O’REILLY"

Z2nd Edition

sed & 4W

By Dale Dougherty & Arnold Robbins; ISBN 1-56592-225-5, 432 pages.
Second Edition, March 1997.
(See the catalog page for this book.)

Index

Table of Contents

Preface

Chapter 1: Power Tools for Editing

Chapter 2: Understanding Basic Operations
Chapter 3: Understanding Regular Expression Syntax
Chapter 4: Writing sed Scripts

Chapter 5: Basic sed Commands

Chapter 6: Advanced sed Commands
Chapter 7: Writing Scripts for awk

Chapter 8: Conditionals, Loops, and Arrays
Chapter 9: Functions

Chapter 10: The Bottom Drawer

Chapter 11: A Flock of awks

Chapter 12: Full-Featured Applications
Chapter 13: A Miscellany of Scripts

Appendix A: Quick Reference for sed
Appendix B: Quick Reference for awk
Appendix C: Supplement for Chapter 12

Copyright © 2000 O'Reilly & QKFIN. All Rights Reserved.



http://www.oreilly.com/catalog/sed2/
file:///I|/Docs/~~Sed%20+%20Awk%20(O'Reilly,%202nd)/copyrght.htm
http://www.oreilly.com/

Znd Edition

_Msed &awk

Preface HEXT B

Ty

Preface

Contents:
Scope of This Handbook

Availability of sed and awk

Obtaining Example Source Code
Conventions Used in This Handbook
About the Second Edition
Acknowledgments from the First Edition
Comments and Questions

Thisbook is about a set of oddly named UNIX utilities, sed and awk. These utilities have many things
in common, including the use of regular expressions for pattern matching. Since pattern matching is
such an important part of their use, this book explains UNIX regular expression syntax very thoroughly.
Because there is anatural progression in learning from gr ep to sed to awk, we will be covering all three
programs, although the focusis on sed and awk.

Sed and awk are tools used by users, programmers, and system administrators - anyone working with
text files. Sed, so called because it is a stream editor, is perfect for applying a series of edits to a number
of files. Awk, named after its developers Aho, Weinberger, and Kernighan, is a programming language
that permits easy manipulation of structured data and the generation of formatted reports. This book
emphasizes the POSIX definition of awk. In addition, the book briefly describes the original version of
awk, before discussing three freely available versions of awk and two commercia ones, all of which
implement POSIX awk.

The focus of this book is on writing scripts for sed and awk that quickly solve an assortment of problems
for the user. Many of these scripts could be called "quick-fixes." In addition, we'll cover scripts that
solve larger problems that require more careful design and development.

Scope of This Handbook
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Chapter 1, Power Tools for Editing, is an overview of the features and capabilities of sed and awk.

Chapter 2, Understanding Basic Operations, demonstrates the basic operations of sed and awk, showing

aprogression in functionality from sed to awk. Both share a similar command-line syntax, accepting
user instructionsin the form of a script.

Chapter 3, Understanding Regular Expression Syntax, describes UNIX regular expression syntax in full
detail. New users are often intimidated by these strange expressions, used for pattern matching. It is
important to master regular expression syntax to get the most from sed and awk. The pattern-matching
examplesin this chapter largely rely on gr ep and egr ep.

Chapter 4, Writing sed Scripts, begins a three-chapter section on sed. This chapter covers the basic

elements of writing a sed script using only afew sed commands. It also presents a shell script that
simplifiesinvoking sed scripts.

Chapter 5, Basic sed Commands, and Chapter 6, Advanced sed Commands, divide the sed command set
into basic and advanced commands. The basic commands are commands that parallel manual editing
actions, while the advanced commands introduce simple programming capabilities. Among the
advanced commands are those that manipul ate the hold space, a set-aside temporary buffer.

Chapter 7, Writing Scripts for awk, begins a five-chapter section on awk. This chapter presents the

primary features of this scripting language. A number of scripts are explained, including one that
modifies the output of thel s command.

Chapter 8, Conditionals, Loops, and Arrays, describes how to use common programming constructs
such as conditionals, loops, and arrays.

Chapter 9, Functions, describes how to use awk's built-in functions as well as how to write user-defined
functions.

Chapter 10, The Bottom Drawer, covers a set of miscellaneous awk topics. It describes how to execute

UNIX commands from an awk script and how to direct output to files and pipes. It then offers some
(meager) advice on debugging awk scripts.

Chapter 11, A Flock of awks, describes the original V7 version of awk, the current Bell Labs awk, GNU

awk (gawk) from the Free Software Foundation, and mawk, by Michael Brennan. The latter three all
have freely available source code. This chapter also describes two commercial implementations, MKS
awk and Thomson Automation awk (t awk), aswell as V SAwk, which brings awk-like capabilities to
the Visual Basic environment.

Chapter 12, Full-Featured Applications, presents two longer, more complex awk scripts that together
demonstrate nearly al the features of the language. The first script is an interactive spelling checker. The




second script processes and formats the index for abook or a master index for a set of books.

Chapter 13, A Miscellany of Scripts, presents a number of user-contributed scripts that show different
styles and techniques of writing scripts for sed and awk.

Appendix A, Quick Reference for sed, is aquick reference describing sed's commands and command-
line options.

Appendix B, Quick Reference for awk, isaquick reference to awk's command-line options and a full
description of its scripting language.

Appendix C, Supplement for Chapter 12, presents the full listings for thespel | check. awk script and
the mast er i ndex shell script described in Chapter 12.

HOME NEXT »
BOOK INDEX Availability of sed and awk




Index: Symbols and Numbers

& (ampersand)
& & (logical AND) operator : 7.8. Relational and Boolean Operators

In replacement text
5.3. Substitution

5.3.1. Replacement M etacharacters

* (asterisk)
** (exponentiation) operator : 7.6. Expressions
** = (assignment) operator : 7.6. Expressions
*= (assignment) operator : 7.6. Expressions
as metacharacter
3.1. That's an Expression
3.2.5. Repeated Occurrences of a Character
multiplication operator : 7.6. Expressions

\ (backslash)
7.6. Expressions

(see also escape sequences, awk)
\<, \> escape sequences
3.2.11. What's the Word? Part |1
11.2.3.4. Extended regular expressions
\", \' escape sequences : 11.2.3.4. Extended reqular expressions
character classes and : 3.2.4. Character Classes

as metacharacter
3.2. A Line-Up of Characters

3.2.1. The Ubiquitous Backslash

in replacement text
5.3. Substitution

5.3.1. Replacement M etacharacters

{} (braces)
\{\} metacharacters
3.2. A Line-Up of Characters

3.2.8. A Span of Characters




in awk
2.1. Awk, by Sed and Grep, out of Ed
2.4.1. Running awk
8.1. Conditional Statements

grouping sed commands in
4.2.1. Grouping Commands

5.1. About the Syntax of sed Commands

[] (brackets) metacharacters
3.2. A Line-Up of Characters

3.2.4. Character Classes
[::] metacharacters: 3.2.4.3. POSIX character class additions
[..] metacharacters: 3.2.4.3. POSI X character class additions
[==] metacharacters: 3.2.4.3. POSIX character class additions
A (circumflex)
A= (assignment) operator : 7.6. Expressions
character classes and
3.2. A Line-Up of Characters
3.2.4.2. Excluding a class of characters
exponentiation operator : 7.6. Expressions

as metacharacter
3.2. A Line-Up of Characters

3.2.7. Positional M etacharacters
in multiline pattern space: 6.1.1. Append Next Line
. (colon) for labels : 6.4. Advanced Flow Control Commands
$ (dollar sign)
as end-of-line metacharacter
3.2. A Line-Up of Characters

3.2.7. Positional M etacharacters
for last input line: 4.2. A Global Perspective on Addressing
in multiline pattern space: 6.1.1. Append Next Line

$0, $1, $2, ...
2.4.1. Running awk

7.5.1. Referencing and Separating Fields

. (dot) metacharacter
3.1. That's an Expression

3.2.2. A Wildcard
3.2.5. Repeated Occurrences of a Character
= (equal sign)
== (equal to) operator : 7.8. Relational and Boolean Operators
for printing line numbers: 5.9. Print Line Number
I' (exclamation point)




4.2. A Global Perspective on Addressing
A.2.1. Pattern Addressing
I= (not equal to) operator : 7.8. Relational and Boolean Operators
I~ (does not match) operator
7.5.1. Referencing and Separating Fields
7.8. Relational and Boolean Operators
branch command versus : 6.4.1. Branching
csh and : 1.4. Four Hurdles to Mastering sed and awk
logical NOT operator : 7.8. Relational and Boolean Operators
> (greater than sign)
>= (greater than or equal to) operator : 7.8. Relational and Boolean Operators
for redirection
2.3.2.1. Saving output
4.3. Testing and Saving Output
10.5. Directing Output to Files and Pipes
relational operator : 7.8. Relational and Boolean Operators
- (hyphen)
-= (assignment) operator : 7.6. Expressions
-- (decrement) operator : 7.6. Expressions
character classesand : 3.2.4.1. A range of characters
subtraction operator : 7.6. Expressions
< (lessthan sign)
<= (lessthan or equal to) operator : 7.8. Relational and Boolean Operators
relational operator : 7.8. Relational and Boolean Operators
# for comments
5.2. Comment

7.4.1. Describing Y our Script
B.2.2.2. Comments
#n for suppressing output : 5.2. Comment
#!, invoking awk with
10.9. Invoking awk Using the #! Syntax
B.1.1. Shell Wrapper for Invoking awk
() (parentheses)
2.2.1. Scripting
3.2. A Line-Up of Characters
3.2.10. Grouping Operations
with replacing text : 5.3.1. Replacement M etacharacters
% (percent sign)
%= (assignment) operator : 7.6. Expressions
for format specifications: 7.9. Formatted Printing
modul o operator : 7.6. Expressions




+ (plus)
+= (assignment) operator : 7.6. Expressions

++ (increment) operator : 7.6. Expressions
addition operator : 7.6. Expressions
metacharacter : 7.4. Pattern Matching

as metacharacter
3.2. A Line-Up of Characters

3.2.5. Repeated Occurrences of a Character
? (question mark)
?. (conditional) operator
8.1.1. Conditiona Operator
11.1.3. The C Conditional Expression

as metacharacter
3.2. A Line-Up of Characters

3.2.5. Repeated Occurrences of a Character

; (semicolon)
2.3.1. Specifying Simple Instructions
2.4.1. Running awk
B.2.2.1. Linetermination
' (single quotes)
2.2. Command-Line Syntax
2.3.1. Specifying Simple Instructions

/ (slash)
/= (assignment) operator : 7.6. Expressions
Il as delimiter

2.1. Awk, by Sed and Grep, out of Ed
5.3. Substitution
division operator : 7.6. Expressions
in ed commands : 2.1. Awk, by Sed and Grep, out of Ed

pattern addressing
2.1. Awk, by Sed and Grep, out of Ed

A.2.1. Pattern Addressing
~ (match) operator
7.5.1. Referencing and Separating Fields
7.8. Relational and Boolean Operators

| (vertical bar)
|| (logical OR) operator : 7.8. Relational and Boolean Operators

as metacharacter
3.2. A Line-Up of Characters

3.2.9. Alternative Operations
piping output with : 10.5.1. Directing Output to a Pipe
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Index: A

acommand (sed) : 5.5. Append, Insert, and Change
abort statement (tawk) : 11.3.2.1. Tawk language extensions
acronym processor (example) : 8.5. An Acronym Processor
addition (+) operator : 7.6. Expressions
addresses, line
2.1. Awk, by Sed and Grep, out of Ed
4.2. A Global Perspective on Addressing
5.1. About the Syntax of sed Commands
addressing by pattern
2.1. Awk, by Sed and Grep, out of Ed
A.2.1. Pattern Addressing
printing with = : 5.9. Print Line Number
adj script (example) : 13.5. adj - Adjust Linesfor Text Files
alignment of output fields : 7.9. Formatted Printing
ampersand (&)
& & (logical AND) operator : 7.8. Relational and Boolean Operators

In replacement text
5.3. Substitution

5.3.1. Replacement M etacharacters

anchors
3.2. A Line-Up of Characters

3.2.7. Positional M etacharacters

AND (& &) operator : 7.8. Relational and Boolean Operators

append command : (see a command (sed))

ARGC variable : 8.6. System Variables That Are Arrays

ARGI variable (tawk) : 11.3.2.1. Tawk language extensions

ARGIND variable (gawk) : 11.2.3.8. Additional variables

ARGV variable: 8.6. System Variables That Are Arrays
ARGI variable with (tawk) : 11.3.2.1. Tawk language extensions
ARGIND variable with (gawk) : 11.2.3.8. Additional variables




arithmetic functions

9.1. Arithmetic Functions
11.1.10. Functions

arithmetic operators, awk : 7.6. Expressions

arrays

8.4. Arrays
11.1.8. Arrays

B.2.5.4. Arrays

deleting elements of
8.4.6. Deleting Elements of an Array

11.1.8. Arrays
11.2.1.1. Deleting all elements of an array

multidimensional
8.5.1. Multidimensional Arrays

11.3.2.1. Tawk language extensions
parsing strings into elements

8.4.4. Using split() to Create Arrays

11.2.1.2. Obtaining individual characters
sorting elementsin (tawk) : 11.3.2.1. Tawk language extensions
splitting : 11.2.1.2. Obtaining individual characters
system variablesthat are : 8.6. System Variables That Are Arrays
testing for membershipin: 8.4.2. Testing for Membership in an Array

assigning input to variables : 10.1.2. Assigning the Input to a Variable
assignment operators, awk : 7.6. Expressions

associative arrays : 8.4.1. Associative Arrays

asterisk (*)

** (exponentiation) operator : 7.6. Expressions
**= (assignment) operator : 7.6. Expressions
*= (assignment) operator : 7.6. Expressions
as metacharacter

3.1. That's an Expression

3.2.5. Repeated Occurrences of a Character
multiplication operator : 7.6. Expressions

automatic edits: 4.4.4. Edits To Go

awk

1.3. A Pattern-Matching Programming Language
2.1. Awk, by Sed and Grep, out of Ed

2.4. Using awk

11.1. Origina awk

arrays : (see arrays)

built-in functions : 11.1.10. Functions




built-in variables
7.7. System Variables
11.1.11. Built-In Variables

command-line syntax
2.2. Command-Line Syntax

B.1. Command-Line Syntax

commands
5.1. About the Syntax of sed Commands

B.3. Command Summary for awk

(see aso under specific command)
documentation for : Other Sources of Information About sed and awk

error messages : 2.4.2. Error Messages
escape sequences : B.2.5.2. Escape sequences
extensionsto : 11.2.1. Common Extensions
functions : (see functions)
invoking with #!

