a
way (o connect the output of one program to Lhe
input of another program, so the two run as a
sequence of processes — a pipeline.

For example,
prigh

will print the files f, g, and h, beginning each on
a new page. Suppose you want them run
together instead. You could say

cat f g h >temp
pr <temp
rm temp

but this is more work than necessary. Clearly
what we want is to take the output of cat and
connect it to the input of pr. So let us use a
pipe:

catfg hlpr

The vertical bar | means to take the output from -

cat, which would normally have gone 10 the ter-
minal, and put it into pr to be neatly formatted.

There are many other examples of pipes.
For example,

Is |pr —3

prints a list of your files in three columns. The
program w¢ counts the number of lines, words
and characters in its input, and as we saw earlier,
who prints a list of currently-logged on people,
one per line. Thus

who | we

tells how many people are logged on. And of

course
1s | we

-y

counts your files.

Any program that reads from the terminal
can read from a pipe instead; any program that
writes on the terminal can drive a pipe. You can
have as many elements in a pipeline as you wish.

Many UNIX programs are writlen 50 that
they will take their input from one or more files
if file arguments are given; if no arguments are
given they will read from the terminal, and thus
can be used in pipelines. pr is one example:

pr—3abec

prints files a, b and ¢ in order in three columns.
But in

catabe|pr —3

pr prints the information coming down the pipe-
line, still in three columns.

The Shell

We have already menitioned once or twice
the mysterious “‘shell,” which is in fact sh(l).
The shell'is the program Lhat interprels what you
type as commands and arguments. It also looks
after translating *, etc., into lists of filenames,
and <, >, and | into changes of input and out-
put streams.

The shell has other capabilities too. For
example, you can run two programs with one
command line by separating the commands with
a semicolon; the shell recognizes the semicolon
and breaks the line into two commands. Thus

date; who

does both commands before

returning with a
prompt character. '

You can also have more than one program
running simidtaneously if you wish. For example,
if you are doing something time-consuming, like
the editor script of an earlier section, and you
don’t want to wait around for the results before
starting something else, you can say

ed file <script &

The ampersand at the end of a command line
says “‘start this command running, then take
further commands from the terminal immedi-
ately,” that is, don't wait for it to complete,
Thus the script will begin, bul you can do some-
thing else at the same time. Of course, 10 Keep
the output from interfering with what you're
doing on the terminal, it would be betier 10 say

ed file <script >>script.out &

which saves the output lines in a file called
script.out.

When you initiate a command with &, the
system replies with a number called the process
number, which identifies the command in case
you later want to stop it. If you do, you cun say

kill process-numbér

If you forget the process number, the command
ps will tell you about everything you have run-
ning. (If you are desperate, kill 0 will kill all
your processes.) And if you're curious aboul
other people. ps a will tell you about aif pro-
grams that are currently running.

You can say
{command-1; command-1; command-3) &

(o start three commands in the background, or
you can start a background pipeline with

command-1 | command-2 &

Just as you can tell the editor or some simi-




lar program 1o take its input from a file instead
of from the terminal, you can tell the sheil to
read a file to gel commands. (Why not? The
shell, after all, is just a program, albeit a clever
one.) For instance, suppose you wanl Lo sel labs
on your terminal, and find out the dale and
who's on the system every time you log in.
Then you can pui the three necessary commands
(tabs, date, who) into a file, let’s call it startup,
and then run it with

sh startup

This says to run the shell with the file startup as
input. The effect is as if you had 1yped the con-
tents of startup on the terminal.

If this is to be a regular thing, you can elim-
inate the need to type sh: simply lype, once only,
the command

chmod +x startup
and thereafier you need only say
startup

1o run the sequence of commands. The
chmod(l) command marks the file executable;
the shell recognizes this and runs it as a
sequence of commands.

If you want startup 10 run automalically
every time you log in, creale a file in your login
direclory called .profile, and place in it the line
startup. When the shell first gains control when
you log in, it looks for the .profile file and does
whatever commands it finds in it. We’'ll get back
to the shell in the section on programming.

I1i. DOCUMENT PREPARATION

UNIX systems are used extensiveiy for docu-
ment preparation. There are two major format-
ling programs, that is, programs that produce a
text with justified right margins, automaiic page
numbering and titling, zutomatic hyphenation,
and the like. nroff is designed 1o produce cutput
on terminals and line-printers. troff (pro-
nounced ‘‘tee-roff™") insiead drives a photo-
typeseuer, which produces very high quality out-
put on photographic paper. This paper was for-
matted with troff.

Formatting Packages

The basic idea of nroff and troff is that the
tex! to be formatted contains within it **format-
ting commands’ that indicate in detail how the
formatied text is to look. For example, there
might be commands that specify how long lines
are, whether to use single or double spacing, and
what running titles to use on each page.
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Because nroff and troff are relatively hard o
learn to use effectively, several ‘“‘packages’ of
canned formatling requests are available 1o let
you specifly paragraphs, running titles, footnotes,
multi-column output, and so on, with linle effort
and without having to learn nroff and troff.
These packages take a modest effort 1o learn, but
the rewards for using them are so great that it is
time well spent.

In this section, we will provide a hasty lock
al the “‘*maunuscript’” package known as —ms.
Formauing requesis typically consist of a period
and two upper-case letlers, such as .TL, which is
used to introduce a title, or .PP 10 begin a new
paragraph.

A document is typed 50 il looks something
like this:

.TL

title of document
AU

author name

.SH

section heading

.PP

paragraph ...

rp

another paragraph ...
SH

another section heading
.PP

ete.

The lines that begin with a period are the for-
matting requests. For example, .PP calls for
starting 2 new paragraph. The precise meaning
of .PP depends on what output device is being
used (typesetter or terminal, for instance), and
on what publication the document! will appear in.
For example, —ms normally assumes that a
paragraph is preceded by a space (cne line in
nroff, 2 line in troff), and the first word is
indenied. These rules can be changed if you
like, but they are changed by changing the
interprewation of .PP, nol by re-typing the docu-
ment.

To actually produce a document in standard
format using —ms, use the command

troff —ms files ...
for the typesetter, and
nroff —ms files ...

for a terminal. The —ms argument tells troff
and nroff to use the manuscript package of for-
matting reguesls.

There are several similar packages; check
with a local expert to determine which ones are
in common use on your machine.



Supporting Tools

In addition to the basic formatters, there is a
host of supporting programs that help with docu-
ment preparation. The list in the next few para-
graphs is far from complete, so browse through
the manual and check with people around you
for other possibilities.

eqn and neqn let you integrate mathematics
inte the text of a document, in an easy-to-learn
language that closely resembles the way you
would speak it aloud. For example, the eqn
input

stm from i=0 to n x sub i =" pi over 2

produces Lthe output

The program tbl provides an analogous ser-
vice for preparing tabular material; it does all the
computations necessary 0 align complicated
columns with elements of varying widths.

refer prepares bibliographic citations from a
data base, in whatever style is defined by the for-
malting package. It looks after all the details of
numbering references in sequence, filling in page
and volume numbers, getting the author’s initials
and the journal name right, and so on.

spell and typo detect possible spelling mis-
takes in a document. spell works by comparing
the words in your document to a dictionary,
printing those that are not in the dictionary. It
knows enough about English spelling to detect
plurals and the like, so it does a very good job.
typo looks for words which are “‘unusual’, and
prints those. Speliing mistakes tend 1o be more
unusual, and thus show up early when the most
unusual words are printed first.

grep looks through a set of files for lines
that contain a particuiar text pattern (rather like
the editor’s context search does, but on a bunch
of files). For example,

grep 'ing$ chap*

will find all lines that end with the letiers ing in
the files chap®. (It is almost always a good prac-
tice to put single quotes around the patlern
you're searching for, in case it contains charac-
ters like * or 8 that have a special meaning o the
shell.) grep is often useful for finding out in
which of a set of files the misspeiled words
detected by spell are acrually located. =

diff prints a list of the differences between
wo files, so0 you can compare two versions of
something automatically (which certainly beats
proofreading by hand).
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wc counls the words, lines and characters in
a set of files. tr wranslates characters into other
characters; for example it will convert upper (o
lower case and vice versa. This translates upper
into lower:

tr A—=Z a—z <input >output

sort sorts files in a variety of ways; cref
makes cross-references; ptx makes a permuled
index (keyword-in-context listing). sed provides
many of the ediling facilities of ed, but can apply
them to arbitrarily long inputs. awk provides the
ability to do bath pattern matching and numeric
computations, and to conveniently process fields
within lines. These programs are for more
advanced users, and they are not limited to
document preparation. Put them on your list of
things (o learn about.

Most of these programs are either indepen-
dently documented (like eqn and tbl), or are
sufficiently simple that the description in the
UNIX Programmer’s Manual is adequate explana-
tion.

Hints for Preparing Documents

Most documents go through several versions
{always more than you expecled) before they are
finally finished. Accordingly, you should do
whatever possible to make the job of changing
them easy.

First, when you do the purely mechanical
operations of lyping, type so thal subsequent
editing will be easy. Start each sentence on a
new line. Make lines short, and break lines at
natural places, such as afier commas and semi-
colons, rather than randomly. Since most people
change documents by rewriting phrases and
adding, deleling and rearranging sentences, these
precautions simplily any editing you have to do
later.

Keep the individual files of a document
down 0 modesl size, perhaps ten to fifleen
thousand characters. Larger files edit more
slowly, and of course if you make a dumb mis-
take iU's better 10 have clobbered a small file
than a big one. Split into files at natural boun-
daries in the document, for the same reasons
that you start each sentence on a new line.

The second aspect of making change easy is
o not commit yourself to formatling details too
early. One of the advantages of formaltting pack-
ages like —ms is that they permit you to delay
decisions to the last possible moment. Indeed,
until a document is printed, it is not even
decided whether it will be typeset or put on a line
printer.




As a rule of thumb, for all but the most
trivial jobs, you should 1ype a document in terms
of a sel of requests like .PP, and then define
them approprialely, either by using one of the
canned packages (lthe better way) or by defining
your cown nroff and troff commands. As long as
you have entered the ext in some systemaltic
way, it can always bhe cleaned up and re-
formatted by a judicious combination of ediling
commands and request definilions.

IV. PROGRAMMING

There will be no attempt made Lo teach any
of the programming languages available but a
few words of advice are in order. One of the
reasons why the UNIX system is a productive
programming environment is that there is
already a rich set of tools available, and lxcilities
like pipes. 1/0 redirection, and the capabililies of
the shell often make it possible 1o do a job by
pasting together programs that already exist
instead of writing from scratch.

The Shell

The pipe mechanism leis you fabricate quite
complicated operations out of spare parts that
already exist. For example, the first draft of the
spell program was (roughly)

cat ... collect the files

ltr puit each word on a new line
ltr detete punctuation, e,

| sort into dictionary order

|uniq discard duplicares

lcomm  prime words in toxi

but net in dictionary

More pieces have been added subsequently, but
this goes a long way for such a small effort,

The editor can be made to do things that
would normally require special programs on
other systems. Fer example, to list the first and
last lines of each of a set of files, such as a book,
you could laboriously type

ed
e chapl.1
1p
3

e chapl.2

Bul you can do the job much more easily. One
way is 10 lype

Is chap® >temp

te get the list of filenames into a file. Then edit
this file 10 make the necessary series of editing
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commands {using the global commands of ed),
and write it into script. Now the command

ed <script

will produce the sume output as the laborious
hand typing. Alernately (and more easily), you
can use the fact that the shell will perform loops,
repeiting a sel of commands over and over again
for a set of arguments:

for i in chap*
do

ed $i <script
done

This sets the shell variable i to each file name in
turn, then does the command. You can type this
command at the terminal, or put it in a file for
later execultion.

Programming the Shell -

An aoption often overlooked by newcomers is
that the shell is iself a programming language,
with variables, conirol Nlow (if-else, while, for,
case), subroutines, and interrupt handling. Since
there are many building-block programs, you can
sometimes avoid wriling a new program merely
by piecing together some of the building blocks
with shell command files.

We will not go into any details here; exam-
ples and rules can be found in Ax Introduction w0
the UNIX Shell, by S. R. Bourne.

Programming in C

If you are undertaking anything substantial,
C is the only reasonable choice of programming
language: everything in the UNIX system is luned
to it.- The system itseif is written in C, as are
most of the programs that run on it. I s also a
easy language 10 use once you get started. C is
introduced and fully described in The C Program-
ming Language by B. W. Kernighan and D. M.
Riichie (Prentice-Hall, 1978). Severa! sections
of the manual describe the system inlerfaces,
that is, how you do 1/0 and similar functions.
Read UNIX Programming for more complicated
things.

Mosl input and output in C is best handled
with the standard 1/0 library, which provides a
set of 1/O functions that exist in compatible
form on most machines that have C compilers.
In general, it's wisest to confine the system
interactions in a program to the facilities pro-
vided by this library. .

C programs that don't depend too much on
special features of UNIX (such as pipes) can be
moved 10 other compuiers that have C com-
pilers. The list of such machines grows daily; in
addition 10 the original PDP-11, it currently



includes a1t least Honeyweil 6000, IBM 370,
Interdata 8/32, Data General Nova and Eclipse,
HP 2100, Harris /7, VAX 11/780, SEL 86, and
Zilog Z30. Culls to the standard /O library will
work on all of these machines.

There are & number of supporting programs
that go with C. lint checks C programs for
potential portability problems, and detects errors
such as mismaiched argument types and unini-
tialized variables.

For larger programs (anything whose source
is on more than cone file) make allows you 10
specify the dependencies among the source files
and the processing sieps needed to make u new
version; it then checks the times that the pieces
were last changed and does the minimal amount
of recompiling w create a consistent updated ver-
sion.

The debugger adb is useful for digging
through the dead bodies of C programs, bul is
rather hard to learn to use effectively. The most
effective debugging Lool is still careful thought,
coupled with judiciously placed print staiements.

The C compiler provides a limited instru-
mentation service, so you can find oui where
programs spend their time und what parts are
worth optimizing. Compile the routlines with the
—p option; alter the test run, use prof w0 print
an execution prefile. The command time will
give you the gross run-time statistics of a pro-
gram, butl they are not super accuraie or repro-
ducible.

Other Languages

I you have to use Fortran, there are two
possibilities. You might consider Ratfor, which
gives you the decent control structures and free-
form inpul that characterize C, yet lels you wrile
code that is still portable to other environments.
Bear in mind ihat UNIX Fortran tends to produce
large and relatively slow-running programs.
Furthermore, supporting software like adb. prof,
etc., are all virtually useless with Fortran pro-
grams. There may also be a Fortran 77 compiler
on your system. If so, this is a viable alternative
to Ratfor, and has the non-trivial advaniape that
it is compatible with C and related programs.
{The Ratfor processor and C tools can be used
with Fortran 77 100.)

If your application requires you to translate a
language into a sel of actions or another
language, you are in effect building a compiler,
though probably a small one. I[n that case, yvou
should be using the yaec compiler-compiler,
which helps you develop a compiler quickly. The
lex lexical analyzer generalor does Lthe same job
for the simpler languages thut can be expressed
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as regular expressions. 1t can be used by iself,
or a3 a [ront end lo recognize inputs for a
yacc-bused program. Both vacc and lex require
some sophistication to use. but the initial effort
of learning them can be repaid many limes over
in programs thut are easy to change luter on.

Most UNIX systems ulso make available
other languages, such as Algol 68, APL, Basic,
Lisp, Pascal, and Snobol. Whether these are
useful depends lurgely on Lhe local environment:
il someone cuares about the linguage and has
worked on il, it may be in good shape. If not,
Llhe odds are strong that it will be more trouble
than it’s worth,

V. UNIX READING LIST

General:

K. L. Thompson and D. M. Richie, The UNIX
Programmer’s Manual, Bell Laboratories, 1978.
Lists commands, system routines and interfaces,
file formats, and some of the maintenance pro-
cedures. You can’t live without this, although,
vou will probably only need to read section 1.

Documents jor Use with the UNIX Time-shaving
Syvster. Volume 2 of the Programmer’s Manual.

his conlains more extensive descriptions of
major commands, and tutorials and reference
manuals. All of the papers listed below are in it,
us are descriplions of most of the programs men-
tliohed above.

D. M. Riwhie and K. L, Thompson, “*The UNIX
Time-sharing System,”” CACM, July 1974. An
overview of the system, for people interesied in
operating systems. Worth reading by anyone
who programs. Contains a remarkable number
of one-sentence observalions on how 1o do
things right.

The Bell System Technical Journal (BSTJ) Spe-
cial Issue on UNIX, July/Augusi, 1978, contains
many papers describing recent developments,
and some retrospective malerial.

The 2nd International Conference on Sofiware
Engineering (Oclober, 1976) contains several
papers describing the use of the Progrummer’s
Workbench (PWB) version of UNIX.

Document Preparation:

B. W. Kernighan, "*A Tutorial Introduction 1o
the UNIX Text Editor” and-‘*Advanced Editing
on UNIX,” Bell Laborateries, 1978. Beginners
n2ed the introduction; the advanced material will
help you get the most oui of the editor.

M. E. Lesk, “Typing Documents on UNIX,™ Bell
Laboratories, 1978, Describes the —ms macro
package, which isolaies the novice from the
vagaries of nroff and troff, and takes care of




most formatting situations. If this specific pack-
age isn’t available on your system, something
similar probably is. The most likely alternative is
the PWB/UNIX macro package —mm; see your
tocal guru if you use PWB/UNIX.

B. W. Kernighan and L. L. Cherry, *"A System
for Typesetling Mathemaucs.” Bell Laboratlories
Computing Science Tech. Rep. 17,

M. E Lesk, “Tbl — A Program to Formal
Tables,” Bell Laboratories CSTR 49, 1976.

J. F. Ossanna, Jr., “NROFF/TRQFF User's
Muanual,”” Bell Laboratories CSTR 54, 1976.
troff is the basic formatter used by —ms, eqn
and tbl. The reference manual is indispensable
if you are going to write or maintain these or
similar programs. But start with:

B. W. Kemnighan, **A TROFF Tutorial,” Bell
Laboratories, 1976, An allempt. to unravel the
intricacies of troff. .

Programming:

B. W, Kernighan and D, M. Ritchie, The C Pro-
gramming Language, Prentice-Hall, 1978. Con-
tains a tutorial introduction, compiete discussions
of all language fealures, and the reference
manual.

B. W, Kernighan and D. M. Ritchie, **UNIX Pro-
gramming.”” Bell Laboratories, 1978. Describes
how to interface with the system from C pro-
grams: 1/0 calls, signals, processes.

S. R. Bourne, ‘*An Introduction to the UNMIX
Shell,”” Bell Laboratories, 1978. An introduction
and reference manual for the Version 7 shell.
Mandatory reading if you intend to make
effective use of the programming power of this
shell.

S. C. Johnson, **Yacc — Yet Another Compiler-
Compiler,”” Bell Laboratories CSTR 32, 1978.

M. E. Lesk, **Lax — A Lexical Analyzer Gen-
erator,” Bell Laboratories CSTR 39, 1975.

§. C. Johnson, *'Lint, a € Program Checker,”
Bell Laboratories CSTR 65, 1977,

S. 1. Feldman, “*“MAKE — A Program lor Main-
taining Computer Programs.” Bell Laboratories
CSTR 57, 1977

J. F. Maranzano and S. R. Bourne, "*A Tutorial
Introduction to ADB,” Bell Laboratories CSTR
62, 1977. An introduction to a powerfu! but
complex debugging tool.

S. L. Feldman and P. ]. Weinberger, *'A Portable
Fortran 77 Compiler,” Bell Laboratories, 1978.
A full Fortran 77 for UNIX systems.
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ABSTRACT

Almaost all text input on the UNIXY operating system is done with the text-
editor ed This memorandum is a tutorial guide to help beginners gel started
with text editing.

Although it does notl cover everything, it ‘does discuss enough for most
users’ day-to-day needs. This includes printing, appending, changing, deleting,
moving and inserting entire lines of texl; reading and writing files; context
searching and line addressing; the substitute command; the global commands;
and the use of special characters for advanced editing.
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A Tutorial Introduction to the UNIX Text Editor

Brian W. Kernighan

Bell Laboratories
Murray Hill, New Jersey 07974

Introduttion

Fd is a *“1exl editor’, that is, an inteructive
program for creating and modifying “text™.
using directions provided by a user a1 & (erminal
The text is oflen a document like this one, or a
progrum or perhaps daw for u program.

This introduction is meant to simplify learn-
ing e, The recommended way to learn ed is lo
read Lhis document, simultaneously using ed 10
foliow Lhe examples, then to read the description
in section | of the UNIX Progranuner’s Manual all
the while experimenting with ed. (Solicitation of
advice from experienced users is also useful.)

Do the exercises! They cover material not
completely discussed in the acwal text. An
appendix summarizes lhe commands.

Disclaimer .

This is an introduction and a tuwrial. For
this reason, no auempt is made lo cover more
than a part of the facilities that ed offers
{although this fraction inciudes ihe most useful
and frequently .used parts). When you huave
mastered Lthe Tutorial, Lty Advanced Editing on
UNIX. Also, there is not enough space (o explain
basic UNIX procedures. We will assume that you
know how Lo leg on Lo UNIX, and that you have
at least a vague understanding of whal a file is,
For more on that, read UNIX for Beginners.

You must also know what characler 1o type
as the end-of-line on your particular terminal.
This character is the RETURN key on most ier-
minals. Throughout, we will refer 10 this charac-
ter, whatever it is, as RETURN.

Getting Started

We'll assume that you huve logged in Lo your
system and it has just printed the prompt chirac-
ler, usually either a 8 or a %. The eusiest way 10
gel ed is 10 type

ed (followed by a return)

You are now ready lo g0 — ed is wailing for you
10 tell it what to do.

Creating Text — the Append command “'a’’

As your first problem, suppose you wanl Lo
creite some text starting from scraich. Perhaps
you are lyping the very first draft of a paper;
cleurly it wili huve o start somewhere, and
undergo modifications laer. This section wiil
show how Lo gel some lextin, jusl to get started.
Later we’ll wik about how 1o change it.

When edis Frst starled, it is rather like work-
ing with a blank picce of paper — there is no
lexl or information present. This must be sup-
plied by the person using ed; it is usually done by
typing in the text, or by reading it inlo ¢d from a
fite. We will start by typing in some text, and
return shortly 1o how o read Ries.

First a bil of terminology. In ed jargon, the
text being worked on is said o be ‘‘kept in a
buffer.” Think of the bufler us u work space, if
you like, or simply as the information (hat you
are going to be ediling. In effect the bufler is
like the piece of paper., on which we will wrile
things, then change some of them, and finally
file the whole Lhing away for another day.

The user tells e what 10 do 1o his ex1 by
yping instructions called ‘‘commands.’’ Most
communds consist of a single letier, which must
be typed in lower case. Euch command is wvped
on o separate line. (Sometimes the command is
preceded by informattion about what line or lines
ol text ure to be aflecied — we will discuss these
shortly.) Ed mukes no response 1o most com-
mands — ihere i$ no prompting or typing of
messages like “ready™, (This silence is preferred
by experienced users, but sometimes a hangup
lor beginners.)

The Brst command is eppend, writlen as the
letter

all by itsell. 1t meuns *‘append (or add) text
lines o the bufler, as | type them in.”" Append-
ing is rather like writing fresh malterial on a piece
ol paper.

So 1o enler lines of 1ext inio the bufter, jusi
type an 2 lollowed by a RETURNM, followed by




the lines of 1ext you want, like this:

a
Now is the time
for all good men
to come to the aid of their party.

The only way to stop appending is (o type &
line thal contzins only a period. The **.”" is used
o el ed that you have finished appending.
{Even experienced users forgel thal terminaling
" sometimes. If ed seems to be ignoring you,
type an extra line with just **."" on i.. You may
then find you've added some garbage lines to

your text, which you’'ll have 1o take out later.)

Afier the append command has been done,
the buffer will contain the three lines

Now is the time
for all good men
to come to the aid of their party.

The **a’ and **."" aren’t there, because they are
not text.

To add more text to what you already have,
just issue another a command, and continue typ
ing. :

L% 3L

Error Messages — '*?

If at any time you make an error in the com-
mands you type o ed, it will tell you by typing

9

This is about as cryptic as it can be, but wilh
practice, you can usually figure out how you
goofed.

Writing text out as a file — the Write command
Giwil

It’s likely that you’l! want to save your lext
for later use. To wrile oul the contents of the
buffer onio a Rle, use the wrire command

w

followed by the filename you want to write on.
This will copy the buffer’s contents onto the
specified file (destroying any previous informa-
tion on the file). To save ihe text on a Rle
named junk, for example, type

w junk
Leave a space between w and the file name. Ed

will respond by printing the number of characters
it wrote out. In this case, ed would respond with

68

{(Remember that blanks and the return character
atl the end of each line are included in the char-
acter count.) Writing a file just makes a copy of

the text — the buffer's contents are not dis-
turbed, 50 you can go on adding lines to it. This
is an important point. Ed at all times works on a
copy of a file, not the file itself. No change in
the contents of a file takes place until you give a
w command. (Wriling out the text onto a fle
from time 1o time as it is being crealed is a good
idea, since i the system crashes or il you make
some horrible misiake, you will lose ail the text
in the buffer bui any text that was writlen onto a
file is relatively safe.)

Leaviny ed — the Quit command **q’*

To 1erminale 2 session with ed, save the text
you're working on by writing it onto a file using
the w command, and then‘lype the command

q

which stands for guir. The sysiem will respond
with the prompt character (8§ or %), At this
point your buffer vanishes, with all its text,
which is why you want to wrile it oul before
quitting.

Exercise 1:
Enter ed and create some texl using

a
... text ...

Write it out using w. Then leave ed with the q
command, and print the Ele, to see thal every-
thing worked. (To print a file, say

pr filename
or
cat filename

in response to the prompt characier. Try both.)

Reading text from a file — the Edit command

1Pl

e

A common way lo get text into the bufler is
1o read it from a fle in the Rle system. This is
what you do to edit lext that you saved with the
w command in a previous session. The edir com-
mand e fetches the entire contents of a file into
the buffer. So if you had saved the three lines
“*Now is the time™, etc., with 28 w command in
an earlier session, the edcommand

€ junk

would fetch the entire contents of the file junk
into the buffer, and respond

t Actually, ed will print ? il you iry to quil without writ-
ing. AL that point, write il you want, if not, another g
will get you oul regard less.



.

68

which is the number of characiers in junk.
anything was already in the buffer, it is defeted first,

If you use the e command 10 read a fie into
the buffer, then you need not use a file name
after a subsequent w command; ¢d remembers
the last fite name used in an e command, and w
will write on this file. Thus a good way 1o
operate is

ed

e file

[editing session]
w

q

This way, you can simply say w [rom Llime 1o
time, and be secure in the knowledge that if you
got the file name right at the beginning, you are
writing into the proper file each time.

You can find out at any time what file name
ed is remembering by typing the fife command f.
In this example, if you typed

f
ed would reply
junk

Reading text from a file — the Read command

b 93

Sometimes you want Lo read a file into the
buffer withoul destroying anything that is already
there. This is done by the read command r. The
command

r junk

will read the file junk into the buffer; it adds it
10 the end of whatever is already in the buffer.
So if you do a read afier an edit:

e junk
r junk

the buffer will contain ave copies of the text (six
lines).

Now is the time
for all good men
to come to the aid of their party.
Now is the time
for all good men
to come to the aid of their party.

Like the w and e commands, r prints the number
of characters read in, after the reading operation
is complete.

Generally speaking, r is much less used than

i

Exercise 2:

Experiment with the ¢ command — try read-
ing and printing various Fles. You may get an
error ?name, where name is the name of a file;
this means that the Fle doesn’t exist, typically
because you spelled the file name wrong, or
perhaps that you are not allowed 1o read or write
it. Try allernately reading and appending Lo see
that they work similarly. Verily that

ed filename
is exactly equivalent to

ed .
e filename

What does
f filename

do?

Printing the contents of the buffer — the Print
commanl‘l upn

To print or list the contemis of the buffer (or
parts of it} on the terminal, use the print com-
mand

P

The way Lhis is done is as follows. Specify the
lines where you wanlt printing to begin and where
you want it to end, separated by a comma, and
followed by the letter p. Thus 1o print the firsi
two lines of the buffer, for example, (that is,
lines 1 through 2) say

1.2p
£d will respond with

(starting line=1, ending line=2 p)

Now is the time
for all good men

Suppose you want (o print alf the lines in the
bulfer. You could use 1,3p as above if you knew
there were exactly 3 lines in the buffer. But in
general, you don'l know low many there are, so
what do you use for the ending line number? Ed
provides a shorthand symboi for “‘line number
of last line in buffer** — the dollar sign 8. Use it
this way:

1,5p

This will print a/f the lines in the buffer (line | to
last line.) If you want to stop the prinling before
it is finished, push the DEL or Delele key; ed will
type

?

and wait for the next command.

To print the kst line of the buffer, you could
use




$.%p
but ed lets you abbreviate this to
Sp
You can print any single line by typing the line
number followed by a p. Thus
lp
produces the response
Now is the time

which is the first line of the buffer.

In fact, ed lets you abbreviate even further:
you can print any single line by typing just the
line number — no need to type the letier p. Sc
il you say )

$

ed will print the last line of the buffer.
You can also use § in combinations like

5—1,%p

which prints the last two lines of the buffer.
This helps when you want 1o see how far you got
in lyping.

Exercise 3:

As before, create some text using the a com-
mand and experiment with the pcommand. You
will find, for example, that you can’t print line 0
or a line beyond the end of the buffer, and that
attempts to print a buffer in reverse order by say-
ing .

3.ip

don't work,

The current line — “*Dot”’ or **.""

Suppose your buffer still contains the six
lines as above, tffat you have just typed

1,3p
and ed has printed the three lines for you. Try
typing just

P (no line numbers)
This will print

to come to the aid of their party.

which is the third line of the buffer. In lact it is
the last {most recent) line that you have done
anything with. (You just printed it!) You can
repeat this p command without line numbers,
and it will continue to print line 3.

The reason is thal ed maintains a record of
the last line that you did anything to (in this
case, line 3, which you just printed) so that it

can be used instead of an explicit line number.
This most recent line is referred to by the short-
hand symbol

{pronounced “‘dot™),

Dot is a line number in the same way that § is; il
means exactly ‘‘the current line', or loosely,
“'the line you most recently did something to0."
You can use it in several ways — one possibility
is to say

L 8p

This will print all the lines from (including) the
current line to the end of the buffer. In our
example these are lines 3 through 6.

Some commands change the value of dot,
while others do not. The p command seis dot o
the number of the last line printed; the last com-
mand will set both . and $ 10 6. .

Dot is most useful when used in combina-
tions like this one:

.1 {or equivalently, .+1p)

This means ‘“‘print the next line” and is a hundy'
way lo slep slowly through a buffer. You can
also say

.—1 {or .—1p)

which means “‘print the line before the current
line.”” This enables you to go backwards if you
wish. Another useful ane is something like

.—3,.—1p
which prints the previous three lines.

Don't forget that all of these change the
value of dot. You can find out what dot is at any
time by typing

Ed will respond by printing the value of dot.

Let's summarize some things about the p
command and dot. Essentially p can be preceded
by 0, 1, or 2 line numbers. If there is no line
number given, il prints the *‘current line™, the
line that doi refers 10. If there is one line
number given (with or without the letter p}, it
prints that line (and dot is set there); and if
there are iwo line numbers, il prinis all the lines
in that range (and sets dot to the last line
printed.) Il 1wo line numbers are specified the
frst can’t be bigger than the second (see Exer-
cise 2.)

Typing a single rewern will cause printing of
the next line — it's equivalent to .+1p. Tr}_r it.
Try 1yping 2 —; you will find that it's equivalent
o .~1p.



Deleting lines: the **d’' command

Suppose you want to get rid of the three
exira lines in the buffer. This is done by the
delete command

d

Except that d deletes lines instead of printing
them, ils action is similar to that of p. The lines
to be deleted are specified for d exactly as they
are for p:

starting line, ending line d
Thus the command
4,%d

deletes lines 4 through the end. There are now
three lines left, as you can check by using

1,8p

And notice that $ now is line 3! Dot is sel to the
next line after the last line deleted, unless the
last line deleted is the last line in the buffer. In
that case, dot is set to 5.

Exercise 4:

Experiment with a, e, r, w, p and d until you
are sure that you know what they do, and until
you understand how dol, $, and line numbers
are used.

If vyou are adveniurous, lry using line
numbers with a, r and w as well. You will fnd
that a will append lines afier the line number that
you specify (rather than after dot); that r reads a
Ble in affer the line number you specify (not
necessarily at the end of the buffer); and that w

will write out exactly the lines you specify, not.

necessarily the whole buffer. These variations
are sometimes handy. For instance you can
insert a file at the beginning of a buffer by saying

Or filename
and you can enler lines at the beginning of the
buffer by saying )

0a

. fext. ..

Notice that .w is very different from

w
Mﬁdifying text: the Substitute command *‘s™

We are now ready to try ane of the most
important of ali commands — the substitule
command

5

This is the command that is used to change indi-
vidual words or leuers within a line or group of
lines. It is what you use, for example, for
correctling spelling mistakes and typing errors.

Suppose that by a 1yping error, line | says
Now is th time

— the ¢ has been left off the. You can use s lo
fix this up as follows:

1s/th/the/

This says: *in line I, substitute for the characiers
th the characters the.”” To verily that it works (ed
will not print the result automatically) say

p
and get
Now is the time

which is whal you wanied, Notice that dot must
have been set (o the line where the substilution
took place, since the p command printed that
line. Dot is always se1 this way with the s com-
mand.