10.9. Invoking awk Using the # Syntax

B.1.1. Shell Wrapper for Invoking awk
limitationsto : 10.8. Limitations
obtaining : Availability of sed and awk
operators

B.2.5.6. Operators

(see operators, awk)
options : 2.4.3. Summary of Options
POSIX standards for : 7. Writing Scripts for awk
programming model : 7.3. Awk's Programming Model
quick reference : B. Quick Reference for awk
regular expression metacharacters : B.2.4. Regular Expressions
with sed : 2.5. Using sed and awk Together
system variables: B.2.5.5. System variables

versions of
Availability of sed and awk

11.2.2. Bell Labs awk
writing scriptsin : 7. Writing Scripts for awk
AWKPATH variable (gawk) : 11.2.3.2. An awk program search path
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Index: B

b command (sed) : 6.4.1. Branching

\B escape sequence : 11.2.3.4. Extended regular expressions
backreferences : (see numbered replacement strings)

backslash (\)
7.6. Expressions

(see also escape sequences, awk)
\<, \> escape sequences
3.2.11. What's the Word? Part |1
11.2.3.4. Extended regular expressions
\", \' escape sequences : 11.2.3.4. Extended reqular expressions
character classesand : 3.2.4. Character Classes

as metacharacter
3.2. A Line-Up of Characters

3.2.1. The Ubiquitous Backslash

in replacement text
5.3. Substitution

5.3.1. Replacement Metacharacters

bang (!) : (see exclamation point)
basic regular expressions (BRES) : 3.2.4.3. POSIX character class additions
BEGIN pattern : 7.2. Hello, World

command-line parameters and : 7.10. Passing Parameters Into a Script
BEGIN procedure : 11.1.6. Control Flow
BEGINFILE procedure (tawk) : 11.3.2.1. Tawk language extensions
beginning

of line: (see” (circumflex))

of word : (see\<, \> escape sequences)
Bell Labsawk : 11.2.2. Bell Labs awk
BITFTP: BITFTP
blocks of text : 6.3.3. Building Blocks of Text
Boolean operators, awk : 7.8. Relational and Boolean Operators




variables as Boolean patterns : 11.1.4. Variables as Boolean Patterns
braces{} : A.2.1. Pattern Addressing

\{\} metacharacters
3.2. A Line-Up of Characters

3.2.8. A Span of Characters
in awk
2.1. Awk, by Sed and Grep, out of Ed
2.4.1. Running awk
8.1. Conditional Statements

grouping sed commands in
4.2.1. Grouping Commands

5.1. About the Syntax of sed Commands
bracket expressions : 3.2.4. Character Classes

brackets|]
[::] metacharacters: 3.2.4.3. POSIX character class additions

[..] metacharacters: 3.2.4.3. POSI X character class additions
[==] metacharacters: 3.2.4.3. POSIX character class additions

as metacharacters
3.2. A Line-Up of Characters

3.2.4. Character Classes
branch command : (see b command (sed))
branching : 6.4.1. Branching
break statement : 8.3. Other Statements That Affect Flow Control
breaking lines: 11.2.3.3. Line continuation
BRESs (basic regular expressions) : 3.2.4.3. POSI X character class additions
buffers, flushing : 11.2.1.3. Flushing buffered output

built-in functions

awk : 11.1.10. Functions

gawk : 11.2.3.9. Additional functions

tawk : 11.3.2.2. Additional built-in tawk functions
built-in variables

7.7. System Variables

11.1.11. Built-In Variables

Copyright © 1998 O'Reilly & QKFIN All Rights Reserved.
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Index: C

c command (sed) : 5.5. Append, Insert, and Change
capitalization, converting
5.7. Transform
6.3.1. A Capital Transformation
9.2. String Functions
9.2.4. Converting Case
case sensitivity
3.1. That's an Expression
9.2.4. Converting Case
(see also capitalization, converting)
character classes for : 3.2.4. Character Classes
IGNORECASE variable (gawk) : 11.2.3.8. Additional variables
variable names : 7.6. Expressions
change command : (see c command (sed))
character classes : 3.2.4. Character Classes

characters
hiding special : 12.3.1. How to Hide a Special Character

matching at word start/end : 3.2.11. What's the Word? Part ||

measured span of
3.2. A Line-Up of Characters

3.2.8. A Span of Characters
metacharacters : (see metacharacters)
newline : (see newline characters)
range of : (see character classes)
space : (see space characters)

stripping non-printable nroff : 5.6.1. Stripping Out Non-Printable Characters from nroff Files

circumflex ()
A= (assignment) operator : 7.6. Expressions
character classes and
3.2. A Line-Up of Characters




3.2.4.2. Excluding a class of characters
exponentiation operator : 7.6. Expressions

as metacharacter
3.2. A Line-Up of Characters

3.2.7. Positional Metacharacters
in multiline pattern space: 6.1.1. Append Next Line

close()
10.2. The close() Function

10.5.2. Working with Multiple Files
closing files/pipes
10.2. The close() Function
10.5.2. Working with Multiple Files
closure : 3.2.5. Repeated Occurrences of a Character
collating symbols: 3.2.4.3. POSIX character class additions
colon (:) for labels : 6.4. Advanced Flow Control Commands
columns, output as : 10.6. Generating Columnar Reports
combine script (example) : 13.3. combine - Extract Multipart uuencoded Binaries

"command garbled" message
2.3.1.1. Command garbled

5.1. About the Syntax of sed Commands
command-line options, gawk : 11.2.3.1. Command line options

command-line parameters
array of : 8.6.1. An Array of Command-Line Parameters

passing into script : 7.10. Passing Parameters Into a Script

command-line syntax
2.2. Command-Line Syntax

A.1. Command-Line Syntax
B.1. Command-Line Syntax

commands
2.4.1. Running awk

(see also under specific command)
awk : B.3. Command Summary for awk

executing expressions as : 10.3. The system() Function
grouping
4.2.1. Grouping Commands
5.1. About the Syntax of sed Commands
menu-based generator (example) : 10.4. A Menu-Based Command Generator
multiple : 2.4.1. Running awk
order of : 4.1. Applying Commands in a Script
sed

5. Basic sed Commands




6. Advanced sed Commands
A.3. Command Summary for sed
syntax for : A.2. Syntax of sed Commands

comments
5.2. Comment

10.7.4. Commenting Out Loud
B.2.2.2. Comments
inawk scripts: 7.4.1. Describing Y our Script
commercia versions of awk : 11.3. Commercial awks
comparing
relationship operators for : 7.8. Relational and Boolean Operators
strings : 9.2.5. The match() Function

concatenation
3.1. That's an Expression

7.6. Expressions

conditional statements
8.1. Conditiona Statements

11.1.3. The C Conditional Expression
constants : B.2.5.1. Constants
constants, hexadecimal (tawk) : 11.3.2.1. Tawk language extensions
continue statement : 8.3. Other Statements That Affect Flow Control
continued lines: 11.2.3.3. Line continuation
converting : 8.4.5. Making Conversions
acronym processor (example) : 8.5. An Acronym Processor
case : 9.2.4. Converting Case
numbersto strings: 7.7. System Variables

CONVFMT variable
7.7. System Variables

8.4.1. Associative Arrays
copying programs: 10.7.1. Make a Copy
cos() : 9.1.1. Trigonometric Functions
countersin for loops : 8.2.3. For Loop
cross-referencing scheme : 1.1. May Y ou Solve Interesting Problems

csh shell
1.4. Four Hurdles to Mastering sed and awk

2.3.1. Specifying Simple Instructions

curly braces: (see braces{})
customizing functions : 9.3. Writing Y our Own Functions
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Index: D

d command (ed) : 2.1. Awk, by Sed and Grep, out of Ed

d command (sed)
4.2. A Globa Perspective on Addressing
5.4. Delete
H command with : 6.3. Hold That Line
D command (sed)
5.4. Delete

6.1.2. Multiline Delete
with Pand N commands : 6.1.3. Multiline Print
date and time : (see time management)
debugging : 10.7. Debugging
print command with : 5.8. Print
decrement (--) operator : 7.6. Expressions
defining
functions: 9.3. Writing Y our Own Functions
variables: 7.6. Expressions
delete command (ed) : 2.1. Awk, by Sed and Grep, out of Ed
delete command (sed) : (see d command (sed); D command (sed))

delete statement (awk)
8.4.6. Deleting Elements of an Array

11.2.1.1. Deleting al elements of an array
deleting
array elements
8.4.6. Deleting Elements of an Array

11.1.8. Arrays

11.2.1.1. Deleting all elements of an array
lines

2.1. Awk, by Sed and Grep, out of Ed

5.4. Delete

6.1.2. Multiline Delete




delimiters
7.7. System Variables

11.1.7. Field Separating
awk

2.4.1. Running awk
7.5. Records and Fields
7.5.1. Referencing and Separating Fields
7.5.2. Field Splitting: The Full Story
FIELDWIDTHS variable (gawk) : 11.2.3.6. Separating fields

FSvariable
7.5.1. Referencing and Separating Fields

7.7. System Variables
11.2.1.2. Obtaining individual characters
OFSvariable: 7.7. System Variables

for regular expressions
2.1. Awk, by Sed and Grep, out of Ed

5.3. Substitution
subscript-component : 8.5.1. Multidimensional Arrays

/dev files
11.2.1.4. Specid filenames

11.2.3.7. Additional special files
diff program : 4.3. Testing and Saving Output
division (/) operator : 7.6. Expressions
doloop: 8.2.2. Do Loop
documentation : Other Sources of Information About sed and awk
for masterindex script : C.3. Documentation for masterindex
dollar sign ($) : 3.2. A Line-Up of Characters
for last input line: 4.2. A Global Perspective on Addressing
as metacharacter : 3.2.7. Positional M etacharacters
in multiline pattern space: 6.1.1. Append Next Line
DOS versions of awk : DOS Versions

dot (.) metacharacter
3.1. That's an Expression

3.2.2. A Wildcard
3.2.5. Repeated Occurrences of a Character
dynamic regular expressions : 11.1.5. Faking Dynamic Regular Expressions




Copyright © 1998 O'Reilly & QKFIN All Rights Reserved.



file:///I|/Docs/~~Sed%20+%20Awk%20(O'Reilly,%202nd)/copyrght.htm
http://www.oreilly.com/

Index: E

e (constant) : 9.1.1. Trigonometric Functions
-e option (sed)
2.3.1. Specifying Simple Instructions
2.3.2.3. Mixing options (POSI X)
ed editor : 2. Understanding Basic Operations
edits, pipelined : 4.4.4. Edits To Go
egrep program : 3. Understanding Regular Expression Syntax
else statements : (seeif statements)
end

of line: (see $ (dollar sign))

of word : (see\<, \> escape sequences)
END procedure : 11.1.6. Control Flow
ENDFILE procedure (tawk) : 11.3.2.1. Tawk language extensions
"Ending delimiter missing" error : 2.3.1.1. Command garbled

ENVIRON variable
8.6. System Variables That Are Arrays
8.6.2. An Array of Environment Variables
environment variables: 8.6.2. An Array of Environment Variables
equal sign (=)
== (equal to) operator : 7.8. Relational and Boolean Operators
for printing line numbers: 5.9. Print Line Number
equivalence classes : 3.2.4.3. POSIX character class additions
EREs (extended regular expressions) : 3.2.4.3. POSI X character class additions
ERRNO variable (gawk) : 11.2.3.8. Additional variables

error messages
11.2.1.4. Specid filenames

12.3.4. A Function for Reporting Errors
awk : 2.4.2. Error M essages

"command garbled”
2.3.1.1. Command garbled




5.1. About the Syntax of sed Commands
sed: 2.3.1.1. Command garbled

errors
debugging : 10.7. Debugging
spelling, finding (example) : 12.1. An Interactive Spelling Checker
ESC character invi : 5.6. List
escape sequences, awk
7.6. Expressions
11.1.1. Escape Sequences
B.2.5.2. Escape sequences
escaping : (see backslash)
example programs : Sample Programs
exchange command : (see x command (sed))
exclamation point (!) : 4.2. A Global Perspective on Addressing
I= (not equal to) operator : 7.8. Relational and Boolean Operators

I~ (does not match) operator
7.5.1. Referencing and Separating Fields

7.8. Relational and Boolean Operators
csh and : 1.4. Four Hurdles to Mastering sed and awk
logical NOT operator : 7.8. Relational and Boolean Operators
tilde (~) operator : 7.5.1. Referencing and Separating Fields
exit statement : 8.3. Other Statements That Affect Flow Control
exp() : 9.1.1. Trigonometric Functions

exponentiation
7.6. Expressions

9.1.1. Trigonometric Functions
11.1.2. Exponentiation
** operator : 7.6. Expressions
~ operator : 7.6. Expressions
expressions
3.1. That's an Expression
B.2.5. Expressions
awk : 7.6. Expressions
executing as commands : 10.3. The system() Function
regular : (see regular expressions)
extended regular expressions (ERES) : 3.2.4.3. POSI X character class additions

extensions
common awk : 11.2.1. Common Extensions

gawk : 11.2.3. GNU awk (gawk)
mawk : 11.2.4. Michadl's awk (mawk)
tawk : 11.3.2. Thompson Automation awk (tawk)




extent of matching : 3.2.12.1. The extent of the match
extracting file contents : 4.4.3. Extracting Contents of aFile
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Index: F

-f option (awk)
9.3.2. Maintaining a Function Library
11.2.3.1. Command line options
-f option (sed)
2.2. Command-Line Syntax
2.3.2. Script Files
2.3.2.3. Mixing options (POSI X)
-F option (awk)
2.4.1. Running awk
7.5.1. Referencing and Separating Fields
factorials: 8.2.4. Deriving Factorials
faking dynamic regular expressions : 11.1.5. Faking Dynamic Regular Expressions
FAQ on awk : Other Sources of Information About sed and awk
fflusn() : 11.2.1.3. Flushing buffered output
field separators : (see delimiters)
fields for awk records
2.4.1. Running awk
7.5. Records and Fields
B.2.1. Records and Fields
formatting as output : 7.9. Formatted Printing
NF variable: 7.7. System Variables
FIELDSWIDTHS variable (gawk) : 11.2.3.6. Separating fields
File Transfer Protocol (FTP) : FTP
files

closing

10.2. The close() Function

10.5.2. Working with Multiple Files
editing multiple : 4.4.2. Making Changes Across a Set of Files
extracting contents from : 4.4.3. Extracting Contents of aFile
filenames, special : 11.2.1.4. Specia filenames




getting information on : 7.8.1. Getting Information About Files
Interleaf, converting : 6.1.1.1. Converting an Interleaf file
multiple : 10.5.2. Working with Multiple Files

multiple editsto : 4.4.1. Multiple Edits to the Same File
nextfile statement : 11.2.1.5. The nextfile statement

reading from
5.11. Reading and Writing Files

10.1.1. Reading Input from Files
retrieving information from : 7.11. Information Retrieval
scripts as : (see scripts)
search path for : 11.2.3.2. An awk program search path
special gawk : 11.2.3.7. Additional special files
writing to
2.3.2.1. Saving output
5.11. Reading and Writing Files
10.5. Directing Output to Files and Pipes
fixed strings : 3.2.3. Writing Regular Expressions
flags : 5.3. Substitution

g (global)
2.1. Awk, by Sed and Grep, out of Ed

5.3. Substitution
numeric : 5.3. Substitution
p (print) : 5.3. Substitution
w (write) : 5.3. Substitution

flow control
6. Advanced sed Commands

6.3.3. Building Blocks of Text
11.1.6. Control Flow
branching : 6.4.1. Branching
d command (sed) : 5.4. Delete
n command : 5.10. Next
flushing buffers: 11.2.1.3. Flushing buffered output

FNR variable
7.7. System Variables

10.1.2. Assigning the Input to a Variable

for loop
8.2.3. For Loop

8.4.1. Associative Arrays

formatting
awk output : 7.9. Formatted Printing

awk scripts: B.2.2. Format of a Script




index (example program) : 12.2. Generating a Formatted Index
systemtime: 11.2.3.11. Time management for programmers
FPAT variable (tawk) : 11.3.2.1. Tawk language extensions
Free Software Foundation (FSF) : Availability of sed and awk