The general way to use the subslitule com-
mand is

siarting-line, ending-tine sf change thisl o this/

Whatever string of characters is between the first
pair of slashes is replaced by whatever is between
the second pair, in a/f the lines between smariing-
line and ending-line. Only the first otcurrence on
each line is chaenged, however, If you want 1o
change every occurrence, see Exercise 5. The
rules far line numbers are the same as those for
p, except that dot is set 1o the last line changed.
(But there is a trap for the unwary: if no subsli-
tution ok place, dot is wor changed. This
causes an error 7 as a warning.)

Thus you can say
1,%s/speling/spelling/

and correct the first spelling mistake on each line
in the text. {This is useful for people who are
consistent misspellers!)

If no line numbers are given, the s command
assumes we mean “‘make the substitution on line
dot’, so it changes things only on the current
line. This leads [0 the very common sequence

s/something/something else/p

which makes some correction on the current
line, and then prints it, to make sure it worked
out }ight. If it didn’t, you can try again. (Notice
that there is a p on the same line 2s the s com-
mand. With few exceptions. p can follow any
command, no other multi-command lines are
legal.}




It's also legal to say
sf ... H

which means ‘‘change the frst string of charac-
iers © ‘“aething'®, ie., remove them. This is
useful for deleling extra words in a line or
removing extra letters from words. For instance,
if you had

Nowxx is the time
you can say

s/xx//p
to get

Now is the time

Notice that // (iwo ddjacent slashes) means ‘‘no
characters'’, not a blank. There is a difference!
{See below for another meaning of //.)

Exercise 5:

Experiment with (he substitute command.
See what happens il you substitute for some
word on a line with several occurrences of that
word. For example, do this:

a
the other side of the coin

s/the/on the/p
You will get
on the other side of the coin

A substitute command changes only the first
occurrence of the first string. You can change zll
occurrences by adding a g (for “global™) w the s
command, like this:

st.../.../egp

Trey other characters instead of slashes to delimit
the two sets of pharacters in the s command —
anything should work except blanks or tabs.

(If you get funny results using any of the
characters

- L8 [ s\ &

read the section on “*Special Characters™.)

Context searching — */ ... /"

With the substitute command mastered, you
can move on 1o another highly important idea of
ed — context searching.

Suppose you have the original three line text
in the buffer:

Now is the time
for all good men
to come to the aid of their party.

Suppose you want Lo find the line that contains
their s0 you can change it to she. Now with only
three lines in the buffer, it's preuwy easy to keep
track of what line the word sheir is on. But il the
buffer contained several hundred lines, and
you'd been making changes, deleting and rear-

Tanging lines, and so on, you would no longer

really know what this line number would be.
Context searching is simply a method of specify-
ing the desired line, regardless of what its
number is, by specilying some coniexl on il

The way to say ‘“‘search for a line that con-
tains this particular string of characters™ is to
iype ’

I siring of characiers we wani to find/
For example, the edcommand
ftheir/

is a context search which is sufficient w0 fnd the
desired line — it will locate the next occurrence
of the characters between slashes (“their™™). It
also sets dot to that line and prints the line, for
verification:

to come to the aid of their party.

“*Nex! occurrence’™ means that ed starts looking
for the string at line .+1, searches to the end of
the bufter, then continues at line | and searches
to line dot. (That is, the search ““wraps around™
from 3§ to 1.) It scans all the lines in the buffer
until it either finds the desired line or gets back
1o dot again. If the given string of characters
can't be found in any line, ed types the error
message

?
Otherwise it prints the line it found.

You can do both the search for the desired
line anda substitution all at once, like this:

ftheir/s/their/the/p
which will yield
to come to the aid of the party.

There were three parts to that last command:
context search for the desired line, make the
substiwation, print the line.

The expression /their/ is a context search
expression. In their simplest form, all context
search expressions are like this — a string of
characters surrounded by slashes. Context

-searches are interchangeable with line numbers,

so they can be used by themselves o find and
print a desired line, or as line numbers for some
other command, like 5. They were used both
ways in the examples above.



Suppose the buffer conwins the three familiar
lines

[

Now is the time.
for all good men
to come to the aid of their party.

Then the ed line numbers

/Now/+1
fgood/
fparty/—1

are all context search expressions, and they all
refer 1o the same line (line 2). To make a
change in line 2, you could say

/Now/ +1s/good/bad/
or

fgood/s/good/bad/
or

/party/ — 1s/good/bad/

The choice is dictaied only by convenience. You
could print all three lines by, for instance

/Now/,/party/p
or
/Now/ /Now/+2p

or by any number of similar combinations. The
first one of these might be beuer if you don’t
know how many lines are involved. {(Of course,
if there were only three lines in the buffer, you'd
use

1.%p
but not if there were several hundred.)
The basic rule is: a context search expression

is the same as a line number, 5¢ il can be used -

wherever a line number is needed.

Exercise 6:

Experiment with coniext searching. Try a
body of tex. with several occurrences of the
same string of characters, and scan through it
using the same conlext search.

Try using context searches as line numbers
for the substitute, print and delete commands.
(They can also be used with r, w, and a.)

Try context searching using ?text? instead
of /text/. ‘This scans lines in the buffer in
reverse order rather than normal. This is some-
times useful if you go too far while tooking for
some string of characters — it's an easy way (o
back up.

(If you get funny results with any of the
characters

L8 Lo N &
read the seciion on *‘Special Characters™.)

Ed provides a shorthand for repeating a con-
text search for Lthe same string. For example,
the ed line number

Istring/

will find ithe next occurrence ef string. [t often
happens that this is not the desired line, so the
search musi be repeated. This can be done by
typing merely

i

This shorthand stands for “‘the most recently
used contexi search expression.” It can also be
used as the frst siring of the substitute com-
mand, as in

/stringl/s//string2/

which will find the next occurrence of stringl
and replace it by string2. This can save a lot of
typing. Similarly

”?

means ‘‘scan backwards for the same expres-
sion.”

Change and Insert — *‘¢”" and "i"
This section discusses the change command

c

which is used 10 change or replace a group of
one or more lines, and the inserr command

which is used for inserting a group of one or
more lines.

“Change™, written as
<

is used 0 replace a number of lines with
different lines, which are typed in at the termi-
nal. For example, lo change lines . +1 through 3
1o something eise, type

+1,8¢
... (pe the lines af texi you wanr here . . .

The lines you type between the ¢ command and
the . will take the place aof the original lines
between start line and end line. This is most
useful in replacing a line or several lines which
have errors in them.

If only one line is specified in the ¢ com-
mand, then just that line is replaced. {(You can
lype in as many replacement lines as you like.)
Motice the use of . w0 end the input — this
works just like the . in the append command




and must appear by itself on a new line. [I no
line number is given. line dot is replaced. The
value of dot is set to the last line you typed in.

*Insert™ is similar 10 append — for instance

/string/i
... vpe the lines (o be inseried here . | .

will insert the given text before the nexi line that
contains ‘‘string’”. The lext between i and . is
inserted before the specified line. If no line
number is specified dot is used. Dol is sel to the
last line inserted.

Exercise 7:

“Change™ is rather like a combination of
delete followed by insert. Experiment to verify
that

stari, end d
i
. fext. ..

is almost the same as

stary, end ¢
e dlext. ..

These are not precisely the same il line $ géis
deleted. Check this oul. What is dot?

Experiment with a and i, to see that they are
similar, but not the same. You will observe thal

fine-number a
. fext. ..

appends afier the given line, while

line-nmumber i
PR ' ¢ B

inserts befare it. Observe that if no line number
is given, i inserts before line dot, while a
appends after line dot.

Moving text around: the **m'’ command

The move command m is used for cutting
and pasting — it lets you move a group of lines
from one place to another in the buffer. Sup-
pose you want Lo put the first three lines of the
buffer at the end insiead. You could do it by
saying:

1,3w temp
$r temp
1,3d

(Do you see why?} bul you can do it a lot easier
with the m command:

1,Jm$
The general cas'e is

swari fine, end line m afier this fine
Notice that there is a third line 1o be specified —
the place where the moved swfl gets pul. OF

course the lines to be moved can be specified by
contexi sexrches; iff you had

First paragraph

end of first paragraph.
Second paragraph

end of second paragraph.
you could reverse the two paragraphs like this:
/Second/,/end of second/m/First/ —

Notice the —1: the moved text goes afier the line
mentioned. Dol gets set to the last line moved.

The global commands 2" and *'v"’

The globul command g is used to execule one
or more ed communds on all those lines in the
buffer that maich some specified string. For
example

g/peling/p
prints all lines that contin peling. More use-
fully,
g/peling/s//pelling/gp
make:.; the substitution everywhere on Lhe line,
then prints each corrected line. -Compare Lhis to
1,3s/peling/pelling/gp

which only prints the last line substituted.
Another subtle difference is that the g command
does not give 2 ? if peling is not found where
the s command will. '

There may be several commands (including
a, c, i, r, w, bul not g); in that case, every line
excepl the last must end with a backslash \:

g/ xxx/.—1s/abc/def/B
.+2s/ghi/jkl/B
.—2..p

makes changes in the lines before and afler each
line that contains xxx, then prints all three lines.

The v command is the same as g, except that
the commands are execuled on every line that
does not malch the string lollowing v:

v/ /d

deletes every line that <ices not contain a blank.



Special Characters

You may have noticed thal things just don’t
work right when you used some characters like .,
« %, and others in context searches and the sub-
stitute command. The reason is rather compiex,
although the cure is simple.
these characters as special, with special mean-
ings. For instance, in a context search or the first
siring of the substitute command only, . means
“‘any character,”” not a period, so

Ix.y/

means “‘a line with an x, any character, and a y,"’
not just “*a line with an x, a period, and a y."" A
complete list of the special characters that can
cause trouble is the following:

BRI T S

Warning: The backslash character \ is special to
ed. For safety’s sake, avoid it where possible. If
you have 10 use one of the special characters in a
substitute command, you can turn off {15 magic
meaning temporarily by preceding it with the
backslash. Thus

s/\\\.\»/backslash dot star/

will change \.* into “*backslash dot star™,

Here is a hurried synopsis of the olher special
characters. First, the circumflex ° signiftes the
beginning of a line. Thus

! suring/

finds string only il it is at the beginning of a
line: it will find

string
but not
the string...

The dollar-sign $ is just the opposite of the
circumflex; it means the end of a line:

Istring$/

will only fnd an occurrence of string thal is at
the end of some line. This implies, of course,
that

/"string$/

will find only a line that contains just string, and
7.8/

finds a line containing exacily one character.

The character
maltches anything;

Ix.y/

matches any of

.. 85 we mentioned above,

Basically, ed treats .

Xx+y

Xx=y

Xy

X.¥ _
This is useful in conjunction with », which is a
repelition characler, a* is a shorthand for “any
number of a's.”” so .» matches any number of
anythings. This is used like this:

s/.+/stuff/
which changes an entire line, or
sf.e it/

which deletes all characters in- the line up to and
including the last comma. (Since .+ finds the
longest possible maich, this goes up o the last
comma.} '

| is used with | to form “*character classes™;
for example,

/10123456789)/

malches any single digit — any one of the char-
acters inside the braces will cause a match. This
can be abbreviated Lo [0—91.

Finally, the & is another shorthand character
— il is used only on the right-hand part of a sub-

"stitule command where it means ‘‘whatever was

malched on the left-hand side™. It is used to
save lyping. Suppose the current line contained

Now is the time

and you wanted to put pareniheses around it
You could just retype the line, but this is wedi-
ous. Or you could say

s/
s/$8/)/

using your knowledge of ~ and 8. But the easiest
way uses the &:

sf.e/ (&}

This says “*match the whole line, and replace it
by itself surrounded by parentheses.” The & can
be used several times in a line; consider using

s/.«/&7 &1/
10 produce

Now is the time? Now is the time!!

You don’t have to match the whole line, of
course: if the buffer contains

the end of the world
you could type
fworld/s//& is at hand/

1o produce




the end of the world is at hand

Observe this expression carefully. for it illus-
trates how (o take advantage of ed 10 save typing.

- 10 -

The string /world/ found the desired line; the

shorthand // found the same word in the line;
and the & saves you from typing it again. )

The & is a special character only within the
replacement text of a substitutz command, and
has no special meaning elsewhere. You can turn
- off the special meaning of & by preceding it with

a\:
s/ampersand/\&/

will corivert the word ‘‘ampersand™ inio the
literal symbol & in the current line.

Summary of Commands and Line Numbers

The general form of ed commands is the
command name, perhaps preceded by one or two
{ine numbers, and, in the case of e, r, and w,
followed by a file name. Only one command is
allowed per line, but a p command may follow
any other command {(except for e, r, w and q).

a: Append, that is, add lines to the buffer (at line
dot, unless a different line is specified). Append-
ing continues until . is typed on a new line. Dot
is set to the last line appended.

¢ Change the specified lines 10 the new text
which follows. The new lines are terminated by
a ., as with a. If no lines are specified, replace
line dot. Dot is set to lasi line changed.

d: Delete the lines specified. If none are
specified, delete line dot. Dot is set o the first
undeleted line, unless $ is deleted, in which case
dot is set to §.

e: Edit new file. Any previous contents of the
buffer are thrown away, so issue a w beforehand.

f: Print remembered filename. If a name follows
f the remembered name will be set to it.

g: The command
g/---/commands

will execute the commands on those lines that
contain ---, which can be any context search
gxpression.

i: Insert {ines before specified line (or dot) until
a . is typed on a new line. Dozt is set ta-last line
inserted.

m: Move lines specified 1o after the line named
after m. Dol is set to the last line moved.

p: Print specified lines. Il none specified, print
line dot. A single line number is equivalent to
line-number p. A singie return prints .+1, the

next line,

q: Quit e¢ Wipes out alt text in buffer il you
give it twice in" a row without first giving a w
command.

r: Read a Rle into buffer {at end unless specifed
elsewhere.) Dol sel to last line read.

s: The command
s/stringl /string2/

substitutes the characters stringl into string2 in
the specified lines. If no lines are specified,
make the substitution in line dot. Dot is set 1o
last line in which a substilution took place, which
means that il no substilution took place, dot is
not changed. s changes only the first occurrence
of stringl on a line; to change all of them, type
a g afier the final slash.

v: The command
v/---/commands

executes commands on those lines that do not
coniin ---. '

w: Write out buffer onto a file. Dot is not
changed.

.==: Print value of dot. (= by itsell prints the
value of 8.)

! The line

lcommand-line

causes command-line to be executed as a UNIX
command.

fameee f: Context search. Search for next line
which conlains this string of characiers. Print it.
Dot is set to the line where siring was found.
Search siarts a1 .+1, wraps around from $ 10 1,
and continues to dot, if necessary.

?-----?: Conlext search in reverse direction.
Start search at .—1, scan to 1, wrap around to 8.
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1. INTRODUCTION

Although unixt provides . remarkably
effective tools for text editing, that by itself is no
guarantee that everyone will automatically make
the most effective use of them. In particular,
people who are not computer specialists — typ-
ists, secretaries, casual users — often use the
system less effectively than they might.

This document is intended as a sequel to A
Tutorial Intraductian to the UNIX Text Editor {1],
providing explanations and examples of how to
edit with less effort. (You should also be fami-
liar with the material in UNFX For Beginners (21.)
Further information on all commands discussed
here can be found in The UNIX Programmer's
Manual [3].

Examples are based on observations of
users and the difficulties they encounter. Topics
covered include special characters in searches
and substitute commands, line addressing, the
glabal commands, and line moving and copying.
There are also briefl discussions of effective use
of related tools, like those for file manipulation,
and those based on ed, like grep and sed.

A word of caution. There is only one way
to learn to use something, and that is to wse il.
Reading a description is no substitute for trying
something. A paper like this one should give
you ideas about what to try, but until you actu-
ally try something, you will not learn iL.

2. SPECIAL CHARACTERS

The editor ed is the primary interface to
the system for many people, so it is worthwhile
to know how to get the most out of ed for the
least effort. N

The next few sections will discuss
shortcuts and labor-saving devices. Not all of
these will be instantly useful to any one person,
of course, but a few will be, and the others
should give you ideas to store away for future
use. And as always, until you try these things,

tUNIX is a Trademark of Belt Laboratories.

they will remain theoretical knowledge, not
something you have confidence in.

The List command ‘I’

ed provides two commands for printing the
contents of the lines you're editing. Most people
are familiar with p, in combinations like

1.8p
to print all the lines you're editing, or
s/abc/def/p

to change ‘abc’ to ‘def” on the current line. Less
familiar is the fisr command | (the letter */*),
which gives slightly more information than p. In
particular, | makes visible characters that are
normally invisible, such as tabs and backspaces.
If you list a line that contains some of these, 1
will print each tab as > and each backspace as
- . This makes it much easier lo correct the sort
of typing mistake that inserts extra spaces adja-
cent to tabs, or inserts a backspace followed by a
space.

The | command also ‘folds’ long lines for
printing — any line that exceeds 72 characters is
printed on multiple lines; each printed line
except the last is terminated by a backslash \, so
you can tell it was folded. This is useful for
printing long lines on short terminals.

Qccasionally the | command will print in a
line a string of numbers preceded by a backslash,
such as \07 or \16. These combinations are used
to make visible characters that normally don’t
print, like form feed or vertical tab or bell. Each
such combination is a single character. When
you see such characters, be wary — they may
have surprising meanings when printed on some
terminals. Often their presence means that your
finger slipped while you were typing; you almost
never want them.

The Substitute Command ‘s’

Most of the next few sections will be taken
up with a discussion of the substitute command
s. Since this is the command for changing the




contents of individual lines,
most complexity of any ed command, and the
most potemlal for effective use.

As the simiplest ptace to begin, recall the
meaning of a trailing g after a substitute com-
mand. With

s/this/that/
and
s/this/that/g

the first one replaces the firss ‘this’ on the line
with ‘that’. If there is more than one ‘this’ on
the line, the second form with the trailing g
changes aff of them.

Either form of the s command can be fol-
lowed by p or 1to *print’ or ‘list® {as described in
the previous section) the contents of the line:

s/this/that/p
s/this/that/1
s/this/that/gp
s/this/that/gl

_are all legal, and mean slightly different things.
Make sure you know what the differences are.

Of course, any s command can be pre-
ceded by one or two ‘line numbers' to specify
thal the substitution is to take place on a group
of lines. Thus

1,8s/mispell/misspell/

changes the first occurrence of ‘mispell’ to

‘misspell’ on every line of the file. But
1,8s/mispell/misspell/g

changes every occurrence in every line (and this
is more likely to be whal you wanted in this par-
ticular case).

You should also notice that if you add a p
or | to the end of any of these substitute com-
mands, only the last line that got changed will be
printed, not all the lines. We will talk later about
how to print ail the lines that were modified.

The Undo Cominand ‘u’

Qccasionally you will make a substitution
in a line, only to realize too late that it was a
ghastly mistake. The ‘undo’ command u lets
you ‘undo’ the last substitution: the last ling that
"was substituted can be restored to its previous
state by typing the command

u

it probably has the

The Metacharacter *.

As you have undoubtedly noticed when
you use ed, certain characters have unexpected
meanings when they occur in the left side of a
substitute command, or in a search for a particu-
lar line. In the next several sections, we will talk
about these special characters, which are ofien
called ‘metacharacters’. :

The first one is the period '.". On the left
side of a substitute command, or in a search with
‘.. 1 slands for anv single character. Thus
the search

Ix.yl

finds any line where *x’ and ‘y
by a single character, as in

X+y
=y
Xay
X.y

and so on. (We will use n to stand for a space
whenever we need to make it visible.)

Since *." matches a single character, that
gives you a way to deal with funny characters
printed by 1. Suppose you have a line that, when
printed with the | command, appears as

th\07is

and you want to get rid of the \07 (which
represents the bell character, by the way).

" oceur separated

The most obvious solution is to try
sNOT//

but this will fail. (Try it.) The brute force solu-
tion, which most people would now take, is to
re-type the entire line. This is guaranteed, and is
actually quite a reasonable tactic if the line in
question isn't too big, but for a very long line,
re-typing is a bore. This is where the metachar-
acter ‘.’ comes in handy. Since “\07' really

represents a single character, if we say
s/th.is/this/

the job is done. The *.’ matches the mysterious
character between the *h’ and the ‘i', whatever it
is.

Bear in mind that since ‘. matches any
single character, the command

st/

converls the first character on a line into a '.",
which very often is not whal you intended.

As is true of many characters in ed, the *.’
has several meanings, depending on its context.
This line shows all three:



s/

The first *." is a line number, the number of the
line we are editing, which is called ‘line dat'.
(We will discuss line dot more in Section 3.) The
second *.' is a melacharacter that matches any

single character on that line. The third *." is the

only one that really is an honest literal period.
On the right side of a substitution, *.” is not spe-
cial, If you apply this command to the line

Now is the time.
the result will be
.0w is the time.

which is probably not what you intended.

The Backslash *\’

Since a period means ‘any character’, the
question naturally arises of what to do when you
really want a period. For example, how do you
convert the line

Now is the time.
" into
Now is the time?

The backslash ‘\' does the job. A backslash
turns off any special meaning that the next char-
acter might have; in particular, ‘\.” converts the
*.’ from a *match anything’ into a period, so you
can use it to replace the period in

MNow is the time.
like this:
s/\.t?

The pair of characters ‘\.’ is considered by ed to
be a single real period.

The backslash can also be used when

searching for lines that contain a special charac-

ter.
tains

Suppose ydu are looking for a line that con-

.PP

The search
/.PR/

isn't adequate, for it will find a line like
THE APPLICATION OF ..

because the ‘.’ matches the letter *A’. But if you
say

I\.PP/

you will find only lines that contain ‘.PP".
The backslash can also be used to turn off

[ ]

special meanings for characters other than °.'.
For example, consider finding a line that con-

tains a backslash. The search
N

won't work, because the "\’ isn't a literal “\", but
instead means that the second ‘/' no longer
delimits the search. But by preceding a backslash
with another one, you can search for a literal
backsiash. Thus

IANY;

does work. Similarly, you can search for a for-
ward slash */° with

AYZ

The backslash turns off the meaning of the
immediately following ‘/* so that it doesn’t ter-
minate the /.../ construction prematurely.

As an exercisé, before reading Ffurther,
find two substitute commands each of which will
convert the line

\x\y

into the line
\x\y

Here are several solutions; verify that each
works as advertised.

s\
six.Ix/
st..ylyl

A couple of miscellaneous notes about
backslashes and special characters, First, you
can use any character to delimit the pieces of an
s command: there is nothing sacred about
slashes. (But you must use slashes for context
searching.) For instance, in a line that contains a
lot of slashes already, like

/fexec //sysfort.go // etc...

you could use a colon as the delimiter — to
delete all the slashes, type

s:/fug

Second, if # and @ are your character
erase and line kill characters, you have to lype
\# and \@; this is true whether you're taiking to
ed or any other program.

When you are adding text with a or i or ¢,
backslash is not special, and you should only put
in one backslash for each one you really want.

The Doilar Sign *$’

The next metacharacter, the 3, stands for
‘the end of the line’. As its most obvious use,
suppose you have the line




Now is the

and you wish to add the word ‘time’ to the end.
Use the § like this:

5/8/ gtime/
to get
Now is the time

Notice that a space is neaded before ‘time’ in the
substitule command, or you will get

Mow is thetime
As another example, replace the second

comma in the following line with a period
without altering the first:

Now is the time, for all good men,
The command needed is
s/ 8/

The § sign here provides context to make specific
which comma we mean. Without it, of course,
the s command would operate on the first
comma to produce

Now is the time. for all good men,

As another example, to convert
Now is the time.
into
Now is the time?
as we did earlier, we can use
s/ .5/

Like *.’, the '$’ has multiple meanings
depending on context. In the line

3s/8/8/

the first 'S’ refers to the iast line of the fite, the
second refers tothe end of that line, and the
third is a literal dellar sign, to be added to that
line. :

The Circumflex *"*

The circumflex (or hat or caret) *** stands
for the beginning of the line, For example, sup-
pose you are looking for a line that begins with
‘the’. If you simply say

/the/

you will in all likelihood find several lines that
contzin ‘the’ in the middle before arriving at the
one you want. But with

/"the/

you narrow the context, and thus arrive al the
desired one more easily.

The other use of '™ is of course to enable
you to insert something at the beginning of a
line:

s/™/al : *

places a space at the beginning of the current
line.

Metacharacters can be combined. To
search for a line that contains onfv the characters

PP ' -
you can use the command I

1"\ .PP§/

The Star *»*'

Suppose you have a line that looks like
this:

rexi X y fext

where rexr stands for lots of text, and there are
some indeterminate number of spaces between
the x and the y. Suppose the job is to replace all
the spaces between X and y by a single space.
The line is too long to retype, and there are too
many spaces to count. What now?

This is where the metacharacter ‘+’ comes
in handy. A character followed by a star stands
for as many consecutive occurrences of that
character as possible. To refer to zll the spaces
at once, say '

s/xasy/xay/

The construction ‘g+' means *as many spaces as
possible’. Thus ‘xg*y’ means ‘an X, a5 many
spaces as possible, then a ¥,

The star can be used with any charécter.
not just space. If the original example was
instead

then all *—" signs can be replaced by a single
space with the command

six—+y/xay/

Finally, suppose that the line was
IX! Xaseasassossasaaeady fOX!

Can you see what trap lies in wail for the
unwary? [f you blindly type

sfx. oyl xay/

what will happen? The answer, naturally, is that
it depends. If there are no other x's or ¥'s on
the line, then everything works, but it's blind
luck, not good management. Remember that *.'
matches auy single character? Then ‘.+' matches
as many single characters as possible, and unless



you're careful, it can eat up a lot more of the
line than you expected. If the line was, for
exampile, like this:

fext X lexi lext y lext

then saying
" sixuylxayl
will take everything from the firsr ‘x” to the last

‘y’, which, in this example, is undoubtedly more
than you wanted.

The solution, of course, is to turn off the
special meaning of *." with ‘\."

s/x\.+y/xay/
Now everything works, for ‘\.*' means ‘as many
periods as possible’.

There are times when the pattern ‘.« is
exactly what you want. For exampie, to change

Now is the time for all good men ...
into

Now is the time.
use ‘.+" to eat up everything after the *for’:

s/afor././

There are a couple of additional pitfalls
associated with ‘+' that you should be aware of.
Most notable is the fact that ‘as many as possi-
ble’ means zero or more. The fact that zero is a
legitimate possibility is sometimes rather surpris-
ing. For example, if our line contained

fext Xy rext X y texr

and we said
s/xo+w/xay/

the firsr ‘xy’ matches this pattern, for it consists
of an *x’, Zero spaces, and a ‘y'. The result is
that the substitute acts on the first ‘xy’, and does
not touch the later one that actually contains
some intervening spaces.

The way around this, if it matters, is to
specify a pattern like
/xo n*y/

which says ‘an x, a space, then as many more
spaces as possible, then a y', in other words, one
Oor more spaces.

The other startling behavior aof *»" is again
refated to the fact that zero is a legitimate
number of occurrences of something followed by
a star. The command

six=/ylg

when applied to the line

abedef
produces
vaybycydyeyfly

which is almost certainly not what was intended.
The reason for this behavior is that zero is a
legal number of matches, and there are no x's at
the beginning of the line (so that gets converted
into a ‘y'}, nor between the ‘a* and the ‘b’ (s0
that gets converted into a ‘y’), nor ... and so on.
Make sure you really want zero matches; if not,
in this case write

s/xx+fyfg

‘xX*' is one or more X’s.

The Brackets *[ |'

Suppose that you want to delete any
numbers that appear at the beginning of all lines
of a file. You might frst think of trying a series
of commands like

1,88/ 1»//
1.8s/7 24/
1,8s/°3+//

and so on, but this is clearly going lo take for-
ever if the numbers are at all long. Unless you
wanlt to repeat the commands over and over until
finally a#ll numbers are gone, you must get ail the
digits on one pass. This is the purpose of the
brackets [ and ].

The construction
[0123456789]

matches any single digit — the whole thing is
called a ‘character class’. With a character class,
the job is easy. The pattern ‘[0123456789]+
matches zero or more digits (an entire number),
50

1,8s/°{0123456789]+//

deletes all digits from the beginning of all lines.

Any characters can appear within a charac-
ter class, and just to confuse the issue there are
essentially no special characters inside the brack-
ets; even the backslash doesn’t have a special
meaning. To search for special characters, for
example, you can say

NS/
Within {...1, the ‘[* is not special. To get a ‘]
into a character class, make it the first character.

It's a nuisance 1o have to spell out the
digits, so you can abbreviate them as [0—9]*
similarly, {a—z] stands for the lower case letters,
and (A —2Z] for upper case.

As a Anal frill on character classes, you can




specify a class that means ‘nore-of the following
characters’. This is done by beginning the class
with a *"":

("0-9]
stands for ‘any character except a digit’. Thus

vou might find the first line that doesn’t begin
with a tab or space by a search like

1*{"(space) (tab})/

Within a character class, the circumflex has
a special meaning only if it occurs at the begin-
ning. Just to convince yourself, verify that

11V
finds a line that doesn’t begin with a circumflex.

The Ampersand ‘&’

The ampersand ‘&' is used primarily to
save typing. Suppose you have the line

Now is the time
and you want to make it
Now is the besl time
Of course you can always say
s/the/the best/

but it seems silly to have lo repeat the ‘the’.
The '&’ is used lo eliminate the repetition. On
the righr side of a substitute, the ampersand
means ‘whatever was just matched’, so you can
say -

s/the/& best/

and the ‘& will stand for ‘the’. OFf course this
isn’t much of a saving if the thing matched is
just ‘the’, but if it is something truly long or
awful, or if it is something like ‘.« which
matches a lot of text, you can save some tedious
typing. There is. glso much less chance of mak-
ing a typing error in the replacement text. For
example, to parenthesize a line, regardless of its

length,
s/ of (&)/

The ampersand can occur more than once
on the right side:

s/the/& best and & worst/
makes

Now is the best and the worst time
and

sf .o/ &7 &1/

converls the original line into

Now is the time? Naw is the time!!

To get a literal ampersand, naturally the
backslash is used to turn off the special meaning:

s/ampersand/\&/

converts the word into the symbol. Notice that
‘&’ is not special on the left side of a substituie,
only on the right side.

Substituting Newlines

ed provides a facility for splitting a single
line into two or more shorter lines by ‘substitut-
ing in a newline’. As the simplest example, sup-
pose a line has golten unmanageably long
because of editing (or merely because it was
unwisely typed). If it looks like

fexi Xy text

you can break it between the ‘X’ and the ‘y’ like
this:

sfxyfx\
y/

This is actuaily a single command, aithough it is
typed on two lines. Bearing in mind that ‘\"
turns ofl special meanings, it seems relatively
intuitive that a ‘\" at the end of a line would
make the newline there no longer special.

You can in fact make a single line into
several lines with this same mechanism. As a
large example, consider underlining the word
‘very' in a long line by splitling ‘very® onto a
separate line, and preceding it by the roff or nroff
formatting command *.ul’.

fexi a very big rexy
The command

s/ overya/\
Al

very\
/

converts the line into four shorter lines, preced-
ing the word ‘very’ by the line “.ul', and elim-
inating the spaces around the ‘very’, all at the
same time.

When a newline is substituted in, dot is
left peinting at the last line created.

Joining Lines

Lines may also be joined together, but this
is done with the j command instead of s. Given
the lines

Now is
athe time

and supposing that dot is set to the first of them,



then the command
i
joins them together. No blanks are added, which

is why we carefully showed a blank at the begin-
ning of the second line.

All by itself, a j command joins line dot to
line dot+1, but any contiguous set of lines can
be joined. Just specify the starting and ending
line numbers. For example,

1.8jp

joins all the lines into one big one and prints it.
(More on line numbers in Section 3.)

Rearranging a Line with \ (... \)

(This section should be skipped on frst
reading.) Recall that ‘&' is a shorthand that
stands for whatever was maiched by the left side
of an s command. In much the same way you
can capture separate pieces of what was matched;
the oniy difference is that you have to specily on
the left side just what pieces you're interested in.

Suppose, for instance, that you have a file
of lines that consist of names in the form

Smith, A. B.
Jones, C.

and so on, and you want the initials to precede
the name, as in

A. B. Smith
C. Jones

It is possible to do this with a series of editing
commands, but it is tedious and error-prone. (It
is instructive to figure out how it is done,
though.)

The alternative is to ‘tag’ the pieces of the
pattern {in this case, the last name, and the ini-
tials}, and then rearrange the pieces. On the left
side of a subsiitution, il part of the pattern is
enclosed between \( and \}, whatever matched
that part is remembered, and available for use on
the right side. On the right side, the symbol \1"
refers to whatever matched the first \(_..\) pair,
“\2" to the second \(...\), and so on.

The command
1,8/ 7V I a A (DA 20\

although hard to read, does the job. The first
\{..\) matches the last name, which is any string
up to the comma; this is referred to_on the right
side with *\1’. The second \{..\) is whatever
follows the comma §nd any spaces, and is
referred to as *\2".

Of course, with any editing sequence this
complicated, it's foclhardy to simply run it and

hope. The global commands g and v discussed
in section 4 provide a way for you to print
exactly those lines which were affected by the
substitute command, and thus verify that it did
what you wanted in all cases.