FSvariable
7.5.1. Referencing and Separating Fields

7.5.2. Field Splitting: The Full Story
7.7. System Variables
11.2.1.2. Obtaining individual characters
FTP (File Transfer Protocol) : FTP
Ftpmail : Ftpmail
function keyword : 9.3. Writing Y our Own Functions

functions
11.1.10. Functions

B.2.6. Statements and Functions

arithmetic
9.1. Arithmetic Functions

11.1.10. Functions
built-in
gawk : 11.2.3.9. Additional functions
tawk : 11.3.2.2. Additional built-in tawk functions
creating library of : 9.3.2. Maintaining a Function Library
scope control (tawk) : 11.3.2.1. Tawk language extensions
string-related : 9.2. String Functions
time-related (gawk) : 11.2.3.11. Time management for programmers
trigonometric : 9.1.1. Trigonometric Functions
user-defined : 9.3. Writing Y our Own Functions
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Index: G

g command (ed) : 2.1. Awk, by Sed and Grep, out of Ed

G command (sed)
6.3. Hold That Line

6.3.2. Correcting Index Entries (Part 11)

gflag
2.1. Awk, by Sed and Grep, out of Ed

5.3. Substitution

gawk (GNU awk)
10.8. Limitations

11.2.3. GNU awk (gawk)

built-in functions : 11.2.3.9. Additional functions

built-in variables : 11.2.3.8. Additional variables

multiple filesand : 10.5.2. Working with Multiple Files
generating random numbers : 9.1.3. Random Number Generation
gensub() : 11.2.3.10. A general substitution function
gent script : 13.7. gent - Get atermcap Entry
get command : (see G command (sed))
getline function : 10.4. A Menu-Based Command Generator

getline function
10.1. The getline Function

11.1.9. The getline Function

globa
addressing : 4.2. A Global Perspective on Addressing

variables: 9.3. Writing Y our Own Functions
global command : (see g command (ed))
glossary program (example) : 8.4.3. A Glossary Lookup Script
GNU awk : (see gawk)
GNU project : Availability of sed and awk
GNU sed, error messages: 2.3.1.1. Command garbled
greater than sign (>)




>= (greater than or equal to) operator : 7.8. Relational and Boolean Operators

for redirection
2.3.2.1. Saving output

4.3. Testing and Saving Output
10.5. Directing Output to Files and Pipes
relational operator : 7.8. Relational and Boolean Operators
grep utility
2.1. Awk, by Sed and Grep, out of Ed
4.4.2. Making Changes Across a Set of Files
gresprogram : 3.2.11. What's the Word? Part ||
grouping operations : (see parentheses)
grouping sed commands
4.2.1. Grouping Commands
5.1. About the Syntax of sed Commands

gsub()
9.2. String Functions

9.2.3. Substitution Functions
11.2.3.10. A general substitution function
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Index: H

h command (sed)
6.3. Hold That Line

6.3.1. A Capital Transformation
H command : 6.3. Hold That Line
hexadecimal constants (tawk) : 11.3.2.1. Tawk language extensions
hexadecimal numbers: 7.6. Expressions
hiding specia characters: 12.3.1. How to Hide a Special Character

hold command
6.3.2. Correcting Index Entries (Part 1)

(see h command (sed); H command (sed))

hold space
6.3. Hold That Line

(see also pattern space)
hyphen (-)
-= (assignment) operator : 7.6. Expressions
-- (decrement) operator : 7.6. Expressions
character classesand : 3.2.4.1. A range of characters
subtraction operator : 7.6. Expressions
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Index: |

i command (sed) : 5.5. Append, Insert, and Change
1/O : (see input; output)
if statements: 8.1. Conditional Statements
IGNORECASE variable (gawk) : 11.2.3.8. Additional variables
in operator
8.4.2. Testing for Membership in an Array
11.1.8. Arrays
increment (++) operator : 7.6. Expressions
index()
9.2. String Functions

9.2.1. Substrings
index, array
8.4. Arrays
8.4.1. Associative Arrays
index, formatting (example program) : 12.2. Generating a Formatted |ndex
INIT procedure (tawk) : 11.3.2.1. Tawk language extensions
input : 2.2. Command-L ine Syntax
assigning to variables : 10.1.2. Assigning the Input to a Variable
getline function : 10.1. The getline Function
insert command : (seei command (sed))
instructions, awk : 2.4.1. Running awk
int() : 9.1.2. Integer Function
Interleaf files, converting : 6.1.1.1. Converting an Interleaf file
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Index: K

Korn shell : DOS Versions
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Index: L

| command (sed) : 5.6. List
labels: 6.4. Advanced Flow Control Commands
length()
9.2. String Functions
9.2.2. String Length
length, string : 9.2.2. String Length
less than sign (<)
<= (lessthan or equal to) operator : 7.8. Relational and Boolean Operators
relational operator : 7.8. Relational and Boolean Operators
library of functions: 9.3.2. Maintaining a Function Library
limitations to awk : 10.8. Limitations
limiting the match extent : 3.2.13. Limiting the Extent

line addresses
2.1. Awk, by Sed and Grep, out of Ed

4.2. A Global Perspective on Addressing

5.1. About the Syntax of sed Commands

printing with = : 5.9. Print Line Number
line editors: 2.1. Awk, by Sed and Grep, out of Ed

lines
continuing after breaks : 11.2.3.3. Line continuation
deleting
2.1. Awk, by Sed and Grep, out of Ed
5.4. Delete

matching over multiple : 3.2.7.1. Phrases

matching start/end of
3.2.7. Positional M etacharacters

3.2.11. What's the Word? Part |1
parsing : (see parsing)
reading asinput : 10.1. The getline Function
terminating : B.2.2.1. Line termination




--lint, --lint-old options (gawk) : 11.2.3.1. Command line options

list command : (see | command (sed))

local variables : 9.3. Writing Y our Own Functions

log() : 9.1.1. Trigonometric Functions

logging, timestamp with : 11.2.3.11. Time management for programmers
logical AND (& &) operator : 7.8. Relational and Boolean Operators
logical NOT (!) operator : 7.8. Relational and Boolean Operators

logical OR (||) operator : 7.8. Relational and Boolean Operators

loops

7.3. Awk's Programming Model

8.2. Looping

arraysand : 8.4. Arrays

main input loop : 7.3. Awk's Programming M odel
lowercase : (see capitalization)
|s command (UNIX) : 7.8.1. Getting Information About Files
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Index: M

m1 script (example) : 13.10. m1 - Simple Macro Processor
mailavg script (example) : 13.4. mailavg - Check Size of Mailboxes
main input loop : 7.3. Awk's Programming Model
masterindex script (example) : C.2. Listing of masterindex Shell Script
match (~) operator

7.5.1. Referencing and Separating Fields

7.8. Relational and Boolean Operators

match()
9.2. String Functions

9.2.5. The match() Function
matching : (see pattern matching)
math : (see arithmetic functions; arithmetic operators; humbers)
mawk (Michael's awk)
10.8. Limitations
11.2.4. Michael's awk (mawk)
membership in arrays: 8.4.2. Testing for Membership in an Array
menu-based command generator (example) : 10.4. A Menu-Based Command Generator

metacharacters
3. Understanding Regular Expression Syntax
3.2. A Line-Up of Characters
* (asterisk)
3.1. That's an Expression
3.2.5. Repeated Occurrences of a Character

\ (backslash)
3.2. A Line-Up of Characters

3.2.1. The Ubiquitous Backslash

{\}
3.2. A Line-Up of Characters

3.2.8. A Span of Characters
[] (brackets)




3.2. A Line-Up of Characters
3.2.4. Character Classes

A (circumflex)
3.2. A Line-Up of Characters

3.2.4.2. Excluding a class of characters
$ (dollar sign)
3.2. A Line-Up of Characters
3.2.7. Positional M etacharacters
. (dot)
3.1. That's an Expression
3.2.2. A Wildcard
3.2.5. Repeated Occurrences of a Character
+ (plus)
3.2. A Line-Up of Characters
3.2.5. Repeated Occurrences of a Character
7.4. Pattern Matching

? (question mark)
3.2. A Line-Up of Characters

3.2.5. Repeated Occurrences of a Character

| (vertical bar)
3.2. A Line-Up of Characters

3.2.9. Alternative Operations

\> (end of word)
3.2.11. What's the Word? Part ||

11.2.3.4. Extended regular expressions

\< (start of word)
3.2.11. What's the Word? Part ||

11.2.3.4. Extended regular expressions
awk regular expression : B.2.4. Regular Expressions
inside brackets : 3.2.4. Character Classes
replacement : 5.3.1. Replacement M etacharacters
sed regular expression : A.2.2. Regular Expression Metacharacters for sed

-mf option (awk) : 10.8. Limitations

Michael's awk : (see mawk)

MKSawk : 11.3.1. MKS awk

MKS Toolkit : DOS Versions

modularization : 10.7.3. Finding Out Where the Problem Is
modulo (%) operator : 7.6. Expressions

-mr option (awk) : 10.8. Limitations

multidimensional arrays: 8.5.1. Multidimensional Arrays

tawk and : 11.3.2.1. Tawk language extensions




multiline
delete command : (see D command (sed))

matching : 3.2.7.1. Phrases

next command (sed) : (see N command (sed))

pattern space : 6.1. Multiline Pattern Space

print command : (see P.command (sed))

records, awk : 7.7.1. Working with Multiline Records

multiple
awk commands : 2.4.1. Running awk

character ranges : 3.2.4.1. A range of characters
conditional statements: 8.1. Conditional Statements
editsto onefile: 4.4.1. Multiple Edits to the Same File
files
4.4.2. Making Changes Across a Set of Files
10.5.2. Working with Multiple Files
multiplication (*) operator : 7.6. Expressions
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Index: N

n command (sed) : 5.10. Next

N command (sed) : 6.1.1. Append Next Line
with Pand D commands: 6.1.3. Multiline Print

\n escape sequence: 6.1.1. Append Next Line

-n option (sed)
2.3.2.2. Suppressing automatic display of input lines
5.2. Comment

names
filenames, special
11.2.1.4. Specid filenames
11.2.3.7. Additional special files
script files: 2.2. Command-Line Syntax
nawk : 2.1. Awk, by Sed and Grep, out of Ed
nested conditional statements : 8.1. Conditional Statements

newline characters
3.2. A Line-Up of Characters

3.2.7. Positional M etacharacters

5.3. Substitution

11.2.3.3. Line continuation

. (dot) and : 3.2.2. A Wildcard

multiline pattern space and : 6.1. Multiline Pattern Space

ORS variable for
7.7. System Variables

7.7.1. Working with Multiline Records
in replacement strings : 5.3.1. Replacement M etacharacters

RSvariable for
7.7. System Variables

11.2.1.6. Regular expression record separators (gawk and mawk)
11.3.2.1. Tawk lanquage extensions
newsgroup, awk : Other Sources of Information About sed and awk




next command (sed) : (see n command (sed); N command (sed))

next statement (awk)
8.3. Other Statements That Affect Flow Control

10.1. The getline Function
(see also getline function)
nextfile statement : 11.2.1.5. The nextfile statement

NF variable
7.7. System Variables

10.1.2. Assigning the Input to aVariable
non-English characters : 3.2.4.3. POSI X character class additions
NOT (!) operator : 7.8. Relational and Boolean Operators
NR variable
7.7. System Variables
8.4. Arrays
10.1.2. Assigning the Input to a Variable
nroff, stripping non-printable characters: 5.6.1. Stripping Out Non-Printable Characters from nroff Files
numbered replacement strings : 5.3.1. Replacement M etacharacters

numbers
arithmetic functions
9.1. Arithmetic Functions

11.1.10. Functions
comparing (relationship operators) : 7.8. Relational and Boolean Operators
converting to strings : 7.7. System Variables
factorials: 8.2.4. Deriving Factorials

hexadecimal
7.6. Expressions

11.3.2.1. Tawk language extensions
l[imitations on : 10.8. Limitations
octal : 7.6. Expressions
output precision : 7.9. Formatted Printing
random : 9.1.3. Random Number Generation
truncating : 9.1.2. Integer Function
numeric flags : 5.3. Substitution
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Index: O

obtaining
awk source code : Availability of sed and awk

commercia awk versions
11.3.1. MKS awk

11.3.2. Thompson Automation awk (tawk)
11.3.3. Videosoft VSAwk
examples : Obtaining Example Source Code
gawk source code : 11.2.3. GNU awk (gawk)
mawk source code : 11.2.4. Michael's awk (mawk)
sample programs : Sample Programs
sed source code : Availability of sed and awk
octal numbers: 7.6. Expressions

octothorpe (#) for comments
5.2. Comment

7.4.1. Describing Y our Script
B.2.2.2. Comments
#n for suppressing output : 5.2. Comment

OFMT variable
7.7. System Variables

7.9. Formatted Printing
OFSvariable: 7.7. System Variables
operators, awk : B.2.5.6. Operators
arithmetic : 7.6. Expressions
assignment : 7.6. Expressions
Boolean : 7.8. Relational and Boolean Operators
postfix versus prefix : 7.6. Expressions
relational : 7.8. Relational and Boolean Operators
options
2.2. Command-Line Syntax
2.3.1. Specifying Simple Instructions




(see also under specific option)
awk : 2.4.3. Summary of Options
combining : 2.3.2.3. Mixing options (POSI X)
sed : 2.3.2.4. Summary of options
OR (]|) operator : 7.8. Relational and Boolean Operators
order of operations: 3.1. That's an Expression
commandsin scripts: 4.1. Applying Commands in a Script

ORS variable
7.7. System Variables

7.7.1. Working with Multiline Records
output : 2.2. Command-Line Syntax
buffer, flushing : 11.2.1.3. Flushing buffered output
directing to files
2.3.2.1. Saving output
10.5. Directing Output to Files and Pipes
directing to pipes: 10.5.1. Directing Output to a Pipe
formatting (awk) : 7.9. Formatted Printing
formatting into columns : 10.6. Generating Columnar Reports
saving : 4.3. Testing and Saving Output
suppressing
2.3.2.2. Suppressing automatic display of input lines
5.2. Comment
testing : 4.3. Testing and Saving Output
toterminal : 11.2.1.4. Special filenames
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Index: P

p command (sed) : 5.8. Print
P command (sed) : 6.1.3. Multiline Print
with N and D commands: 6.1.3. Multiline Print
p flag : 5.3. Substitution
parameters, function : 9.3. Writing Y our Own Functions
parameters, script : 7.10. Passing Parameters Into a Script

parentheses ()
2.2.1. Scripting

3.2. A Line-Up of Characters

3.2.10. Grouping Operations

with replacing text : 5.3.1. Replacement Metacharacters
parsing : 2.1. Awk, by Sed and Grep, out of Ed

referencing fields
2.4.1. Running awk

7.5.1. Referencing and Separating Fields

strings into array elements
8.4.4. Using split() to Create Arrays

11.2.1.2. Obtaining individual characters

pattern addressing
2.1. Awk, by Sed and Grep, out of Ed

A.2.1. Pattern Addressing

pattern matching
1.3. A Pattern-Matching Programming L anquage

1.4. Four Hurdles to Mastering sed and awk

2.2.1. Scripting

(see also regular expressions)

in awk : 7.4. Pattern Matching

closure : 3.2.5. Repeated Occurrences of a Character
extent of match : 3.2.12.1. The extent of the match
fixed strings : 3.2.3. Writing Regular Expressions




metacharacters for : (see metacharacters)

over multiplelines: 3.2.7.1. Phrases

phrases: 3.2.7.1. Phrases

at start/end of words : 3.2.11. What's the Word? Part |1

pattern space
4.1.1. The Pattern Space

6.3. Hold That Line

(see also hold space)

deleting contents of : (see d command (sed))

displaying : (see| command (sed))

inputing fileinto : (see reading from files)

insert and append commands and : 5.5. Append, Insert, and Change
multiline : 6.1. Multiline Pattern Space

patterns
2.1. Awk, by Sed and Grep, out of Ed

2.2.1. Scripting
B.2.3. Patterns
PCs: DOS Versions
percent sign (%)
%= (assignment) operator : 7.6. Expressions
for format specifications : 7.9. Formatted Printing
modul o operator : 7.6. Expressions
phonebill script (example) : 13.2. phonebill - Track Phone Usage
phrase script (example) : 6.5. To Join a Phrase
phrases: 3.2.7.1. Phrases
pipelined edits: 4.4.4. Edits To Go

pipes

closing : 10.2. The close() Function

directing output to : 10.5.1. Directing Output to a Pipe

limitationson : 10.8. Limitations

reading input from : 10.1.3. Reading Input from a Pipe
plpr script (example) : 13.8. plpr - [pr Preprocessor
plus (+)