3. LINE ADDRESSING IN THE EDITOR

The next general area we will discuss is
that of line addressing in ed, that is, how you
specifly what lines are to be affected by editing
commands. We have already used constructions
like

1,8s/x/y/

to specify a change on all lines. And most users
are long since familiar with using a single new-
line (or return) to print the next line, and with

/thing/

to find a line that contains ‘thing’. Less familiar,
surprisingly enough, is the.use of

?thing?

10 scan backwards for the previous occurrehce of
‘thing’. This is especially handy when you real-
ize that the thing you wanl to operate on is back
up the page from where you are currently edit-
ing.

The slash and question mark are the only
characters you can use to delimit a context
search, though you can use essentially any char-
acter in a substitute command.

Address Arithmetic

The next step is to combine the line
numbers like *.’, 'S, */.../" and *7...7" with ‘+’
and *='. Thus

$—1
is a command to print the next to last line of the
current file (that is, one line before line *§°).

For example, to recall how far you got in a previ-
ous editing session,

$-53%p
prints the last six tines. (Be sure you understand

why it's six, not five.) If there aren’t six, of
course, you'll get an error message.

As anather example,

—3,.+3
prints from three lines before where you are now
(at line dot)} to three lines after, thus giving you

a bit of context. By the way, the ‘+' can be
omitted;

.—3,.3p

is absolutely identical in meaning.




Another area in which you can save typing
effort in specifying lines is to use *—" and "+’ as
line numbers by themselves.

by itself is a command io move back up one line
in the file. In fact, you can string several minus
signs together to move back up that many lines:

moves up three lines, as does ‘—3'. Thus
=3,+3p

is also identical to the examples above.

Since ‘=" is shorter than ‘.—1", construc-
tions like
—,.s/bad/good/

are useful. This changes ‘bad’ to ‘good’ on the
previous line and on the current line.

‘+" and *—" can be used in combination
with searches using ‘/../" and ‘7..7", and with
*$’. The search

fthing/ — -

finds the line containing ‘thing', and positions
you twa lines before it.

Repeated Searches
Suppose you ask for the search

/hosrible thing/

and when the line is printed you discover that it
isn’t the ‘horrible thing that you wanted, so it is
necessary to repeat the search again. You don’t
have to re-type the search, for the construction

/"

is a shorthand for ‘the previous thing that was
searched for', whatever it was. This can be
repeated as many times as necessary. You can
also go backwards:

7?
searches for the same thing, but in the reverse
direction.

Not only can you repeat the search, but
you can use ‘//* as the left side of a substitute
command, to mean ‘the most recent pattern’.

/horrible thing/
e €d primis fine with ‘horrible hing’ ...
s//good/p

To go backwards and change a line, say
?7s//good/

Of course, you can still use the ‘&’ on the right
hand side of a substitute to stand for whatever

got matched:
{1stt&odlp

finds the next occurrence of whatever you
searched for last, replaces it by two copies of
itself, then prints the line just to verily that it
warked. )

Default Line Numbers and the Value of Dot

One of the most effective ways to speed up
your editing is always to know what lines will be
affected by a command if you don™t specify the
lines it is to act on, and on what line you will be
positioned (i.e., the value of dot) when a com-
mand finishes. If you can edit without specifying
unnecessary line numbers, you can save a lot of
typing. .

As the most obvious example, if you issue
a search command like

/thing/

you are left peinting at the next line that con-
tains ‘thing’. Then no address is required with
commands like s to make a substitution on that
line, or p to print it, or 1 to list it, or d 10 delete
it, or a to append text after it, or ¢ to change it,
or i to insert text before it.

What happens if there was no ‘thing'?
Then you are left right where you were — dot is
unchanged. This is also true if you were sitting
on the only ‘thing’ when you issued the com-
mand. The same rules hold for searches that use
*2..7" the only difference is the direction in
which you search. ’

The delete command d leaves dot pointing
at the line that followed the last deleted line.
When line ‘3’ gets deleted, however, dot points
at the new line ‘§. '

The line-changing commands a, cand i by
default all affect the current line — if you give
no line number with them, a appends text after
the current line, ¢ changes the current line, and §
inserts text before the current line.

a, ¢ and i behave identically in one
respect — when you stop appending, changing or
inserting, dot points at the last line entered.
This is exactly what you want for typing and edit-
ing on the fly. For example, you can say

a

... text ...

... botch ... {minor error)
s/botch/correct/ (fix botched line)
a

... more text ...

without specifying any line number for the sub-



stitute command or for the second append com-
mand. Or you can say

a

Lotext ..

... horrible botch ...
c (replace entire line)
... fixed up line ...

(major error)

You should experiment to determine what
happens if you add no lines with a, cor i

The r command will read a file into the
text being edited, either at the end if you give no
address, or after the specified line if you do. In
either case, dot points at the last line read in.
Remember that you can even say Or to read a
file in at the beginning of the text. (You can
also say 0a or 1i to start adding text at the begin-
ning.)

The w command writes aut the entire file.
If you precede the command by one line
number, that line is written, while if you precede
it by two line numbers, that range of lines is
written. The w command does aor change dol:
the current line remains the same, regardless of
what lines are written. This is true even if you
say something like

f"\.AB/ /"\.AE/w abstract
which involves a context search.

Since the w command is so easy o use,
you should save what you are editing regularly as
you go along just in case the system crashes, or
in case you do something foelish, like clobbering
what you're editing. '

The least intuitive behavior, in a sense, is
that of the s command. The rule is simple —
you are left sitting on the last ling that got
changed. [f there were no changes, then dot is
unchanged.

To illustrate, suppose that there are three
lines in the buffer, and you are sitting on the
middie one:

x1
x2
x3

Then the command
—,+s/x/ylp

prints the third line, which is thie last one
changed. But il the three lines had been

x1
y2
y3

and the same command had been issued while

dot pointed at the second line, then the result
wouid be to change and print only the first line,
and that is where dot would be set.

Semicolon *;*

Searches with ‘/.../" and “7..7" start at the
current line and move forward or backward
respectively until they either find the pattern or
get back to the current line. Sometimes this is
not what is wanted, Suppose, for example, that
the buffer contains lines like this:

ab
be )

Starting at line 1, one would expect that the
command

faf . /bip

prints atl the lines from the ‘ab’ to the ‘bc’
inclusive. Actually this is not what happens.
Both searches (for ‘a’ and for *b’) start from the
same point, and thus they both find the line that
contains ‘ab’. The result is te print a single line.
Worse, if there had been a line with a ‘b* in it-
before the ‘ab’ line, then the print command
would be in error; since the second line number
would be less than the first, and it is illegal to try
to print lines in reverse order.

This is because.the comma separator for
line numbers doesn’t set dot as each address is
processed; each search starts from the same
place. In ed, the semicolon ‘;' can be used just
like comma, with the single difference that use
of a semicolon forces dot to be set at that point
as the line numbers are being evaluated. In
effect, the semicolen ‘moves’ dot. Thus in our
example above, the command

fal/bip

ptints the range of lines from ‘ab’ to ‘bec’,
because after the *a’ is found, dot is set to that
line, and then ‘b’ is searched for, starting beyond
that line.

This property is most often useful in a
very simple situation. Suppose you want to find
the second occurrence of ‘thing’. You could say

fthing/

/

but this prints the first occurrence as weil as the




second, and is a nuisance when you know very
well that it is only the second one you're
interested in. The solution is to say

fthing/;//

This says to find the frst occurrence of ‘thing’,
set dot to that line, then find the second and
print only that.

Closely related is searching for the second
previous occurrence of something, as in
?something?,77?

Printing the third or fourth or ... in either direc-

tion is left as an exercise.

Finally, bear in mind that if you want to
find the first occurrence of something in a file,
starting at an arbitrary place within the file, it is
not sufficient to say

1;/thing/

because this fails if ‘thing’ occurs on line 1. Bul
it is possible to say

0;/thing/
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(orie of the few places where 0 is a legal line .

number), for this starts the search at line 1.

Interrupting the Editor

As a final note on what dot gets set (o, you
should be aware that il you hit the interrupt or
delete or rubout or break key while ed is doing a
command, things are put back together again and
your state is restored as much as possible to what
it was before the command began. Naturally,
some changes are irrevocable — if you are read-
ing or writing a file or making substitutions or
deleting lines, these will be stopped in some
clean but unpredictable state in the middle
(which is why it is not usually wise o stop
them). Dot may or may not be changed.

Printing i¥ more clear cut, Dot is nol
changed until the printing is done. Thus il you
print until you see an interesting ling, then hit
delete, you are nor sitting on that line or even
near it. Dot is ieft where it was when the p com-
mand was started.

4. GLOBAL COMMANDS

The global commands g and v are used to
perform one or more editing commands on ail
lines that either contain (g) or don't contain (v)
a specified pattern.

As the simplest example, the command
g/UNIX/p

prints all lines that contain the word ‘UNIX".
Thea pattern that goes between the slashes can be

anything that could be used in a line search or in
a substitute command;, exactly the same rules
and limitations apply.

As another exampie, then,
g/ \./p

prints all the formalting commands in a file
(lines that begin with *.").

The v command is identical o g, except
that it operates on those line that do »#or contain
an occurrence of the pattern. (Don’t look too
hard for mnemonic significance to the letter *v".)
So

v/ \/p

prints all the lines that don't begin with *.” — the
actual text lines.

The command that follows g or v can be
anything:

g/ \.J/d
deletes all lines that begin with *.
g/ $/d

deletes all empty lines.

. and

Probably the most useful command that
can follow a global is the substituté command,
for this can be used to make a change and print
each affected line for verification. For example,
we could change the word ‘Unix’ to ‘UNIX’

-everywhere, and verify that it really worked, with

g/ Unix/s//UNIX/gp

Motice that we used ‘//° in the substitule com-
mand to mean ‘the previous pattern’, in this
case, ‘Unix’. The p command is done on every
line that matches the patiern, not just those on
which a substitution took place,

The global command operates by making
two passes over the file. On the first pass, all
lines that maich the pattern are marked. On the
second pass, each marked line in turn is ¢xam-
ined, dot is set to that line, and the command
executed. This means that it is possible for the
command that follows a g or v to use addressas,
set dot, and so on, quite freely.

g/ "\.PP/ +

prints the line that follows each ‘.PP' command
(the signal for a new paragraph in some format-
ting packages). Remember that ‘+' means ‘one
line past dot’. And

g/topic/ 7"\ .SH?1 .

searches for each line that contains ‘topic’, scans
backwards until it finds a line that begins *.5H'
(a section heading)} and prints the line that fol-

‘lows that, thus showing the section headings



under which ‘topic’ is mentioned. Finally,
g/ "\EQ/ + ,/\.EN/—p

prints all the lines that lie between lines begin-
ning with *.EQ" and *.EN’ formatling commands.

The g and v commands can aiso be pre-
ceded by line numbers, in which case the lines
searched are only those in the range specified.

Multi-line Global Commands

It is possible to do more than one com-
mand under the control of a global command,
although the syntax for expressing the operation
is not especially natural or pleasant, As an
example, suppose the task is to change ‘x’ to °y’
and ‘a’ to ‘b’ on all lines that contain ‘thing'.
Then

g/thing/s/x/y/\
s/a/b/

is sufficient. The '\’ signals the g command that
the set of commands continues on the next line;
it terminates on the first line that does not end
with '\". {As a minor blemish, you can’t use a
substitute command to insert a newline within a
g command.)

You should watch out for this problem:
the command

gl xi/stiyi\
sfafb/

does nor work as you expect. The remembered
pattern is the last pattern that was actually exe-
cuted, so sometimes it wiill be ‘x' (as expected),
and sometimes it will be *a* {not expected). You
must spell it out, like this: ’

gfxfs/xlyi\
s/albf

[t is also possible to execute a, ¢ and i
commands uader a global command;, as with
other multi-line constructions, all that is needed
is to add a ‘\" at the end of each line except the

last. Thus to add a *.af* and ‘sp’ command
before each *.EQ’ line, type

g/ "\.EQ/i\

.nf\

5P

There is no need for a final line containing a *.'
to terminate the i command, unless there are
further commands being done under the global.
On the other hand, it does na harm to put it in
either,
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5. CUT AND PASTE WITH UNIX COM-
MANDS

One editing area in  which non-
programmers seem not very confident is in what
might be called ‘cut and paste’ operations —
changing the name of a file, making a copy of a
file scmewhere else, moving a few lines from
one place to another in a file, inserting one file in
the middle of another, splitting a file into pieces,
and splicing two or mare files logether.

Yet most of these operations are actually
quite easy, il you keep your wits about you and
go cautiously. The next several sections talk
about cut and paste. We will begin with the uNIX
commands for meving entire files around, then
discuss ed commands for operating on pieces of
files.

Changing the Name of a File

¥ou have a file named ‘memo’ and you
want it to be called ‘paper’ instead. How is it
done?

The uNIX program that renames fifes is
called mv (for ‘move’); it *‘moves’ the file from
one name to another, like this:

my memo paper

That's all there is to it: mv from the old name to
the new name.

mv oldname newname

Warning: if there is already a file around with the
new name, its present contents will be silently
clobbered by the information from the other file,
The gne exception is that you can't move a file
10 itsell — )

my X X

is illegal.

Making a Copy of a File

Sometimes what you want is a copy of a
file — an entirely fresh version. This might be
because you want to work on a file, and yet save
a copy in case something gets fouled up, or just
because you're paranoid.

In any case, the way to do it is with the cp
command. (cp stands for ‘copy’; the system is
big on short command names, which are appreci-
ated by heavy users, but sometimes a strain for
novices.) Suppose vou have a file called ‘good’
and you want to save a copy before you make
some dramalic editing changes. Choose a name
— ‘savegood’ might be acceptable — then type

c¢p good savegood

This copies ‘good’ onto *savegood’, and you now




have two identical copies of the file ‘good’. (If
‘savegood’ previously contained something, it
gets overwritten.)

Now if you decide at some time that you
wanl to get back to the original state of ‘good’,
you can say

mv savegood pgood

(if you're not interested in

more), or

‘savegood’ any

cp savegood good

if you still want to retain a safe copy.

In summary, mv just renames a file; cp
makes a duplicate copy. Both of them clobber
the ‘target' file if it already exists, so you had
better be sure that's what you want o do before
you do it.

Removing a File

If you decide you are really done with a
file forever, you can remove it with the rm com-
mand: :

rm savegood

throws away (irrevocably) the file called

‘savegood’.

Putting Two or More Files Together

The next step is the familiar one of collect-
ing two or more files into one big one. This will
be needed, for example, when the author of a
paper decides thal several sections need to be
combined into one. There are several ways to do
it, of which the cleanest, once you get used to it,
is a program called cat. (Not alf programs have
two-letter names.) cat is short for ‘concatenate’,
which is exactly what we want to do.

Suppose the job is Lo combine the files
‘filel’ and ‘file2’ into & single file called *bigfile’.
If you say -

cat file

the contents of *file’ will get printed on your ter-
minal. If you say

cat filel file2

the contents of ‘filel” and then the contents of
‘file2" will borh be printed on your terminal, in
that order. So cat combines the files, all right,
but it’s not much help to print them on the ter-
minal — we want them in *bigfile’.

Fortunately, there is a way. You can tell
the system that instead of printing on your ter-
minal, you want the same information put in a
fite. The way to do it is to add to the command
line the character > and the name of the file
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where you want the output to go. Then you can
say

cat filel fle2 >bigfile

and the job is done. (As with c¢p and mv, you're
putting something into ‘bigfile’, and anything
that was already there is destroyed.)

This ability to ‘capture’ the output of a
program is one of the maost useful aspects of the
system. Fortunately it's not limiled to the cat
program — you can use it with any program that
prints on your terminal. We’'ll see some more
uses for it in a moment.

Waturally, you can combine several files,
not just two:

cat filel file2 filed ..

collects a2 whole bunch.

>bigfile

Question: is there any difference between
cp good savegood

and
cat pood >savegood

Answer: for most purposes, no. You might rea-
sonably ask why there are two programs in that
case, since cat is obviously all you need. The
answer is that cp will do some othér things as
well, which you can investigate for yourseil by
reading the manual. For now we’ll stick to sim-
ple usages.

Adding Something to the End of a File

Somélimes you wanlt to add one file to the
end of ancther, We have enough building blocks
now that you can do it; in fact before reading
further it would be valuable if you figured oul
how. To be specific, how would you use cp, mv
and/or cat to add the file *goodl’ to the end of
the file ‘good’?

You could try

cat good poodl >temp
mv temp good

which is probably most direct. You should also
understand why

cat good goodl >good

doesn't work. (Don't practice with a good
‘good’!)

The ecasy way is 10 use a variant of >,
called >>. In fact, > > is identical to > except
that instead of clobbering the old file, it simply
tacks stuff on at the end. Thus you could say

cat goodl > Sgood
and *good1" is added to the end of ‘good’. (And



il ‘good’ didn’t exist, this makes a copy of
‘good 1’ called ‘good’.)

6. CUT AND PASTE WITH THE EDITOR

Mow we move on to manipulating pieces
of files — individual lines or groups of lines.
This is another area where new users seem
unsure of themselves.

Filenames

The first step is to ensure that you know
the ed commands for reading and writing files.
OFf course you can’t go very far without knowing
rand w. Equally useful, but less well known, is
the ‘edit’ command e. Within ed, the command

¢ newfile

says ‘I want to edit a new file called wewfife.-
without lzaving the editor.” The e command dis-
cards whatever you're currently working on and
starts over on sewfile, It's exactly the same as if
you had quit with the q command, then re-
entered ed with a new file name, except that if
you have a pattern remembered, then a com-
mand like // will still work.

If you enter ed with the command
ed file

ed remembers the name of the file, and any sub-
sequent e, r or w commands that don’t contain a
filename will refer Lo this remembered file. Thus

ed filel

... (editing) ...

w (writes back in filel)

e file2 (edit new file, without leaving editor)
... (editing on file2) ...

w (writes back on file2)

(and so on) does a series of edits on various files
without ever leaving ed and without typing the
name of any filg more than once. (As an aside,
if you examine the sequence of commands here,
you can see why many UNIX systems use e as a
synonym for ed.)

You can find out the remembered file
name at any time with the f command; just type
f without a file name. You can also change the
name of the remembered file name with f; a use-
ful sequence is

ed precious
f junk
... {editing) ...

which gets a copy of a precious file, then uses f
to guarantee that a careless w command won’t
clobber the originai.
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[nserting One File into Another

Suppose you have a file called ‘memo’,
and you wanlt the file called ‘table’ to be inserted
just after the reference to Table 1. That is, in
‘memo’ somewhere is 4 line that says ~

Table | shows that ...

and the data contained in “table’ has to go there,
probably so it will be formatted properly by nroff
or troff. Now what?

This one is easy. Edit ‘memo’, find ‘Table
1’, and add the file ‘table’ right there:

ed memo

/Table 1/

Table I shows that ... [response from ed]
. lable

The critical line is the last one. As we said ear-
lier, the r command reads a file; here vou asked
for it to be read in right after line dot. An r
command without any address adds lines at the
end, so it is the same as Sr.

Writing out Part of a File

The other side of the coin is writing out
part ol the document you're editing. For exam-
ple, maybe you want to splil out into a separate
file that table from the previous example, so it
can be formatted and tested separately. Suppose
that in the file being edited we have

TS
...[lots of stuff]
.TE

which is the way a table is set up for the tbl pro-
gram. To isolate the table in a separale file
called ‘table’, first find the start of the table (the
*.TS' line), then write out the interesting part:

I™\. TS/
TS led prims the fine it found]
«/"\.TE/w table

and the job is done. If you are confident, you
can do it all at once with

I\ T8/;/"\.TE/w table

The point is that the w command can write
out a group of lines, instead of the whole file. In
fact, you can write out a single line if vou like;
just give one line number instead of two. For
example, if you have just typed a horribly com-
plicated line and you know that it {or something
like it) is going to be needed later, then save it
— don’'t re-type it. In the editor, say




a
..lots of stuff...
...horrible line...
W lemp

a

««amore stuff,..
oI temp

a

«more stuff...

This last example is worth studyihg, to be sure
you appreciate what's going on.

Moving Lines Around

Suppose you want to move a paragraph
from its presenl position in a paper lo the end.
How would you do it? As a concrete example,
suppose each paragraph in the paper begins with
the formatting command “.PP’. Think about it
and write down the details before reading on.

The brute force way (not necessarily bad)
is to write the paragraph onto a temporary file,
delete it from its current position, then read in
the temporary file at the end. Assuming that
you are sitting on the *.PP’ command that begins
the paragraph, this is the sequence of commands:

-/ "\.PP/ —w temp
S —=d
Srtemp

That is, from where you are now (*.") until one
line before the next ‘.PP* (*/"\.PP/—=") write
onto °‘temp’. Then delete the same lines.
Finally, read ‘temp’ at the end.

As we said, that’s the brute force way.
The easier way (often) is to use the move com-
mand m that ed provides — it lets you do the
whole set of operations at one crack, without any
temporary file. =

The m command is like many other ed
commands in that it takes up to two line
numbers in front that tell what lines are to be
affected. It is also foflewed by a line number that
tells where the lines are to go. Thus.

linel, line2 m line3

says to move all the lines between ‘linel” and
‘line2” after ‘line}’. Waturally, any of ‘lingl’
gtc., can be patterns between slashes, 5 signs, or
other ways to specify lines.

Suppose again that you're sitting at the
first line of the paragraph. Then you can say

o/ \.PP/—=m$ R
That's all.
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As another example of a frequent opera-
tion, you can reverse the order of iwo adjacent
lines by moving the first one to after the second.
Suppose that you are posilioned at the first.
Then

m+

does it. It says to move line dot Lo after one line
after line dot. If you are posilioned on the
second line,

m—=-
does the interchange.

As you can see, the m command is more
succinct and direct than writing, deleting and re-
reading. When is brute force befter anyway?
This is a matter of personal taste — do what you
have most confidence in. The main difficulty
with the m command is that if you use patterns
to specify bath the lines you are moving and the
target, you have o take care that you specify
them properly, or you may well nol move the
lines you thought you did. The result of a

. botched m command can be a ghastly mess.

Doing the job a step at a time makes it easier for
you to verify at each step that you accomplished
what you wanted to. It's also a good idea to

- issue 4 w command before doing anything com-

plicated; then if you goaof, it’s easy to back up lo
where you were.

Marks

ed provides a’ facility for marking a line
with a particular name so you can later reference
it by name regardless of its actual line number.
This cun be handy lor moving lines, and for
keeping track of them as they move. The mark
command is k; the command

kx

marks the current line with the name 'x’. If a
line number precedes the k, that line is marked.
(The mark name must be a single lower case
letier,) Now you can refer to the marked line
with the address

X

Marks are most useful for moving things
around. Find the first line of the block 10 be
moved, and mark it with 4. Then find the last
line and mark it with 5. Now position yoursell
at the place where the stuff is to go and say

‘a,'bm.
Bear in mind that only one line can have a

particular mark narne associated with it at any
given time.



Copying Lines

We mentioned earlier the idea of saving a
line that was hard to type or used often, so as Lo
cut down on typing time. Of course this could
be more than one line; then the saving is
presumably even greater.

ed provides another command, called t
{for “transfer’) for making a copy of a group of
one or more lines at any point. This is often
easier than writing and reading.

The t command is identical to the m com-
mand, except that instead of moving lines it sim-
ply duplicates them at the place you named.
Thus

1,53

duplicates the entire contents that you are edit-
ing. A more common use for tis for creating a
series of lines that differ only slightly. For
example, you can say

a
. X ......... (long line)
t. {make a copy)
s/xfyl {change it a bit)
t. (make third copy)
sfyfz/ {change it a bit)
and so on.

1L

The Temporary Escape

Sometimes it is convenient to be able to
temporarily escape from the editor to do some
other unIX command, perhaps one of the file
copy or move commands discussed in section 5,
without leaving the editor. The ‘escape’ com-
mand ! provides a way to do this.

If you say
lany UNIX command

your current editing stale is suspended, and the
uNiIx command you asked for is executed. When
the command finishes, -ed will signal you by
printing another !, at that point you can regsume
editing.

You can really do aav UNIX command,
including ancther ed. (This is quite common, in
fact.) In this case, you can even do another !

7. SUPPORTING TOOLS

There are several tools and techniques that
go along with the editor, all of which are rela-
tively easy once you know how ed works,
because they are all based on the editer. In this
section we will give some fairly cursory examples
of these tools, more to indicate their existence
than to provide a complete tutorial. More infor-
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maticn on each can be found in [3}.

Grep

Sometimes you want to find all
occurrences of some word or pattern in a set of
files, to edit them or perhaps just to verify their
presence or absence. It may be possible to edit
each file separately and look for the patiern of
interest, but if there are many files this cun get
very tedious, and il the files are really big, it may
be impossible because of limits in ed.

The program grep was invented to get
around these limitations. The search paiterns
that we have described in the paper are often
called ‘regular expressions’, and ‘grep’ stands for

gfre/p

That describes exactly what grep does — it prints
every line in a set of files that contains a particu-
lar pattern. Thus

grep 'thing’ flel Ale2 file3 ..

finds “thing’ wherever it occurs in any of the files
‘filel”, ‘file2’, etc. grep also indicates the filg in
which the line was found, so you can later edit it
if you like.

The pattern represented by ‘thing' can be
any pattern you can use in the editor, since grep
and ed use exactly the same mechanism for pat-
tern searching. [t is wisest always to enclose the
pattern in the single quotes ’..." if it contzins any
non-alphabetic characters, since many such char-
acters also mean something special to the uUNIX
command interpreter (the ‘shell’). If you don’t
quote them, the command interpreter will try L0
interpret them before grep gets 4 chance.

_ There is also a way to find lines that don’r
contain a pattern:

grep —v 'thing' filel file2 ..

finds all lines that don’t contains ‘thing’. The
—v+ must occur in the position shown. Given
grep and grep —v, il is possible to do things like
selecting all lines that contain some combination
of patterns. For example, to get all lines that
contain *x’ but not *y’:

grep x file... | grep —v ¥

(The notation | is a *pipe’, ‘which causes the out-
put of the first command to be used as input to
the second command; see [2].)

Editing Scripts

If a fairly complicated set of editing opera-
tions is to be done on a whole set of files, the
eusiest thing to do is to make up a ‘script’, i.e., a
file that contains the operations you want to per-
form, then apply this script to each file in turn,




For example, suppose you want to change
every ‘Unix’ to ‘UNIX' and every ‘Gceos’ 1o
*GCOS’ in a large number of files. Then put
into the file ‘seript’ the lines

g/Unix/s//UNIX/g
g/ Geos/s//GCOS/
w o
q

Now you can say

ed fitel <script
ed fle2 <script

This causes ed to take its commands from the
prepared script. Notice that the whole job has to
be pianned in advance. .

And of course by using the UNIX command
interpreter, you can cycle through a set of files
automalically, with varying degrees of ease.

Sed

sed (‘stream editor') is a version of the
editor with restricted capabilities but which is
capable of processing unlimited amounts of
input. Basically sed copigs its input Lo its output,
applying one or more editing commands to each
line of input.

As an example, suppose that we wanl to
do the ‘Unix’ to “UNIX’ part of the example
given above, but without rewriting the files.
Then the command

sed 's/Unix/UNIX/g  filel fle2 ..

applies the command ‘s/Unix/UNIX/g" to all
lines from ‘filel’, “file2’, etc., and copies all lines
to the output., The advantage of using sed in
such a case is that it can be used with input too
large for ed to handie. All the output can be col-
lected in one place, either in a file or perhaps
piped into another program.

If the editing transformation is so compli-
cated that more than one ediling command is
needed, commands can be supplied from a file,
or on the command ling, with a slightly more
complex svntax. To take commands from a file,
for example,

sed —f cmdfile input—files...
sed has further capabilities, including con-

ditional testing and branching, which we cannot
go into here.
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An Introduction to the UNIX Shell

S. R. Bourne

Bell Laboratories
Murray Hill, New Jersey 07974

1.0 Introduction

The sheil is both a command language and a programming language that provides an interface
to the UNIX operating system. This memorandum describes, with examples, the UNIX shell.
The first section covers most of the everyday requirements of terminal users. Some familiarity
with UNIX is an advantage when reading this section; see, for example, "UNIX for beginners".!
Section 2 describes those features of the shell primarily intended for use within shell pro-
cedures. These include the control-flow primitives and string-valued variables provided by the
shell. A knowledge of a programming language would be a help when reading this section.
The last section describes the more advanced features of the shell. References of the form "see
pipe (2)" are to a section of the UNIX manual.?

1.1 Simple commands

Simple commands consist of one or more words separated by blanks. The first word is the
name of the command to be executed; any remaining words are passed as arguments to the
command. For example!

who
is a command that prints the names of users logged in. The command

Is -1 _
prints a list of files in the current directory. The argument —/ tells /s to print status informa-
tion, size and the creation date for each file.

1.2 Background commands

To execute a command the shell normally creates a new process and waits for it to finish. A
command may be run without waiting for it to finish. For exampie,

cc pgm.c &

calls the C compiler to compile the file pean.c. The trailing & is an operator that instructs the
shell not to wait for the command to finish. To help keep track of such a process the shell
reports its process number following its creation. A list of currently active processes may be
obtained using the ps command.

1.3 Input output redirection

Most commands produce outpul on the standard output that is initially connected to the termi-
nal. This output may be sent to a file by writing, for example,

Is =1 >file

The notation > file is interpreted by the shell and is not passed as an argument to f5. If file does
not exist then the shell creates it; ctherwise the original contents of file are replaced with the
output from Ifs. Output may be appended to a file using the notation




Is = >>file

In this case file is also created if it does not already exist.

The standard input of a command may be taken from a file instead of the terminal by writing,
for example,

we < file

The command wc reads its standard input (in this case redirected from file) and prints the
number of characters, words and lines found. If only the number of lines is required then

-we —] <file

could be used.

1.4 Pipelines and filters

The standard output of one command may be connected to the standard input of another by
writing the ‘pipe’ operator, indicated by 1,7as in,

Is —1 | we
Two commands connected in this way constitute a pipeline and the overall effect is the same as
Is =1 >file; we <file

except that no fife is used. Instead the two processes are connected by a pipe {see pipe 2)) and
are run in parallel. Pipes are unidirectional and synchronization is achieved by halting wc when
there is nothing to read and halting /s when the pipe is full.

A filrer is a command that reads its standard input, transforms it in some way, and prints the
result as output. One such filter, .grep, selects from its input those lines that contain some
specified string. For example,

Is | grep old

prints those lines, if any, of the output from /s that contain the striﬁg old. Another useful filter
is sorr. For example,

who | sort

will print an alphabetically sorted list of logged in users.
A pipeline may consist of more than two commands, for example,

Is | grepold | we |

prints the number of file names in the current director_y containing the string old.

1.5 File name generation
Many commands accept arguments which are file names. For example,
Is = main.c
prints information relating to the file main.c.
The shell p"rovides a mechanism for penerating a list of file names that match a pattern. -For
example,
Is =1 ».c

generates, as arguments to /s, all file names in the current directory that end in .c. The charac-
ter » is a pattern that will match any string including the null string. In general paiterns are
specified as follows.
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Matches any string of characters including the null string,
Matches any single character.

| Matches any one of the characters enclosed. A pair of characters separated by a
minus will match any character lexically between the pair.

Toew %

For example,
l[a—z]*

matches all names in the current directory beginning with one of the letters a through =z
fuse/fred/test/?

matches all names in the directory /usr/fred/test that consist of a single character. If no file
name is found that matches the patiern then the pattern is passed, unchanged, as an argument.

This mechanism is useful both to save typing and to select names according to some pattern. It
may alsc be used to find files. For example,

echo /fusr/fred/*/core

finds and prints the names of all core files in sub-directories of /usr/fred. (echo is a standard
UNIX command that prints its arguments, separated by blanks.} This last feature can be expen-
sive, requiring a scan of all sub-directories of /usr/fred.

There is one exception to the general rules given for patterns. The character *." at the start of a
file name must be explicitly matched. ’

echo *
will therefore echo all file names in the current directory not beginning with *.",
echo »

will echo all those file names that begin with *.". This avoids inadvertent matching of the
names ‘.’ and ‘.. which mean ‘the current directory’ and ‘the parent directory’ respectively.
(Notice that /s suppresses information for the files *." and *..".)

1.6 Quoting

Characters that have a special meaning to the shell, such as < > » ? | &, are called metachar-
acters. A complete list of metacharacters is given in appendix B. Any character preceded by a
\ is gquoted and loses its special meaning, if any. The \ is elided so that

echo \?
will echo a single ?,and .
echo \\ '

will echo a single \. To allow long strings to be continued over more than one line the
sequence \newline is ignored.

\ is convenient for quoting single characters. When more than one character needs quoting the
above mechanism is clumsy and error prone. A string of characters may be quoted by enclos-
ing the string between single quotes. For example,

echo xx'***#"xx
will echo
XXERERNXY

The quoted string may not contain a sinple quote but may contain newlines, which are
preserved. This quoting mechanism is the most simple and is recommendéd for casual use.
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A third quoting mechanism using double quotes is also available that prevents interpretation of
some but not all metacharacters. Discussion of the details is deferred to section 3.4.

1.7 Prompting
When the shell is used from a terminal it will issue a prompt before reading a command. By
default this prompt is *$ *. [t may be changed by saying, for exampie,

PS1=yesdear

that sets the prompt to be the string vesdear. If a newline is typed and further input is needed
then the shell will issue the prompt ‘> . Sometimes this can be caused by mistyping a quote
mark. If it is unexpected then an interrupt (DEL) will return the shell to read another com-
mand. This prompt may be changed by saying, for example,

PS2=more

1.8 The shell and login

Following login (1) the shell is called to read and execute commands typed at the terminal. " If
the user's login directory contains the file .profile then it is assumed to contain commands and
is read by the shell before reading any commands from the terminat,

1.9 Summary

.8 Is
Print the names of files in the current directory.
. Is >file

Put the output from /s into file.
. Is { we—I
. Print the number of files in the current directory.

e s | grepold
Print those file names containing the string ofd.
. Is | grep old | wc —I
Print the number of files whose name contains the string o/d.