+= (assignment) operator : 7.6. Expressions

++ (increment) operator : 7.6. Expressions

addition operator : 7.6. Expressions

metacharacter : 7.4. Pattern Matching

as metacharacter
3.2. A Line-Up of Characters

3.2.5. Repeated Occurrences of a Character
positional metacharacters: 3.2.7. Positional Metacharacters




POSIX
awk : (see awk)
character class additions
3.2.4.2. Excluding a class of characters
B.2.4. Regular Expressions
character classes standard : 3.2.4.3. POSI X character class additions
option conbinations, standard for : 2.3.2.3. Mixing options (POSI X)
regular expressions standard : 3.2.4.3. POSI X character class additions
standard for labels : 6.4. Advanced Flow Control Commands
--posix option (gawk) : 11.2.3.1. Command line options
postfix operators : 7.6. Expressions

precedence, operation
3.1. That's an Expression

B.2.5.6. Operators
precision modifier : 7.9. Formatted Printing
prefix operators : 7.6. Expressions
print command (sed) : (see p. command; P command)

print statement (awk)
2.1. Awk, by Sed and Grep, out of Ed

7.2. Hello, World
10.5. Directing Output to Files and Pipes

printerr()
11.2.1.4. Specid filenames

12.3.4. A Function for Reporting Errors

printf statement
7.9. Formatted Printing

10.5. Directing Output to Files and Pipes
printing

formatting output (awk) : 7.9. Formatted Printing

line addresses with = : 5.9. Print Line Number

procedures
2.2.1. Scripting

2.4.1. Running awk
PROCINFO array (gawk) : 11.2.3.7. Additional special files
programming

awk, model for : 7.3. Awk's Programming Model

sed, tipsfor : 4.5. Getting to the PromiSed Land
prompts: 2.1. Awk, by Sed and Grep, out of Ed
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g command (sed) : 5.12. Quit
guestion mark (?)

?. (conditional) operator
8.1.1. Conditional Operator
11.1.3. The C Conditional Expression

as metacharacter
3.2. A Line-Up of Characters

3.2.5. Repeated Occurrences of a Character
quit command : (see g command (sed))

guotation marks (')
2.2. Command-Line Syntax

2.3.1. Specifying Simple Instructions
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r command (sed) : 5.11. Reading and Writing Files

rand() : 9.1.3. Random Number Generation

random numbers : 9.1.3. Random Number Generation

range of characters : (see character classes)

--re-interval option (gawk) : 11.2.3.1. Command line options
read command : (seer command (sed))

reading : 10.1. The getline Function

from files
5.11. Reading and Writing Files

10.1.1. Reading Input from Files
from pipe: 10.1.3. Reading Input from a Pipe
readsource script (example) : 13.6. readsource - Format Program Source Files for troff
RECLEN variable (tawk) : 11.3.2.1. Tawk language extensions

records, awk
2.4.1. Running awk

7.5. Records and Fields
B.2.1. Records and Fields
arraysand : 8.4. Arrays
fixed-length (tawk) : 11.3.2.1. Tawk language extensions
multiline : 7.7.1. Working with Multiline Records
NF variable: 7.7. System Variables
NR variable
7.7. System Variables
8.4. Arrays
10.1.2. Assigning the Input to a Variable
RT variable (gawk) : 11.2.3.5. Regular expression record terminators
separators for : (see delimiters)

redirection
2.3.2.1. Saving output

4.3. Testing and Saving Output




10.5. Directing Output to Files and Pipes
references : Other Sources of Information About sed and awk

referencing fields
2.4.1. Running awk

7.5.1. Referencing and Separating Fields
regular expressions
1.4. Four Hurdles to Mastering sed and awk
3. Understanding Regular Expression Syntax
B.2.3. Patterns
B.2.4. Regular Expressions
(see also pattern matching)
as constants : 7.8. Relational and Boolean Operators

delimitersfor
2.1. Awk, by Sed and Grep, out of Ed

5.3. Substitution
dynamic, faking : 11.1.5. Faking Dynamic Regular Expressions
ed and : 2.1. Awk, by Sed and Grep, out of Ed
examples of : 3.3. | Never Metacharacter | Didn't Like
gawk extensionsto : 11.2.3.4. Extended regular expressions
metacharacters for : (see metacharacters)
POSIX standard for : 3.2.4.3. POSIX character class additions

RSvariable as
11.2.1.6. Regular expression record separators (gawk and mawk)

11.3.2.1. Tawk lanquage extensions
tawk and : 11.3.2.1. Tawk language extensions

union of
3.2. A Line-Up of Characters

3.2.9. Alternative Operations

writing : 3.2.3. Writing Regular Expressions
relational expressions: B.2.3. Patterns
relational operators: 7.8. Relational and Boolean Operators
replacement metacharacters : 5.3.1. Replacement Metacharacters

numbered saves : 5.3.1. Replacement Metacharacters
replacing text

1.2. A Stream Editor

3.2.12.1. The extent of the match
retrieving data from files: 7.11. Information Retrieval

return statement
9.3. Writing Y our Own Functions

9.3.1. Writing a Sort Function
revision control systems: 10.7.1. Make a Copy




RSvariable: 7.7. System Variables

regular expression for
11.2.1.6. Regular expression record separators (gawk and mawk)

11.3.2.1. Tawk language extensions
RT variable (gawk) : 11.2.3.5. Regular expression record terminators
rules, pattern-matching : (see pattern matching)
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scommand (ed) : 2.1. Awk, by Sed and Grep, out of Ed

scommand (sed) : 5.3. Substitution
sample programs : Sample Programs
saving output
2.3.2.1. Saving output
4.3. Testing and Saving Output
10.5. Directing Output to Files and Pipes
scope control (tawk) : 11.3.2.1. Tawk language extensions
scripts

2.1. Awk, by Sed and Grep, out of Ed

2.2. Command-L ine Syntax

2.2.1. Scripting

B.1.1. Shell Wrapper for Invoking awk

debugging : 10.7. Debugging

examples of : 13. A Miscellany of Scripts

asfiles: 2.3.2. Script Files

format of : B.2.2. Format of a Script

modularizing : 10.7.3. Finding Out Where the Problem Is

names for : 2.2. Command-Line Syntax

passing parametersto : 7.10. Passing Parameters Into a Script

phrase (example script) : 6.5. To Join a Phrase

stopping, sed : (see g command (sed))
search path for awk files: 11.2.3.2. An awk program search path
search-and-replace : 1.2. A Stream Editor

matching extent : 3.2.12.1. The extent of the match

sed
1.2. A Stream Editor

2.3. Using sed
with awk : 2.5. Using sed and awk Together
command-line syntax




2.2. Command-L ine Syntax
A.1l. Command-Line Syntax

commands
5. Basic sed Commands

5.1. About the Syntax of sed Commands
6. Advanced sed Commands

(see also under specific command)
syntax of : 5.1. About the Syntax of sed Commands

commands for : A.3. Command Summary for sed
documentation for : Other Sources of Information About sed and awk
ed versus: 2.1. Awk, by Sed and Grep, out of Ed
error messages : 2.3.1.1. Command garbled
obtaining : Availability of sed and awk
options
2.3.1. Specifying Simple Instructions
2.3.2.4. Summary of options
(see also under specific option)
programming tipsfor : 4.5. Getting to the PromiSed Land
quick reference : A.1. Command-Line Syntax
regular expression metacharacters: A.2.2. Regular Expression M etacharacters for sed
semicolon (;)
2.3.1. Specifying Simple Instructions
2.4.1. Running awk
B.2.2.1. Linetermination
shell scripts: (see scripts)
shells

1.4. Four Hurdles to Mastering sed and awk
2.3.1. Specifying Simple Instructions

(see also under specific shell name)
sin() : 9.1.1. Trigonometric Functions
single quotation marks ()

2.2. Command-L ine Syntax

2.3.1. Specifying Simple Instructions

dash (/)
/= (assignment) operator : 7.6. Expressions
/I as delimiter

2.1. Awk, by Sed and Grep, out of Ed
5.3. Substitution
division operator : 7.6. Expressions
in ed commands : 2.1. Awk, by Sed and Grep, out of Ed
sort function (example)




9.3.1. Writing a Sort Function
9.3.3. Another Sorted Example
sort program : 2.5. Using sed and awk Together
sorting array elements (tawk) : 11.3.2.1. Tawk language extensions
source code, obtaining : (see obtaining)
--source option (gawk) : 11.2.3.1. Command line options

space characters
2.3.1. Specifying Simple Instructions

5.1. About the Syntax of sed Commands

as awk delimiters
2.4.1. Running awk

7.5.2. Field Splitting: The Full Story
as string concatenator : 7.6. Expressions

span, character
3.2. A Line-Up of Characters

3.2.8. A Span of Characters

special characters
2.3.1. Specifying Simple Instructions

3. Understanding Regular Expression Syntax
(see also escape sequences, awk; metacharacters)

special filenames
11.2.1.4. Special filenames

11.2.3.7. Additional special files
spell checker program (example) : 12.1. An Interactive Spelling Checker
spellcheck.awk program : C.1. Full Listing of spellcheck.awk

split()

8.4.4. Using split() to Create Arrays

9.2. String Functions

11.2.1.2. Obtaining individual characters
sprintf() : 9.2. String Functions
sgrt() : 9.1.1. Trigonometric Functions
srand() : 9.1.3. Random Number Generation
standard input/output : 2.2. Command-Line Syntax
Start

of line: (see” (circumflex))

of word : (see\<, \> escape sequences)
statements, awk : B.2.6. Statements and Functions
stopping sed scripts : (see g command (sed))
stream editor

1.2. A Stream Editor

2.1. Awk, by Sed and Grep, out of Ed




4.4.4. Edits To Go
stritime() : 11.2.3.11. Time management for programmers
strings
3.1. That's an Expression
7.6. Expressions
comparing : 9.2.5. The match() Function
concatenating : 7.6. Expressions
converting from numbers : 7.7. System Variables
fixed : (seefixed strings)
functions for : 9.2. String Functions
length of : 9.2.2. String Length
limitationson : 10.8. Limitations
parsing into array elements
8.4.4. Using split() to Create Arrays
11.2.1.2. Obtaining individual characters

substitution functions (awk)
9.2.3. Substitution Functions

11.2.3.10. A general substitution function
substrings : 9.2.1. Substrings
stripping non-printable characters : 5.6.1. Stripping Out Non-Printable Characters from nroff Files
sub()

9.2. String Functions
9.2.3. Substitution Functions
11.2.3.10. A general substitution function
SUBSEP variable : 8.5.1. Multidimensional Arrays
substitute command : (see s command)
substituting text (sed)
2.1. Awk, by Sed and Grep, out of Ed
5.3. Substitution
(see also s command (sed))
relacement metacharacters : 5.3.1. Replacement M etacharacters

substitution functions (awk)
9.2.3. Substitution Functions

11.2.3.10. A general substitution function

substr()
9.2. String Functions

9.2.1. Substrings

11.2.1.2. Obtaining individual characters
substrings : (see strings)
subtraction (-) operator : 7.6. Expressions
suppressing output




2.3.2.2. Suppressing automatic display of input lines
5.2. Comment

syntax
command-line
2.2. Command-L ine Syntax

A.l. Command-Line Syntax
B.1. Command-Line Syntax
sed commands : 5.1. About the Syntax of sed Commands
system() : 10.3. The system() Function
systemtime: 11.2.3.11. Time management for programmers

system variables
7.7. System Variables

8.6. System Variables That Are Arrays
B.2.5.5. System variables
gawk : 11.2.3.8. Additional variables
systime() : 11.2.3.11. Time management for programmers
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t command (sed) : 6.4.2. The Test Command

tawk : 11.3.2. Thompson Automation awk (tawk)
terminal, user : 11.2.1.4. Special filenames
terminating lines: B.2.2.1. Line termination
terminator, record : 11.2.3.5. Regular expression record terminators
test command : (seet command (sed))
testing
for membership in arrays: 8.4.2. Testing for Membership in an Array
output : 4.3. Testing and Saving Output
text blocks : 6.3.3. Building Blocks of Text
Thompson Automation awk (tawk) : 11.3.2. Thompson Automation awk (tawk)
tilde (~) operator
7.5.1. Referencing and Separating Fields
7.8. Relational and Boolean Operators
time management : 11.2.3.11. Time management for programmers

tolower()
9.2. String Functions

9.2.4. Converting Case

toupper()
9.2. String Functions

9.2.4. Converting Case
--traditional option (gawk) : 11.2.3.1. Command line options
transform command : (see y command (sed))
transpose script (example) : 13.9. transpose - Perform a Matrix Transposition
trigonometric functions : 9.1.1. Trigonometric Functions
truncating numbers : 9.1.2. Integer Function




Copyright © 1998 O'Reilly & QKFIN All Rights Reserved.



file:///I|/Docs/~~Sed%20+%20Awk%20(O'Reilly,%202nd)/copyrght.htm
http://www.oreilly.com/

@sed & awk

Index: U

union metacharacter, lack of : 3.2.9. Alternative Operations

union of regular expressions
3.2. A Line-Up of Characters

3.2.9. Alternative Operations
uppercase : (see capitalization)
user-defined functions : 9.3. Writing Y our Own Functions
UUCP: UUCP
uutot.awk script (example) : 13.1. uutot.awk - Report UUCP Statistics
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-v option (awk)
7.10. Passing Parameters Into a Script
10.4. A Menu-Based Command Generator

variables
7.6. Expressions

B.2.5.3. Variables
arrays : (see arrays)
assigning input to : 10.1.2. Assigning the Input to aVariable
as Boolean patterns: 11.1.4. Variables as Boolean Patterns
built-in
7.7. System Variables
11.1.11. Built-In Variables
gawk : 11.2.3.8. Additional variables
environment : 8.6.2. An Array of Environment Variables
local vs. global : 9.3. Writing Y our Own Functions
scope control (tawk) : 11.3.2.1. Tawk language extensions
system : (see system variables)
verifying : (seetesting)
versions, awk
Availability of sed and awk

11.1. Origina awk
11.2.2. Bell Labs awk

vertical bar (])
as metacharacter
3.2. A Line-Up of Characters

3.2.9. Alternative Operations
piping output with : 10.5.1. Directing Output to a Pipe
vi editor : 5.6. List
Videosoft VSAwK : 11.3.3. Videosoft VSAwk
Visual Basic, awk for : 11.3.3. Videosoft VSAwk
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w command (sed) : 5.11. Reading and Writing Files

\w escape sequence : 11.2.3.4. Extended regular expressions
\W escape sequence : 11.2.3.4. Extended regular expressions
w flag : 5.3. Substitution
whileloop : 8.2.1. While Loop
whitespace : (see space characters)
width, output field : 7.9. Formatted Printing
wildcard metacharacter : (see. (dot))
write command : (see w command (sed))
writing
from files: 5.11. Reading and Writing Files

tofiles
2.3.2.1. Saving output

5.11. Reading and Writing Files

10.5. Directing Output to Files and Pipes
regular expressions : 3.2.3. Writing Regular Expressions
scripts : 1.4. Four Hurdles to Mastering sed and awk

awk : 7. Writing Scripts for awk

sed : 4. Writing sed Scripts
user-defined functions : 9.3. Writing Y our Own Functions
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x command (sed)
6.3. Hold That Line

6.3.2. Correcting Index Entries (Part 11)
6.3.3. Building Blocks of Text
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y command (sed) : 5.7. Transform
\y escape sequence : 11.2.3.4. Extended regular expressions
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5.7 Transform

The transform command is peculiar, not only because it is the least mnemonic of all sed commands. This
command transforms each character by position in string abc to its equivalent in string xyz[9] Its syntax
follows:

[9] This command is patterned after the UNIX t r command, which translates characters.
Thisisauseful command in its own right; see your local documentation for details.
Undoubtedly sed'sy command would have been named t , if t had not already been taken
(by thet est command, see Chapter 6, Advanced sed Commands).

[addr ess]y/abc/xyz/

The replacement is made by character position. Therefore, it hasno ideaof a"word.” Thus, "a" is
replaced by "x" anywhere on the line, regardless of whether or not it isfollowed by a"b". One possible
use of this command isto replace lowercase letters with their uppercase counterparts.

y/ abcdef ghi j kl mopqr st uvwxyz/ ABCDEFGHI JKLMNOPQRSTUVWKYZ/

This command affects the entire contents of the pattern space. If you want to convert asingle word on
the input line, you could do it by using the hold space. See Chapter 6 for more details on how to use the
hold space. (The processis not trivial: you output the line up to the word you want to change, delete that
portion of the line, copy the line after the word to the hold space, transform the word, and then append
the contents of the hold space back to the pattern space.)

41 PREVIOUS HOME MEXT &
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5.6 List

Thelist command (I ) displays the contents of the pattern space, showing non-printing characters as two-
digit ASCII codes. It issimilar in function to the list (:1) command invi . Y ou can use this command to
detect "invisible" charactersin the input.[6]

[6] GNU sed displays certain characters, such as carriage return, using the ANSI C escape
sequences, instead of straight octal. Presumably, thisis easier to comprehend for those
who are familiar with C (or awk, aswe'll seelater in the book).

$ cat test/spchar
Here is a string of special characters: "A "B

"M "G

$ sed -n -e "I" test/spchar

Here is a string of special characters: \01 \02
\'15 \ 07

$ # test with GNU sed too

$ gsed -n -e "I" test/spchar
Here is a string of special characters: \01 \02
\r \a

Because the list command causes immediate output, we suppress the default output or we would get
duplicate copies of the lines.

Y ou cannot match a character by ASCII value (nor can you match octal values) in sed.[7] Instead, you
haveto find akey combination in vi to produceit. Use CTRL-V to quote the character. For instance,
you can match an ESC character (). Look at the following script:

[7] You can do thisin awk, however.
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# list line and replace [ wth "Escape"
Is/"[/ Escape/
Here'saone-linetest file:
The Great [ is a novie starring Steve M Queen.

Running the script produces the following output:

The Geat \33 is a novie starring Steve MQueen.
The Great Escape is a novie starring Steve MQueen.

GNU sed produces this:

The Geat \1b is a novie starring Steve MQueen.
The Great Escape is a novie starring Steve MQueen.

The /[ character wasmadeinvi by entering CTRL-V, then pressing the ESC key.
5.6.1 Stripping Out Non-Printable Characters from nroff Files

The UNIX formatter nr of f produces output for line printers and CRT displays. To achieve such special
effects as bolding, it outputs the character followed by a backspace and then outputs the same character
again. A sample of it viewed with a text editor might look like:

N HINY HN HNAR HAN HAN HAM HV HM HVEA HER HE HE

which bolds the word "NAME." There are three overstrikes for each character output. Similarly,
underlining is achieved by outputting an underscore, a backspace and then the character to be underlined.
The following example is the word "file" surrounded by a sequence for underscoring it.

_AHE_AH _AH _AHe

It might be necessary at times to strip these printing "special-effects’; perhaps if you are given this type
of output as a source file. The following line removes the sequences for emboldening and underscoring:

s/l."H /g

It removes any character preceding the backspace along with the backspace itself. In the case of
underlining, "." matches the underscore; for emboldening, it matches the overstrike character. Because it
is applied repeatedly, multiple occurrences of the overstrike character are removed, leaving asingle
character for each sequence. Note that *Hisentered invi by pressing CTRL-V followed by CTRL-H.



A sample application is "de-formatting" an nroff-produced man page found on an older System V UNIX
system.[8] If you should want to access the formatted pages with atext editor, you'd want to get a clean
version. (In many ways, thisisasimilar problem to one we solved in converting aword processing file
in the previous chapter.) A formatted man page captured in afile lookslike this:

[8] For awhile, many System V UNIX vendors only provided preformatted manpages.
This allowed the man command to show information quickly, instead of having to format
it, but the lack of t r of f source to the manpages made it difficult to fix documentation
errors. Fortunately, most vendors of modern UNIX systems supply source for their
manuals.

A9 who( 1)
who( 1)
A9 NMHNY HNN HNAN HAN HAN HAMN HMY HMN HIVEN HEN HEMN HE
who - who is on the systen?
SNHSN HSN HSYA HYA HY N HY NN HN HN HNON HON HON HOPA HPA HPA HPSM HSM HSM HSTE M HI
who [-a] [-b] [-d] [-H [-1] [-p] [-al [-r] [-s] [-t]

[-T]
[-u] [_"H _~"H "H "He]
who am i
who am |
D HD™ HDN HDEMN HEN HEMN HESM HSMN HSM HSCM HCM HCM HCRM HRMHRMHRI AHE AHE AHE PAHP
who can list the user's nane, termnal line, login
tine,
el apsed tine since activity occurred on the |line, and
t he

In addition to stripping out the bolding and underlining sequences, there are strange escape sequences
that produce form feeds or various other printer functions. Y ou can see the sequence "[9" at the top of
the formatted manpage. This escape sequence can simply be removed:

s/I™9//g
Once again, the ESC character isentered in vi by typing CTRL-V followed by pressing the ESC key.
The number 9 isliteral. There are also what look to be leading spaces that supply the left margin and
indentation. On further examination, it turns out that leading spaces precede the heading such as
"NAME" but asingle tab precedes each line of text. Also, there are tabs that unexpectedly appear in the
text, which have to do with how nr of f optimizesfor display on a CRT screen.

To eliminate the left margin and the unwanted tabs, we add two commands to our previous two:

# sedman -- deformat nroff-formatted manpage



s/l."H /g
s/I™"[91lg
s/~[Cle]*/ /g
s/=/ [g

The third command looks for any number of tabs or spaces at the beginning of aline. (A tabis
represented by "#" and a space by "[1".) The last command |ooks for atab and replacesit with asingle
space. Running this script on our sample man page output produces afile that looks like this:

who( 1)

who( 1)

NANVE

who - who is on the systenf

SYNOPSI S

who [-a] [-b] [-d] [-H [-1] [-p] [-a] [-r] [-s] [-t] [-T]
[-u] [file]

who am i

who am |

DESCRI PTI ON

who can list the user's nane, termnal line, login tineg,
el apsed tine since activity occurred on the line, and the

This script does not eliminate the unnecessary blank lines caused by paging. We will look at how to do
that in the next chapter, asit requires a multiline operation.
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5.5 Append, Insert, and Change

The append (a), insert (i ), and change (c) commands provide editing functions that are commonly
performed with an interactive editor, such asvi . You may find it strange to use these same commands
to "enter" text using a noninteractive editor. The syntax of these commands is unusual for sed because
they must be specified over multiple lines. The syntax follows:

append [l i ne- addr ess]a\

t ext

I nsert [l i ne-address]i\
t ext

change [addr ess]c\

t ext

The insert command places the supplied text before the current line in the pattern space. The append
command places it after the current line. The change command replaces the contents of the pattern space
with the supplied text.

Each of these commands requires a backslash following it to escape the first end-of-line. Thet ext
must begin on the next line. To input multiple lines of text, each successive line must end with a
backslash, with the exception of the very last line. For example, the following insert command inserts
two lines of text at aline matching "<Larry's Address>":

/| <Larry's Address>/i\
4700 Cross Court)\
French Lick, IN

Also, if the text contains a literal backslash, add an extra backslash to escapeit.[5]

[5] The original UNIX documentation says that any leading tabs or spaces in the supplied
text will disappear on output. Thisis the case on older versions, such as SunOS 4.1.x and /
usr/ucb/sed on Solaris. System V and GNU sed do not delete the leading whitespace. If
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they disappear on your system, the solution is to put a backslash at the beginning of the
line, preceding the first tab or space. The backslash is not output.

The append and insert commands can be applied only to asingle line address, not arange of lines. The
change command, however, can address arange of lines. In this case, it replaces all addressed lines with
asingle copy of thetext. In other words, it deletes each line in the range but the supplied text is output
only once. For example, the following script, when run on afile containing a mail message:

[ "From/,/ "%/ c\
<Mai | Header Renobved>

removes the entire mail-message header and replaces it with the line "<Mail Header Removed>." Note
that you will see the opposite behavior when the change command is one of agroup of commands,
enclosed in braces, that act on arange of lines. For instance, the following script:

[ "From/,|"$/{
s/I"From//p
c\

<Mhi | Header Renopved>

}

will output "<Mail Header Removed>" for each line in the range. So, while the former example outputs
the text once, this example will output it 10 times if there are 10 lines in the range.

The change command clears the pattern space, having the same effect on the pattern space as the delete
command. No command following the change command in the script is applied.

The insert and append commands do not affect the contents of the pattern space. The supplied text will
not match any address in subsequent commands in the script, nor can those commands affect the text.
No matter what changes occur to alter the pattern space, the supplied text will still be output
appropriately. Thisis also true when the default output is suppressed - the supplied text will be output
even if the pattern space is not. Also, the supplied text does not affect sed's internal line counter.

Let'slook at an example of the insert command. Suppose we wanted to source alocal file of macrosin
all thefiles of a particular document. In addition, we'd like to define a page header string that identifies
the document as a draft. The following script inserts two new lines of text before the first line of afile:

1i\
. SO macr os\
.ds CH First Draft

After sed executes this command, the pattern space remains unchanged. The new text is output before
the current line. A subsequent command could not successfully match "macros” or "First Draft."



A variation of the previous example shows the append command adding aline to the end of afile:

$a\
End of file

The $ isaline-addressing symbol that matches the last line of afile. The supplied text will be output
after the current line, so it becomes the last line in the output. Note that even though only onelineis
output, the supplied text must start on aline by itself and cannot be on the same line as the append
command.

The next example shows the insert and append commands used in the same script. The task hereisto
add afew t r of f requests before the macro that initializes alist, and several after the macro that closes
the list.

[ ™M\ Ls/i
.1 n 5n\
.Sp .3
[ "M\ . Lel a\
.1 n 0\
.Sp .3

The insert command puts two lines before the .Ls macro and the append command puts two lines after
the .Le macro.

The insert command can be used to put a blank line before the current line, or the append command to
put one after, by leaving the line following it blank.

The change command replaces the contents of the pattern space with the text you provide. In effect, it
deletes the current line and puts the supplied text in its place. It can be used when you want to match a
line and replace it entirely. Let's say for instance that afile contains alot of explicitt r of f spacing
requests with different amounts of spacing. Look at the following series:

.Sp 1.5
. Sp
.Sp 1
.Sp 1.5v
.Sp .3V
.Sp 3

If you wanted to change all the argumentsto ".5", it is probably easier to use the change command than
try to match al the individual arguments and make the proper substitution.

/M. spl c\



.Sp .5

This command allows us to ignore the arguments and replace them regardless of what they are.

41 PREVIOUS HOME MEXT &
5.4 Delete BOOK INDEX 5.6 List




Znd Edition

_Msed &awk

4 PREVIOUS Chapter 5 MEXT B
Basic sed Commands

Ty

5.4 Delete

We previously showed examples of the delete command (d). It takes an address and deletes the contents
of the pattern space if the line matches the address.

The delete command is also a command that can change the flow of control in ascript. That is because
onceit is executed, no further commands are executed on the "empty" pattern space.[4] The delete
command causes a new line of input to be read and a new pass on the editing script to begin from the
top. (In this behavior, it isthe same asthe next command, which you'll encounter later in this chapter.)

[4] UNIX documentation reads "no further commands are attempted on the corpse of a
deleted line." R.I.P.

The important thing to remember is: if the line matches the address, the entire line is deleted, not just the
portion of the line that is matched. (To delete a portion of aline, use the substitute command and specify
an empty replacement.) In the previous chapter, we showed a command to delete blank lines:

[ "$/d

Another use of the delete command could be to strip out certaint r of f requests, such as those that add
spacing, break the page, and turn fill mode off and on:

/™. spld
/ ™\ . bp/d
/™ .nf/d
/™ fild

These commands delete an entire line. For instance, the first command will delete theline”.sp 1" or .
sp .03v".

The delete command can be used to delete arange of lines. In the previous chapter, there is an example
of deleting al tables from afile by deleting the lines between the .TSand .TE macros. Thereisaso a
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delete command (D) used to delete a portion of a multiline pattern space. This advanced command is
presented in the next chapter.
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5.3 Substitution

We have already demonstrated many uses of the substitute command. Let's ook carefully at its syntax:
[addr ess]s/patt er n/repl acenent /f | ags

where the flags that modify the substitution are:

n
A number (1 to 512) indicating that a replacement should be made for only the nth occurrence of
the pattern.

g
Make changes globally on all occurrences in the pattern space. Normally only the first occurrence
IS replaced.

p
Print the contents of the pattern space.

wfile

Write the contents of the pattern space to file.

The substitute command is applied to the lines matching the address. If no addressis specified, itis
applied to all lines that match the pattern, aregular expression. If aregular expression is supplied as an
address, and no pattern is specified, the substitute command matches what is matched by the address.
This can be useful when the substitute command is one of multiple commands applied at the same
address. For an example, see the section "Checking Out Reference Pages' later in this chapter.

Unlike addresses, which require aslash (/) as a delimiter, the regular expression can be delimited by any
character except anewline. Thus, if the pattern contained slashes, you could choose another character,
such as an exclamation mark, as the delimiter.
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sl/usr/mail!/usr2/ mail!

Note that the delimiter appears three times and is required after the replacement. Regardless of which
delimiter you use, if it does appear in the regular expression, or in the replacement text, use a backslash
(\) to escapeit.

Once upon atime, computers stored text in fixed-length records. A line ended after so many characters
(typically 80), and then the next line started. There was no explicit character in the data to mark the end
of one line and the beginning of the next; every line had the same (fixed) number of characters. Modern
systems are more flexible; they use a special character (referred to as newline) to mark the end of the
line. Thisalows lines to be of arbitrary[3] length.

[3] Well, more or less. Many UNIX programs have internal limits on the length of the
lines that they will process. Most GNU programs, though, do not have such limits.

Since newline isjust another character when stored internally, aregular expression can use "\n" to match
an embedded newline. This occurs, as you will see in the next chapter, in the special case when another
line is appended to the current line in the pattern space. (See Chapter 2, Understanding Basic Operations,

for adiscussion of line addressing and Chapter 3, Understanding Regular Expression Syntax, for a
discussion of regular expression syntax.)

The replacement is a string of characters that will replace what is matched by the regular expression.
(See the section "The Extent of the Match” in Chapter 3.) Inther epl acenent section, only the
following characters have special meaning:

&
Replaced by the string matched by the regular expression.

\n
Matches the nth substring (nisasingle digit) previously specified in the pat t er n using "\(" and
"\)".