. cc pgm.c &
Run ¢c in the background.



2.0 Shell procedures
The shell may be used to read and execute commands contained in a file. For exampie,
sh file [args ...}

calls the shell to read commands from fife. Such a file is called a command procedure or shell
procedure. Arguments may be supplied with the call and are referred to in fife using the posi-
tional parameters $1, $2, .... For example, if the file wg contains

who | grep 51
then

“sh wg fred
is equivalent to

who | grep fred

UNIX files have three independent attributes, read. write and execite. The UNIX command
chmod (1) may be used to make a file executable. For example,

chmod +x wg

will ensure that the file wg has execute status. Following this, the command
wg-f red

is equivalent to
sh wg fred

This allows shell procedures and programs to be used interchangeably. In either case a new
process is created to run the command.

As well as providing names for the positional parameters, the number of positional parameters
in the call is available as $# . The name of the file being executed is available as $0.

A special shell parameter $+ is used.to substitute for all positional parameters except §0. A
typical use of this is to provide some default arguments, as in,

nroff —T450 —ms %+

which simply prepends some arguments to those already given.

2.1 Control flow - for

A frequent use of shell procedures is to loop through the arguments {81, $2, ...) executing
commands once for each argument. An example of such a procedure is sef that searches the file
/usr/lib/telnos that contains lines of the form

fred mh0123
bert mh0789

.The text of tef is

for i
do grep $i /usr/lib/ielnos; done

The command
tel fred

prints those lines in /usr/lib/telnos that contain the string fred.




tel fred bert

prints those lines containing fied followed by those for bert.
The for loop notation is recognized by the shell and has the general form
for name in wi w2 .,

do command-lisr
done

A command-list is a sequence of one or more simple commands separated or terminated by a
newline or semicolon. Furthermore, reserved words like do and done are only recognized fol-
lowing a newline or semicolon. name is a shell variable that is set to the words w/ w2 ... in
turn each time the command-tist following do is executed. If in w/ w2 ... is omitied then the
loop is executed once for each positional parameter; that is, in $*is assumed.

Another example of the use of the for loop is the create command whose text is
for i do >$i; done

The command
create alpha beta

ensures that two empty files alpha and bera exist and are empty, The notation > fife may be
used on its own to create or clear the contents of a file. Notice also that a semicolon (or new-
line} is required before done.

2.2 Control flow - case
A multiple way branch is provided for by the case notation. For example,
case $# in
1) cat >>81 3
2) cat >>82 <81 :;

#) echo ‘usage: append [ from ] to" ;;
esac

is an append command. When called with one argument as
append file
$4# is the string [ and the standard input is copied onto the end of file using the ¢a/ command.
append filel file2
appends the coatents of file! onto fife2. If the number of arguments supplied {0 append is other
than 1 or 2 then a message is printed indicating proper usage.
The general form of the case command is

case word in
pattern ) command-list ;;

esac

The shell attempts to match word with each panern, in the order in which the patterns appear.
If a match is found the associated command-list is executed and execution of the case is com-
plete. Since * is the pattern that matches any string it can be used for the default case.

A word of caution: no check is made to ensure that only one pattern matches the case argu-
ment. The first match found defines the set of commands to be executed. In the example
below the commands following the second * will never be executed.



case $# in
*) ...
L)
esac

Ancther example of the use of the case construction is to distinguish between different forms
of an argument. The following example is a fragment of a cc command.
fori
do case Bi in
—locsh el
—=+) echo ‘unknown flag $i" ;;
*.c} /lib/cO $i ...
*) echo ‘unexpected argument Si" ;;
esac
done

To allow the same commands to be associated with more than one pattern the case command
provides for alternative patterns separated by a | . For example,

case §i in
-xl-y) ...
esac

is equivalent to

case §i in
=[xyD) -
€54acC

The usual quoting conventions apply so that

case % in
A% ces

will match the character ?.

2.3 Here documents

The shell procedure rel in section 2.1 uses the file /usr/lib/telnos to supply the data for grep.
An aiternative is to include this data within the shell procedure as a fiere document, as in._

- fori .
do grep & <<!

fred mho123
bert mhQ789

1
done
In this example the shell takes the lines between << ! and ! as the standard input for grep.

The string ! is arbitrary, the document being terminated by a line that consists of the string fol-
lowing <<.

Parameters are substituted in the document before it is made available to grep as illustrated by
the following procedure called edg.




ed 33 <<%
g/81/s//82/¢
w

O
The call

edg stringl string2 file
is then equivalent to the command

ed file <<%
g/stringl/s//string2/g
w

%

and changes all occurrences of stringl in file to siring2. Substitution can be prevented using \ to
quote the special character $as in

ed 33 <<+
1.\8s/51/82/¢g
w

-+

(This version of edg is equivalent Lo the first except that ed will print a ? if there are no
occurrences of the string $1.) Substitution within a here document may be prevented entirely
by quoting the terminating string, for example, '

grep 8i <<\#

#
The document is presented without modification 1o grep. I parameter substitution is not
required in a here document this latter form is more efficient.

2.4 Shell variahles_

The shell provides string-valued variables. Variable names begin with a letter and consist of
letters, digits and underscores. Variables may be given values by writing, for example,

user=fred box=m000 acct=mh0000

which assigns values to the variables user, box and acct. A variable may be set to the null
string by saying, for example,

“nult= .
The value of a variable is substituted by preceding its name with $; for example,
echo Suser

will echo fred.

Variables may be used interactively to provide abbreviations for frequently used strings. For
example, ‘

b=/usr/fred/bin
mv pgm $b

will move the file pgm from the current directory to the directory /usc/fred/bin. A more gen-
eral notation is available for parameter (or variable) substitution, as in,

echo ${user)

which is equivalent to



echo Suser

and is used when the parameter name is followed by a letter or digit. For example,

tmp=/tmp/ps
ps a >S{tmpla

will direct the output of ps to the file /tmp/psa, whereas,
ps a >Stmpa

would cause the value of the variable tmpa to be substituted.

Except for $? the following are set initially by the shell. $? is set after executing each com-
mand.

$? The exit status (return code) of the last command executed as a decimal string.
Most commands return a zero exit status if they complete successfully, otherwise
a non-zero exit status is returned. Testing the value of return codes is dealt with
later under if and while commands. ’

SH# The number of positional parameters (in decimal). Used, for example, in the
append command to check the number of parameters.
$% The process number of this shell {(in decimal). Since process numbers are

unique among all existing processes, this string is frequently used to generate
unique temporary file names. For example,

ps a >/tmp/psS$

rm /imp/ps$$

$! The process number of the last process run in the background (in decimal).
5 The current shell flags, such as —x and —v.
Some variables have a special meaning to the shell and should be avoided for general use.

$MAIL When used interactively the shell looks at the file specified by this variable
before it issues a prompt. If the specified file has been modified since it was last
looked at the shell prints the message vou hove mail before prompting for the
next command. This variable is typically set in the file .profile, in the user’s
login directory. For example,

MAIL=/ust/mail/fred

SHOME The default argument for the ¢d command. The current directory is used to
resolve file name references that do not begin with a /, and is changed using the
cd command. For example, )

cd /usr/fred/bin ‘ ‘
makes the current directory /usr/fred/bin.
cat wn

witl print on the terminal the file wr in this directory. The command ¢d with no
" argument is equivalent to

cd $HOME

This variable is also typically set in the the user’s login profile.

SPATH A list of directories that contain commands (the search path). Each time a com-
mand is executed by the shell a list of directories is searched for an executable
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file. If SPATH is not set then the current directory, /bin, and /usr/bin are
searched by defauit. Otherwise $PATH consists of directory names separated by
:. For example, '

PATH = /usr/fred/bin:/bin:/usr/bin

specifies that the current directory (the null string before the first :},
/usr/fred/bin, /bin and /usr/bin are to be searched in that order. In this way
individual users can have their own ‘private’ commands that are accessible
independently of the current directory. If the command name contains a / then
this directory search is not used; a single attempt is made to execute the com-
mand.

$PS1  The primary shell prompt string, by default, *$°.
$PS2  The shell prompt when further input is needed, by defauit, ‘> *.
$IFS The set of characters used by blank imterpretation (see section 3.4),

2.5 The test command | -

The rest command, although not part of the sheli, is intended for use by shell programs. For
example,

test —f file

returns zero exit status if file exists and non-zero exit status otherwise. In general fesr evaluates
a predicate and returns the result as its exit status. Some of the more frequently used rest argu-
ments are given here, see rest (1) for a complete specification.

test s true if the argument s is not the null string
test —f file true if file exists
test —r file true if file is readable

test —w file true if' fife is writable
test —d fle true if file is a directory

2.6 Control flow - whiile

The actions of the for loop and the case branch are determined byAdata available to the sheil.
A while or until loop and an if then else branch are also provided whose actions are deter-
mined by the exit status returned by commands. A while loop has the general form

while command-list,
do command-list,
“done

The value tested by the while command is the exit status of the last simple command following
while. Each time round the loop command-list, is executed; if a zero exit status is returned -
then command-list, is executed; otherwise, the loop terminates. For example,

while test $1
do ...

shift
done

is equivalent to

for i
do ...
done

shift is a shell command that renames the positional parameters $2, $3, ... as $1, $2, ... and
loses §t.



-1l -

Another kind of use for the while/until loop is to wait until some exlernal event occurs and
then run some commands. In an until loop the termination condition is reversed. For exam-
ples °

- until test —f file
do sleep 300; done
commands

will loop until file exists. Each time round the loop it waits for 5 minutes before trying again.
(Presumably another process will eventually create the file.)

2.7 Control flow - if
Also available is a general conditional branch of the form,
if command-fist :
then _commmand-list
else  command-list
fi
that tests the value returned by the last simple command following if.
The if command may be used in conjunction with the rest command to test for the existence of
a file as in

if test —f file
then  process file
else do somerthing else
‘A
An example of the use of if, case and for constructions is given in section 2.10.
A multiple test if command of the form

if ...
then ...
else if ...
then
else if ...
A
fi
may be writtén using an extension of the if notation as,
if ...
then’
elif .
then -
elif . ...
fi

The following example is the ronch command which changes the ‘last modified” time for a list
of files. The command may be used in conjunction with make (1) to force recompilation of a
list of files.
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flag=
fori
do case $i in
—c) flag=N:;
. #) if test —F $i
then In $i junk$$; rm junk$S

elif test $flag
then echo file \'$Si\" does not exist
else > §i
fi
esac

done

The —c flag is used in this command to force subsequent files 10 be created if théy do not
already exist. Otherwise, if the file does not exist, an error message is printed. The shell vari-
able fag is set to some non-null string if the —c argument is encountered. The commands

In...rm...

make a link to the fite and then remove it thus causing the last modified date to be updated.
The sequence

if command]
then command?2
. ;

may be written

commandl && command2
Conversely,

commandl | | command2

executes command?2 only if command! fails. In each case the value returned is that of the last
simpie command executed.

2.8 Command grouping

Commands may be grouped in two ways,
{ command-tist 3

and

-

( command-list )

In the first command-list is simply executed. The second form executes command-list as a
separate process. For example,

(cd x; rm junk ) _
executes rm junk in the directory x without changing the current directory of the invoking shell.
The commands '

cd x; rm junk
have the same effect but leave the invoking shell in the directory x.
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2.9 Debugging shell procedures

The shell provides two tracing mechanisms to help when debugging shell procedures. The first
is invoked within the procedure as

set —v

(v for verbose) and causes lines of the procedure to be printed as they are read. It is useful (o
help isolate syntax errors. It may be invoked without modifying the procedure by saying

sh —v proc ...
where proc is the name of the shell procedure. This flag may be used in conjunction with the

~n flag which prevents execution of subsequent commands. {Note that saying set —n at a ter-
minal will render the terminal useless until an end-of-file is typed.)

The command
set —x

will produce an execution trace. Following parameter substitution each command is printed as
it is executed. {Try these at the terminal to see what effect they have.) Both flags may be
turned off by saying

set —

and the current setting of the shell flags is available as $.

2.10 The man command

The following is the man command which is used to print sections of the UNIX manual. Itis
called, for example, as

man sh
man -t ed
man 2 fork

In the first the manual section for s is printed. Since no section is specified, section 1 is used.
The second example will typeset (—t option) the manual section for ed. The last prints the fivk
manual page from section 2.
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cd /usr/man

: "colon is the comment command’
: “default is nroff’ (§N), section 1 (3s)’
N=n s=1

for i
do case $i in

(1-9]#) s=8i;;

-t} N=t:;

—n) N=n
.—*) echo unknown flag \'$i\" ;;

*) if test —f man$s/8i.8s .
then  ${Njroff man0/${N}aa man$s/$i.3s -
“else  : ‘look through alt manual sections’
found=no
forjin123456789
do if test —f man$i/5i.5j
then man §j $i
found=yes
6
done
case $ound in
no) echo “$i: manual page not found’
_esac
fi
esac
done

Figure 1. A version of the man command
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3.0 Keyword parameters

Shell variables may be given values by assignment or when a shell procedure is invoked. An
argument to a shell procedure of the form name=valve that precedes the command name
causes valite to be assigned to name before execution of the procedure begins. The value of
name in the invoking shell is not affected. For example,

user =fred command

will execule command with user set to jfred The =k flag causes arguments of the form
name=value to be interpreted in this way anywhere in the argument list. Such names are some-
times called keyword parameters. If any arguments remain they are available as positional
parameters $1, $2, .... ‘

The ser command may also be used to set positional parameters from within.a procedure. For
example,
set— *

will set $1 1o the first file name in the current directory, $2 to the next, and so on. Note that
the first argument, —, ensures correct treatment when the first file name begins with a —.

3.1 Parameter transmission

When a shell procedure is invoked both positional and keyword parameters may be supplied
with the call. Keyword parameters are also made available implicitly 10 a shell procedure by
specifying in advance that such parameters are to be exported. For example,

export user box

marks the variables user and box for export. When a shell procedure is invoked copies are
made of all exportable variables for use within the invoked procedure. Modification of such
variables within the procedure does not affect the values in the invoking shell. It is generally
true of a shell procedure that it may not modify the state of its calier without explicit request
on the part of the caller. (Shared file descriptors are an exception to this ruie.)

Names whose value is intended to remain constant may be declared readonly. The form of this
command is the same as that of the export command,

readonly name ...

Subsequent attempts to sel readonly variables are illegal.

3.2 Parameter substitution

If a shell par@meter is not set then the null string is substituted for it. For example, if the vari-
able d is not set

echo $d

or
echo ${d}

will echo nothing. A default string may be given as in
echo ${d—.]

which will echo the value of the variable d if it is set and ‘. otherwise. The default string is
evaluated using the usual quoting conventions so that

echo ${d—"+")

will echo * if the variable d is not set. Similarly
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echo ${d—$1}

will echo the value of d if it is set and the value (if any) of $1 otherwise. A variable may be
assigned a default value using the notation

echo ${d=.}
which substitutes the same string as
echo ${d-.]

and if d were not previously set then it will be set to the string *.”. -{The notation ${...=...} is
not available for positional parameters.)

If there is no sensible default then the notation
echo ${d?message)

will echo the value of the variable d if it has one, otherwise message is printed by the shell and '
execulion of the shell procedure is abandoned. If message is absent then a standard message is
printed. A shell procedure that requires some parameters to be set might start as follows.

: ${user?} ${acct?] ${bin?}

Colon (:) is a command that is built in to the shell and does nothing once its arguments have
been evaluated. If any of the variables user, acct-or bin are not set then the shell will abandon
execution of the procedure, ’

3.3 Command substitution

The standard output from a commant can be substituted in a similar way to parameters. The
~command pwd prints on its standard output the name of the current directory. For example, if
the current directory is /usr/fred/bin then the command

d="pwd’
is equivalent to
d=/usr/fred/bin
The entire string between grave accents (*...") is taken as the command to be executed and is

replaced with Lhe output from the command. The command is written using the usual quoting
conventions except that a * must be escaped using a \. For example,

‘ls ‘echo "81"
is equivalent to
Is $1

Command substitution occurs in all contexts where parameter substitution occurs (including
here documents) and the treatment of the resulting text is the same in both cases. This
mechanism allows string processing commands to be used within shell procedures. An example
of such a command is sasename which removes a specified suffix from a string. For example,

basename main.c .c
will print the string main. [ts use is illustrated by the following fragment from a cc command.

case SA in
*.c) B="basename $A .c’

esac
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that sets B to the part of $A with the suffix .c stripped.
Here are some composite examples.

foriin’ls—t:;do...
The variable i is set to the names of files in time order, most recent first.

set "date’; echo 56 52 $3, $4
will print, e.g., 1977 Nov 1, 23:59:59

3.4 Evaluation and quoting

The shell is a macro processor that provides parameter substitution, command substituticn and
file name generation for the arguments to commands. This section discusses the order in which
these evaluations occur and the effects of the various quoting mechanisms.

Commands are parsed initially according to the grammar given in appendix A. Before a com-
mand is executed the following substitutions occur.

.parameter substitution, e.g. Suser

command substitution, e.g. "pwd’
Only one evaluation occurs so that if, for example, the value of the variable X is the
string Sy then

echo $X

will echo 3y.
blank interpretation

Following the above substitutions the resulting characters are broken into non-blank
words (blank interpretation). For this purpose ‘blanks’ are the characters of the
stting $IFS. By default, this string consists of blank, tab and newline. The null
string is not regarded as a word unless it is quoted. For example,

_ echo
will pass on the null string as the first argument to echo, whereas
echo $null

will call echo with no arguments if the variable null is not set or set to the null
string.

file name generation

Each word is then scanned for the file pattern characters *, ? and [...] and an alpha-
betical list of file names is generated to replace the word. Each such file name is a
separate argument.

The evaluations just described also occur in the list of words associated with a for loop. Only
substitution occurs in the word used for a case branch.

As well as the quoting mechanisms described earlier using \ and "..." a third quoting mechan-
ism is provided using double quotes. Within double quotes parameter and command substitu-
tion occurs but file name generation and the interpretation of blanks does not. The following
characters have a special meaning within double quotes and may be quoted using \.

$ parameter substitution
command substitution
ends the quoted string
\ quotes the special characters §° "\

For example,

echo "$x"
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. will pass the value of the variable x as a single argument to echo. Similarly,
echo "$*"
- will pass the positional parameters as a single argument and is equivalent 1o -
' echo *$1 $2 ., ."
The notation $@ is the same as $% except when it is quoted.
echo "$@"
will pass the positional parameters, unevaluated, Lo echo and is equivalent to
echo "81" "$2" ..,

The following table gives, for each quoting mechanism, the shell metacharacters that are

evalualed.
mewcharacter

\ s * v n r
’ n n n n n t
' y n n t n n
" Yy y n y t n

t terminator

y interpreted

n not interpreted

Figure 2. Quoting mechanisms
. . In cases where more than one evaluation of a string is required the built-in command eval may

be used. For example, if the variable X has the value Sy, and if y has the value pgr then
eval echo $X
will echo the string pgr.

In general the eva/ command evaluates its arguments (as do all commands) and treats the result
as input 1o the shell. The input is read and the resulting command{s) executed. -For example,

weg="eval wholgrep’
$wg fred

is equivalent to
who lgrep fred

In this example, eval is required since there is no interpretation of metacharacters, such as |,
following substitution. : :

3.5 Error handling

The treatment of errors detected by the shell depends on the type of error and on whether the
shell is being used interactively. An iateractive shell is one whose input and output are con-
nected to a terminal (as determined by gy (2)}. A shell invoked with the —i flag is also
interactive.

Execution of a command (see also 3.7) may fail for any of the following reasons.

®  Input output redirection may fail. For example, if a file does not exist or cannot be
created.
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The command itself does not exist or cannot be executed.

The command tecminates abnormally, for example, with a "bus error” or "memory fault”.
See Figure 2 below for 2 complete list of UNIX signals.

®  The command terminales normally but returns a non-zero exit status.

In ali of these cases the shell will g0 on to execute the next command. Except for the last case
an error message will be printed by the shell. All remaining errors cause the shell to exit from
a command procedure. An interactive shell will return to read another command from the ter-
minal. Such errors include the following.

L Syntax errors. e.g., if ... then ... done

® A signal such as interrupt. The shell waits for the current command, if any, to finish exe-
cution and then either exits or returns to the terminal.

®  Failure of any of the built-in commands such as ¢d.
The shell flag —e causes the shell to terminate if any error is detected.

1 hangup

2 interrupt

K quit

4* illegal instruction

5* trace trap

6* 10T instruction

T EMT instruction

8 floating point exception

9 kill {cannot be caught or ignored)

10* bus error
11* segmentation violation
12" bad argument to system catl

13 write on a pipe with no one to read it
i4 alarm clock
15 software termination (from kifl (1))

Figure 3. UNIX signals

Those signals marked with an asterisk produce a core dump if not caught. However, the shell '

itself ignores quit which is the only external signal that can cause a dump. The signals in this
list of potential interest to shell programs are 1, 2, 3, 14 and 15.

3.6 Fault handling

Shell procedures normally terminate when an interrupt is received from the terminal. The pap
command is used if some cleaning up is required, such as removing temporary files. For exam-
ple,

trap ‘rm /tmp/ps3$; exit” 2

sets a trap for signal 2 (terminal interrupt), and if this signal is received will execute the com-
mands

rm /tmp/ps$S$; exit

exit is another built-in command that terminates execution of a shell procedure. The exit is
required; otherwise, after the trap has been taken, the shell will resume executing the pro-
cedure at the place where it was interrupled.

UNIX signals can be handled in one of three ways. They can be ignored, in which case the sig-
nal is never sent to the process. They can be caught, in which case the process must decide
what action to take when the signal is received. Lastly, they can be left to cause termination of
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the process without it having to take any further action. If a signal is being ignored on entry 10
the shell procedure, for example, by invoking it in the background (see 3.7) then trap com-
mands (and the signal) are ignored.

The use of tap is illustrated by this modified version of the rouch command (Figure 4). The
cleanup action is to remove the file junk$$.

Mlag=

trap ‘rm —f junk$¥; exit" 1 2 3 15
fori

do case 3i in

—¢) flag=N ;;
*) if test —f §i
then In $i junk3$; rm junk$s
elif test Sflag
then echo file \'Si\" does not exist
else >§i
fi

e5ac
done

Figure 4. The touch command

The trap command appears before the creation of the temporary file; otherwise it would be pos-
sible for the process to die without removing the file.

Since there is no signal 0 in UNIX it is used by the shell to indicate the commands to be exe-
cuted on exit from the shell procedure.’

A procedure may, itself, elect to ignore signals by specifying the null string as the argument to
trap. The following fragment is taken from the mohip command.

trap” 12315
which causes hangup, imterrupt, quit and kil 10 be ignored both by the procedure and by invoked
commands.
Traps may be reset by saying

trap 2 3

which resets Lhe traps for signals 2 and 3 to their default values. A list of the current values of
traps may be obtained by writing

trap

The procedure scan (Figure 5) is an example of the use of frap where there is no exit in the
trap command. scan takes each directory in the current directory, prompts with its name, and
then executes commands typed at the terminal until an end of file or an interrupt is received.
[nterrupts are ignored while executing the requested commands but cause termination when
scan is waiting for input. ’
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d="pwd'
foriin *
do if test —d $d/S$i
then cd $d/8i
while echo "Si:"

trap exit 2
read x
do trap : 2; eval $x; done
i .
done -

Figure 5. The scan command

read x is a built-in command that reads one line from the standard input and places the result in
the variable x. It returns a non-zero exit status if either an end-of-file is read or an interrupt is
received,

3.7 Command execution

To run a command {(other than a built-in) the shell first creates a new process using the system
call fork. The execution environment for the command includes input, output and the states of
signals, and is established in the child process before the command is executed. The built-in
command exec is used in the rare cases when no fork is required and simply replaces the shell
with a new command. For example, a simple version of the nofup command looks like

trap” 12315
exec 5+ -

The trap turns off the signals specified so that they are ignored by subsequently created com-
mands and exec replaces the shell by the command specified.

Most forms of input output redirection have already been described. In the following word is
oniy subject to parameter and command substitution. No file name generation or blank
interpretation takes place so that, for example,

echo ... >*¢c _
will write its output into a file whose name is #.c. [nput output specifications are evaluated left
to right as they appear in the command.

> word The standard output (file descriptor 1) is sent to the file word which is created if it
does not already exist.

>> word The standard output is sent 1o file word. If the file exists then output is appended
(by seeking to the end); otherwise the file is created.

< word The standard input (file descriptor 0) is taken from the file word.

<< word The standard input is taken from the lines of shell input that follow up te but not
including a line consisting only of word. If word is quoted then no interpretation
of the document occurs. If word is not quoted then parameter and command sub-
stitution occur and \ is used to quote the characters \ $ * and the first character of
word, In the latter case \newline is ignored (c.f. quoted strings).

>& digit  The file descriptor digit is duplicated using the system call dup (2) and the result is
used as the standard output.

<& digit The standard input is duplicated from file descriptor digit.
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< &— The standard input is closed.
> & The standard output is closed.

Any of the above may be preceded by a digit in which case the file descriptor created is that
specified by the digit instead of the default 0 or 1. For example,

... 2>Hle

runs a command with message output (file descriptor 2} directed to fife.
e 22 &1

runs a command with its standard output and message output merged. (Strictly speaking file
descriptor 2 is created by duplicating file descriptor 1 but the effect is usually to merge the two
streams.)

The environment for a command run in the background such as
list*c | lpr &

is modified in two ways. Firstly, the default standard input for such a command is the empty
file /dev/null. This prevents two processes (the shell and the command), which are running
in parallel, from trying to read the same input. Chaos would ensue if this were not the case.
For example,

ed file &

would allow both the editor and the shell to read from the same input at the same time.

The other modification to the environment of a background command is t0 turn off the QUIT
and INTERRUPT signals so that they are ignored by the command. This allows these signals
to be used at the terminal without causing background commands to terminate. For this reason
the UNIX convention for a signal is that if it is set to 1 (ignored) then it is never changed even
for a short time. Note that the shell command trap has no effect for an ignored signal.

3.8 Invoking the shell

The following flags are interpreted by the shell when it is invoked. If the first character of
argument zerp js 4 minus, then commands are read from the file .profile.

—C siring
If the —e¢ flag is present then commands are read from swring.

—s If the —s flag is present or if no arguments remain then commands are read from the
standard input. Shell output is written to file descriptor 2.

—i If the ~i flag is present or if the shell input and output are attached to a lerminal (as told
by gmy)- then this shell is interactive. In this case TERMINATE is ignored (so that kill 0
does not kill an interactive shell) and INTERRUPT is caught and ignored (so that wait is
interruptable). In all cases QUIT is ignored by the shell.
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Appendix A - Grammar

word
input-outpurt
name = value

simple-conumand: item

conmmand:

pipeline:

andor:

command-list:

input-output:

Sife:

-
case-part:

pattern:

else-part.

empp.
word:
name:

digit:

simple-command item

simple-command

( command-list)

{ command-ist |

for name do command-list done

for name in word ... do command-list done
while command-iisi do command-list done
until command-list do command-Iist done
case word in case-part ... esac

if command-list then command-list eise-part fi

command
pipeline | command

pipeline
andor && pipeline
andor | | pipeline

andor )
command-list }
command-list &
command-list ; andor
command-list & andor

> file
< fite
>> word
<< word

word:

& digit

& —

pattern) command-list 3

word
pattern | word

elif command-list then command-list else-part
else command-list

empyy

a sequence of non-blank characters

a sequence of letlers, digits or underscores starting wilh a letter

0123456789
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Appendix B - Meta-characters and Reserved Words

a) syntactic
i pipe symbol
&& ‘andf” symbol
11 ‘orf” symbaol
3 command separator

;7 . case delimiter
background commands
()} command grouping
< input redirection
<< input from a here document
> output creation
>>  output append

b) patterns

* match any character(s) including none
, match any single character
[...] match any of the enclosed characters

-

¢) substitution ‘
8{...} substitute shell variable

.. substitute command output

d) quoting
\ quote the next character .
‘... quote the-enclosed characters except for *

n #*

..." quote the enclosed characters except for $°\ "

e) reserved words

if then else elif fi
case in esac
for while until do done

{1
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Shell

ADDENDUM

Since its release there have been several changes to the shell; most of these
changes were minor bug fixes and should be relatively transparent (painless)
to the user. However, a few of these znhancements are significant and are
described -below,

¥her invoked, the shell now searches the environment for the
variable SHELL. If SHELL is found, and has an " "r'' in the aimple
part of its value (the part after the last *“‘/'!') then the shell
becomes restricted. Restricted logins, such as games, should
include the following in their .profils fileas:

SHELL=/usr/rsh
export SHELL

This will cau=e any unprotected escapes froa games and the like to
get a restricted shell when exec'd.

A new option (--) has been added toc the set command. This option
indicates that the {lags are to remain unchanged and is useful in
setting $1 tc a string beginning with a ainus (-).

File name generition has been enhanced to include a not operator.
If a "7 §'' immediately follows the left of a palir of square
brackets ([]) then any character not enclosed within the brackets
is matched. For ezomple, )

1= #( 1ol
will 1ist all filea not ending in “o'.

At some point, some rather strange bugs were int}uduced in both
coutioye n and break a. These problems have beon fixed and both
commands now bezhave exactly as documented. In particular loops
such as:

while echo hi
do

continue
done

will echo an infinite number of hi's, and interrupting the loop

- will no longer cause the shell to behave as if set -a had been

typed.
The shell will once again execute the commands -contained in both

fete/profile and in .profile whenever invoked with an argument

zero (30) containing a ""~='' as the first character; thus commands
like

3u - name

will onee again behave as documented.









NROFF/TROFF User’s Manual

Joseph F. Ossanna

Bell Laboratories
Murray Hill, New Jersey 07974

Introduction

NROFF and TROFF are text processors under the PDP-11 UNIX Time-Sharing System! that format text
for typewriter-like terminals and for a Graphic Systems phototypesetter, respectively. They accept lines
of text interspersed with lines of format control information and format -the text into a printable,
paginated document having a user-designed style. NROFF and TROFF offer unusual freedom in docu-
ment styling, including: arbitrary style headers and footers; arbitrary style footnotes; multiple automatic
sequence numbering for paragraphs, sections, etc; multiple column output;, dynamic font and point-size
control; arbitrary horizontal and vertical local motions at any point; and a family of automatic overstrik-
ing, bracket construction, and line drawing functions.

NROFF and TROFF are highly compatible with each other and it is almost always possible to prepare
input acceptable to both. Conditional input is provided that enables the user to embed input expressly
destined for either program. NROFF can prepare output directly for a variety of terminal types-and is
capable of utilizing the full resolution of each terminal.

Usage .
The general form of invoking NROFF {or TROFF) at UNIX command level is
nrofl options files (or troff options Jiles)

where options represents any of a number of option arguments and files represents the list of files con-
taining the document to be formatted. An argument consisting of a single minus (=) is taken to be a
file name corresponding to the standard input. If no file names are given input is taken from the stan-
dard input. The options, which may appear in any order so long as they appear before the files, are:

Option Effect

- olist Print only pages whose page numbers appear in fist, which consists of comma-
separated numbers and number ranges. A number range has the form N--AM and
means pages N through M; a initial —N means from the beginning to page N, and
a final N— means from N to the end,

-nN Number first generated page M.

—sN Stop every N pages. NROFF will halt prior to every N pages (default N=1) to
allow paper loading or changing, and will resume upon receipt of a newline.
TROFF will stop the phototypesetter every N pages, produce a trailer to ailow
changing cassettes, and will resume after the phototypesetter START button is
pressed.

—muname Prepends the macro file /usr/lib/tmac.rame to the input files,
—raN Register a_(one-character) is set to N. ’
-i Read standard input after the input files are exhausted.

—-q Invoke the simultaneous input-output mode of the rd request.
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NROFF Only

=Tname Specifies the name of the output terminal type. Currently defined names are 37
for the (default) Model 37 Teletype®, tn300 for the GE TermiNet 300 (or any ter-
minal without half-line capabilities), 3008 for the DASI-300S, 300 for the DASI-
300, and 450 for the DASI-450 {Diablo Hyterm).

e Produce equally-spaced words in adjusted lines, using full terminal resolution.
TROFF Only

-t Direct cutput 1o the standard output instead of the phototypesetter. .

-f Refrain from feeding out paper and stopping phototypesetter at the end of the run.

-w Wait until phototypesetter is available, if currently busy. v

—b TROFF will report whether the phototypesetter is busy or available, No text pro-

cessing is done. .

—a Send a printable {(ASCIH)} approximation of the results te the standard output.

~=pN Print all characters in point size N while retaining all prescribed spacings and

motions, to reduce phototypesetter elasped time.

—g Prepare output for the Murray Hill Computation Center phototypesetter and ﬁirect
it to the standard output.

Each option is invoked as a separate argument; for example,
nroff —o04,8—10 —T300S —mabe filel file2

requests formatting of pages 4, 8, 9, and 10 of a document contained in the files named filel and file2,
specifies the output terminal as a DASI-300S, and invokes the macro package abe.

Various pre- and post-processors are available for use with NROFF and TROFF. These include the
equation preprocessors NEQN and EQNZ? (for NROFF and TROFF respectively), and the table-
construction preprocessor TBL3, A reverse-line postprocessor COL? is available for multiple-column
NROFF output on terminals without reverse-line ability, COL expects the Mode!l 37 Teletype escape
sequences that NROFF produces by default. TK* is a 37 Teletype simulator postprocessor for printing
NROFF output on a Tektronix 4014. TCAT? is phototypesetter-simulator postprocessor for TROFF that
produces an approximation of phototypesetter output on a Tektronix 4014. For example, in

thl files | eqn | troff —t options | tcat

the first | indicates the piping of TBL’s output to EQN’s input; the second the piping of EQN's output to
TROFF's input, and the third indicates the piping of TROFF's output to TCAT. G(:A'i'4 can be used to
send TROFF (—g} output to the Murray Hill Computation Center.

The remainder of this manual consists of: a Summary and Index; a Reference Manual keyed to the
index; and a set of Tutorial Examples. Another tutorial is [5).

Joseph F Ossanna
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{11 K. Thompson, D. M. Ritchie, UNIX Programmer's Manual, Sixth Edition (May 1975).

2] B. W. Kernighan, L. L. Cherry, Typesetting Mathematics — User's Guide (Second Edition), Bell Laboratories
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[3) M.E.Lesk, Tol — 4 Mgram to Format Tables, Bell Laboratories internal memorandum.
{41 Internal on-line documentation, on UNIX.
[51 B. W. Kernighan, 4 TROFF Tutorial, Bell Laboratories internal memorandum.
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SUMMARY AND INDEX
Reguest Initial If No
Form Value® Argument Noies# Explanation
1. General Explanation

2. Font and Character Size Control

PpsEN 10 point previous E Point size; also \s+= N.T

.55 N 12/36em  ignored E Space-character size set to N/36em.t

s FNM  off - P Constant character space {width) mode (font F).}
bd FN off - P Embolden font F by N—! units.t

JdS FN off - P Embolden Special Font when current font is £t
St F Roman previous E Change to font F = x, xx, or 1-4. Also \fx, \f(xx, \[N
dfp NF R,I,B.S ignored - Font named F mounted on physical position 1 € Ng4,
3. Page Control

plEN 1lin tlin v Page length.

Jbp =N N=1 - Bt,v  Eject current page; next page number N.

.pn =N N=1 ignored - Next page number N,

Jo N 0; 26/27in previous A7 Page offset. .

.ne N - N=1V D,y  Need N vertical space (¥ = vertical spacing).
.mk R none internal D Mark current vertical place in register R.

Jat =N none internal Dy Return (upward only) to marked vertical place.

4. Text Filling, Adjusting, and Centering .

Br - - B Break.

A fill - B.E Fill output lines.

.nf fill - B.E  No filling or adjusting of output lines.

adc adj,both adjust E Adjust output lines with mode ¢

.na adjust - E No output line adjusting.

e N off N=] B.E Center following N input text lines.

5. Vertical Spacing

ys N 1/6in;12pts previous E.p Vertical base line spacing ().

Jds N N=1 previous E Output N—1 Vs after each text output iine.

sp N - N=1V B,v Space vertical distance N in either direction.

sy N - N=1V A4 Save vertical distance N

.08 - = - . - Qutput saved vertical distance.

NS space - D Turn no-space mode on,

IS - - D

Restore spacing: turn no-space mode off.
6. Line Length and Indenting '

Jl =N 6.5in previous E,m Line length.

Jdn 2N N=() previous B.E,m Indent.

MEN - ignored B,E.m Temporary indent.

7. Macros, Strings, Diversion, and Position Traps

de xxyy - Y =.. - Define or redefine macro xx; end at call of yy.
amxxy - = - Append to a macro.

Ads xx string - ignored - Define a string xx containing string. .

.as xx string - ignored - Append string to string xx.

*Values separated by ";" are for NROFF and TRGFF respectively.

#Notes are explained at the end of this Summary and Index

tNo effect in NROFF.

$The use of " * ” as control character (instead of ".") suppresses the break function,

-3.
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Remove request, macrg, or string,

Explanation

Rename request, macro, or string xx to yw
Divert output to macro xx.

Divert and append to xx.

Set location trap; negative is w.r.L. page bottom.
Change trap location.

Set a diversion trap.

Set an input-line count trap.

End macro is xx.

Define and set number register R; auto-increment by M.
Assign format to register R (¢=1,1i, I, a, A).
Remove register R.

Tab settings; feft type, unless =R (right), C{centered).
Tab repetition character.

Leader repetition character.

Set field delimiter a and pad character b.

Set escape character.

Turn off escape character mechanism.

Ligature mode on if N>0.

Underline (italicize in TROFF) N input lines.
Continuous underline in NROFF; like ul in TROFF.
Underline font set to F (10 be switched to by ul),
Set control character to ¢

Set nobreak control character to ¢

Reguest Initial If No

Form Value Argument  Notes
Jm XX - ignered -
nxe - " ignored -

i xx - end D
da xx - end D
wh Nxx - - v
hxxN - - 7
Ot N xx - off Dy
Jt Nxx - off E
8m Xx none none -

8. Number Registers

.nrtRENM - ’ u
af Re arabic - -
Jr R - - -

9. Tabs, Leaders, and Fields

.ta Nt ... 0.8; 0.5in none E.m
ge ¢ none none E
dec . none . E
Jcab offl off -
10. Input and Output Conventions and Character Translations
.Lecc \ \ .
.20 on - -
Jg N -;on on -
al N off N=1 E
Scu NV off N=1 E
af F Italic lialic -
.ce ¢ . E
L2 ¢ : ’ E
.tr abed.... none - 0

Translate o to b, etc. on output.

11. Local Horizontal and Vertical Motions, and the Width Furction
12. Overstrike, Bracket, Line-drawing, and Zero-width Functions

13. Hyphenati;n.

.nh hyphenate - E
Jhy N hyphenate hyphenate E
Jiee \% \% E
hw wordl . ignored -
14. Three Part Titles.

.tl “left’ center’ right’ . -
.pec % off -
At N 6.5in previous E.m

15. Output Line Numbering.
nm +=NMSI off E
.nn N - N=1 E

16. Conditional Acceptance of Input
.if ¢ anything - -

No hyphenation.

Hyphenate, N = mode.
Hyphenation indicator character ¢
Exception words.

Three part title.
Page number character.
Length of title.

Number mode on or off, set parameters.
Do not number next ¥ lines.

‘!

If condition ¢ true, accept anything as input,
for multi-line use \{anything\}.
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Initial
Value

If No
Argument

Request
Form

Jif !¢ anything -
if N anything -
JAf YN anything -
Af “stringl’string2’ anything
Af Y stringl’string2” anything
.ie ¢ anything -
.el anything -

17. Environment Switching.

v N N=0 previous

Notes

18. Insertions from the Standard Input

.xd prompt -
.ex - _ .
19. Input/Output File Switching

.50 filename -
end-of-file

.nx filename

.pi program -

20. Miscellaneous

mccN - off

.tm string - newline
g wy - Jy=..
pm ¢ - all

Al - -

21. Output and Error Messages

prompt =BEL -

Explanation

If condition ¢ false; accept anything.

If expression N > 0, accept anything.

If expression N < 0, accept anything.

If string! identical to string2, accept anything.

If stringl not identical to string2, accept anything.
If portion of if-else; all above forms (like if).
Else portion of if-else.

Environment switched {push down).

Read insertion.
Exit from NROFF/TROFF.

Switch source file (push down)
Next file.
Pipe output to program (NROFF only).

Set margin character ¢ and separation N.

Print string on terminal {(UN1X standard message output).
Ignore till call of yy.

Print macro names and sizes;

if t present, print only total of sizes.

Flush output buffer.

Notes-

B Request normally causes a break.

D Mode or relevant parameters associated with current diversion level.

E  Reilevant parameters are a part of the current environment.

O  Must stay in effect until logical cutput.

P  Mode must be still or again in effect at the time of physical output.
v,p,m,u Default scale indicator; if not specified, scale indicators are ignored.

Alphabetical Request and Section Number Cross Reference

ad 4 cc 10 ds 7 fc 9

af 8§ ce 4 dt 7 i 4
am 7 ¢ch 7 ec 10 I 20
as 7 s 2 el 16 fp 2
bd 2 cu 10 em 7 i 2
bp 3 da 7 eo 10 he 13
br 4 de 7 ev 17 hw 13
2 10 di 7 ex 18 hy 13

ie
if
ig
in
it
le
lg
li

16
16
20
6
7
9
10
10

n & nh 13 pi 19 m 7 ta 9 vi §
is § nm i3 M 3 rr 8 c 9 wh 7
it 14 nn 15 pm 20 5§ i 6
me 20 nr 8 pn 3 n 3 i 14
mk 3 ns 5 po 3 so 19 tm 20
na 4 nx 19 ps 2 sp 5 Ir 10
ne 3 os § rd 18 ss 2 uf 10
nf 4 pc 14 rm 7 sv § ul 10
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Escape Sequences for Characters, Indicators, and Functions

Section  Escape

Reference Sequence Meaning .
10.1 \\ \ {to prevent or delay the interpretation of \)
10.1 \e Printablie version of the current escape character,
2.1 \ " (acute accent); equivalent to \(aa
2.1 v * (grave accent); equivalent to \(ga
2.1 \—- — Minus sign in the current font
1 \. Period (dot) (see de)
11.1 \(space) Unpaddable space-size space character
11.1 \0 Digit width space
11.1 \l 1/6 em narrow space character {zero width in NROFF)
11.1 \" 1/12 em half-narrow space character (zero width in NROFF)
4:1 \& . Non-printing, zero width character
10.6 \! ‘Transparent line indicator
10,7 \" Beginning of comment
73 SN Interpolate argument 1 < N<9
13 \B Default optional hyphenation character
2.1 Vo Character named xx .
7.1 \ox, \»Oex Interpolate string x or xx
9.1 \a Non-interpreted leader character
12.3 \b“abe...” Bracket building function
4.2 \e Interrupt text processing ’
11.1 \d Forward {down) 1/2em vertical motion (1/2 line in NROFF)
2.2 \fx\f(xx\fN Change 1o font named x or xx, or position N
11.1 \h'N’ Local horizontal motion; move right N (negative left)
11.3 \kx Mark horizontal input place in register x
12.4 \Ne Horizontal line drawing function (optionally with ¢)
12.4 \L'N¢’ Vertical line drawing function (optionally with ¢)
8 \nx\n(xx Interpolate number register x or xx
12.1 \o'abc...” Overstrike characters @, 4, ¢, ...
4.1 \p Break and spread output line
11.1 \r Reverse 1 em vertical motion {reverse line in NROFF)
23 \sN\s+N Point-size change function
9.1 \t Non-interpreted horizontal tab
11.1 \u Reverse (up) 1/2em vertical motion (1/2 line in NROFF)
11.1 \v'N’ Local vertical motion; move down N (negative up),
11.2 \w'string” Interpolate width of string
5.2 \x'N" Extra line-space function (negative before, positive after)
12.2 \zc Print ¢ with zero width (without spacing)
16 \ Begin conditional input
16 \} End conditional input
16.7 \(newline) Conceaied (ignored) newline
- \X X, any character not listed above

The escape sequences \\, \.,_\", \$, \*, \a, \n, \t, and \(newline) are interpreted in copy mode (§7.2).
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Predefined General Number Registers

Section
Reference

3 .
11.2
74
7.4

11.3
15
4.1
11.2
11.2

Register

Name

%
et
dl
dn
dw
dy

hp

In
mo
nl
sb
st

yr

Description

Current page number,

Character type {set by width function).

Width {(maximum) of last completed diversion.
Height (vertical size) of last completed diversion.

Current day of the week (1-7).

Current day of the month (1-31).

Current horizontal place on input line.

Output line number.

Current month (1-12).

Vertical position of last printed text base-line.

Depth of string below base line (generated by width function).
Height of string above base line (generated by width function).
Last two digits of current year. . :

Predefined Read-Only Number Registers

Section

Register

Reference Name

1.3
11.1

11.1
5.2

.

NeMgeiEmbhos~=bmanbemhb

Description

Number of arguments available at the current macro level,
Set to 1 in TROFF, if —a option used; always 1 in NROFF.
Available horizontal resolution in basic units.

Set to 1 in NROFF, if —T option used; always 0 in TROFF.
Available vertical resolution in basic units.

Post-line extra line-space most recently utilized using \x'N”.
Number of lines read from current input file.

Current vertical place in current diversion; equal to nl, if no diversion.
Current font as physical quadrant (1-4).

Text base-line high-water mark on current page or diversion.
Current indent.

Current line length.

Length of text portion on previous cutput line.

Current page offset.

Current page length.

Current point size,

Distance to the next trap.

Equal to 1 in fill mode and 0 in nofill mode.

Current vertical line spacing.

Width of previous character.

Reserved version-dependent register.

Reserved version-dependent register.

Name of current diversion.
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REFERENCE MANUAL

1. General Explanation

1.1. Form of input. Input consists of text lines, which are destined to be printed, interspersed with control
lines, which set parameters or otherwise control subsequent processing. Control lines begin with a con-
trol character—normally . (period) or * (acute accent}—followed by a one or two character name that
specifies a basic request or the substitution of a user-defined macro in place of the control line. The
control cheracter * suppresses the break function—the forced output of a partially filled line—caused by
certain requests. The control character may be separated from the request/macro name by white space
(spaces and/or tabs) for esthetic reasons. Names must be followed by either space or newline. Coentrol
lines with unrecognized names are ignored. :

Various special functions may be introduced anywhere in the input by means of an escape character,
normally \. For example, the function \nR causes the interpolation of the contents of the number regis-
ter R in place of the function; here R is either a single character name as in \nx, or left-parenthesis-
introduced, two-character name as in \n(x.

1.2. Formatter and device resolution. TROFF internally uses 432 units/inch, corresponding to the Graphic
Systems phototypesetter which has ‘a horizontal resoiution of 1/432 inch and a vertical resolution of
1/144 inch. NROFF internally uses 240 units/inch, corresponding to the 'east common multiple of the
horizontai and vertical resolutions, of wvarious typewriter-like output devices. TROFF rounds
horizontal/vertical numerical parameter input to the actual horizontal/vertical resolution of the Graphic
Systems typesetter. NROFF similarly rounds numerical input to the actual resolution of the output dev-
ice indicated by the —T option-(default Model 37 Teletype).

1.3. Numerical parameter input. Both NROFF and TROFF accept numerical input with the appended scale
indicators shown in the following table, where §is the current type size in points, V'is the current verti-
cal line spacing in basic units, and Cis a nominal character width in basic units.

Scale Number of basic units
Indicator Meaning TROFF NROFF
i Inch 432 240
c Centimeter 432x50/127 | 240x50/127
P Pica = 1/6 inch 72 240/6
m Em = § points 6xS C
n En = Em/2 3xS C, same as Em
p Point = 1/72inch | 6 240/72
u Basic unit 1 1
¥ Vertical line space V vV
none Defauit, see below

In NROFF, both the em and the en aré taken to be equal to the €, which is output-device dependent;
common values are 1/10 and 1/12 inch. Actual character widths in NROFF need not be all the same
and constructed characters such as —> (—) are often extra wide. The default scaling is ems for the
horizontally-oriented requests and functions 11, in, ti, ta, It, po, mc, \h, and \l; Vs for the vertically-
oriented requests and functions pl, wh, ch, dt, sp, sv, ne, rt, \v, \x, and \L; p for the vs request; and
u for the requests nr, if, and ie. AN other requests ignore any scale indicators. When a number regis-
ter containing an already appropriately scaled number is interpolated to provide numerical input, the
unit scale indicator u may need to be appended to prevent an additional inappropriate default scaling.

-8-
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The number, N, may be specified in decimal-fraction form but the parameter ﬁnally stored is rounded
to an integer number of basic units,

The absolute position indicator | may be prepended to a number N to generate the distance to the vertical
or horizontal place N. For vertically-oriented requests and functions, | ¥ becomes the distance in basic
units from the current vertical place on the page or in a diversion (§7.4) to the the vertical place N. For
all other requests and functions, { ¥ becomes the distance from the current horizontal place on the input
line to the horizontal place N. For example,

.sp ]3.2¢
will space in the required direction to 3.2 centimeters from the top of the page.

1.4. Numerical expressions. Wherever numerical input is expected an expression involving parentheses,
the arithmetic operators +, —, /, +, % (mod), and the logical operators <, >, <=, > =, = (or ==),
& (and), : (or) may be used. Except where controlled by parentheses, evaluation of expressions is
left-to-right; there is no operator precedence. In the case of certain requests, an initial + or — is
stripped and interpreted as an increment or decrement indicator respectively. In the presence of default
scaling, the desired scale indicator must be attached 1o every number in an expression for which the
desired and default scaling differ. For example, if the number register x contains 2 and the current
point size is 10, then

At (4.25i4+\nxP+3)/2u
will set the line length to 1/2 the sum of 4.25 inches + 2 picas + 30 points.

1.5. Notation. Numerical ‘parameters are indicated in this manual in two ways. +MN means that the
argument may take the forms N, +N, or —N and that the corresponding effect is to set the affected
parameter to N, to increment it by N, or to decrement it by N respectively. Plain ¥ means that an ini-
tial algebraic sign is nof an increment indicator, but merely the sign of N. Generally, unreasonable
numerical input is either ignored or truncated to a reasonable value. For example, most requests
expect to set parameters to non-negative values; exceptions are sp, wh, ch, nr, and if. The requests
ps, ft, po, vs, Is, 1, in, and It restore the previous parameter value in the absence of an argument,

- Single character arguments are indicated by single lower case letters and one/two character arguments
are indicated by a pair of lower case letters. Character string arguments are indicated by multi-character
mnemonics,

2. Font and Character Size Control

2.1. Character set, The TROFF character set consists of the Graphics Systems Commercial 1] character
set plus a Special Mathematical Font character set—each having 102 characters. These character sets
are shown in the attached Table I. All ASCII characters are included, with some on the Special Font.
With threg exceptions, the ASCII characters are input as themselves, and non-ASCII characters are input
in the form \(xx where xx is a two-character name given in the attached Table II. The three ASCII
exceptions are mapped as follows:

ASCII Input Printed by TROFF
Character Name Character Name
acute accent ' close quote
grave accent open quote
- minus - hyphen

The characters °, °, and — may be input by \", \", and \— respectively or by their names (Table II).
The ASCII characters @, #, ", ", °, <, >, \, [, }, =, *, and _ exist only on the Special Font and are
printed as a 1-em space if that Font is not mounted.

NROFF understands the entire TROFF character set, but can in general print only ASCII characters,
additional characters as may be available on the output device, such characters as may be able to be )
constructed by overstriking or-other combination, and those that can reasonably be mapped into other
printable characters. The exact behavior is determined by a driving table prepared for each device. The
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characters °, °, and _ print as themselves.

2.2, Fonts. The default mounted fonts are Times Roman (R), Times Italic (I), Times Bold (B}, and
the Special Mathematical Font (S) on physical typesetter positions 1, 2, 3, and 4 respectively. These
fonts are used in this document. The current font, initially Roman, may be changed (among the
mounted fonts) by use of the ft request, or by imbedding at any desired point either \fx, \f (xx, or \fN
where x and xx are the name of 2 mounted font and ¥ is a numerical font position. It is nof necessary
to change to the Special font; characters on that font are automatically handled. A request for a named
but not-mounted font is ignored, TROFF can be informed that any particular font is mounted by use of
the fp request. The list of known fonts is installation dependent. In the subsequent discussion of
font-related requests, F represents either a one/two-character font name or the numerical font position,
1-4, The current font is available (as numerical position) in the read-only number register .f.

NROFF understands font control and normally underlines ltalic characters {see §10.5).

2.3. Character size. Character point sizes availabie on the Graphic Systems typesetter are 6, 7, 8, 9, 10,
11, 12, 14, 16, 18, 20, 22, 24, 2B, and 36. This is a range of 1/12 inch to 1/2 inch. The ps request is
used to change or restore the point size. Alternatively the point size may be changed between any two
characters by imbedding a \sV at the desired point to set the size to N, or a \s:= N (1€ NK9) to
increment/decrement the size by M. \s0 restores the previous size. Requested point size values that are
between two valid sizes yield the larger of the two. The current size is available in the .s register,
NROFF ignores type size control.

Request Initial If No
Form Value Argument Notes* Explanation

ps =N 10 point = previous E Point size set to = N. Alternatively imbed \sN or \s+ N.
Any positive size value may be requested, if invalid, the
next larger valid size will result, with a maximum of 36.
A paired sequence +N, —N will work because the previ-
ous requested value is also remembered. Ignored in

NROFF.
55 N 12/36em  ignored E Space-character size is set to N/36ems. This size is the
’ minimum word spacing in adjusted text. Ignored in

NROFF.
£os FNM  off - P Constant character space (width) mode is set on for font
F (if mounted); the width of every character will be
- taken to be N/36 ems. If Mis absent, the em is that of

the character’s point size; if M is given, the em is M-
peints. All affected characters are centered in this space,

- including those with an actual width larger than this
space. Special Font characters occurring while the
current font is F are also so treated. If N is absent, the
mode is turned off. The mode must be still or again in
effect when the characters are physically printed. Ignored
in NROFF.

bd FN off - P The characters in font F will be artificially emboldened by
printing each one twice, separated by ¥—1 basic units. A
reasonable vaiue for Nis 3 when the character size is in
the vicinity of 10 peints. If N is missing the embolden
mode is turned off. The column heads above were
printed with .bd I 3. The mode must be still or again in
effect when the characters are physically printed. lgnored
in NROFF.

*Notes are explained at the end of the Summary and Index above.
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S FN off - P The characlers in the Special Font will be emboldened
whenever the current font is F. This manual was printed
with .bd SB3. The mode must be still or again in effect
when the characters are physically printed,

gt F Roman previous E Font changed to F. Alternatively, imbed \fF. The font
name P is reserved to mean the previous font.

p NF R,I,B,S ignored - Font position. This is a statement that a font named Fis
mounted on position N {1-4). It is a fatal error if Fis
not known. The phototypesetter has four fonts physically

., mounted. Each font consists of a film strip which can be
mounted on a numbered quadrant of a wheel. The
default mounting sequence assumed by TROFF is R, I, B,
and S on positions 1, 2, 3 and 4.

3. Page control

Top and bottom margins are not automatically provided: it is conventional to define two macros and to
set traps for them at vertical positions ¢ (top) and —N (N from the bottom). See §7 and Tutorial
Examples §T2. A pseudo-page transition onto the first page occurs either when the first break occurs or
when the first non-diverted text processing occurs. Arrangements for a trap to occur at the top of the
first page must be compieted before this transition. In the following, references to the current diversion
(§7.4) mean that the mechanism being described works during both ordinary and diverted output (the
former considered as the top diversion level).

The useable page width on the Graphic Systems phototypesetter is about 7.54 inches, beginning about
1/27 inch from the left edge of the 8 inch wide, continuous roll paper. The physical limitations on
NROFF output are output-device dependent.

Request Initial If No
Form Value Argument Notes Explanation

pt £N 1lin 11in ¥ Page length set to £ N. The internal limitation is about
75 inches in TROFF and about 136 inches in NROFF.
The current page length is available in the .p register.

bp £ N Ne=1 - B*,v  Begin page. The current page is ejected and a new page
is begun. If £Nis given, the new page number will be
+ N Also see request ns.

.pn =N N=1. ignored - Page number. The next page {when it occurs) will have
the page number + N, A pn must occur before the ini-
tial pseudo-page transition to effect the page number of
the first page. The current page number is in the %
register.

.po =N 0; 26/27int previous v Page offset. The current left margin is set to =N, The
. TROFF initial value provides about 1 inch of paper mar-
gin including the physical typesetter margin of 1/27 inch.
In TROFF the maximum (line-length) + {page-offset) is
about 7.54 inches. See §6. The current page offset is
available in the .o register.

.ne N - N=lV D,y Need N vertical space. If the distance, D, to the next
trap position (see §7.5) is less than N, a forward vertical
space of size D occurs, which will spring the trap. If
there are no remaining traps on the page, D is the

*The use of " * * as control character (instead of ".") suppresses the break function.
tValues separated by “;" are for NROFF and TROFF respectively.
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distance to the bottom of the page. 1f D< ¥, another
line could still be output and spring the trap. In a diver-
sion, D is the distance to the diversion trap, if any, or is
very large.

mk R none internal D Mark the current vertical place in an internal register
{both associated with the current diversion level), or in
register R, if given. See rt request.

at =N nofne internal D,y Return upward only to a marked vertical place in the
current diversion. If =N (w.r.t. current place} is given,
the place is £ N from the top of the page or diversion or,
if N is absent, to a place marked by a previous mk. Note
that the sp request {§5.3) may be used in all cases
instead of rt by spacing to the absolute place stored in a
explicit register: e.g. using the sequence .mk R
.sp {\nRu.

4. Text Filling, Adjusting, and Centering

4.1, Filling and adjusting. WNormally, words are collected from input text lines and assembled into a out-
put text line until some word doesn’t fit. An attempt is then made the hyphenate the word in effort to
assemble a part of it into the output line. The spaces between the words on the output line are then
increased to spread out the line to the current line length minus any current indent. A word is any string
of characters delimited by the space character or the beginning/end of the input line. Any adjacent pair
of words that must be kept together (neither split across output lines nor spread apart in the adjustment
process) can be tied together by separating them with the unpaddable space character "\ " (backslash-
space). The adjusted word spacings are uniform in TROFF and the minimum interword spacing can be
controlled with the ss request (§2). In NROFF, they are normally nonuniform because of quantization
to character-size spaces; however, the command line option —e causes uniform spacing with full output
device resolution. Filling, adjustment, and hyphenation (§13) can all be prevented or controlled. The
text length on the last line output is available in the .n register, and text base-line position on the page
for this line is in the nl register. The text base-line high-water mark (lowest place) on the current page
is in the .h register.

An input text line ending with ., ?, or ! is taken to be the end of a sentence, and an additional space
character is automatically provided during filling. Multiple inter-word space characters found in the
input are retained, except for trailing spaces; initial spaces aiso cause a break.

When filling is in effect, a \p may be imbedded or attached to a word to cause a break at the end of the
word and have the resulting output line spread out to fill the current line length.

A text input line that happens to begin with a control character can be made o not lock like a control
line by prefacing it with the non-printing, zero-width filler character \&. Still another way is to specify
output transtation of some convenient character into the control character using tr (§10.5).

4.2, Interrupted text. The copying of a input line in aefill (non-fill) mode can be interrupted by terminat-
ing the partial line with a \e. The next encountered input text line will be considered to be a continua-
tion of the same line of input text. Similarly, a word within filled text may be interrupted by terminat-
ing the word (and line} with \¢; the next encountered text will be taken as a continuation of the inter-
rupted word. If the intervening control lines cause a break, any partial line will be forced out along
with any partial word.

Request Initial If No
Form Value Argument Notes Explanation
.br - - B Break. The filling of the line currently being collected is

stopped and the line is output without adjustment. Text
lines beginning with space characters and empty text
lines (blank lines) also cause a break.

- 13-




NROFF/TROFF User’s Manual
October 11, 1976

K1 fill on s B,E Fill subsequent ocutput lines. The register .u is 1 in fill
mode and O in nofill mode.

.nf fill on - "B.E Nofill. Subsequent output lines are neither filled nor
adjusted. Input text lines are copied directly to output
lines without regard for the current line length.

.ad ¢ adj,both adjust E Line adjustment is begun. If fill mode is not on, adjust-
ment will be deferred until fill mode is back on. If the
type indicator ¢ is present, the adjustment type is
changed as shown in the fellowing table.

Indicator Adjust Type
1 adjust left margin only
4 adjust right margin only
[ center

born adjust both margins
absent unchanged

.na adjust - - E Noadjust. Adjustment is turned off; the right margin will
: be ragged. The adjustment type for ad is not changed.
Qutput line filling still occurs if fill mode is on.

.ce N off N=1 " B.E Center the next N input text lines within the current
{line-length minus indent). If M=0, any residual count
is cleared. A break occurs after each of the N input
lines. If the input line is too long, it will be left adjusted.

5. Vertical Spacing

3.1. Base-line spacing. The vertical spacing (¥) between the base-lines of successive output lines can be
set using the vs request with a resolution of 1/144 inch = 1/2 point in TROFF, and to the output device
resolution in NROFF. ¥ must be large enough to accommodate the character sizes on the affected out-
put lines. For the common type sizes (9-12 points), usual typesetting practice is to set ¥ to 2 points
greater than the point size; TROFF default is 10-point type on a 12-point spacing (as in this document).
The current V is available in the .v register. Multiple- ¥ line separation (e.g. double spacing) may be
requested with ls.

5.2. Extra line-space. If a word contains a vertically tall construct requiring the output line containing it
to have extra vertical space before and/or after it, the extra-line-space function \x' N’ can be imbedded
in or attached to that word. In this and other functions having a pair of delimiters around their parame-
ter (here ’}, the delimiter choice is arbitrary, except that it can’t look like the continuation of a number
expression for N. If N is negative, the output line containing the word will be preceded by M extra
vertical space; if N is positive, the output line containing the word will be followed by N extra wverticai
space. If successive requests for extra space apply to the same line, the maximum values are used.
The most recently utilized post-line extra line-space is available in the .a register.

5.3. Blocks of vertical space. A block of vertical space is ordinarily requested using sp, which honors the
no-space mode and which does not space past a trap. A contiguous block of vertical space may be
reserved using sv. -

Reguest Initial If No

Form Value . Argument Notes Explanation

s N 1/6in;12pts previous E.p Set vertical base-line spacing size V. Transient extra
vertical space available with \x’N " (see above).

s N N=1 previous E Line spacing set to =N N-1 Vs (blank lines) are

appended to each output text line. Appended blank lines
are omitted, if the text or previous appended blank line

- 13-



NROFF/TROFF User’s Manual
QOctober 11, 1976

reached a trap position.

Ssp N - N=1V B.v Space vertically in either direction. If N is negative, the
motion is backward (upward) and is limited to the dis-
tance to the top of the page. Forward (downward)
motion is truncated to the distance to the nearest trap. If
the no-space mode is on, no spacing occurs (see ns, and
rs below).

sy N - N=1V v Save a contiguous vertical block of size M. If the dis-
tance to the next trap is greater than N, N vertical space
is output. No-space mode has no effect. If this distance
is less than N, no vertical space is immediately output,
but N is remembered for later output (see os). Subse-
quent sv requests will overwrite any still remembered N,

.08 - - - Output saved vertical space. No-space mode has no
effect. Used to finailly output a block of vertical space
requested by an earlier sv request.

.ns space - D No-space mode turned on. When on, the no-space mode
inhibits sp requests and bp requesis without a next page
number. The no-space mode is turned off when a line of
output occurs, or with rs.

J8 space - D Restore spaéing. The no-space mode is turned off.
Blank text line. - B Causes a break and output of a blank line exactly like
sp l.

6. Line Length and Indenting

The maximum line length for fill mode may be set with Hl. The indent may be set with in; an indent
applicable to oniy the next output line may be set with ti. The line length includes indent space but not
page offset space, The line-length minus the indent is the basis for centering with ce. The effect of 1,
in, or ti is delayed, if a partially collected line exists, until after that line is output. In fill mode the
length of text on an cutput line is less than or equal to the line length minus the indent. The current
line length and indent are available in registers .1 and .i respectively, The length of three-part titles pro-
duced by tl (see §14) is independently set by 1t.

Reguest Initial If No
Form Value Argument Notes Explanation
2N 6.51n previous E.m Line length is set to £N. In TROFF the maximum
(line-length) + {page-offset) is about 7.54 inches.
Jn =N N=0 previous B,E,m Indent is set to = N. The indent is prepended to each
' output line.
N - ignored B.E,m Temporary indent. The next output text line will be

indented a distance +=N with respect to the current
indent. The resulting total indent may not be negative.
The current indent is not changed.

7. Macros, Strings, Diversion, and Position Traps

7.1. Macros and strings. A macro is a named set of arbitrary lines that may be invoked by name or with
a trap. A string is a named string of characters, not including a newline character, that may be interpo-
lated by name at any pdint. Request, macro, and string names share the same name list. Macro and
string names may be one or two characters long and may usurp previously defined request, macro, or
string names. Any of these entities may be renamed with rn or removed with rm. Macros are created
by de and di, and appended to by am and da; di and da cause normal output to be stored in a macro.
Strings are created by ds and appended to by as. A macro is invoked in the same way as a request; a
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control line beginning .xx will interpolate the contents of macro xx. The remainder of the line may
contain up to nine arguments. The strings x and xx are interpolated at any desired point with \sx and
\e(xx respectively. String references and macro invocations may be nested.

7.2. Copy mode input interpretation. During the definition and extension of strings and macros {not by
diversion) the input is read in copy mode. The input is copied without interpretation excepr that:

* The contents of number registers indicated by \n are interpolated.

« Strings indicated by \# are interpolated. ) -
« Arguments indicated by \$ are interpolated.

* Concealed newlines indicated by \(newline) are eliminated.

« Comments indicated by \" are eliminated.

= \t and \a are interpreted as ASCII horizontal tab and SOH respectively (§9).

» \\ is interpreted as \.

e \. is interpreted as "."

These interpretations can be suppressed by prepending a \. For example, since \\ maps into a \, \\n
will copy as \n which will be interpreted as a number register indicalor when the macro or string is
reread.