\

Used to escape the ampersand (&), the backslash (\), and the substitution command's delimiter
when they are used literally in the replacement section. In addition, it can be used to escape the
newline and create a multiline replacement string.

Thus, besides metacharacters in regular expressions, sed also has metacharacters in the replacement. See
the next section, "Replacement Metacharacters,” for examples of using them.

Flags can be used in combination where it makes sense. For instance, gp makes the substitution globally



on the line and prints the line. The global flag is by far the most commonly used. Without it, the
replacement is made only for the first occurrence on the line. The print flag and the write flag both
provide the same functionality as the print and write commands (which are discussed later in this
chapter) with one important difference. These actions are contingent upon a successful substitution
occurring. In other words, if the replacement is made, the lineis printed or written to file. Because the
default action isto pass through all lines, regardless of whether any action is taken, the print and write
flags are typically used when the default output is suppressed (the -n option). In addition, if a script
contains multiple substitute commands that match the same line, multiple copies of that line will be
printed or written to file.

The numeric flag can be used in the rare instances where the regular expression repeatsitself on aline
and the replacement must be made for only one of those occurrences by position. For instance, aline,
perhaps containing t bl input, might contain multiple tabs. Let's say that there are three tabs per line,
and you'd like to replace the second tab with ">". The following substitute command would do it:

s/ e/ >]2

"" represents an actual tab character, which is otherwise invisible on the screen. If the input is a one-
line file such as the following:

Col umleCol um2eCol um3eCol umm4
the output produced by running the script on thisfile will be:
Col utm1#Col um2>Col utm3#=Col um4

Note that without the numeric flag, the substitute command would replace only the first tab. (Therefore
"1" can be considered the default numeric flag.)

5.3.1 Replacement Metacharacters

The replacement metacharacters are backslash (\), ampersand (&), and \n. The backslash is generally
used to escape the other metacharacters but it is also used to include a newline in a replacement string.

We can do avariation on the previous exampl e to replace the second tab on each line with a newline.

s/ e\
/2

Note that no spaces are permitted after the backslash. This script produces the following result:

Col um1l1#=Col um?2
Col um3#=Col um4



Another example comes from the conversion of afilefor t r of f to an ASCII input format for Ventura
Publisher. It converts the following linefor t r of f :

. Ah " Maj or Headi ng"
toasimilar line for Ventura Publisher:
@\ HEAD = Maj or Headi ng

The twist in this problem is that the line needs to be preceded and followed by blank lines. It isan
example of writing a multiline replacement string.

/ "\ . Ah/{
s/\.Ah */\
\

@\ HEAD = /
s/"llg

s/ $/\

/

}

The first substitute command replaces ".Ah" with two newlines and " @A HEAD =". A backsash at the
end of the line is necessary to escape the newline. The second substitution removes the quotation marks.
The last command matches the end of line in the pattern space (not the embedded newlines) and adds a

newline after it.

In the next example, the backslash is used to escape the ampersand, which appears literally in the
replacement section.

s/ORA/O Reilly \'& Associates, Inc./g

It's easy to forget about the ampersand appearing literally in the replacement string. If we had not
escaped it in this example, the output would have been "O'Reilly ORA Associates, Inc."

As ametacharacter, the ampersand (&) represents the extent of the pattern match, not the line that was
matched. Y ou might use the ampersand to match aword and surround it by t r of f requests. The
following example surrounds a word with point-size requests:

s/ UNI X/\\'s-2& \s0/g

Because backslashes are also replacement metacharacters, two backslashes are necessary to output a
single backslash. The"&" in the replacement string refersto "UNIX." If theinput lineis:



on the UNI X Qperating System
then the substitute command produces:
on the \'s-2UNI X\sO Qperating System

The ampersand is particularly useful when the regular expression matches variations of aword. It allows
you to specify avariable replacement string that corresponds to what was actually matched. For
instance, let's say that you wanted to surround with parentheses any cross reference to a numbered
section in adocument. In other words, any reference such as " See Section 1.4" or "See Section 12.9"
should appear in parentheses, as " (See Section 12.9)." A regular expression can match the different
combination of numbers, so we use"&" in the replacement string and surround whatever was matched.

s/ See Section [1-9][0-9]*\.[1-9][0-9]*/(&)/
The ampersand makes it possible to reference the entire match in the replacement string.

Now let'slook at the metacharacters that allow usto select any individual portion of astring that is
matched and recall it in the replacement string. A pair of escaped parentheses are used in sed to enclose
any part of aregular expression and save it for recall. Up to nine "saves' are permitted for asingle line.
"\n" is used to recall the portion of the match that was saved, where nisanumber from 1to 9
referencing a particular "saved" string in order of use.

For example, to put the section numbers in boldface when they appeared as a cross reference, we could
write the following substitution:

s/\(See Section \)\([1-9][0-9]*\.[1-9][0-9]*\)/\1\\fB\2\\ P/

Two pairs of escaped parentheses are specified. The first captures " See Section 1" (because thisis a
fixed string, it could have been simply retyped in the replacement string). The second captures the
section number. The replacement string recalls the first saved substring as "\1" and the second as "\2,"
which is surrounded by bold-font requests.

We can use asimilar technique to match parts of aline and swap them. For instance, let's say there are
two parts of aline separated by a colon. We can match each part, putting them within escaped
parentheses and swapping them in the replacement.

$ cat testl

first:second

one: t wo

$sed "s/\V(.*\):\(.*\)/\2:\1/" testl
second: first

t wo: one



The larger point is that you can recall a saved substring in any order, and multiple times, asyou'll seein
the next example.

5.3.1.1 Correcting index entries

Later, in the awk section of this book, we will present a program for formatting an index, such as the one
for this book. The first step in creating an index isto place index codes in the document files. We use an
index macro named .X X, which takes a single argument, the index entry. A sample index entry might be:

. XX "sed, substitution conmnmand"

Each index entry appears on aline by itself. When you run an index, you get a collection of index entries
with page numbers that are then sorted and merged in alist. An editor poring over that list will typically
find errors and inconsistencies that need to be corrected. It is, in short, a pain to have to track down the
file where an index entry resides and then make the correction, particularly when there are dozens of
entries to be corrected.

Sed can be agreat help in making these edits across a group of files. One can simply create alist of edits
in ased script and then run it on all the files. A key point is that the substitute command needs an
address that limitsit to lines beginning ".XX". Y our script should not make changes in the text itself.

Let's say that we wanted to change the index entry above to "sed, substitute command." The following
command would do it:

[ M. XX [s/sed, substitution command/ sed, substitute command/

The address matches al lines that begin with ".XX " and only on those lines does it attempt to make the
replacement. Y ou might wonder, why not specify a shorter regular expression? For example:

[ M. XX [ s/substitution/substitute/

The answer is ssimply that there could be other entries which use the word "substitution" correctly and
which we would not want to change.

We can go a step further and provide a shell script that creates alist of index entries prepared for editing
as a series of sed substitute commands.

#!' [/ bin/sh

# index.edit -- conpile list of index entries for editing.
grep "M .XX" $* | sort -u |

sed '

SIMNLUXX N FN)S/NI M XX N SVNIN/NIN T



Thei ndex. edi t shell script uses grep to extract al lines containing index entries from any number
of files specified on the command line. It passes this list through sor t which, with the -u option, sorts
and removes duplicate entries. Thelist is then piped to sed, and the one-line sed script builds a
substitution command.

Let'slook at it more closely. Here's just the regular expression:
MLUXXN(L*\N) S

It matches the entire line, saving the index entry for recall. Here's just the replacement string:
VAR O AVEIVANAVANAY

It generates a substitute command beginning with an address: a slash, followed by two backslashes - to
output one backslash to protect the dot in the ". X X" that follows - then comes a space, then another slash
to complete the address. Next we output an "'s" followed by a slash, and then recall the saved portion to
be used as aregular expression. That is followed by another slash and again we recall the saved
substring as the replacement string. A slash finally ends the command.

When thei ndex. edi t scriptisrunon afile, it creates alisting similar to this:

$ index.edit chO05

[ M. XX [s/"append command(a)"/"append command(a)"/

/M. XX [s/"change command"/"change command"/

/M. XX [s/"change command(c)"/"change command(c)"/

[ M. XX ['s/"commands: sed, summary of"/"conmmands: sed, summary
of "/

/™M XX [s/"del ete command(d)"/"del ete command(d)"/

/MO XX [s/"insert command(i)"/"insert command(i)"/

[M XX [s/"line nunbers: printing"/"line nunbers: printing"/
[MN XX [s/"Tist command(l)"/"list command(l)"/

This output could be captured in afile. Then you can delete the entries that don't need to change and you
can make changes by editing the replacement string. At that point, you can use thisfile as a sed script to
correct the index entriesin all document files.

When doing alarge book with lots of entries, you might use gr ep again to extract particular entries
from the output of i ndex. edi t and direct them into their own file for editing. This saves you from
having to wade through numerous entries.

Thereisone small failing in this program. It should look for metacharacters that might appear literally in
index entries and protect them in regular expressions. For instance, if an index entry contains an asterisk,



it will not be interpreted as such, but as a metacharacter. To make that change effectively requires the
use of several advanced commands, so we'll put off improving this script until the next chapter.
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5.2 Comment

Y ou can use a comment to document a script by describing its purpose. Starting in this chapter, our full
script examples begin with acomment line. A comment line can appear as the first line of ascript. In
System V's version of sed, acomment is permitted only on the first line. In some versions, including sed
running under SUNOS 4.1.x and with GNU sed, you can place comments anywhere in the script, even on
aline following a command. The examplesin this book will follow the more restrictive case of System
V sed, limiting comments to the first line of the script. However, the ability to use commentsto
document your script is valuable and you should make use of it if your version of sed permitsiit.

An octothorpe (#) must be the first character on the line. The syntax of acomment lineis:
#n]

The following example shows the first line of a script:
# wstar.sed: convert WrdStar files

If necessary, the comment can be continued on multiple lines by ending the preceding line with a
backslash.[2] For consistency, you might begin the continuation line with an # so that the line's purpose
IS obvious.

[2] This does not work with GNU sed (version 2.05), though.
If the next character following # is n, the script will not automatically produce output. It is equivalent to

specifying the command-line option -n. The rest of the line following the n is treated as a comment.
Under the POSIX standard, #n used this way must be the first two charactersin thefile.
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The sed command set consists of 25 commands. In this chapter, we introduce four new editing
commands: d (delete), a (append), i (insert), and ¢ (change). We also ook at ways to change the flow
control (i.e., determine which command is executed next) within a script.

5.1 About the Syntax of sed Commands

Before looking at individual commands, there are a couple of points to review about the syntax of all sed
commands. We covered most of this material in the previous chapter.

A line address is optional with any command. It can be a pattern described as a regular expression
surrounded by slashes, aline number, or aline-addressing symbol. Most sed commands can accept two
comma-separated addresses that indicate a range of lines. For these commands, our convention is to

specify:

[addr ess]command
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A few commands accept only a single line address. They cannot be applied to arange of lines. The
convention for them is:

[l i ne- addr ess]command

Remember also that commands can be grouped at the same address by surrounding the list of commands
in braces:

addr ess {
commandl
command2
command3

}

The first command can be placed on the same line with the opening brace but the closing brace must
appear on its own line. Each command can have its own address and multiple levels of grouping are
permitted. Also, as you can see from the indentation of the commands inside the braces, spaces, and tabs
at the beginning of lines are permitted.

When sed is unable to understand a command, it prints the message "Command garbled." One subtle
syntax error is adding a space after acommand. Thisis not alowed; the end of acommand must be at
the end of theline.

Proof of thisrestriction is offered by an "undocumented" feature: multiple sed commands can be placed
on the same line if each one is separated by a semicolon.[1] The following exampleis syntactically
correct:

[1] Surprisingly, the use of semicolons to separate commands is not documented in the
POSIX standard.

n:d

However, putting a space after the n command causes a syntax error. Putting a space before thed
command is okay.

Placing multiple commands on the same line is highly discouraged because sed scripts are difficult
enough to read even when each command is written on its own line. (Note that the change, insert, and
append commands must be specified over multiple lines and cannot be specified on the same line.)
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4.5 Getting to the PromiSed Land

Y ou have now seen four different types of sed scripts, as well as how they are embedded inside shell
scripts to create easy-to-use applications. More and more, as you work with sed, you will develop
methods for creating and testing sed scripts. Y ou will come to rely upon these methods and gain
confidence that you know what your script is doing and why.

Here are afew tips:

1. Know Thy Input! Carefully examine your input file, using gr ep, before designing your script.

2. Sample Before Buying. Start with a small sample of occurrencesin atest file. Run your script on
the sample and make sure the script is working. Remember, it's just as important to make sure the
script doesn't work where you don't want it to. Then increase the size of the sample. Try to
increase the complexity of the input.

3. Think Before Doing. Work carefully, testing each command that you add to a script. Compare the
output against the input file to see what has changed. Prove to yourself that your script is
complete. Your script may work perfectly, based on your assumptions of what isin the input file,
but your assumptions may be wrong.

4. Be Pragmatic! Try to accomplish what you can with your sed script, but it doesn't have to do 100
percent of thejob. If you encounter difficult situations, check and see how frequently they occur.
Sometimesit's better to do afew remaining edits manually.

Asyou gain experience, add your own "scripting tips' to thislist. Y ou will also find that these tips apply
equally well when working with awk.
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4.4 Four Types of sed Scripts

In this section, we are going to look at four types of scripts, each oneillustrating atypical sed
application.

4.4.1 Multiple Edits to the Same File

Thefirst type of sed script demonstrates making a series of editsin afile. The example we use is a script
that converts afile created by aword processing program into afile coded for t r of f .

One of the authors once did awriting project for acomputer company, here referred to as BigOne
Computer. The document had to include a product bulletin for "Horsefeathers Software." The company
promised that the product bulletin was online and that they would send it. Unfortunately, when thefile
arrived, it contained the formatted output for aline printer, the only way they could provideit. A portion
of that file (saved for testing in afile named hor sefeathers) follows.

HORSEFEATHERS SOFTWARE PRCDUCT BULLETI N

DESCRI PTI ON
+

Bi gOne Conputer offers three software packages from
the suite

of Horsefeathers software products -- Horsefeathers
Busi ness

BASIC, BASIC Librarian, and LIDO  These software
products can

fill your requi renents for power f ul ,
sophi sti cat ed,

gener al - pur pose busi ness software providing you with a
base for

software custom zation or devel opnent.
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Hor sefeathers BASICis BASIC optim zed for use on the

Bi gOne

machine with UNI X or MS-DOS operating systens. BASIC
Li brari an

Is a full screen programeditor, which also provides the
ability

Note that the text has been justified with spaces added between words. There are also spaces added to
create aleft margin.

We find that when we begin to tackle a problem using sed, we do best if we make a mental list of al the
things we want to do. When we begin coding, we write a script containing a single command that does
one thing. We test that it works, then we add another command, repeating this cycle until we've done all
that's obviousto do. ("All that's obvious' because the list is not always complete, and the cycle of
implement-and-test often adds other itemsto thelist.)

It may seem to be a rather tedious process to work this way and indeed there are a number of scripts
where it's fine to take a crack at writing the whole script in one pass and then begin testing it. However,
the one-step-at-a-time technique is highly recommended for beginners because you isolate each
command and get to easily see what isworking and what is not. When you try to do several commands
at once, you might find that when problems arise you end up recreating the recommended processin
reverse; that is, removing commands one by one until you locate the problem.

Hereisalist of the obvious edits that need to be made to the Horsefeathers Software bulletin:

1. Replace all blank lines with a paragraph macro (.LP).

2. Remove al leading spaces from each line.

3. Remove the printer underscore line, the one that begins with a"+".
4. Remove multiple blank spaces that were added between words.