7.3. Arguments. When a macro is invoked by name, the remainder of the line is taken to contain up to
nine arguments. The argument separator is the space character, and arguments may be surrounded by
double-quotes to permit imbedded space characters. Pairs of double-quotes may be imbedded in
double-quoted arguments to represent a single double-quote. If the desired arguments won't fit on a
line, a concealed newline may be used to continue on the next line,

When a macro is invoked the inpur level is pushed down and any arguments available at the previous
level become unavailable until the macro is completely read and the previous level is restored. A
macro’s own arguments can be interpolated at any point within the macro with \$N, which interpolates
the Nth argument (1KN<9). If an invoked argument doesn’t exist, a null string results, For exam-
ple, the macro xx may be defined by

Jde xx \"begin definition
Today is \\$1 the \\$2.
. \"end definition

and called by
.Xx Monday 14th
to produce the text
Today is Monday the 14th.

Note that the \$ was concealed in the definition with a prepended \. The number of currently available
arguments is in the .$ register.

No arguments are available at the top {(non-macro) level in this implementation. Because string
referencing is implemented as a input-level push down, no arguments are available from within a string.
No arguments are available within a trap-invoked macro.

Arguments are copied in copy mode onto a stack where they are available for reference. The mechan-
ism does not allow an argument to contain a direct reference to a long string (interpolated at copy time)
and it is advisable to conceal string references (with an extra \) to delay interpolation until argument
reference time.

7.4. Diversions. Processed output may be diverted into a macro for purposes such as footnote processing
(see Tutorial §T5} or determining the horizontal and vertical size of some text for conditional changing
of pages or columns. A single diversion trap may be set at a specified vertical position. The number
registers dn and dl respectively contain the vertical and horizontal size of the most recently ended
diversion. Processed text that is diverted into 2 macro retains the vertical size of each of its lines when
reread in nofill mode regardless of the current V. Constant-spaced (cs) or emboldened (bd) text that is
diverted can be reread correctly only if these modes are again or still in effect at reread time. One way
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to do this is to imbed in the diversion the appropriate ¢s or bd requests with the transparent mechanism
described in §10.6.

Diversions may be nested and certain parameters and registers are associated with the current diversion
level (the top non-diversion level may be thought of as the Oth diversion level). These are the diver-
sion trap and associated macro, no-space mode, the internally-saved marked place (see mk and rt), the
current vertical place (.d register), the current high-water text base-line {.h register), and the current
diversion name (.z register).

7.5. Traps. Three types of trap mechanisms are available—page traps, a diversion trap, and an input-
line-count trap. Macro-invocation traps may be planted using wh at any page position including the top.
This trap position may be changed using ch. Trap positions at or below the bottom of the page have no
effect unless or until moved to within the page or rendered effective by an increase in page length.
Two traps may be planted at. the same position only by first planting them at different positions and
then moving one of the traps; the first planted trap will conceal the second unless and until the first one
is moved (see Tutorial Examples §T5). If the first one is moved back,- it again conceals the second
trap. The macro associated with a page trap is automatically invoked when a line of text is output
whose vertical size reaches or sweeps past the trap position. Reaching the bottom of a page springs the
top-of-page trap, if any, provided there is a next page. The distance to the next trap position is avail-
able in the .t register; if there are no traps between the current position and the bottom of the page, the
distance returned is the distance to the page bottom.

A macro-invocation trap effective in the current diversion may be planted using dt. The .t register
works in a diversion; if there is no subsequent trap a large distance is returned. For a description of
input-line-count traps, see it below,

Request Initial If No

Form Vaiue Argumenmt Notes Explanation

de xxy - y=.. - Define or redefine the macro xx. The contents of the
macro begin on the next input line. Input lines are
copied in copy mode until the definition is terminated by a
line beginning with .yy, whereupon the macro yy is
called. In the absence of yy, the definition is terminated
by a line beginning with "..". A macro may contain de

. . requests provided the terminating macros differ or the
contained definition terminator is conceaied. “.." can be
concealed as \\.. which will copy as \.. and be reread as

amxxyy - Jy=.. - Append to macro (append version of de).

As xx string - ignored - Define a string xx containing string. Any initial double-
quote in string is stripped off to permit initial blanks.

.8S Xx string - ignored - Append string to string xx (append version of ds).

Jm Xx - ignored - Remove request, macro, or string. The name xx is
removed from the name list and any related storage
space is freed. Subsequent references will have no effect.

JAXX Yy - ignored - Rename request, macro, or string xx to yy. If yyexists, it
is first removed.

Adi xx - end . D Divert output fo macro xx. Normal text processing

occurs during diversion except that page offsetting is not
done. The diversion ends when the request di or da is
encountered withovtl an argument; extraneous requests
of this type should not appear when nested diversions are
being used.
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end - D Divert, appending Lo xx (append version of di).

.da xx

wh MNxx - - v Install a trap to invoke xx at page position N; a negative N
will be interpreted with respect to the page bottom. Any
macro previously planted at N is replaced by xx A zero
N refers to the top of a page. In the absence of xx, the
first found trap at A, if any, is removed.

chxxN - - i .Change the trap position for macro xx to be N. In the
absence of N, the trap, if any, is removed.

dt N xx - off D,y Install a diversion trap at position N in the current diver-
sion to invoke macro xx. Another dt will redefine the
diversion trap. If no arguments are given, the diversion
trap is removed.

Jdt N oxx - off E Set an input-line-count trap to invoke the macro xx after
N lines of fext input have been read (control or request
lines don’t count). The text may be in-line text or text
interpolated by inline or trap-invoked macros.

.m xx none none - The macro xx will be invoked when all input has ended.
The effect is the same as if the contents of xx had been
at the end of the last file processed.

‘8. Number Registers

A variety of parameters are available to the user as predefined, named number registers (see Summary
and Index, page 7). In addition, the user may define his own named registers. Register names are one
or two characters long and do not conflict with request, macro, or string names. Except for certain
predefined read-only registers, a number register can be read, written, automatically incremented or
decremented, and interpolated into the input in a variety of formats. One common use of user-defined
registers is to automatically number sections, paragraphs, lines, etc. A number register may be used
any time numerical input is expected or desired and may be used in numerical expressions (§1.4),

Number registers are created and modified using nr, which specifies the name, numerical value, and
the auto-increment size, Registers are also modified, if accessed with an auto-incrementing sequence.
If the registers x and xx both contain N and have the auto-increment size M, the following access
sequences have the effect shown:

Effect on Value
= Sequence Register Interpolated
\nx none : N
\n G none N

\n+x x incremented by M N+M
\n—x x decremented by M N—-M
\n+(xx | xxincremented by M N+M
\n—(xx | xxdecremented by M N—-M

When interpolated, a number register is converted to decimal (default), decimal with leading zeros,
lower-case Roman, upper-case Roman, lower-case sequential alphabetic, or upper-case sequential alpha-
betic according to the format specified by af.

Request Initial If No
Form Value Argument Notes Explanation

MRE=NM - u The number register R is assigned the value =N with
respect to the previous value, if any. The increment for
auto-incrementing is set to M.
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af Re arabic - - Assign formét ¢ to register R. The available formats are:
Numbering
Format Sequence

1 0,1,2,3,4,5,...
001 | 000,001,002,003,004,005,...
i 0,i,ii, iii,iv,v,...
O,LILIILIV, V...
0,a,b,c,...,z,2a,ab,...,22,22a,...
0,A.B.C,....Z,AA AB,....ZZ AAA,..

o

An arabic format having N digits specifies a field width of
N digits (example 2 above). The read-only registers and
the width function (§11.2) are always arabic.

Jr R - ignored - Remoeve register R. If many repisters are being created
dynamically, it may become necessary to remove no
longer used registers -to recapture internal storage space
for newer registers.

'9. Tabs, Leaders, and Fields

9.1. Tabs and leaders. The ASCII horizontal tab character and the ASCII SOH (hereafter known as the
leader character) can both be used to generate either horizontal motion or a string of repeated charac-
ters. The length of the generated entity is governed by internal rab stops specifiable with ta. The
default difference is that tabs generate motion and leaders generate a string of periods; te and le offer
the choice of repeated character or motion. There are three types of internal tab stops— le/t adjusting,
right adjusting, and centering. Irr the following table: D is the distance from the current position on the
input line (where a tab or leader was found) to the next tab stop; next-string consists of the input charac-
ters following the tab (or leader) up to the next tab (or leader) or end of line; and W is the width of
next-string.

Tab Length of motion or Location of

type repeated characters next-string

Left D Following D

Right D—w Right adjusted within D
Centered D—W/? Centered on right end of D

-

The length of generated motion is allowed to be negative, but that of a repeated character string cannot
'be. Repeated character strings contain an integer number of characters, and any residual distance is
prepended as motion. Tabs or leaders found after the last tab stop are ignored, but may be used as
next-string terminators.

Tabs and leaders are not interpreted in capy mode. \t and \a always generate a non-interpreted tab and
leader respectively, and are equivalent te actual tabs and leaders in copy mode.

9.2. Fields. A field is contained between a pair of field delimiter characters, and consists of sub-strings
separated by padding indicator characters. The field length is the distance on the /mpur line from the
position where the field begins to the next tab stop. The difference between the total length of all the
sub-strings and the field length is incorporated as horizontal padding space that is divided among the
indicated padding places. The incorporated padding is allowed to be negative. For example, if the field
delimiter is # and the padding indicator is ~, # oo right# specifies a right-adjusted string with the
string Joox centered in the remaining space.
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Request Initial If No

Form Value Argument Notes Explanation .

.ta Nt .. 0.8: 0.5in none E.m Set tab siops and types. t==R, right adjusting; ¢(=C,
centering; ¢ absent, ieft adjusting. TROFF tab stops are
preset every 0.5in.; NROFF every 0.8in. The stop values
are separated by spaces, and a value preceded by + is
treated as an increment to the previous stop vaiue.

Jgce none none E The tab repetition character becomes ¢, or is removed
specifying motion.

Jde ¢ . none E The leader repetition characier becomes ¢, or is removed
specifying motion.

deab off oft - The field delimiter is set to &, the padding indicator is set

to the space character or to b, if given. In the absence of
arguments the field mechanism is turned off.

10. Irput and Output Conventions and Character Translations

10.1. Input character translations. Ways of inputting the graphic character set were discussed in §2.1.
The ASCI control characters horizontal tab {§9.1), SOH (§9.1), and backspace (§10.3) are discussed
elsewhere. The newline delimits input lines. In addition, STX, ETX, ENQ, ACK, and BEL are accepted,
and may be used as delimiters or translated into a graphic with tr (§10.5). Al others are ignored.

The escape character \ introduces escape seguences—-causes the following character to mean another
character, or to indicate some function. A complete list of such sequences is given in the Summary
and Index on page 6. \ should not be confused with the ASCII control character ESC of the same name.
The escape character \ can be input with the sequence \\. The escape character can be changed with
ec, and al! that has been said about the default \ becomes true for the new escape character. \e can be
used to print whatever the current escape character is. If necessary or convenient, the escape mechan-
ism may be turned off with eo, and restored with ec.

Regquest Initial If No

Form = Value Argument Notes Explanation

.ec ¢ \ \ - Set escape character to \, or to ¢, if given.
€0 on - - Turn escape mechanism off.

10.2. Ligatures. Five ligatures are available in the current TROFF character set — fi, fl, ff, fli, and fil.
They may be input (even in NROFF) by \(fi, \(fl, \(ff, \(Fi, and \(FI respectively. The ligature mode
is normally on in TROFF, and automatically invokes ligatures during input.

Request . Initial  If No
Form Value Argument Notes Explanation
Jdg N “offfon © on - Ligature mode is turned on if N is absent or non-zero,

and turned off if N=0. If N=2, only the two-character
ligatures are automatically invoked. Ligature mode is
inhibited for request, macro, string, register, or file
names, and in copy mode. No effect in NROFF.

10.3. Backspacing, wnderlining, overstriking, etc. Unless in copy mode, the ASCIl backspace character is
replaced by a backward horizontal motion having the width of the space character. Underlining as a
form of line-drawing is discussed in §12.4. A generalized overstriking function is described in §12.1.

NROFF automatically underlines characters in the underline font, specifiable with uf, normally that on
font position 2 (normally Times Italic, see §2.2). In addition to ft and \fF, the underline font may be
selected by ul and eu. Underlining is restricted to an output-device-dependent subset of reasonable
characters.
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Request Initial If No
Form Value Argument Noites Explanation

al N off N=] E Underline in NROFF (italicize in TROFF) the next N
input text lines. Actually, switch 1o underline font, saving
the current font for later restoration; other font changes
within the span of a ul will take effect, but the restora-
tion will undo the last change. Qutput generated by ti
(814) is affected by the font change, but does not decre-
ment N. If N> 1, there is the risk that a trap interpo-
lated macro may provide text lines within the span;
environment switching can prevent this.

cu N off N=1 E A variant of ul that causes every character to be under-
lined in NROFF. Identical to ul in TROFF.

af F Talic Italic - Underline font set to £ In NROFF, F may no! be on
position 1 (initially Times Roman).

10.4. Control characters. Both the control character . and the no-break control character ° may be
changed, if desired. Such a change must be compatible with the design of any macros used in the span
of the change, and particularly of any trap-invoked macres.

Reguest Initial If No

Form Value Argument  Notes Explanation
Lec . . . E The basic control character is set to ¢, or reset to ".".
&2 c * ) - E The nobreak control character is set to ¢, or reset to """,

10.5. Output translation, One chdracter can be made a stand-in for another character using tr. All text
processing (e. g. character comparisons) takes place with the input (stand-in) character which appears to
have the width of the final character. The graphic translation occurs at the moment of output {includ-
ing diversion). -

Request - Initial I No

Form Value Argument  Notes [Explanation

.tr abed.... none - 0 Translate a into b, ¢ into 4, etc. If an odd number of
characters is given, the last one will be mapped into the
space character. To be consistent, a particular translation
must stay in effect from input to output time.

10.6. Transparent throughput. An input line beginning with a \! is read in copy mode and transparently
output {without the initial \!); the text processor is otherwise unaware of the line’s presence. This
mechanism may be used to pass control information to a post-processor or to imbed contro!l lines in a
macro created by a diversion.

10.7. Comments and concealed newlines. An uncomfortably long input line that must stay one line {(e. g.
a string definition, or nofilled text) can be split into many physical lines by ending ail but the last one
with the escape \. The sequence \{newline) is always ignored—except in a comment. Comments may
be imbedded at the end of any line by prefacing them with \*. The newline at the end of a comment
cannot be concealed. A line beginning with \" will appear as a blank line and behave like .sp 1; a com-
ment can be on a line by itself by beginning the line with .\".

11. Local Horizontal and Vertical Motions, and the Width Function

11.1, Local Motions. The functions \v'N" and \h"N" can be used for local vertical and horizontal motion
respectively. The distance N may be negative; the positive directions are rightward and downward A
local motion is one contained within a line. To avoid unexpected vertical dislocations, it is necessary
that the net vertical local motion within a word in filled text and otherwise within a line balance to zero.
The above and certain other escape sequences providing local motion are summarized in the following
table.
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Vertical Effect in Horizontal Effect in
Local Motion TROFF NROFF Local Motion TROFF NROFF
\v'N’ Move distance N \h’'N’ Move distance N
\(space) | Unpaddable space-size space
\u 2 em up 4 line up \0 Digit-size space
\d 4 em down | ' line down
\r 1 emup 1 line up \l 1/6 em space | ignored
\" 1/12 em space | ignored

As an example, E2 could be generated by the sequence E\s~2\v'~0.4m'2\v'0.4m"\s+2; it should be
noted in this example that the 0.4 em vertical motions are at the smaller size.

11.2. Width Function. The width function \w’string” generates the numerical width of string (in basic
units). Size and font changes may be safely imbedded in string, and will not affect the current environ-
ment. For example, .ti —\w’l. "u could be used to temporarily indent leftward a distance equal to the
size of the string "1. ".

The width function also sets three number registers. The registers st and sb are set respectively to the
highest and lowest extent of string relative to the baseling; then, for example, the total height of the
string is \n{stu—\n(sbu. In TROFF the number register ct is set to a value between 0 and 3: 0 means
that all of the characters in string were short lower case characters without descenders (like e); 1 means
that at least one character has a descender (like y): 2 means that at least one character is tall (like H);
and 3 means that both tall characters and characters with descenders are present.

11.3. Mark horizontal place. The escape sequence \kx will cause the current horizontal position in the
input line to be stored in register x. As an example, the construction \kxword\h’|\nxu+2u" word will
embolden word by backing up to almost its beginning and overprinting it, resulting in word.

12, Overstrike, Bracket, Line-drawing, and Zero-width Functions

12.1. Oversiriking. Automatically centered overstriking of up 1o nine characters is provided by the over-
strike function \estring’. The characters in string overprinied with centers aligned; the total width is
that of the widest character. string should nof contain local vertical motion. As examples, \o"e\"" pro-
duces é, and \o"\(mo\ (sl” produces £. .

12.2. Zero-width characters. The function \zc will output ¢ without spacing over it, and can be used to
produce left-aligned overstruck combinations. As examples, \z\(ci\(p! will produce @, and
\(br\z\ (rn\ (ul\(br will produce the smallest possible constructed box [].

12.3. Large Brackers. The Special Mathematical Font contains a number of bracket construction pieces

(UL TT) that can be combined into various bracket styles. The function \b’string” may be used

to pile up vertically the characters in string {the first character on top and the last at the bottom); the
characters are vertically separated by 1 em and the total pile is centered 1/2em above the current base-

line {*: line in NROFF). For example, \b"\{le\(f "E\|\b" \{re\ {tf "\x" —0.5m"\x"0.5m" produces [E]

12.4. Line drawing. The function \1°Nc* will draw a string of repeated ¢’s towards the right for a dis-
tance N. (\l is \(lower case L). If ¢ looks like a continuation of an expression for N, it may insulated
from N with a \&. If cis not specified, the — (baseline rule} is used (underline character in NROFF). If
N is negative, a backward horizontal motion of size N is made before drawing the string. Any space
resulting from N/(size of © having a remainder is put at the beginning (left end) of the string. In the
case of characters that are designed to be connected such as baseline-rule _, underrule _, and root-
en , the remainder space is covered by over-lapping. If N is less than the width of ¢, a single ¢ is cen-
tered on a distance N. As an example, a macro to underscore a string can be written

.de us
WS\ (ul’
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The function \L" Ne¢* will draw a vertical line consisting of the (optional) character ¢ stacked vertically
apart 1em (1 line in NROFF), with the first two characters overlapped, if necessary, to form a continu-
ous line. The default character is the box rule | {\(br); the other suitable character is the bold vertical |
{\(b¥). The line is begun without any initial motion relative to the current base line. A positive N
specifies a line drawn downward and a negative M specifies a line drawn upward. After the line is drawn
nge compensating motions are made; the instantaneous baseline is at the end of the line.

The horizontal and vertical line drawing functions may be used in combination to produce large boxes.
The zero-width box-rule and the ‘2-em wide underrule were designed to form corners when using l-em
vertical spacings. For example the macro

.de eb

.sp =1 \"compensate for next automatic base-line spacing

.nf \"avoid possibly overflowing word buffer

\h'—.5a\L’|\\nau=1"\1"\\n (.lu 4 In\ (ul"\L"~ [\\nau+1"\I'|0u—_50\(ul" \"draw box
i

will draw a box around some text whose beginning vertical place was saved in number register a (e. g.
using .mk a) as done for this paragraph.

13. Hyphenation.

The automatic hyphenation may be switched off and on. When switched on with hy, several variants
may be set. A hyphenation indicator character may be imbedded in a word to specify desired hyphena-
tion points, or may be prepended to suppress hyphenation. In addition, the user may specify a small
exceplion word list.

Only words that consist of a central alphabetic string surrounded by (usually null) non-alphabetic
strings are considered candidates for automatic hyphenation. Words that were input containing hyphens
{minus), em-dashes (\(em), or hyphenation indicator characters—such as mother-in-law—are always
subject to splitting after those characters, whether or not automatic hyphenation is on or off.

Reguest Initial If No

Form Value Argument Notes Explanation

.nth hyphenate - E Automatic hyphenation is turned off.

hy N on,N=1 on, N=1 E Automatic hyphenation is turned on for N1, or off for
N=0. If N=2, last lines (ones that will cause a trap)
are not hyphenated. For N=4 and 8, the last and first
two characters respectively of a word are not split off.
These values are additive; i. e. N=14 will invoke all
three restrictions.

he e \% \% E Hyphenation indicator character is set to ¢ or to the
default \%. The indicator does not appear in the output.

hw wordl ... ignored - - Specify hyphenation points in werds with imbedded

minus signs. Versions of a word with terminal s are
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implied; i. e. dig—it implies dig—its. This list is exam-
ined initially and after each suffix stripping. The space
available is small—about 128 characters.

14. Three Part Titles.

The titling function tl provides for automatic placement of three fields at the left, center, and right of a
line with a title-length specifiable with It. tl may be used anywhere, and is independent of the normal
text collecting process. A common use is in header and footer macros.

Request Initial if No
Form Value Argument Notes Explanation

A1 "left" center’ right’ - - The strings left, center, and right are respectively left-
adjusted, centered, and right-adjusted in the current
title-length. Any of the sirings may be empty, and over-
lapping is permitted. If the page-number character (ini-
tially %) is found within any of the fields it is replaced by
the current page number having the format assigned to
register %. Any character may be used as the string del-
imiter.

pec % off - The page number character is set to ¢, or removed. The
) page-number register remains %.

Jt =N 6.5in previous E.m  Length of title set to =N, The line-length and the title-

length are independent. Indenis do not apply to titles;
page-offsets do.

15. Output Line Numbering.

Autematic sequence numbering of output lines may be requested with nm. When in effect, a

three-digit, arabic number plus a digit-space is prepended to output text lines. The text lines are
3 thus offset by four digit-spaces, and otherwise retain their line length; a reduction in line length

may be desired to keep the right margin aligned with an earlier margin. Blank lines, other vertical

spaces, and lines generated by tl are nof numbered. Numbering can be temporarily suspended with
& nn, or with an .nm followed by a later .nm +10. In addition, a line number indent /, and the

number-text separation S may be specified in digit-spaces. Further, it can be specified that only

those line numbers that are multiples of some number M are to be printed (the others will appear
9 as blank number fields).

Request Initial If No
Form Value Argument Notes Explanation

nm tNMS]J off E Line number mode. If + N is given, line numbering is
turned on, and the next output line numbered is num-
bered £ N. Default values are M=1, §=1, and I=0.
Parameters corresponding to missing arguments are
unaffected; & non-numeric argument is considered miss-
ing. In the absence of all arguments, numbering is
turned off; the next line number is preserved for possible
further use in number register In.

.nn N - N=1 E The next N text output lines are not numbered.

As an example, the paragraph portions of this section are numbered with M=3: .nm 13 was

placed at the beginning; .nm was placed.at the end of the first paragraph; and .nm +0 was placed
12 in front of this paragraph; and .nm finaily placed at the end. Line lengths were also changed (by

\w0000'u) to keep the right side aligned. Another example is .nm +5 5 x 3 which turns on

numbering with the line number of -the next line to be 5 greater than the last numbered line, with
15 M=35, with spacing S untouched, and with the indent /set to 3.
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16. Conditional Acceptance of Input

In the following, ¢ is a one-character, built-in condition name, ! signifies not, N is a numerical expres-
sion, Stringl and string? are strings delimited by any non-blank, non-numeric character rot in the
strings, and anything represents what is conditionally accepted.

Request Initial If No

Form Value Argument Notes Explanation
Af ¢ anything - - If condition ¢ true, accept anything as input; in multi-line
case use \|anything\).
.if ¢ anything - - If condition ¢ false, accept anwthing.
Af N anything - u If expression N > 0, accept anything,
if 1N anything - u If expression & < 0, accept anything.
" LM “stringl’string2” anything - If stringl identical to string2, accept anything.
if Y stringl’ string2” anything - If stringl not identical to string2, accept anvthing.
Jie ¢ anything - u If portion of if-else; all above forms (like if).
.el anything . - Else portion of if-else.

The built-in condition names are:

Condition
Name True If
0 Current page number is odd
e Current page number is even
t Formatter is TROFF
n Formatter is NROFF

If the condition c is true, or if the number N is greater than zero, or if the strings compare identically
(including motions and character size and font), anything is accepted as input. If a ! precedes the condi-
tion, number, or string comparison, the sense of the acceptance is reversed.

Any spaces between the condition and the beginning of anything are skipped over. The anything can be
either a single input line (text, macro, or whatever) or a number of input lines. In the multi-line case,
the first line must begin with a left delimiter \{ and the last line must end with a right delimiter \}.

The request ie (if-else) is identical to if except that the acceptance state is remembered. A subsequent
and matching el (else) request then uses the reverse sense of that state. ie - el pairs may be nested.

Some examples are:
.if e .t] ‘Even Page %"
which outputs a title if the page number is even; and -

de \n%>1\\

‘sp 0.5i '
tl "Page %™

‘sp{1.2i\}

.l .spl2.5i

which treats page 1 differently from other pages.
17. Environment Switching.

A number of the parameters that control the text processing are gathered together into an environment,
which can be switched by the user. The environment parameters are those associated with requests
noting E in their Notes column; in addition, partially collected lines and words are in the environment.
Everything else is global; examples are page-oriented parameters, diversion-oriented parameters,

.24 .-




NROFF/TROFF User's Manual
October 11, 1976

number regisiers, and macro and string definitions. Al! environments are initialized with default
parameter values.

Request Initial If No
Form Value Argument Notes Explanation
ey N N=0 previous - Environment switched to environment 0 N<2. Switch-

ing is done in push-down fashion so that restoring a pre-
vious environment must be done with .ev rather than
specific reference.

18. Insertions from the Standard Input

The input can be temporarily switched to the system standurd input with rd, which will switch back
when two newlines in a row are found (the extra blank line is not used). This mechanism is intended
for insertions in form-letter-like documentation. On UNIX, the standard input can be the user’s key-
board, a pipe, or a file.

Request Initial If No -
Form Vaiue Argument Notes Explanation

.rd prompt - prompt=BEL - Read insertion from the standard input until two new-
lines in a row are found. If the standard input is the
_user’s keyboard, prompt (or a BEL) is written onto the
user’s terminal. rd behaves like a macro, and arguments
may be placed after prompt,

£X - - - Exit from NROFF/TROFF. Text processing is terminated
exactly as if all input had ended.

If insertions are to be taken from the terminal keyboard while output is being pnnted on the terminal,
the command line option —q will turn off the echoing of keyboard input and prompt only with BEL.
The regular input and insertion input cannot simultaneously come from the standard input.

As an example, multiple copies of a form letter may be prepared by entering the insertions for all the
copies in one file to be used as the standard input, and causing the file containing the letter to reinvoke
itself using nx (§19); the process would ultimately be ended by an ex in the insertion file.

19. Input/Qutput File Swntchlng

Request Initial If No
Form Value Argument Notes Explanation

.50 filename - - Switch source file. The top input (file reading) level is
switched to filename. The effect of an se encountered in
a macre is not felt until the input level returns to the file
level. When the new file ends, input is again taken from
‘the original file. so’s may be nested.

.nx filename ' end-of-file - Next file is filename. The current file is considered
ended, and the input is immediately switched to filename..

.pi program - - Pipe output to program (NROFF only). This request
must occur before any printing occurs. No arguments are
transmitted to program.

20. Miscellaneous
Request Initial If No
Form Value Argument Notes Explanation

mc c N - off E.m  Specifies that a margin character ¢ appear a distance N to
the right of the right margin after each non-empty text
line (except those produced by tl}. If the output line is
too-long (as can happen in nofill mode) the character will
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be appended to the line. If M is not given, the previous
N is used; the initial N is 0.2 inches in NROFF and lem
in TROFF. The margin character used with this para-
graph was a 12-point box-rule.

tm string newline - After skipping initial blanks, string (rest of the line) is

read in copy mode and written on the user’s terminal.

= - Ignore input lines. ig behaves exactly like de (§7) except
that the input is discarded. The input is read in copy
mode, and any auto-incremented registers will be
affected.

.pm ¢ - all - Print macros. The names and sizes of all of the defined
macros and strings are printed on the user’s terminal; if ¢
is given, only the total of the sizes is printed. The sizes
is given in blocks of 128 characters.

g yy

1 - ’ - B Flush output buffer. Used in interactive debugging to
force output.

21. Output and Error Messages.

The output from tm, pm, and the prompt from rd, as well as various error messages are written onto
UNIX’s standard message output, The latter is different from the standard output, where NROFF format-
ted output goes. By default, both are written onto the user’s terminal, but they can be independently
redirected.:

Various error conditions mhy occur during the operation of NROFF and TROFF. Certain less serious
errors having only local impact do not cause processing to terminate. Two examples are word overflow,
caused by a word that is too large to fit into the word buffer (in fill mode), and line overfiow, caused by
an output line that grew too large to fit in the line buffer; in both cases, a message is printed, the
offending excess is discarded, and the affected word or line is marked at the point of truncation with a »
in NROFF and 2 W in TROFF. The philosophy is to continue processing, if possible, on the grounds
that output useful for debugging may be produced. If a serious error occurs, processing terminates, and
an appropriate message is printed. Examples are the inability to create, read, or write files, and the
exceeding of certain internal limits that make future output unlikely to be useful.

.26 -




NROFF/TROFF User’s Manual
Qctober 11, 1976

TUTORIAL EXAMPLES

T1. Introduction

Although NROFF and TROFF have by design a
syntax reminiscent of earlier text processors*
with the intent of easing their use, it is almost
always necessary to prepare at least a small set of
macro definitions to describe most documents.
Such common formatting needs as page margins
and footnotes are deliberately not built inte
NROFF and TROFF. Instead, the macro and
string definition, number register, diversion,
environment switching, page-position trap, and
conditional input mechanisms provide the basis
for user-defined implementations.

The examples to be discussed are intended to be
usefu] and somewhat realistic, but won’t neces-
sarily cover all relevant contingencies. Explicit
numerical parameters are used in the examples to
make them easier to read and to illustrate typical
values. In many cases, number registers would
really be used to reduce the number of places
where numerical information is kept, and to con-
centrate conditional parameter initialization like
that which depends on whether TROFF or NROFF
is being used.

T2. Page Margins

As discussed in §3, header and footer macros are
usually defined to describe the top and bottom
page margin areas respectively. A trap is planted
at page position 0 for the header, and at —N (N
from the page bottom) for the footer. The sim-
plest such definitions might be

dehd - \"define header
‘sp 1i

- \"end definition
.de fo \"define footer
bp

. \"end definition
.wh 0 hd

.wh —1ifo

which provide blank 1 inch top and bottom mar-
gins. The header will occur on the first page,
only if the definition and trap exist prior to the

*For example: P. A. Crisman, Ed., The Compatible Time-
Sharing System, MIT Press, 1965, Section AH%.01 (Descrip-
tion of RUNOFF program on MIT's CTSS system).

initial pseudo-page transition (§3). In fill mode,
the output line that springs the footer trap was
typically forced out because some part or whole
word didn’t fit on it. If anything in the footer
and header that follows causes a dreak, that word
or part word will be forced out. In this and other
examples, requests like bp and sp that normally
cause breaks are invoked using the no-break con-
trol character ° to avoid this. When the
header/footer design contains material requiring
independent text processing, the environment
may be switched, avoiding most interaction with
the running text,

A more realistic example would be

.de hd \"header
Adf ¢ .t] “\rn™\(rn" \"troff cut mark
GE W% >1\ [\

‘sp|0.5i—1 \"tl base at 0.5i

Al = % =" \"centered page number
-ps \"restore size

.t \"restore font

vs \} \"restore vs

“sp [1.0i \"space to 1.0i

NS \"turn on no-space mode
.de fo \"footer

.ps 10 \"set footer/header size
Mt R \"set font

s 12p \"set base-line spacing

f \\n% =1 \{\

*sp [\\n{.pu=0.5i=1 \"tl base 0.5i up
Al = % —""\] \"first page number
'bp

.wh 0 hd

.wh —1i fo

which sets the size, font, and base-line spacing
for the header/footer material, and uitimately
restores them. The material in this case is a page
number at the bottom of the first page and at the
top of the remaining pages. If TROFF is used, a
cut mark is drawn in the form of roor-en’s at each
margin. The sp's refer to absolute positions to
avoid dependence on the base-line spacing.
Another reason for this in the footer is that the
footer is invoked by printing a line whose vertical
spacing swept past the trap position by possibly as
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much as the base-line spacing. The no-space
mode is turned on at the end of hd to render
ineffective accidental occurrences of sp at the top
of the running text.

The above method of restoring size, font, etc.
presupposes that such requests (that set previous
value) are nof used in the running text. A better
scheme is save and restore both the current and
previous values as shown for size in the follow-
ing:

Ade fo

.nr s1\\n(s \“current size

D5

.nr 52 \\n(.s \"previous size

— - \"rest of footer

.de hd

R \"header stuff

.ps \\n(s2 \"restore previous size
.ps \\n(sl \"restore current size

Page numbers may be printed in the bottom mar-
gin by a separate macro triggered during the
‘footer’s page ejection:

.de bn
.tl "— % _l!

\"bottom number
\"centered page number

_-wh —0.5i—1v bn \"tl base 0.5i up

T3. Paragraphs and Headings

The housekeeping associated with starting a new
paragraph should be collected in a paragraph
macro that, for example, does the desired
preparagraph spacing, forces the correct font,
size, base-line” spacing, and indent, checks that
enough space remains for more than one line, and
requests a temporary indent.

.de pg \"paragraph
.br \"break
JtR \"force font,
.ps 10 \"size,

.¥vs 12p \"spacing,
in0 \"and indent
.sp 0.4 \"prespace

.ne 14+\\n(.Vu \"want more than 1 line
i 0.2i \"temp indent

The first break in pg will force out any previous
partial lines, and must occur before the vs. The
forcing of font, etc. is partly a defense against
prior error and partly to permit things like sec-
tion heading macros to set parameters only once.

The prespacing parameter is suitable for TROFF;
a larger space, at least as big as the output device
vertical resolution, would be more suitable in
NROFF. The choice of remaining space to test
for in_the ne is the smallest amount greater than
one line {the .V is the available vertical resolu-
tion).

A macro to automatically number section head-
ings might look like:

.de sc \"section
JR— \"force font, etc.
.sp 0.4 \"prespace

ne 244+ \\n(.Vu \"want 2.4+ lines
fi
\\n+8§,

.nrSo01 \init S

The usage is-.sc, followed by the section heading
text, followed by .pg. The ne test value includes
one line of heading, 0.4 line in the following pg,
and one line of the paragraph text. A word con-
sisting of the next section number and a period is
produced to begin the heading line. The format
of the number may be set by af (§8).

Another common form is the labeled, indented
paragraph, where the label protrudes left into the
indent space.

Jdelp \"labeled paragraph
-pg )

An 0.5i \"paragraph indent
42 0.21 0.51  \"label, paragraph

i 0

MASIA\e \"flow into paragraph

The intended usage is ".1p label"; label will begin
at 0.2inch, and cannot exceed a length of
0.3inch without intruding into the paragraph.
The label could be right adjusted against 0.4inch
by setting the tabs insiead with .ta 0.4iR 0.5i.
The last line of lp ends with \c so that it will
become a part of the first line of the text that fol-
lows. )

T4. Multiple Column Output

The production of multiple column pages
requires ihe footer macro to decide whether it
was invoked by other than the last column, so
that it will begin a new column rather than pre-
duce the bottom margin. The header can initial-
ize a column register that the footer will incre-
ment and test. The following is arranged for two
columns, but is easily modified for more.
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.de hd \"header

.nrcl 01 \"init column count
.mk \"mark top of text
.de fo \"footer

de\\n+ {cl<2\{\

po +3.4i \"next column; 3.1+0.3
Tt ~ \"back to mark
.ns\} \"no-space moade

el \\

.po \\nMu \"restore left margin
‘bp \}

ll 3.1i \"column width
arM\in(.o \"save left margin

Typically a portion of the top of the first page
contains full width text; the request for the nar-
. rower line length, as well as another .mk would
be made where the two column output was to
" begin.

T5. Footnote Processing

The footnote mechanism to be described is used
by imbedding the footnotes in the input text at
the point of reference, demarcated by an initial
.fn and a terminal .ef:

fn
Foornote text and controf lines...
.ef

In the following, footnotes are processed in a
separate environment and diverted for later
printing in the space immediately prior to the
bottom margin. There is provision for the case
where the last collected footnote doesn’t com-
pletely fit in the ayailable space.

.de hd \"header

nrx01 \"init footnote count
.nry 0—\\nb \"current footer place

.ch fo —\\nbu \"reset footer trap

Jf\\n(dn .fz \"leftover footnote

.de fo \"footer

.nrdn 0 \"zero last diversion size
4E\\nx \(\

evl \"expand footnotes in evl
.nf \"retain vertical size

.FN \"footnotes

.rm FN \"delete it

AF™\n{.2"fy" .di \"end overflow diversion
.nrx 0 \"disable fx

ev \} \"pop environment

“bp

de fx \"process footnote overflow
JAf\\nx .di fy \"divert overflow

.de fn \"start footnote

.da FN \"divert {append) footnote
.ev 1 \"in environment 1
4f\\n+x=1 .fs \"if first, include separator
i \"fill mode

.de ef \"end footnote

br \"finish output

.arz\\n{.v  \"save spacing
.ev \"pop ev
i \"end diversion

.nr y —\\n(dn \"new footer position,

Jdf\\nx=1 .nry —(\\n(.v—=\\nz) \
\"uncertainty correction

.ch fo\\nyu \"y is negative

Gf (\n(nl+1v)> (\n(Gp+\\ny) \

.ch fo\\n(nlu+1v \"it didn"t fit

de fs \"separator

\I"1i \"1 inch rule

.br

de fz \"get leftover footnote
.fn

.nf \"retain vertical size
fy \"where fx put it

.ef

.nr b 1.0i \"bottom margin size
.wh 0 hd \"header trap

.wh 12i fo \"faoter trap, temp position

wh —\\nbu fx\"fx at footer position
.ch fo —\\'nbu \"conceal fx with fo

The header hd initializes a footnote count regis-
ter x, and sets both the current footer trap posi-
tion register y and the footer trap itself to a nom-
inal position specified in register b. In addition,
if the register dn indicates a leftover footnote, fz
is invoked to reprocess it. The footnote start
macro fn begins a diversion (append) in environ-
ment 1, and increments the count x; if the count
is one, the footnote separator fs is interpolated.
The separator is kept in a separate macro to per-
mit user redefinition. The footnote end macro ef
restores the previous environment and ends the
diversion after saving the spacing size in register
z. y is then decremented by the size of the
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footnote, available in dn; then on the first foot-
note, y is further decremented by the difference
in vertical base-line spacings of the iwo environ-
ments, to prevent the late triggering the footer
trap from causing the last line of the combined
footnotes to overflow. The footer trap is then set
to the lower (on the page) of y or the current
page position (nl) plus one line, to allow for
printing the reference line. If indicated by x, the
footer fo rereads the footnotes from FN in nofill
mode in environment 1, and deletes FN. If the
footnotes were too large to fit, the macro fx will
be trap-invoked to redivert the overflow into fy,
and the register dn will later indicate to the
header whether fy is empty. Both fo and fx are
planted in the nominal footer trap position in an
order that causes fx to be concealed unless the fo
trap is moved. The footer then terminates the
overflow diversion, if necessary, and zeros x to
disable fx, because the uncertainty correction
together with a not-too-late triggering of the
footer can result in the footnote rereading finish-
ing before reaching the fx trap.

A good exercise for the student is to combine
the multiple-column and footnote mechanisms.

Té. The Last Page

After the last iriput file has ended, NROFF and
TROFF invoke the end macro (§7), if ény, and
when it finishes, eject the remainder of the page.
. During the eject, any traps encountered are pro-
cessed normally. Al the end of this last page,
processing terminates unless a partial line, word,
or partial word remains. If it is desired that
another page be started, the end-macro

.de en < \"end-macro

\¢
“bp

will deposit a null partial word, and effect
another last page.
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Table I

Font Style Examples

The follewing fonts are printed in 12-point, with a vertical spacing of 14-point, and with non-
alphanumeric characters separated by '4 em space. The Special Mathematical Font was specially
prepared for Bell Laboratories by Graphic Systems, Inc. of Hudson, New Hampshire. The Times
Roman, Italic, and Bold are among the many standard fonts available from that company.

Times Roman

abcdefghijkimnopgrstuvwxyz
ABCDEFGHIJIKLMNOPQRSTUVWXYZ

1234567890 :
1$% & () *+—.,/7::="21[1l
o0 —-_UWUfiffMMet'cee

Times ltalic

abedefehijklmnopgrstivwxyz
ABCDEFGHIUKLMNOPQRSTUVWXYZ
1234567890

I8%& () 4 = fr=2[]

o0 —-_UhUAAFHH L ¢

Times Bold

abedefghijklmnopqrstuvywxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ

1234567890
1$%& () ¥+ ~ ., /=211
e —--_YihUfiiAMM°t ' ¢®9

Special Mathematical Font
A <> {l#@+—=+

cafBydelnbikipuvéompaosTvdxdw .

TAGAZIIZY DV ()
V Z2S=E~=#F——1l|[X+xUNCDC22»)
§V-fxoctuwm@IOf\))iHIINI
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Table 11

Input Naming Conventions for °, ",and -
and for Non-ASCII Special Characters

Non-ASCI1I characters and minus on the standard fonts.

Input Character Input Character
Char Name Nome Char Name Name
o close quote i \@ A
Lo open quote fl. \(n N
- \(em 3/4 Em dash ff o\ f
- - hyphen or A \Fi fi
\(hy hyphen M O \FI M
\—  current font minus * \(de degree

¢ \(bu bullet t - \(dg dagger

o \sq square o' A({fm foot mark
- \Mru  rule . ¢ \(ct centsign
Y \(14 1/4 ® \(rg registered
o \(12 102 ® \(co copyright
% N34 3/4

Non-ASCII characters.and *, °, _, +, —, =, and » on the special.font.

The ASCII characters @, #, ", ", ", <, >, \, {, }, =, ~, and _ exist only on the special font and are
printed as a 1-em space if that font is not mounted. The following characters exist only on the special
font except for the upper case Greek letter names followed by t which are mapped into upper case
English letters in whatever font is mounted on font position one (default Times Roman). The special
math.- plus, minus, and equals are provided to insulate the appearance of equations from the choice of
standard fonts. - - |

Input Character. Input Character

Char Name Name Char Name Name
+ -\{pl math plus k  \(*k kappa
—~  \{mi math minus A \(*1 lambda
= \(eq math equals 4 \('m mu
» \(** math star » \(*n nu
§ \(sc section £ \(*¢ «xi
* \(aa acute accent o \(*o omicron

\(ga grave accent x \(*p pi
_ \{ul underrule g \Cr rho
/  \(sl slash (matching backslash) o \(*s sigma
a \(*a alpha s \{ts terminal sigma
8 \(*b beta S A\t tau
v \(*s pamma v \(*u upsilon
5§ \(*d delta ¢ \*f phi
e \(*e epsilon x \*x chi
{ \(*z zeta ¢ \(q psi
n \M*% eta w \*w omega
& \(*h theta A \{*A Alphat
¢ \(*i iota B \(*B Betat
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Char Name Name

W DO M YEOMZT > R @ ENmE -

A A daiinNnunNI2Ch +x—— | R EVIHNAY

“\*O Omicront

Ingut Character

\{*G Gamma
\("D Daelta
\("E Epsilont
\(*Z Zetat
('Y Etat
\(*H Theta
\(*1  lotat
\(*K  Kappa*t
\V(*L  Larabda
VM Mue
AN Nyt
\M*C Xi

\(*P Pi

\*R  Rhot
\{(*S Sigma
VT  Taut
\(*U  Upsilon
\(*F Phi
\CX  Chit
\(*Q Psi |
MW Omega

e om0 -G &

-\ist square ront

\{rn root en extender
V(> D=

(€ <=

\(= = identically equal
\{"= approx =

\{ap zpproximates
(= pot equal

\(=> right arrow
\(<= left arrow

\{ua up arrow

\(dz down arrow
\(mu multiplx

\Mdi  divide

\{+ ~ plus-minus

\few cup {union)
\(ca cap (intersection)
\(st subset of

\(sp superset of

\(ib  improper subset
\(ip improper supetser -
\(if infinity

\(pd partial derivative
\(gr gradient '
\(no not

\fis integral sign
\{pt proportional to
\(es empty set

\(mo member of
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Iryut Character

Name Name

\(br box vertical rule

\(dd double dagger

\(rh right hand

\ih  left hand

\(bs Bell Sysiem logo

\(or eor

\{ei citcle

\{k lefi top of big curly bracket

\ib  left bottom

\(rt  right top

\(rb right bot

Wik left center of big curly bracket

\(rk right center of big curly bracket

\(bv boid vertical

A\l left floor (lef: bottom of big
square bracket) .

\{rf right floor (right bottom)

\(e left ceiling (lefi top)

\(re  right ceiling (right top)
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May 15, 1977

Qptions

~h (Nrofl only) Output tabs used during horizontal spacing to spesd output as well as
reduce autput byte count. Device tab sentings assumed (o be every 3 nominal characler
widths, The default semnas of input (logical) tabs is also initialized 10 every § nominal
character widths.

-2 Eficiently suppresses formatted autput. Only message output will occur (from *'tm™
requests and diagnustics).

Q14 Requests |

ade The adjusiment type indicator **¢™ may now slso Se¢ a aumber previously obtazined from
the *.j"" register (see below).

.50 name The contents of file “name’ will be interpolated at the point the s’ is sacountersd,

Pravicusly, the interpolation was done upon return to the 8le-reading inpur level,

New Requests

.ab text Prints **iext”™ on the message output and terminates without further prodessing. If
“1ext'’ is missing, “User Abort.” is printed. Dces not cause 2 break. The auiput’
buffar is flushed.

ftFEN foress font F " to te in size N. N may have the form N, + N, or = N. For examgzle,
f13i-2
will cause an implicit \s=2 every time font 3 is entered, and a corresponding “s+ 2
whes it is left. Special font characters occurring during the reign of font F will have
the srarrge size moedification. If spestal charactars are 10 be treated diffarently,
LSFN
may be used to specify the size tr:atme-u of special characters during font F. For
example, .
fz23-3
f2181-0
will cause automatic reduction of font 3 by 3 points while the special charzerers would
nat be adected. Any *“{p’* request specifying a [oat 0o some position must aracede
*f2"" requests relating to that position. )

New Prede@ined Number Registers

Xk Read-anly. Conuins the horizontal size of the iext portiog (withaut indeat) of the

current partially collected output line, if any, in e current eaviroament.
J Read-only. A number represesting the currest adjustment mode and type. Can be

saved and later given (o the **ad™ request 1o restore i Jravious mode. )
P Read-only. 1 if the current page is being printed, and 2270 otherwise. '
.L Read-cnly. Contains the current line-spacing parametar (*1s™),
c Geaeral register aczess (o the input line-aumber i the current input Ale. Conuins the’

samne value as me read-only *.c" register,
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L. MEW OPTIONS TO WROFF/TROFF
A. Compatied Mauns

It is zmw passible to oblain 3 pre-processed version of a macro peckege, called “compsncted
mecres.” A comnpacted macro packege i lozded {initialized) more efficiently, therafore faster,
than its nea-compacted version, bui is functicaally equivalent. However, it is oot possible o
periorm a .54 10 & compacied macro package.

A compscted macro package consists of three files;

emy.latl.d. rame
emp.lnti.¢ aame
vesmp. [at]. agme

where n stands for an arof~ compacted packige and the {first) ¢ stands for g trofF- cormpacted
pdeaSB

Macro packages are corapacted with the pew -=k option {s2e below). The macro source file
must be aTanged so that all compactable information is at the beginning of the file and all
non-compactabie material is at the end of the Gle. A .co request must separate the two sections
of the source Sle. This means that a typical macro package will be arranged as below in order
10 be compacted:

Compaciable matsrial . . -

£0
Non-compactable material

The files 4.name and t.name in the curreat diveciory will be used as output files for compacted
information. cmp.latl, must be prapesded to the names of these files, then the files
sinp.lntl.ldti.name must be moved 10 the directory /ust/lib/macros. The Gle vemp.intl.name

st be geserated by band, That is, the part of the source Ble containing the non-campacubl-
material must be copied to fuse/iib/mecros/vemp. lntl. neme.

Information that should not be compacted includes requests that interact with the command
line {e.z., registers to be initialized from the command line) or refer to run-dependemt
information {e.gz.. mo, dy, and yr stisgs). I all isformation is compactable, the file
fugr/lia/mecres/ncmp. [ntl, nante may be empty, dut it must exist.

NOTE: the mroff version of a masro package must be generated by aroff, and the mroff version
must be generaled by mof. These fBles must reside in /usr/lib/macros in order to be
refesenced by nrofand moff

Thers are two new options to aroff and roff for compacted macros:
- cname Use the compacted version aof this macro packsge. For exampile:
aroff —T300 - mm file
and
oroff - T300 —em file FT T wad

b

ars equivalent, with the exception that the first calls the nun-cnmpacled mactos
and the second calls the compscted version. When this option is used, an
error message will be printed if a macro package is not, avulable in compacted
for- .
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.=Y%name Cormpac: this invocation of aroffor ooff, where name is the name of the cutput
flle to b produced. The fle to be compacted is given a3 an input file, as in the
[ollowing szxampie:

aroll —kqame macrofile

The fles t.rame and d.name in the current directory will be used as autput
Bles; aroff and o will Build these fles, they ne=d not previously exist. The .
@y file mus contain a .00 request; only lines before this request will be
compacted. Both =Xk and .co are necsssary, if ao .09 is found in the file the
-k is ignored, and if g0 =k appears oa the command line the ¢ is igaored

WARNING: the —cname option will oaly sucseed if name represents the name of & compacted
macro peckage. Thig compacted package must alse have een produced by the same version of
aroff or troff that attempts to use the package. In other words, if aroff or zoff is changed and
recompiled, all compacied macra packages mumn be regenerated befars they can be used.

B. TROFT Siop Messags

A pew command line option o wyof, —S will cause the output of the message pages Anished
when roff is waiting for the user ‘o rostart the typesetter after pausing. (A pause is specified on
the eommand lipe via the =3 optioa.) The message rof finmished will Be oulput whea the job
has besa completed.

NQTE: —S works cnly when —1 is also used. For example, troff «s3 =S ... will cause xof

to stop every five pages and print the message pages finished, with the message yof ﬁmshed at
ke end of the job.

1. NEW NROFF/TROFF nzq'l:IS'r

€0 Specify e point in the macro fle at which compaction ends. Whea =kagme
is called om the command line, all lines in Sle aame befors the .00 reguest will
be compacied. ’

IIl. FEATURES SCHEDULED TO BE REMOVED
The following featurss will be removed {rom future versions of rrofizoff

A The transparent iaput mode rzquest.
=N Nrofffroff command line options: sart(+) printing (rom page V or stop(-)
tuu at page H
[Y. NEW READ-QNLY REGISTERS .
R The dumber of cumber registers that remain available for use.

] The emboldening factor of the current foat.

V. NEW ESCAPE SEQUENCE
\ix, \jlz=x mark the curr=at Norizontal output position in register x or =

January 1980
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ADDENDUM

The gﬂalowing changes to nroff/troff are effective with the
UNIX System III release.

Changes to nroff/troff fall into and are described under two
categories: enchancements and bug fixes.

WROFF/TROFF ENHANCEMENTS

Nroff Bold Font Simulation
By default, text which is in bold font in troff, is
emboldened {default is .db 3 3) in nroff. The user may
suppress this overstrike feature by using the nroff -u
coitmand line option.
EXAMPLE:

nroff —-u [opticns] file

However, -u does not suppress bold produced by terminal
hardware.

The -u option may take an argument which is the emboldening
factor for bold font.

EXAMPLE:
« nroff -ull [options] file

makes the emboldening facter. 10, which is 10 overstrikes.

The degree of embcldenment}méy'also be controlled by sétting
the second argument of the .bd request,

EXAMPLE:
.bd 3 0

turns off emboldenment while
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EXAMPLE:
.bd 3 3

overstrikes 3 times (default).

Terminals which have hardware bold capability, {(such as the
DASI 300s or the DTC 382) use that feature rather than
emboldennenq.

The o0ld -u command line option has been replaced by the new
=y command line option.

Escape and BEL Characteras

Escape and BEL characters are valid characters in nroff and
are accepted and passed to the output of the formatter.
Iroff continues to absord these characters.

Hew Escape Sequence \gx

NMew escape sequences are avallable, \gx and \g(xx , whieh
return the format of number register x{xx) in a form
suitable for the .af request. If this 13 the first
reference to the register, then the \g sequence returns the
" null string.

Bewfﬁequeat for Command Execution (.1)
.! program [arg1] [arg2] [arg3] ...

A new nroff request, .! , has been added. This allows
"arbitrary command execution from within proff/troff text,
where the standard cutput of the command iz placed at the
point in the text where the command was executed. Standard
~input for the called program i3 closed,

Arguments passed to .l are passed as argumentas to the
program, therefore, quoting conventions are recognized.

Driving Tables

New dAriving tables have been added,

-TX text train line printers i
-T2631 HP2631A line printer :
-T2631-e  HP2631A line printer, expanded |
-T2631=¢ HP2631A line printer, eonpreaéedi

The -TX driving table includes speclal escape sequences
denoting EBCDIC character ccdes that may be used by
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pogstprocesacrs to argflf.

All driving tables bave been modified to include eszape
sequences for italic on and off.

The 450-12-8 driving table has been removed.

Byphenation

Hyphenation is off by default.

Pﬁge Stop Option

The ;5 command line option i3a removed.

The -a (page stop) command line option now works cofrectly
and causes diagnostics to be output between pages. A bell

{ASCII 007} 1a output for nngxz and the message "page-stop"
is output for treff.

Transparent Liae MNode

) The undocumented and unsupported .1i {(tranaparent line mode)
. request haa baen renoved,

Environaceat Blozks

The environmsunt bloek no longer depends on the order of
definition to be the order of real storage for environment
variablea. The environment block is now a structure, and is

a portable feature. (Rote: this feature is invisible to
users.).

Fonta, Termsp, and Suftab

For portabilify purposes, fonts, terms, and suftad are now
pure data files, not a.out/assembdler formata.

. Invocation of ﬂultiple Haero Packagen

Broff/Iroff asccepts any number of different macro packagea
per run,

EXAMPLE: )
nroff -ne -mosd file

Each macro package, however, should only be invoked once.
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New Troff Option for Output Device (-Tpname)
troff -T[name)] [opticns] file
The troff -T option specifies the output device. By

default, the output device is the C/A/T. For UNIX Release

3.0, this is the only supported Lroff output device. (It i3
e:pected that future releasea may support other devices via
this mechanism.)

¥ew Compacted Macros Option (-cpanme)

Compacted macros may be called by replacing the -m opticon
with -c.

EXAMPLE: ‘
nroff -¢m =cosd file

If compacted macros do not exlst for a particular package,
the non-compacted macro package is called automatically.
Therefore, «c 3hould always be used.

Print Only Page Option

The +n/=-n 6ption for proff/troff to print specific pages is
removed.

Use the -0 option documented in the "Nroff/Iroff Oser'a
HManual®™.

NROFF/TROFF BUG FIXES

Failed i1f Statements

A failed .if request, including multi-line cases, ignores
the anyvthing part, where anything represents what is
eonditionally mccepted, For example, automatic incrementing

or decrementing of registers does not occur, and strings are
not expanded.

Contrel Characters

A control character may always be separated from a request
or macro name by white space (space and/or taba). This
includes end brackets to .de and .ig.

NROFF/TROFF User's Manual
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.80 Request

Hroff ne longer loses the end of the input block when a .s0

ls done with proff's buffer pointers pointing at the end of
the input buffer.

This particular problen rormerly caunzed loss of input text
after the .so.

Continuocus Underliaing of Speecial Charactere 1a Diversioas
Continuous upderlining (.cu) of special characters within a
filversion now works properly and the word buffer size has
beagn increased to allow approxzidately thres 1ines of
epntinuous enderlining.

Ccepacted Hreros

Compacted ®acros have been redesigned for reliability and
slaplicity. The only formatter characteristics that may be
gogpacted are:.nuaber registera, strings, diveraions,
wacros, traps, and the translation table (.tr).

Cempactead maeros are used by default in the following macro
. paokage ahell commands: mm, amt, and man.

Thetas Fingd fop -T37 Driving Table

The upper and lower case thatas in the -T37 driving table
have been fixed (they were reversed}.

Pyrint Only Page Optionr with Compacted Hacros

The -0 command line option works properly with conpacted
BACTroS,



A TROFF Tutorial

Brian W. Kernighan

Bell Laboratories
Murray Hill, New Jersey 07974

ABSTRACT

troff is a text-formatting program for driving the Graphic Systems photo-
typesetter on the UNIXT and GCOS operating systems. This device is capable of
producing high quality text; this paper is an exampie of troff output.

The phototypesetter itself normally runs with four fonts, containing
roman, italic and bold letters (as on this page), a full greek alphabet, and a sub-
stantial number of special characters and mathematical symbols. Characters can
be printed in a range of sizes, and placed anywhere on the page.

troff allows the user full control over fonts, sizes, and character positions,
as well as the usual features of a formatter — right-margin justification,
automatic hyphenation, page titling and numbering, and so on. It also provides
macros, arithmetic variables and operations, and conditional testing, for compli-
cated formatting tasks.

This document is an introduction to the most basic use of troff. It
presents just enough informalion to enable the user to do simple formatting
tasks like making viewgraphs, and to make incremental changes to existing
packages of troff commands. In mosl respects, the UNIX formatier nroff is
identical to troff, so this document also serves as a tutorial on nroff.

August 4, 1978

TUNIX.is a Trademark of Bell Laboratories.



A TROFF Tutorial

Brian W. Kernighan

Bell Laboratories
Murray Hill, New Jersey 07974

1. Introduction

troff [1} is a text-formatting program, wril-
ten by J. F. Ossanna, for producing high-quality
printed output from the phototypesetter on the
UNIX and GCOS operating systems. This docu-
ment is an example of troff output. -

The single most important rule of using
troff is not to use il directly, but through some
intermediary. In many ways, troff resembles an
assembly language — a remarkably powerful and
flexible one — but nonetheless such that many
operations must be specified at a level of detail
and in a form that is to¢ hard for most people to
use effectively.

For two special applications, there are pro-
grams that provide an inierface to troff for the
majority of users. eqn [2] provides an easy to
learn language for typesetting mathematics; the
eqn user need know no troff whatsoever to
typeset mathematics. thl [3] provides the same
convenience for producing tables of arbitrary
complexity.

For producing straight text (which may
well contain mathematics or tables), there are a
number of ‘macro packages’ that define format-
ling rules and operations for specific siyles of
documents, and reduce the amount of direct
contact with troff. In particular, the ‘—ms’ (4]
and PWB/MM (S} packages for Bell Labs inter-
nal memoranda and external papers provide mosl
of the facilities needed for a wide range of docu-
ment preparation. (This memo was prepared
with *—ms’.) There are also packages for view-
graphs, for simulating the older roff formatters
on UNIX and GCOS, and for other special applica-
tions. Typically you will find these packages
easier to use than troff once you get beyond the
most trivial operations; you should always con-
sider them first,

In the few cases where existing® packages
don’t do the whole job, the solution is nor 0
write an entirely new set of troff instructions
from scratch, but 1o make small changes to adapt
packages that already exist.

In accordance with this philosophy of let-
ting someone else do the work, the part of troff
described here is only a smali part of the whole,
although it tries to concenirate on the more use-
ful paris. In any case, there is no attempt to be
complete. Rather, the emphasis is on showing
how to do simple things, and how to make incre-
mental changes to whai already exists. The con-
tents of the remaining sections are:

Point sizes and line spacing

Fonts and special characters
Indents and line length

Tabs

Local motions: Drawing lines and characters
Strings _
Introduction to macros

Titles, pages and numbering

10. Number registers and arithmetic
11. Macros with arguments

12. Conditionals

13. Environments

14. Diversions

Appendix: Typesetter character set

LMo RN

The troff described here is the C-language ver-
sion running on UNIX at Murray Hill, as docu-
mented in {1].

To use troff you have to prepare not only
the actual text you want printed, but some infor-
mation that tells how you want it printed.
(Readers who use roff will find the approach.
familiar.) For troff the text and the formatting
information are often intertwined quite inti-
mately. Most commands to troff are placed on a
line separate from the text itself, beginning with
a period (one command per line). For example,

Some text.
.ps 14
Some more text.

will change the ‘point size’, that is, the size of
the letters being printed, to ‘14 point’ (one point
is 1/72 inch) like this:




Some text. SO0mMe more text.

Occasionally, though, something special
occurs in the middle of a line — to produce
Area = rrr2
you have to type
Area = \(sp\fIAFRY[\s8\u2\d\s0

(which we will explain shortly). The backslash
character \ is used to introduce troff commands
and special characters within a line of text.

2, Point Sizes; Line Spacing

As mentioned above, the command .ps
sets the point size. One point is 1/72 inch, so
6-point characters are at most 1/12 inch high,
and 36-point characters are 2 inch. There are 15
point sizes, listed below.

& puine: Pack my bux with tive dozen tiyunr jugs.

7 point; Pack my box wilh five dozen liquor jugs.

8 point: Pack my box with five dozen liquor jugs.

9 point: Pack my box with five dozen liquor jugs.
10 point: Pack my box with five dozen liquor

11 point: Pack my box with five dozen

12 point: Pack my box with five dozen

14 point: Pack.my box with five

16 point 18 point 20 point

22 24 28 36

If the number after .ps is not one of these
legal sizes, it is rounded up to the next valid
value, with a maximum of 36. If no number fol-
lows .ps, trofl reveris to the previcus size, what-
ever it was. troff begins with point size 10,
which is usually fine. This document is in 9
point.

The point size can ailso be changed in the
middle of a line or even a.word with the in-line
command \s. To produce

UNIX runs on a PDP-11/45

type
\s8UNIX\s10 runs on a \s8PDP-\s1011/45

As above, \s should be followed by a legal point
size, except that \sO causés the size to reverl o
its previous value. Notice that \sl01! can be
understood correctly as ‘size 10, followed by an
117, il the size is legal, but not otherwise. Be
cautious with similar constructions.

Relative size changes are also legal and
useful:

\s—2UNIX\s+2

temporarily decreases the size, whatever it is, by
wo points, then restores it. Relative size
changes have the advantage that Lhe size
difference is independent of the starting size of
the document. The amount of the relalive
change is restricled to a single digit.

The other parameler that determines what
the type looks Tike is Lhe spacing between lines,
which is set independently of the point size.
Vertical spacing is measured from the bottom of
one line to the botiom of the next. The com-
mand to control vertical spacing is .vs. For run-
ning text, it is usually best to set the verlical
spacing about 20% bigger than the character size.
For example, so far in this document, we have
used *% on 11", that is,

.ps9
vs ilp

If we changed 10

.ps 9
.vs 9p

the running text would lock like this. After a
few lines, you will agree it looks a little cramped.
The right vertical spacing is partly a matter of
taste, depending on how much text you want to
squeeze inlo a given space, and partly a matter
of traditional printing siyle. By defauit, troff
uses 10 on 12,

Point size and vertical spacing
make a substantial difference in the

amount of text per square inch.
This is 12 on 14.

Poimi size and vertical spacing muke a sub iut difference in
the amouni of 1ext per sguare inch. For cxample, 10 on 12 uses about
Iwice a8 much space a5 7 on 8. This is & on 7. which & even smaller, It
packs a lod mnre words per line. bul you van gao blind irying 1o read il

When used wilhout arguments, .ps and .vs
revert to the previous size and vertical spacing
respectively.

The command .sp is used to get exira vert-
ical space. Unadorned, it gives you one extra
blank line (one .vs, whatever that has been set
to}. Typically, that's more or less than you
want, so .sp can be followed by information
about how much space you want —

.5p 2i

means ‘two inches of vertical space’.
.sp 2p

means ‘two points of vertical space™; and
s5p 2

means ‘two vertical spaces’ — Iwo of whatever



.¥s is set o (this can also be made explicit with
.8p 2v); troff also understands decimal Fractions
in most places, so

.5p L.5i

is a space of 1.5 inches. These same scale fac-
tors can be used after .vs to define line spacing,
and in fact after most commands that deal with
physical dimensions.

It should be noted thai all size numbers
are converted internally to ‘machine units’,
which are 1/432 inch (1/6 point). For most pur-
poses, this is enough resolution that you don't
have to worry about the accuracy of the
representation. The situation is not quite so
good vertically, where resolution is 1/144 inch
(1/2 point).

3. Fonts and Special Characters

troff and the typesetter allow four different
fonts at any one time. Normally three fonis
(Times roman, italic and bold) and one collec-
tion of special characters are permanently
mounted.

abcdefghijklmnopqrstuvwxyz 0123456789
ABCDEFGHIIKLMNOPQRSTUVWXYZ
abcdefghitkimnopgrstuvwxyz 0123456789
ABCDEFGHIJIKLMNOPQRSTUVWXYZ
abedefghijklmnopqrstuywxyz 0123456789
ABCDEFGHIJEKLMNOPQRSTUVWXYZ

- The greek, mathematical symbols and miscellany
of the special font are listed in Appendix A.

troff prints in roman unless told otherwise.

To switch into bold, use the .ft command
ftB

and for italics,
Jtl

-y
To return to roman, use .ft R; to return (o the
previous font, whatever il was, use either ft P or
just .ft. The *underline’ command

ul

causes the next input line o print in italics. .ul
can be followed by a count to indicate that more
than one line is to be italicized.

Fonls can also be changed within a line or
word with the in-line command \f:

bold/face text
is produced by
\fBbold\fIface\fR text

If you want 10 do this so the previous font,
whatever it was, is left undisturbed, insert extra
\fP commands, like this:

\rBbold\fP\(face\fP\R text\P

Because only the immediately previous font is
remembered, you have o restore the previous
font afler each change or you can lose it. The
same is lrue of .ps and .v8 when used without an
argument.

There are other fonls available besides the
standard set, although you can still use only four
at any given time. The command .fp tells troff
what fonits are physically mounted on the
typesetter:

fp3H

says that the Helvetica font is mounted on posi-
tion 3. {For a complete list of fonts and what
they look like, see the troff manual.) Appropriate
fp commands should appear at the beginning of
your document if you do not use the standard
fonts.

It is possible to make a document rela-
tively independent of the actual fonis used to
print it by using foat numbers instead of names;
for example, \f3 and ft"3 mean ‘whatever font
is mounted at position 3°, and thus work for any
setting. Normal sellings are roman font on 1,
italic on 2, bold on 3, and special on 4.

There is also a way to get ‘synthetic’ bold

fonis by overstriking letters with a slight offset.
Lock at the .bd command in 1.