Thefirst edit requires that we match blank lines. However, in looking at the input file, it wasn't obvious
whether the blank lines had leading spaces or not. Asit turns out, they do not, so blank lines can be
matched using the pattern "~$". (If there were spaces on the line, the pattern could be written "AL*$".)
Thus, thefirst edit isfairly straightforward to accomplish:

s/ "$/ . LP/

It replaces each blank line with ".LP". Note that you do not escape the literal period in the replacement
section of the substitute command. We can put this command in afile named sedscr and test the
command as follows:

$ sed -f sedscr horsefeathers



HORSEFEATHERS SOFTWARE PRODUCT BULLETI N

.LP

DESCRI PTI ON
+
.LP

Bi gOne Conputer offers three software packages from
the suite

of Horsefeathers software products -- Horsefeathers
Busi ness

BASIC, BASIC Librarian, and LIDO  These software
products can

fill your requirenments for power f ul ,
sophi sti cat ed,

gener al - pur pose business software providing you with a

base for

software custom zation or devel opnent.
. LP

Hor sefeathers BASICis BASIC optim zed for use on the
Bi gOne

machine with UNI X or MS-DOS operating systens. BASIC
Li brari an

Is a full screen programeditor, which also provides the
ability

It is pretty obvious which lines have changed. (It is frequently helpful to cut out a portion of afileto use
for testing. It works best if the portion is small enough to fit on the screen yet is large enough to include
different examples of what you want to change. After al edits have been applied successfully to the test
file, a second level of testing occurs when you apply them to the complete, origina file.)

The next edit that we make is to remove the line that begins with a"+" and contains a line-printer
underscore. We can ssimply delete this line using the delete command, d. In writing a pattern to match
thisline, we have a number of choices. Each of the following would match that line:

[ N+

| N+

[ ~N+[CT T/
[N+

Asyou can see, each successive regular expression matches a greater number of characters. Only
through testing can you determine how complex the expression needs to be to match a specific line and
not others. The longer the pattern that you define in aregular expression, the more comfort you havein
knowing that it won't produce unwanted matches. For this script, we'll choose the third expression:

/N1 T/ d



This command will delete any line that begins with a plus sign and is followed by at |east one space. The
pattern specifies two spaces, but the second is modified by "*", which means that the second space
might or might not be there.

This command was added to the sed script and tested but since it only affects one line, we'll omit
showing the results and move on. The next edit needs to remove the spaces that pad the beginning of a
line. The pattern for matching that sequence is very similar to the address for the previous command.

s/ AL/

This command removes any sequence of spaces found at the beginning of aline. The replacement
portion of the substitute command is empty, meaning that the matched string is removed.

We can add this command to the script and test it.

$ sed -f sedscr horsefeathers

HORSEFEATHERS SOFTWARE PRODUCT BULLETI N

. LP

DESCRI PTI ON

. LP

Bi gOne Conputer offers three software packages fromthe
suite

of Horsefeathers software products -- Horsefeathers
Busi ness

BASIC, BASIC Librarian, and LIDO  These software
products can

fill your requi renents for power f ul ,
sophi sti cat ed,

gener al - pur pose busi ness software providing you with a

base for

software custom zation or devel opnent.

. LP

Horsefeathers BASICis BASIC optim zed for use on the
Bi gOne

machine with UNI X or MsS-DOS operating systens. BASIC
Li brari an

Is a full screen program editor, which also provides the
ability

The next edit attempts to deal with the extra spaces added to justify each line. We can write a substitute
command to match any string of consecutive spaces and replace it with a single space.

s/ /g



We add the global flag at the end of the command so that all occurrences, not just the first, are replaced.
Note that, like previous regular expressions, we are not specifying how many spaces are there, just that

one or more be found. There might be two, three, or four consecutive spaces. No matter how many, we

want to reduce them to one.[ 3]

[3] Thiscommand will a'so match just a single space. But since the replacement isalso a
single space, such acase is effectively a"no-op."

L et's test the new script:

$ sed -f sedscr horsefeathers
HORSEFEATHERS SOFTWARE PRCODUCT BULLETI N

. LP

DESCRI PTI ON

. LP

Bi gOne Conputer offers three software packages fromthe
suite

of Horsefeathers software products -- Horsefeathers Business
BASI C, BASI C Librarian, and LIDO. These software products
can

fill your requirenents for powerful, sophisticated,

gener al - pur pose busi ness software providing you wwth a base
for

software custom zation or devel opnent.

. LP

Hor sef eathers BASIC is BASIC optim zed for use on the Bi gOne
machine with UNI X or M5-DOS operating systens. BASIC

Li brari an

Is a full screen program editor, which also provides the
ability

It works as advertised, reducing two or more spaces to one. On closer inspection, though, you might
notice that the script removes a sequence of two spaces following a period, a place where they might
belong.

We could perfect our substitute command such that it does not make the replacement for spaces
following a period. The problem is that there are cases when three spaces follow a period and we'd like
to reduce that to two. The best way seemsto be to write a separate command that deals with the special
case of aperiod followed by spaces.

s/\. /. [ g

This command replaces a period followed by any number of spaces with a period followed by two



spaces. It should be noted that the previous command reduces multiple spaces to one, so that only one
space will be found following a period.[4] Nonetheless, this pattern works regardless of how many
spaces follow the period, aslong asthereis at least one. (It would not, for instance, affect a filename of
the form test.ext if it appeared in the document.) This command is placed at the end of the script and
tested:

[4] The command could therefore be simplified to:

s/\.IV. Vg

$ sed -f sedscr horsefeathers
HORSEFEATHERS SOFTWARE PRODUCT BULLETI N

. LP

DESCRI PTI ON

. LP

Bi gOne Conputer offers three software packages fromthe
suite

of Horsefeathers software products -- Horsefeathers

Busi ness

BASI C, BASI C Librarian, and LIDO. These software products
can

fill your requirenments for powerful, sophisticated,
gener al - pur pose busi ness software providing you with a base
for

sof tware custom zation or devel opnent.

. LP

Hor sef eathers BASIC is BASIC optim zed for use on the

Bi gOne

machine wth UNI X or M5-DOS operating systens. BASIC

Li brari an

Is a full screen programeditor, which also provides the
ability

It works. Here's the compl eted script:

s/ &/ . LP/
[~/ d

s/ A7/

s/ /g
s/\.[TF/. [Tl g

Aswe said earlier, the next stage would be to test the script on the complete file (hf.product.bulletin),
using t est sed, and examine the results thoroughly. When we are satisfied with the results, we can use
r unsed to make the changes permanent:



$ runsed hf.product.bulletin
done

By executing r unsed, we have overwritten the original file.

Before leaving this script, it isinstructive to point out that although the script was written to process a
specific file, each of the commands in the script is one that you might expect to use again, even if you
don't use the entire script again. In other words, you may well write other scripts that delete blank lines
or check for two spaces following a period. Recognizing how commands can be reused in other
situations reduces the time it takes to develop and test new scripts. It's like a singer learning a song and
adding it to hisor her repetoire.

4.4.2 Making Changes Across a Set of Files

The most common use of sed isin making a set of search-and-replacement edits across a set of files.
Many times these scripts aren't very unusual or interesting, just alist of substitute commands that change
one word or phrase to another. Of course, such scripts don't need to be interesting aslong asthey are
useful and save doing the work manually.

The example we look at in this section is a conversion script, designed to modify various "machine-
specific” termsin a UNIX documentation set. One person went through the documentation set and made
alist of things that needed to be changed. Another person worked from the list to create the following
list of substitutions.

s/ ON swi tch/ START switch/g

s/ ON button/ START switch/g

s/ STANDBY swi tch/ STOP switch/g

s/ STANDBY button/ STOP switch/g

s/ STANDBY/ STOP/ g

s/[cClabinet [LI]ight/control panel light/g

s/ core system di skettes/core systemtape/g

s/ TERM=E542[ 05] / TERMEPT200 /g

s/ Tel etype 542[ 05]/Bi gOne PT200/ g

s/ 542[05] term nal/PT200 termnal/g

s/ Docunent ati on Road Map/ Docunentation Directory/g
s/ Omer\/ Operator CGuide/lnstallation and Operation Guide/g
s/ AT&T 3B20 [cC] onputer/Bi gOne XL Conputer/g

s/ AT&T 3B2 [cC] onputer/Bi gOne XL Conputer/g

s/ 3B2 [cC] onputer/Bi ghne XL Conputer/g

s/ 3B2/ Bi gOne XL Conputer/g

The script is straightforward. The beauty is not in the script itself but in sed's ability to apply this script
to the hundreds of files comprising the documentation set. Once this script is tested, it can be executed



using r unsed to process as many files as there are at once.

Such a script can be atremendous time-saver, but it can aso be an opportunity to make big-time
mistakes. What sometimes happens is that a person writes the script, tests it on one or two out of the
hundreds of files and concludes from that test that the script works fine. While it may not be practical to
test each file, it isimportant that the test files you do choose be both representative and exceptional .
Remember that text is extremely variable and you cannot typically trust that what is true for a particular
occurrenceistrue for all occurrences.

Using gr ep to examine large amounts of input can be very helpful. For instance, if you wanted to
determine how "core system diskettes" appears in the documents, you could gr ep for it everywhere and
pore over the listing. To be thorough, you should also gr ep for "core," "core system,” "system
diskettes," and "diskettes' to look for occurrences split over multiple lines. (Y ou could also use the

phr ase script in Chapter 6 to look for occurrences of multiple words over consecutive lines.)

Examining the input is the best way to know what your script must do.

In some ways, writing ascript is like devising a hypothesis, given a certain set of facts. You try to prove
the validity of the hypothesis by increasing the amount of data that you test it against. If you are going to
be running a script on multiplefiles, uset est sed to run the script on several dozen files after you've
tested it on asmaller sample. Then compare the temporary filesto the originals to see if your
assumptions were correct. The script might be off dightly and you can revise it. The more time you
spend testing, which is actually rather interesting work, the less chance you will spend your time
unraveling problems caused by a botched script.

4.4.3 Extracting Contents of a File

One type of sed application is used for extracting relevant material from afile. In thisway, sed functions
like grep, with the additional advantage that the input can be modified prior to output. This type of
script isagood candidate for a shell script.

Here are two examples. extracting a macro definition from a macro package and displaying the outline
of a document.

4.4.3.1 Extracting a macro definition

t r of f macros are defined in a macro package, often asinglefile that's located in adirectory such as/
usr/lib/macros. A t r of f macro definition always begins with the string *.de", followed by an optiona
space and the one- or two-letter name of the macro. The definition ends with aline beginning with two
dots (..). The script we show in this section extracts a particular macro definition from a macro package.
(It saves you from having to locate and open the file with an editor and search for the lines that you want
to examine.)

Thefirst step in designing this script is to write one that extracts a specific macro, in this case, the BL



(Bulleted List) macro in the - nmpackage.[5]
[5] We happen to know that the - mmmacros don't have a space after the ".de" command.

$ sed -n "/~ .deBL/,/"MN.\.$/p" [usr/lib/macros/ mm

. deBL

f\An(.%$<1 )L \\n(Pin 0 1n 0 \\*(BU

f\\n(.%$=1 .LBO\\$1 0 1 O \\*(BU

df\WAn(.$>1 \{.ie "'\WwGAG\$1"G .)L \\n(Pin O 1n O \\*(BU 0 1
.el.LBO\W$1 0 1 0 \\*(BUO 1\}

Sed isinvoked with the -n option to keep it from printing out the entire file. With this option, sed will
print only the linesit is explicitly told to print via the print command. The sed script contains two
addresses: the first matches the start of the macro definition ".deBL" and the second matchesits
termination, ".." on aline by itself. Note that dots appear literally in the two patterns and are escaped
using the backslash.

The two addresses specify arange of lines for the print command, p. It isthis capability that
distinguishes this kind of search script from gr ep, which cannot match arange of lines.

We can take this command line and make it more general by placing it in a shell script. One obvious
advantage of creating a shell script isthat it saves typing. Another advantage is that a shell script can be
designed for more general usage. For instance, we can allow the user to supply information from the
command line. In this case, rather than hard-code the name of the macro in the sed script, we can use a
command-line argument to supply it. You can refer to each argument on the command line in a shell
script by positional notation: the first argument is $1, the second is $2, and so on. Here'sthe get mac
script:

#!' [/ bin/sh
# getmac -- print mmmacro definition for $1
sed -n "/~ .de$1/, /M. \.$/p" [usr/lib/macros/ mt

Thefirst line of the shell script forces interpretation of the script by the Bourne shell, using the "#"
executable interpreter mechanism available on all modern UNIX systems. The second line is acomment
that describes the name and purpose of the script. The sed command, on the third line, isidentical to the
previous example, except that "BL" isreplaced by "$1", a variable representing the first command-line
argument. Note that the double quotes surrounding the sed script are necessary. Single quotes would not
alow interpretation of "$1" by the shell.

This script, get mac, can be executed as follows:

$ getmac BL



where "BL" isthe first command-line argument. It produces the same output as the previous example.

This script can be adapted to work with any of several macro packages. The following version of
get mac allows the user to specify the name of a macro package as the second command-line argument.

#!' [ bin/sh
# getmac - read nmacro definition for $1 from package $2
file=/usr/lib/macros/ mt
mac="$1"
case $2 in
-nme) file="/work/macros/current/tmac.s";;
-mm) file="/usr/lib/macros/ mt";;
-man) file="/usr/lib/mcros/an";;
esac
sed -n "/™\.de *$mac/, /M. \.$/p" $file

What is new hereisacase statement that tests the value of $2 and then assigns a value to the variable
fil e. Noticethat we assign adefault valuetof i | e soif the user does not designate a macro package,
the - mmmacro package is searched. Also, for clarity and readability, the value of $1 is assigned to the
variable mac.

In creating this script, we discovered a difference among macro packages in the first line of the macro
definition. The - ms macros include a space between ".de" and the name of the macro, while - nmand -
man do not. Fortunately, we are able to modify the pattern to accommodate both cases.

/™ . de *$nac/

Following ".de", we specify a space followed by an asterisk, which means the space is optional.

The script prints the result on standard output, but it can easily be redirected into afile, where it can
become the basis for the redefinition of a macro.

4.4.3.2 Generating an outline

Our next example not only extracts information; it modifiesit to make it easier to read. We create a shell
script named do. out | i ne that uses sed to give an outline view of a document. It processes lines
containing coded section headings, such as the following:

. Ah "Shel |l Progranm ng"

The macro package we use has a chapter heading macro named "Se" and hierarchical headings named
"Ah", "Bh", and "Ch". In the - mmmacro package, these macros might be "H", "H1", "H2", "H3", €tc.
Y ou can adapt the script to whatever macros or tags identify the structure of a document. The purpose of



thedo. out | i ne script isto make the structure more apparent by printing the headings in an indented
outline format.

Theresult of do. out | i ne is shown below:

$ do.outline chl3/sectl

CHAPTER 13 Let the Conputer Do the Dirty Wrk
A. Shell Progranm ng

St ored Conmands

Passi ng Argunents to Shell Scripts

Condi ti onal Execution

Di scardi ng Used Argunents

Repetitive Execution

Setting Default Val ues

VWhat We've Acconpl i shed

oW ww

It prints the result to standard output (without, of course, making any changes within the files
themselves).

Let'slook at how to put together this script. The script needs to match lines that begin with the macros
for:

« Chapter title (.Se)
. Section heading (.Ah)
« Subsection heading (.Bh)

We need to make substitutions on those lines, replacing macros with atext marker (A, B, for instance)
and adding the appropriate amount of spacing (using tabs) to indent each heading. (Remember, the "e"
denotes atab character.)