Special characters have four-character
names beginning with \(, and they may be
inserted anywhere. For example,

h+th=2%
is produced by
V(14 + 3\ (12 = \(34

In particular, greek letters are all of the form
\{(=—, where — is an upper or lower case roman
letter reminiscent of the greek. Thus to get

Z{axB) — o
in bare troff we have to type

\(+S O\ (ra\(mu\(=b} \(—> \(if
That line is unscrambled as follows:

\(+S
(
\(+a
\{mu
\*b
)
\=>
\(Gf

A complete list of these special names occurs in
Appendix A.

g | ~wxa~M




In eqn [2] the same effect can be achieved
with the input

SIGMA ( alpha times beta ) —> infl

which is less concise, but clearer to the unini-
tiated.

Notice that each four-character name is a
single character as far as troff is concerned — the
‘translate’ command |

tr \{mi\(em
is perfectly clear, meaning
Ar ——

that is, to translate — into —.

Some characters are automatically
iranslated into others: grave and acute
accents (apostrophes) become open and close
single quotes *~'; the combination of *'...*" is gen-
erally preferable to the double quotes "...". Simi-
larly a typed minus sign becomes a hyphen -. To
print an explicit — sign, use \-. To get a
backslash printed, use \e.

4. Indents and Line Lengths

troff starts with a line length of 6.5 inches,
too wide for 8% 11 paper. To reset the line
length, use the .1l command, as in

A1 6i

As with .sp, the actual length can be specified in
several ways; inches are probably the most intui-
tive.

The maximum line length provided by the
typesetter is 7.5 inches, by the way. To use the
full width, you will have to reset the default phy-
sical left margin (*‘page offset™), which is nor-
mally slightly less than one inch from the left
edge of the paper. This is done by the .po com-
mand. -

.po0Q
sets the offset as far to the left as it will go.

The indent command .in causes the left
margin 10 be indented by some specified amount
from the page offser. If we use .in to move the
left margin in, and .1l to move the right margin
to the left, we can make offset blocks of text:

.in 0.3i ’

N =0.3i

text to be set into a block

J+0.3i§

ain —0.3i

will create a block that looks like this:

Pater noster qui est in caelis
sanctificetur nomen tuum; adveniat
regnum tuum; fiat voluntas tua, sicut
in caelo, et in terra. ... Amen.

Notice the use of *+' and '—" 10 specify the
amount of change. These change the previous
setting by the specified amount, rather than just
overriding it. The distinction is quite important:
I +1i makes lines one inch longer; .1l 1i makes
them one inch fong.

With .in, .1 and .po, the previous value is-
used if no argument is specified.

To indent a single line, Use the ‘temporary
indent” command .ti. For example, all paragraphs
in this memo effectively begin with the com-
mand

A3

Three of what? The default unit for .ti, as for
most horizontally oriented commands (I, .in,
.po), is ems; an em is roughly the width of the -
letter *m’ in the current point size. (Precisely, a
em in size p is p poinis.) Although inches are
usually clearer than ems to people who don’t set
type for a living, ems have a place: they are a
measure of size that is proportional to the
current point size. If you want to make text that
keeps its proportions regardless of point size, you
shou!d use ems for all dimensions. Ems can be
specified as scale factors directly, as in .ti 2.5m.

Lines can also be indented negatively if the
indent is already positive:

Ai —-0.3i

causes the next line t0 be moved back three
tenths of an inch. Thus to make a decorative
initial capilal, we indent thé whole paragraph,
then move the letter ‘P’ back with a .ti com-
mand:

ater noster qui est in caelis
Psancliﬁcetur nomen tuum; ad-
veniat regnum tuum; fiat volun-

tas tua, sicut in caelo, el in terra. ...
Amen.

Qf course, there is also some trickery o make
the ‘P* bigger (just a “\s36F\s0'), and to move it
down from its normal position {see the section
on local motions).

§. Tabs

Tabs {the ASCII ‘horizontal tab’ character)
can be used to produce output in columns, or to
set the horizontal position of output. Typically
tabs are used only in unfilled text. Tab stops are
set by default every half inch from the current
indent, but can be changed by the .ta command.
To set stops every inch, for example,



e 1§ 2§ 3i 4i 5i 6i

Unfortunately the stops are left-justified
only (as on a 'typewriter), so lining up columns
of right-justified numbers can be painful. If you
have many numbers, or if you need more com-
plicated table layout, don't use troff directly; use
the thl program described in {31.

For a handful of numeric ¢olumns, you
can do it this way: Precede every number by
enough blanks to make it line up when typed.

.nf
ta li2i 3

lwmb 2w 3
40 @b 50 @b 60
700 b 800 b 900
i

Then change each leading blank into the string
\0. This is a character that does not print, but

that has the same width as a digit. When
printed, this will produce
1 2 3
40 50 60
700 300 900

It is also possible to fll up tabbed-over
space with some character other than blanks by
setling the ‘tab replacement character’ with the
.tc command:

ta 1.5i 2.5
e \(ru Ouis ™)
Name b Age rab

produces

Name Age

To reset the tab replacement character o a
blank, use .te with no argument. (Lines can also
be drawn with.the \l command, described in Sec-
tion 6.)

troff also provides a very general mechan-
ism called ‘fields’ for setting up complicated
columns. (This is used by thl). We will not go
into it in this paper.

6. Local Motions: Drawing lines and charac-
ters

Remember 'Area 1rr2’ and the big ‘P
in the Paternoster. How are they done? troff
provides a host of commands for placing charac-
ters of any size at any place. You can use them

"to draw special characters or ta tune your output
for a particular appearance. Most of these com-
mands are straightforward, but messy to read
and tough to type correctly.

If you won’t use eqn, subscripts and super-
scripts are most easily done with the half-line

local motions \u and \d. To go back up the page
half a point-size, insert a \u at the desired place;
1o go down, insert a \d. (\u and \d should always
be used in pairs, as explained below.) Thus

Area = \(=priu2\d

produces
Area = rrrz
To make the '2° smaller, bracket it with

\s—2..\s0. Since \u and \d refer to the current
point size, be sure to put them either both inside
or both outside the size changes, or you will get
an unbalanced vertical motion.

Sometimes the space given by \u and \d
isn’t the right amount. The \v command can be
used to request an arbitrary amount of vertical
molion. The in-line command

\v (amount)’

causes motion up or down the page by the
amount specified in *(amount)’. For example, to
move the ‘P’ down, we used

.in +0.6i (move paragiaph in)
A =0.3i (shorten lines)
i —0.34 (move P back)

\v'2\s36P\s0\v' —2"ater noster qui est
in caelis ...

A minus sign causes upward motion, while no
sign or a plus sign means down the page. Thus
\v'—2' causes an upward vertical motion of two.
line spaces.

There are many other ways o specify the
amount of mation —

\W0.1i

\v'3p

\Ww—0.5m"
and so on are all legal. MNotice that the scale
specifier i or p or m goes inside the quotes. Any
character can be used in place of the quotes; this
is also true of all other troff commands described
in this section,

Since troff does not take within-the-line
vertical molions into account when figuring out
where it is on the page, output lines can have
unexpected positions if the left and right ends
aren't at the same vertical position. Thus \v,
like \u and \d, should always balance upward
vertical motion in a line with the same amount
in the downward direction.

Arbitrary horizontal motions are also avail-
able — \h is quite analogous to \v, except that
the default scale factor is ems instead of line
spaces. As an example,

\h'—0.1i




causes a backwards motion of a tenth of an inch.
As a practical. matter, consider printing the
mathematical symbol *>>". The default spacing
is o wide, 50 eqn replaces this by

>\h'=03m'>
to produce >>,

Frequently \h is used with the *width func-
tion’ \w to generate motions equal io the width
of some character string. The construction

\w'thing” -

i5s a number equal to the width of ‘thing’ in
machine units (1/432 inch). All troff computa-
lions are ultimately done in these units. To
move horizontally the width of an *x’, we can
say -
Vhw'x'u’

As we mentioned above, the default scale factor
for all horizontal dimensions is m, ems, so here
we must have the u for machine units, or the
motion produced wil] be far too large. troff is

quite happy with the nested quotes, by the way,
50 long as you don’t leave any oul.

As a live example of this kind of construc-
tion, all of the command names in the text, like
.5p, were done by overstriking with a slight
offset. The commands for .sp are

Sp\h"=\w'.spu\h'lu’.sp

Thal is, put out ‘.sp’, move left by the width of
“sp’, move right 1 unit, and print ‘sp’ again.
(Of course there is a way lo avoid typing that

much input for each command name, which we -

will discuss in Section 11.)

There are also several special-purpose troff
commands for local motion. We have already
seen Y0, which ig an unpaddable white space of
the same width as a digit. ‘Unpaddable’ means
that it will never be widened or spiit across a line
by line justification and filling. There is also

\(blank}, which is an unpaddable character the

width of a space, \|, which is half that width, \",
which is one quarter of the width of a space, and
\&, which has zero width. (This last one is use-
ful, for example, in enlering a text line which
would otherwise begin with a *.".)

The command \o, used like
\o’set of characters’

causes (up to 9) characters to be overstruck, cen-
tered on the widest. This is nice for accents, as
in

systio"e\ (ga"me f\o"e\ (aa"I\o"e\ (aa"phonigue

which makes

systéme téléphonigue

The accents are \(ga and \{aa, or \" and \"
remember that each is just one character to troff,

You can make your own overstrikes with
another special convention, \z, the zero-motion
command. \zx suppresses the normal horizontal
motion after printing the single character x, so
another characler can be laid on top of il
Although sizes can be changed within \o, it
centers the characters on the widest, and there’
can be no horizontal or vertical motions, so \z
may be the only way to get what you want:

]

is produced by

Sp 2
\s8\2\ (sqis14\2\ (sqis22\2\ (sq\s36\ (sq

The .sp is needed to leave room for the result.

As another example, an extra-heavy semi-
colon that looks like .

; instead of | or

can be constructed with a big comma and a big
period above il:

\s+6\z,\v'~0.25m" \v'0.25m"\s0
*0.25m" is an empirical constant.

A more ornate pverstrike is given by the
bracketing function \b, which piles up characters
verticafly, centered on the current baseline.
Thus we can get big brackets, constructing them
with piled-up smaller pieces:

(11

by lyping in only this:

5p
b U (A (b \BA G\ UF x \bY\ (re\ (e \b\{re\ (rk\ (rb’

troff also provides a convenient facility for
drawing horizontal and vertical lines of arbitrary
length with arbitrary characters. \I'li’ draws a
line one inch long, like this: .
The length can be followed by the character to
use if the _ isn’t appropriate; \I'0.5i.’ draws a
half-inch line of dots: .....ccoee. The construc-
tion \L is entirelvy analogous, except that it draws
a vertical line instead of horizontal.

7. Strings

Obviously if a paper contains a large
number of occurrences of an acute accent over a
letter ‘e”, typing \o"e\™ for each & would be a



greal nuisance.

Forwunately, troff provides a way in which
you can store an arbitrary collection of text in a
‘string’, and thereafter use the siring name as a
shorthand for ils contents. Strings are one of
several troff mechanisms whose judicious use
lets you type a document with less effort and
organize il so that extensive format changes can
be made with few editing changes.

A reference to a string is replaced by what-
ever text the string was defined as. Strings are
defined with the command .ds. The line

.ds e \o"e\™
defines the string € to have the value \o"e\™

String names may be cither ong or wo
characters long, and are referred to by \+x for
one character names or \»*(xy for two character
names. Thus to get téléphone, given the
definition of the string e as above, we can say
t\*»el\*ephone.

If a string must begin with blanks, define it
as

ds xx " lext

The double quote signals the beginning of the
definition. There is no trailing quote; the end of
the line terminates the string.

A string may actually be several lines long;
if troff encounters a \ at the end of gny line, it is
thrown away and the next line added to the
current one. So you can make a long string sim-
ply by ending each ling but the flast with a
backslash:

.ds xx this \
is a very \
long string

Strings rgay be defined in terms of other
strings, or even in terms of themselves; we will
discuss some of these possibilities later.

8. Introduction to Macros

Before we can 20 much further in troff, we
need to learn a bit about the macro facility. In
its simplest form, a macro is just a shorthand
notation quite similar to a string. Suppose we
want every paragraph Lo start in exactly the same
way — with a space and a temporary indent of
two ems:

Sp
i +2m

Then to save typing, we would like to collapse
these into one shorthand line, a troff ‘command’
like

.PP
that wouid be treated by troff exactly as

.5p

A +2m

PP is called a macro. The way we tell troff what
PP means is 10 define it with the .de command:

.de PP

.S5p
Al +2m

The first line names the macro (we used ".PP'
for ‘paragraph’, and upper case so it wouldn’t
conflict with any name that troff might already
know about). The last line .. marks the end of
the definition. In between is the text, which is
simply inserted whenever troff sees the ‘com-
mand’ or macro call

PP

A macro can contain any mixture of text and
formatting commands.

The definition of PP has to precede its
first use; undefined macros are simply ignored.
Names are restricted to one or two charactars.

Using macros for commonly occurring
sequences of commands is critically important.
Not only does it save typing, but it makes later
changes much easier. Suppose we decide that
the paragraph indent is too small, the vertical
space is much too big, and roman font should be
forced. Instead of changing the whole docu-
ment, we need only change the definition of .PP
to something like

.de PP

.Sp 2p
i +3m
ftR

\" paragraph macro

and the change takes effect everywhere we used

PP

\" is a troff command that causes the rest
of the line to be ignored. We use it here to add
comments o the macro definition (a wise idea
once definitions get complicated).

As another example of macros, consider
these two which start and end a block of offset,
unfilled text, like most of the examples in this
paper:




.de BS

.Sp
"ol

.in +0.3i

\" start indented block

.de BE
.5p

i

in —0.3i

\" end indented block

Now we can surround text like

Copy t0

John Doe
Richard Roberts
Sianley Smith

by the commands .BS and .BE, and it will come
out as it did above. Notice that we indented by
.in +0.3i instead of .in 0.3i. This way we can
nest our uses of .BS and BE to get blocks within
blocks.

If later on we decide that the indent should

be 0.5i, then .t is only necessary to change the
definitions of .BS and .BE, not the whoie paper.

9. Titles', Pages and Numbering

This is an area where things get tougher,
pecause nothing is done for you automatically.
Of necessity, some ol this section is a cookbook,
to be copied literally until you gel some expeti-
ence.

Suppose you want a title at the top of each
page, saying just

“"left top
In roff, one can say

——

center top right top

.he "lefi top’center topright top”
fo ‘left bottom’center bottom'right bottom’

to get headers and footers automatically on every
page. Alas, this"doesn’t work in troff, a serious
hardship for the novice. Insiead you have to do
a lot of specification.

You have to say what the actual title is
(easy); when to print it {easy enough); and what
to do at and around the title line (harder). Tak-
ing these in reverse order, first we define a
macro NP (for ‘new page’) to process litles and
the like at the end of one page and the beginning
of the next:

.de NP

"bp

'sp 0.5

.t “left top’center topright top’
sp 0.3

To make sure we're at the top of a page, we

issuge a ‘begin page’ command ‘bp, which causes
a skip 1o top-of-page (we’ll explain the ' shortly).
Then we space down half an inch, print the title
{the use of .l should be self explanatory; later
we will discuss paramelerizing the titles), space
another 0.3 inches, and we're done.

~ To ask for .NP at the bottom of each page,
we have to say something like ‘when the text is
within an inch of the bottom of the page, start
the processing for a new page.” This is done with
a ‘when’ command .wh:

.wh =1i NP

{No ‘" is used before NP, this is simply the
name of a macro, not a macro call.) The minus
sign means ‘measure up from the bottom of the
page’, so ‘—1i’ means ‘one inch from the botl-
tom’.

The .wh command appears in the input
outside the definition of .NP; typically the input
would be

.de NP

wh —1i NP

Now what happens? As text is actuaily
being output, troff keeps track of its vertical
position on the page, and after a line is printed
within one inch from the bottom, the NP macro
is activated. (In the jargon, the .wh command
sets a frap at the specified place, which is
‘sprung’ when that point is passed.) .NP causes a
skip to the top of the next page (that’s what the
‘sp was for), then prinis the title with the
appropriate margins.

Why ‘bp and ‘sp instead of .bp and .sp?
The answer is that .sp and .bp, like several other
commands, cause a break to lake place. That is,
all the input text collected bul not yet printed is
flushed out as scon as possible, and the next
input line is guaranteed o start a new line of
output. 1f we had used .sp or .bp in the NP
macro, this would cause a break in the middie of
the current output line when a new page is
started. The effect would be to print the left-
over part of that line at the top of the page, [ol-
lowed by the next inpul line on a new output
line. This is not what we want. Using ' instead
of . for a command tells troff that no break is 10
take place — the output line currently being
filed should nor be forced out before the space
or new page.

The list of commands that cause a break is
short and natural:

dbp br .nf sp

All others cause no break, regardless of whether

ce A Jdn .t



you use a . or a . If you really need a break, add
a .br command at the appropriate place.

One other thing to beware of — if you're
changing fonis or point sizes a lot, you may find
that if you cross a page boundary in an unex-
pected font or size, your titles come out in that
size and font instead of what you intended.
Furthermore, the length of a title is independent
of the current ling length, so titles will come out
at the default length of 6.5 inches unless you
change it, which is done with the .It command.

There are several ways to fix the problems
of point sizes and fonts in tilles. For the sim-
plest applications, we can change .NP to set the
proper size and font for the litle, then restore
the previous values, like this:

.de NP

lbp

‘sp 0.5

JtR \" set title font to roman
.ps 10 \" and size to 10 point
i 6i \" and length to 6 inches

1) "lefi’center right’

.ps \" revert to previous size
TtP \" and to previous font
'sp 0.3i

This version of .NP does nor work if the
“fields in the .l command contain size or font
changes. To cope with that requires troff's
‘environment’ mechanism, which we will discuss
in Section 13.

To get a footer at the bottom of a page,
you can modify .NP so il does some processing
before the 'bp command, or split the job into a
footer macro invoked at the bottom margin and
a header macro invoked at the top of the page.
These variations are left as exercises.

-

Qutput page numbers are computed
automatically as each page is produced (starting
at 1), but no numbers are printed unless you ask
for them explicitly. To get page numbers
printed, include the character % in the .tl line at
the position where you want the number to
appear. For example

£ %

centers the page number inside hyphens, as on
this page. You can set the page number at any
time with either .bp n, which immediately starts
a new page numbered n, or with .pn n, which
sets the page number for the next page but
doesn't cause a skip to the new page. Again,
.bp +n sets the page number to n more than its
current value; .bp means .bp +1.

10. Number Registers and Arithmetic

troff has a facility for doing arithmetic, and
for defining and using variables with numeric
values, called number registers. Number regis-
lers, like strings and macros, can be useful in
setting up a document so it i5 easy 1o change
later. And of course they serve for any sort of
arithmetic computation.

Like strings, number registers have one or
Iwo character names. They are set by the .ar
command, and are referenced anywhere by \nx
{one character name) or \n(xy (iwo character
name).

There are quite a few pre-defined number
registers maintained by troff, among them % for
the current page number; nl for the current vert-
ical position on the page; dy, mo and yr for the
current day, month and year; and .s and .f for
the current size and font. (The font is a number
from 1 to 4.) Any of these can be used in com-
putations like any other register, but some, like
.5 and .f, cannot be changed with .or.

As an example of the use of npmber regis-
ters, in the —ms macro package [4], most
significant paramelers are defined in terms of the
values of a handful of number registers. These
include the point size for text, the vertical spac-
ing, and the ling and title lengths. To set the
point size and vertical spacing for the following
paragraphs, for example, a user may say

.nar P59
.ar VS 11

The paragraph macro .PP is defined (roughly) as
follows:

.de PP

.ps \\n(PS \" reset size
s \n(VSp \" spacing
ftR \" font

.5p 0.5v \" half a line
ti +3m

This sets the font to Roman and the point size
and line spacing to whatever values are stored in
the number registers PS and VS.

Why are there two backslashes? This is
the eternal problem of how to quole a quole.
When troff originally reads the macro definition,
it peels off one backslash 1o see what's coming
next. To ensure that another is left in the
definition when the macro is wsed we have to
pul in two backslashes in the definition. If only
one backslash is used, point size and vertical
spacing will be frozen at the time the macro is
defined, not when it is used.

Protecting by an extra layer of backslashes




is only needed for \n, \», \$ {which we haven’t
come to yet), and \ itsell. Things like \s., \f, \h,
\v, and so on do not need an extra backslash,
since they are converied by troff to an internal
code immediately upon being seen.

Arithmelic expressions can appear any-
where thal a number is expected. As a trivial
example,

.nr PS \\n(PS—2

decrements PS by 2. Expressions can use the
arithmetic operators +, —, +, /, % (mod), the
relational operators >, >=, <, <=, =, and
l= {not equal), and parentheses.

Although the arithmetic we have done so
far has been straightforward, more complicated
things are somewhat tricky. First, number regis-
ters hold only integers. troff arithmetic uses
truncating integer division, just like Fortran.
Second, in the absence of parentheses, evalua-
tion is done leflt-to-right without any operator
precedence (including relational operators).
Thus

Te—4+3/13

becomes ‘—1°, Number registers can occur any-
where in an expression, and so can scale indica-
tors like p, i, m, and so on (but no spaces).
Although integer division causes truncation, each
number and its scale indicator is converted to
machine units (1/432 inch) before any arithmetic
is done, so 1i/2u evaluates to 0.5i correctly.

The scale indicator u often has to appear
when you wouldn’t expect it — in particular,
when arithmetic is being done in a context that

implies herizontal or vertical dimensions. For
example,
M 772
-
would seem obvious enough — 3% inches.

Sorry. Remember that the default units for hor-
izontal parameters like .l are ems. That’s really
‘7T ems / 2 inches’, and when translated into
machine unils, it becomes zero. How aboul

A 7if2

Sorry, still no good — the ‘2" is ‘2 ems’, s0
*7i/2" is small, although not zero. You suisruse

A1 7if2u

So again, a safe rule is to attach a scale indicator
1o every number, even constants.

For arithmetic done within a .nr command,
there is no implication of horizontal or vertical
dimension, so the default units are ‘units’, and
7i/2 and 7i/2u mean the same thing. Thus
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. horizontal

.nr 1 742
A1 \An{llu

does just whal you wani, so long as you don't
forget the u on the .1l command.

11. Macros with arguments

The next step is to define macros that can
change from one use to the next according lo
parameters supplied as arguments. To make this
work, we need two things: first, when we define
the macro, we have to indicate that some parts
of it will be provided as arguments when the
macro is called. Then when the macro is called
we have to provide actual argumenis to be
plugged into the definition.

" Let us illustrate by defining a macro .SM
that will print its argument two points smaller
than the surrounding text. That is, the macro
call

.SM TROFF
will produce TROFF,
The definition of .SM is

.de SM
C - ANSNs+2

Within a macro definition, the symbol \\$n
refers 1o the nth argument that the macro was
called with. Thus \\$1 is the string to be placed
in a smaller point size when .SM is called.

As a slightly more complicaied version, the
following definition of SM permits optional
second and third arguments that will be printed
in the normal size:

.de SM
WEs =2\ S1\s-+2\\852

Arguments not provided when the macro is
called are treated as empty, so

.SM TROFF ),
produces TROFF), while
.SM TROFF ). (

produces (TROFF). It is convenient 1o reverse
the order of arguments because trailing punctua-
tion is much more commeon than leading.

By the way, the number of arguments that
a macro was called with is available in number
register .5.

The following macro .BD is the on¢ used
to make the ‘bold roman’ we have been using
for troff command names in text. It combines
motions, width computations, and
argument rearrangement.



.de BD
\&\\$3)f INASIVR ~\w'\ 81 u+ 1u"\SI\ P\ 32

The \h and \w commands need no extra
backslash, as we discussed above. The \& is
there in case the argument begins with a period.

Two backslashes are needed wilh the \\$a
commands, though, 1o protect one of them when
the macro is being defined. Perhaps a second
example will make this clearer. Consider a
macro called .SH which produces section head-
ings rather like those in this paper, with the sec-
tions numbered automatically, and the title in
bold in a smaller size. The use is

SH “Section title ..."

(If the argument (o a macto is o contain blanks,
then it must be surrounded by double quotes,
unlike a string, where only one leading quote is
permitied.)

Here is the definition of the .SH macro:

nrSHO
.ge SH
sp 0.3i
JtB

.ar SH\WW\n(SH+1 \" increment number

\" initialize section number

.ps \\n(PS—1 \" decresse PS
Vin(SH. \S1 \" number. title
.ps \\n(PS \" restore PS
.5p 0.3i

ftR

The section number is kept in number register
SH, which is incremented each time just before it
is used. (A number register may have the same
name as a macro without conflict but a string
may nol.) :

We used” \\n(SH instead of \n(SH and
\\n(PS instead of \n(PS. If we had used \n{SH,
we would get the value of the register at the time
the madcro was defined, not at the time it was
used. If that’s what you want, fine, but not here.
Similarly, by using \\n{PS, we get the point size
at the time the macro is called.

As an example that does not involve
numbers, recall our NP macro which had a

Al “left center’right’

We could make these into parameters by using
instead

AN LT\N\(CT\\(RT"

so the title comes from three strings called LT,
CT and RT. If these are empty, then the title
will be a blank line. Normally CT would be set
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with something like
ds CT -%-

to give just the page number between hyphens
{as on the top of this page), but a user couid
supply private definitions for any of the strings.

12. Conditionals

Suppose we want the SH macro to leave
two extra inches of space just before section 1,
but nowhere else. The cleanest way to do that is
to test inside the .SH macro whether the section
number is 1, and add some space if it is. The .if
command provides the conditional test that we
can add just before the heading line is output:

Af\Wn(SH=1 sp 2i \" first section only

The condition after the .if can be any
arithmetic or logical expression. ! the condition
is logically true, or arithmetically greater than
zero, the rest of the line is treated as if it were
text — here a command. If the condition is
false, or zero or negative, the rest of the line is
skipped.

It is possible 10 do more than one com-
mand if a condition is true. Suppose several
operations are to be done before section 1. One
possibility is to define a macro .81 and invoke it
if we are about to do section 1 (as determinzd by

an .if).

.de S1
--- processing for section 1 ---

de SH

if\\n(SH=1 51

An alternate way is 10 use the extended
form of the .if, like this: :

.if \\n{SH=1 \[--- processing
for section 1 ---+\}

The braces \{ and \} must occur in the positions
shown or you will get unexpected extra lines in
your outpul. troff also provides an ‘if-else” con-
struction, which we will not go into here.

A condition can be negated by preceding it

with !; we get the same effect as above (but less
clearly) by using

.if \n(SH>1 .81
There are a handful of other conditions

that can be tested with .if. For example, is the
current page even or odd?




.if e .tl “even page title”
.if o .t "odd page title”

gives facing pages different titles when used
inside an appropriale new page macro.

Two other conditions are t and n, which
tell you whether the formatter is troff or nroff.

Jif t troff stuff ...
if n nroff stuff ...

Finally, siring comparisons may be made
in an .if: .

if “stringl’string2” stuff

does ‘stuff’ if swingl is the same as swing2. The
character separating the strings can be anything
reasonable that is not contained in either string.
The strings themselves can reference strings with
\*, arguments with \3, and so on.

13, Environments

As we mentioned, there is a potential
problem when going across a page boundary:
parameters like size and font for a page title may
well be different from those in effect in Lhe text
when the page boundary occurs. troff provides a
very general way to deal with this and similar
situations. There are three ‘environments’, each
of which has independently setiable versions of

.many of the parameters associated with process-

ing, including size, font, line and tille lengths,
fill/nofill mode, tab stops, and even partially col-
lected lines. Thus the titling problem may be
readily solved by processing the main text in one
environmenl! and titles in a separate one with its
own suitable parameters.

The command .ev n shifts to environment
n; n must be 0, 1 or 2. The command .ev with
no argument returns to the previous environ-
ment. Environment names are maintained in a
stack, so calls for different environments may be
nested and unwound consistently.

Suppose we say that the main text is pro-
cessed in environment O, which is where troff
begins by default. Then we can modify the new
page macro .NP o process titles in environment
1 like this:

.de NP

evl \" shift to new environment

It 6Gi \" sel parameters here

ftR

.ps 10

... any other processing ...

ev \" return to previous environment

It is also possible o initialize the parameters for
an environment outside the .NP macro, but the
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version shown keeps all the processing tn one
piace and is thus easier to undersiand and
change.

14. Diversions

‘There are numerous occasions in page lay-
oul when il is necessary {o store some text for a
period of time without actually printing it. Foot-
notes are the most obvious exampie: Lthe text of
the footnote usually appears in Lthe input well
before the place on the page where it is to be
printed is reached. In fact, the place where it is
outpul normally depends on how big it is, which
implies that there must be a way to process the
footnote at least enough to decide its size
without printing it.

troff provides a mechanism called a diver-
sion for doing this processing. Any part of the
output may be diverted into a macro instead of
being printed, and then al soime convenient time
the macro may be put back into the input.

The command .di xy begins a diversion —
all subsequent output is collected into the macro
xy until the command .di with no arguments is
encountered. This terminales the diversion.
The processed text is available at any time
thereafier, simply by giving the command

Xy

The vertical size of the last finished diversion is
contained in the buili-in number register dn.

As a simple example, suppose we want to
implement a ‘keep-release’ operalion, so that
text between the commands .KS and .KE will not
be split across a page boundary (as for a figure or
table). Clearly, when a KS is encountered, we
have to begin diverting the oulput so we can find
out how big it is. Then when a KE is seen, we
decide whelher the diverted text will fit on Lhe
current page, and print it either there if it fits, or
at the top of the next page if it doesn't. So:

de K§  \" start keep

.br \" start fresh line

evl \" collect in new environment

A \" make it filled text

Jdi XX \" collect in XX

.de KE \" end keep

Jr \" get last partial line

di \" end diversion
AF\An{dn>=\\n{.t .bp \" bp if doesnt fit
af \" bring it back in no-fill

XX \” text

.ev \" return to normal environment

Recall that nurber register nl is the current



position on Lhe output page. Since output was
being diverted. this remains at its value when the
diversion started. dn is the amount of text in
the diversion; .t (another built-in register} is the
distance to the next trap. which we assume is at
the bottom margin of the page. If the diversion
is large enough lo go past the trap, the .if is
satisfied. and a .bp is issued. In either case, the
diverted output is then brought back with .XX. It
is essential to bring it back in no-fll mode so
" troff will do no further processing on it.

This is not the most general keep-release,
nor is it robust in the face of all conceivable
inputs, bur it would require more space than we
have here to write it in full generality. This sec-
tion is not intended to teach everything about
diversions, but to sketch out enough that you
can read existing macro packages with some
comprehension.

Acknowledgements

1 am deeply indebted to J. F. Ossanna, the
author of troff, for his repeated patient expiana-
tions of fine points, and for his continuing wil-
lingness to adapt troff to make other uses easier.
I am also grateful to Jim Blinn, Ted Dolotta,
Doug Mcllroy, Mike Lesk and Joel Sturman for
helpful comments on this paper.

References

‘(11 4. F. Ossanna, NROFFTROFF User's
Manual, Beli Laboratories Computing Sci-
ence Technical Report 54, 1976.

{2 B. W. Kernighan, 4 System for Typesetting

-13 -

Mathematics — User's Guide (Second Edi-'

tion), Bell Laboratories Computing Science
Technical Report‘l'?, 1977

[3) M. E. Lesk, TBL — A Program (o Format
Tables, Bell Laboratories Computing Sci-
ence Technical Report 49, 1976.

(4] M. E. Lesk, Typing Documenis on UNIX,
Bell Laboratories, 1978.

(5] J. R. Mashey and D. W. Smith, PWB/MM
— Programmer'’s Workbench Memorandum
Macros,  Bell Laboratories  internal
memorandum.




-14 -

Appendix A: Phototypesetter Character Set

These characters exist in roman, italic, and bold. To get the one on the left, type the four-characier
name on the right. -

fT \(f fi \(f 1 \(n ffi \(Fi fl \(Fi
- \ru — \(em % \(l4 ¥ \(12 % \(34
% \{co ® \{de t \(de- " \{fm ¢t \la
® \{rg ¢ \(bu 0 \sq - \lhy

(In bold, \(sq is ®.)

The following are special-font characters:

+  \{pi - \(mi x  \(mu +  \(di
=  \(eq . = \(== 2 \(>= € \(«=
= \(1= = \(+- =  \(no /Al
~ \ap = \(C= = \pt v \gr
- \l> — \(«- 1 \lua 1 \(da
I \Gs 8 \(pd o \(if J  \sr
c \(sb o> \(sp U \lcu n \lca
c \(b 2 \(p €. \{mo @ \les
* \loa Y \lga o \Gi @ \(bs
§ \lsc #  \(dd = \(th wr \(rh
i\ | IR {1 [ \le ] \e
| \lb ] \lb L \Grf ] \&f
i\ }oo\Gk | \bv s \{s
| \br i \lor _ A\l . \ln
L] \(--

These four characters also have two-character names. The " is the aposirophe on terminals; the ° is the
other quote mark.

\ N - \- -\
These characters exist only on the special font, but they do not have four-character names:
= {} < > - * A # @

For greek, precedi the roman letter by \{* 10 get the corresponding greek; for example, \{*a is .

abgdezyhikimncoprstufxqw
afybelnbickrpviéompoTvdydbw

ABGDEZYHIKLMNCOPRSTUFXQW
ABTAEZHOIKAMNESOINPITY®XV¥(