Here's the basic script:

sed -n
s/™\.Se /| CHAPTER / p
s/I™"\.Ah /A /p

s/™"\.Bh /eeB. /p' $*

do. out | i ne operates on al files specified on the command line ("$*"). The -n option suppresses the
default output of the program. The sed script contains three substitute commands that replace the codes
with the letters and indent each line. Each substitute command is modified by the p flag that indicates
the line should be printed.

When we test this script, the following results are produced:



CHAPTER " 13" "Let the Conputer Do the Dirty Wrk"
A.  "Shell Progranm ng"
B. "Stored Commands”
B. "Passing Argunents to Shell Scripts”

The quotation marks that surround the arguments to a macro are passed through. We can write a
substitute command to remove the quotation marks.

s/"llg

It is necessary to specify the global flag, g, to catch all occurrences on asingle line. However, the key
decision is where to put this command in the script. If we put it at the end of the script, it will remove the
guotation marks after the line has already been output. We have to put it at the top of the script and
perform this edit for all lines, regardless of whether or not they are output later in the script.

sed -n
s/"llg
s/ .Se /| CHAPTER / p
s/I™"\.Ah /A /p

s/™"\.Bh /eeB. /p' $*

This script now produces the results that were shown earlier.

Y ou can modify this script to search for amost any kind of coded format. For instance, here's arough
version for aLaTeX file:

sed -n '
s/[{}1/1g
s/\\section/®A. /p
s/\\subsection/#eB. /p' $*

4.4.4 Edits To Go

Let's consider an application that shows sed in its role as a true stream editor, making editsin a
pipeline - edits that are never written back into afile.

On atypewriter-like device (including a CRT), an em-dash istyped as a pair of hyphens (--). In
typesetting, it is printed asasingle, long dash (-). t r of f provides a specia character name for the em-
dash, but it isinconvenient to type "\(em".

The following command changes two consecutive dashes into an em-dash.



s/--/\\(emg

We doubl e the backslashes in the replacement string for \(em, since the backslash has a special meaning
to sed.

Perhaps there are cases in which we don't want this substitute command to be applied. What if someone
Is using hyphens to draw a horizontal line? We can refine this command to exclude lines containing
three or more consecutive hyphens. To do this, we use the ! address modifier:

[---11sl--I\\(en g

It may take a moment to penetrate this syntax. What's different is that we use a pattern address to restrict
the lines that are affected by the substitute command, and we use! to reverse the sense of the pattern
match. It says, ssimply, "If you find aline containing three consecutive hyphens, don't apply the edit.” On
all other lines, the substitute command will be applied.

We can use this command in a script that automatically inserts em-dashes for us. To do that, we will use
sed as apreprocessor for at r of f file. Thefile will be processed by sed and then pipedtot r of f .

sed '/---/1s/--/\\(emg file | troff

In other words, sed changes the input file and passes the output directly tot r of f , without creating an
intermediate file. The edits are made on-the-go, and do not affect the input file. Y ou might wonder why
not just make the changes permanently in the original file? One reason is ssimply that it's not necessary -
the input remains consistent with what the user typed but t r of f still produces what 1ooks best for
typeset-quality output. Furthermore, because it is embedded in alarger shell script, the transformation of
hyphens to em-dashes is invisible to the user, and not an additional step in the formatting process.

We use a shell script named f or mat that uses sed for this purpose. Here's what the shell script looks
like:

#!' [ bin/sh
egn= pic= col
files= options roff="ditroff -Tps"
sed="| sed '/---/!s/--/\\(emg""
while [ $# -gt 0 ]
do
case $1 in

-E) eqn="[ eqn";;

-P) pic="| pic";;

-N) roff="nroff" col="|] col" sed= ;;

-*) options="$options $1";;

)y if [ -f $1 ]



then files="%files $1"
el se echo "format: $1: file not found"; exit 1
fi;;
esac
shift
done
eval "cat $files $sed | tbl $eqn $pic | $roff $options $col

| 1p”

This script assigns and evaluates a number of variables (prefixed by adollar sign) that construct the
command line that is submitted to format and print a document. (Notice that we've set up the -N option
for nr of f sothat it sets the sed variable to the empty string, since we only want to make this change if
weareusingt r of f . Even though nr of f understands the \(em specia character, making this change
would have no actual effect on the output.)

Changing hyphens to em-dashes is not the only "prettying up" edit we might want to make when
typesetting a document. For example, most keyboards do not allow you to type open and close quotation
marks (* and " as opposed to "and"). Int r of f , you can indicate a open quotation mark by typing two
consecutive grave accents, or "backquotes' (" " ), and a close quotation mark by typing two consecutive
single quotes (* ' ). We can use sed to change each doublequote character to a pair of single open-quotes
or close-quotes (depending on context), which, when typeset, will produce the appearance of a proper
"double quote.”

Thisisaconsiderably more difficult edit to make, since there are many separate cases involving
punctuation marks, space, and tabs. Our script might look like this:

s/~
s/"$/" "]
s/?00 200 g
s/"?%/"'"' ?/g
s/ /g
s/"Ll g
s/e" /e " [qg
s/"e/'"#/g
s/")l"'")Ilg
s/"]1/1'""1/g
s/("/( /g
sI\["I\[ /g
s/";1'"";1g
s/": /""" :lg
s/,"I,"'"Ig
s/", /""" ,I]g

s/IV."T\\W\& ' g
s/"\./" N\ &g



s/\\(em\*"/\\(em /g
s/"\\(enml'"\\(emg
s/\\(em'/\\(em /g
s/ @Q@"/g

The first substitute command looks for a quotation mark at the beginning of aline and changesit to an
open-quote. The second command looks for a quotation mark at the end of aline and changesit to a
close-quote. The remaining commands look for the quotation mark in different contexts, before or after a
punctuation mark, a space, atab, or an em-dash. The last command allows usto get areal doublequote
(@QQ intothet r of f input if we need it. We put these commands in a"cleanup” script, along with the
command changing hyphensto dashes, and invoke it in the pipeline that formats and prints documents
usingtroff.
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4.3 Testing and Saving Output

In our previous discussion of the pattern space, you saw that sed:

1. Makesacopy of theinput line.
2. Modifiesthat copy in the pattern space.
3. Outputs the copy to standard output.

What this meansis that sed has a built-in safeguard so that you don't make changes to the original file.
Thus, the following command line:

$ sed -f sedscr testfile

does not make the change in testfile. It sends all lines to standard ouput (typically the screen) - the lines
that were modified as well as the lines that are unchanged. Y ou have to capture this output in anew file
if you want to saveit.

$ sed -f sedscr testfile > newfile

The redirection symbol ">" directs the output from sed to the file newfile. Don't redirect the output from
the command back to the input file or you will overwrite the input file. This will happen before sed even
gets achance to process the file, effectively destroying your data.

One important reason to redirect the output to afile isto verify your results. Y ou can examine the
contents of newfile and compare it to testfile. If you want to be very methodical about checking your
results (and you should be), usethe di f f program to point out the differences between the two files.

$ diff testfile newfile
This command will display lines that are unique to testfile preceded by a"<" and lines unique to newfile

preceded by a">". When you have verified your results, make a backup copy of the original input file
and then use the nv command to overwrite the original with the new version. Be sure that the editing
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script isworking properly before abandoning the original version.

Because these steps are repeated so frequently, you will find it helpful to put them into a shell script.
While we can't go into much depth about the workings of shell scripts, these scripts are fairly ssmple to
understand and use. Writing a shell script involves using a text editor to enter one or more command
linesin afile, saving the file and then using the chnod command to make the file executable. The name
of the fileisthe name of the command, and it can be entered at the system prompt. If you are unfamiliar
with shell scripts, follow the shell scripts presented in this book as recipes in which you make your own
substitutions.

The following two shell scripts are useful for testing sed scripts and then making the changes
permanently in afile. They are particularly useful when the same script needs to be run on multiple files.

4.3.1 testsed

The shell script t est sed automates the process of saving the output of sed in atemporary file. It
expects to find the script file, sedscr, in the current directory and applies these instructions to the input
file named on the command line. The output is placed in atemporary file.

for x
do

sed -f sedscr $x > tnp. $x
done

The name of afile must be specified on the command line. As aresult, this shell script saves the output
in atemporary file with the prefix "tmp.". Y ou can examine the temporary file to determine if your edits
were made correctly. If you approve of the results, you can use nv to overwrite the original file with the
temporary file.

Y ou might also incorporate the di f f command into the shell script. (Add di ff $x t np. $x after the
sed command.)

If you find that your script did not produce the results you expected, remember that the easiest "fix" is
usually to perfect the editing script and run it again on the original input file. Don't write a new script to
"undo" or improve upon changes made in the temporary file.

4.3.2 runsed

The shell script r unsed was developed to make changes to an input file permanently. In other words, it
Is used in cases when you would want the input file and the output file to be the same. Liket est sed, it
creates atemporary file, but then it takes the next step: copying the file over the original.

#! / bi n/ sh



for x
do
echo "editing $x: \c"
if test "$x" = sedscr; then
echo "not editing sedscript!"
elif test -s $x; then
sed -f sedscr $x > /tnp/ $x$$
if test -s /tnp/ $x$$

t hen
if cnp -s $x /tnp/ $x$3$
t hen
echo "file not changed: \c"
el se
m/ $x $x.bak # save original, just in case

cp /tnp/ $x$$ $x
fi
echo "done"

el se
echo "Sed produced an enpty file\c"
echo " - check your sedscript."

fi
rm-f /tnp/ $x$$
el se
echo "original file is enpty."
fi
done
echo

all done"

Touser unsed, create a sed script named sedscr in the directory where you want to make the edits.
Supply the name or names of the filesto edit on the command line. Shell metacharacters can be used to
specify a set of files.

$ runsed ch0?

runsed smply invokessed -f sedscr onthe named files, one at atime, and redirects the output
to atemporary file. r unsed then tests this temporary file to make sure that output was produced before
copying it over the original.

The muscle of this shell script (line 9) isessentially the same ast est sed. The additional lines are
intended to test for unsuccessful runs - for instance, when no output is produced. It compares the two
filesto see if changes were actually made or to see if an empty output file was produced before
overwriting the original.



However, r unsed does not protect you from imperfect editing scripts. You should uset est sed first
to verify your changes before actually making them permanent with r unsed.
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4.2 A Global Perspective on Addressing

One of thefirst things you'll notice about sed commands is that sed will apply them to every input line.
Sed isimplicitly global, unlike ed, ex, or vi . The following substitute command will change every
"CA" into "California."

s/CA/Californialg

If the same command were entered from the ex command prompt in vi , it would make the replacement
for al occurrences on the current line only. In sed, it is as though each line has a turn at becoming the
current line and so the command is applied to every line. Line addresses are used to supply context for,
or restrict, an operation. (In short: Nothing getsdoneinvi unlessyou tell it which linesto work on,
while sed will work on every line unless you tell it not to.) For instance, by supplying the address

" Sebastopol” to the previous substitute command, we can limit the replacement of "CA" by "California’
to just lines containing " Sebastopol.”

| Sebast opol /s/CA/ Californialg

Aninput line consisting of " Sebastopol, CA" would match the address and the substitute command
would be applied, changing it to " Sebastopol, California.” A line consisting of "San Francisco, CA"
would not be matched and the substitution would not be applied.

A sed command can specify zero, one, or two addresses. An address can be aregular expression
describing a pattern, a line number, or aline addressing symbol.

. If no addressis specified, then the command is applied to each line.

. If thereisonly one address, the command is applied to any line matching the address.

. If two comma-separated addresses are specified, the command is performed on the first line
matching the first address and all succeeding lines up to and including aline matching the second
address.

. If an addressisfollowed by an exclamation mark (1), the command is applied to all lines that do
not match the address.
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To illustrate how addressing works, let's ook at examples using the delete command, d. A script
consisting of simply the d command and no address produces no output since it deletes all lines:

d

When aline number is supplied as an address, the command affects only that line. For instance, the
following example deletes only the first line:

1d

The line number refers to an internal line count maintained by sed. This counter is not reset for multiple
input files. Thus, no matter how many files were specified as input, thereis only one line 1 in the input
stream.

Similarly, the input stream has only one last line. It can be specified using the addressing symbol $. The
following example deletes the last line of input:

$d

The $ symbol should not be confused with the $ used in regular expressions, which means the end of the
line.

When aregular expression is supplied as an address, the command affects only the lines matching that
pattern. The regular expression must be enclosed by slashes (/). The following delete command

/"$/d
deletes only blank lines. All other lines are passed through untouched.

If you supply two addresses, then you specify arange of lines over which the command is executed. The
following example shows hows to delete all lines blocked by a pair of macros, inthiscase, .TSand .TE,
that mark t bl input.

[™M TS/, M. TE d

It deletes al lines beginning with the line matched by the first pattern and up to and including the line
matched by the second pattern. Lines outside this range are not affected. The following command
deletesfrom line 50 to the last line in thefile:

50, $d

Y ou can mix aline address and a pattern address:



1,/"%$/d

This example deletes from the first line up to the first blank line, which, for instance, will delete amailer
header from an Internet mail message that you have saved in afile.

Y ou can think of the first address as enabling the action and the second address as disabling it. Sed has
no way of looking ahead to determine if the second match will be made. The action will be applied to
lines once the first match is made. The command will be applied to all subsequent lines until the second
match is made. In the previous example, if the file did not contain a blank line, then all lines would be
deleted.

An exclamation mark (!) following an address reverses the sense of the match. For instance, the
following script deletes all lines except thoseinsidet bl input:

[™M TS, M. TE N

This script, in effect, extractst bl input from a sourcefile.

4.2.1 Grouping Commands

Braces ({}) are used in sed to nest one address inside another or to apply multiple commands at the same
address. Y ou can nest addresses if you want to specify arange of lines and then, within that range,
specify another address. For example, to delete blank lines only inside blocks of t bl input, use the
following command:

[\ CTSH, 1ML TES
/"$/d
}

The opening curly brace must end aline and the closing curly brace must be on aline by itself. Be sure
there are no spaces after the braces.

Y ou can apply multiple commands to the same range of lines by enclosing the editing commands within
braces, as shown below.

[ ™ LTS)H, ML TE
[ ~$/d
s/ .ps 10/.ps 8/
s/™.vs 12/.vs 10/

}

This example not only deletes blank linesint bl input but it also uses the substitute command, s, to



change severa t r of f requests. These commands are applied only to lines within the . TS/. TE block.
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To use sed, you write a script that contains a series of editing actions and then you run the script on an
input file. Sed allows you to take what would be a hands-on procedure in an editor such asvi and
transform it into alook-no-hands procedure that is executed from a script.

When performing edits manually, you come to trust the cause-and-effect relationship of entering an
editing command and seeing the immediate result. Thereis usually an "undo" command that alows you
to reverse the effect of acommand and return the text file to its previous state. Once you learn an
interactive text editor, you experience the feeling of making changes in a safe and controlled manner,
one step at atime.

Most people new to sed will feel there is greater risk in writing a script to perform a series of edits than
in making those changes manually. The fear is that by automating the task, something will happen that
cannot be reversed. The object of learning sed isto understand it well enough to see that your results are
predictable. In other words, you come to understand the cause-and-effect relationship between your
editing script and the output that you get.

Thisrequires using sed in a controlled, methodical way. In writing a script, you should follow these
steps:

1. Think through what you want to do before you do it.
2. Describe, unambiguously, a procedure to do it.
3. Test the procedure repeatedly before committing to any final changes.
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These steps are simply arestatement of the same process we described for writing regular expressionsin
Chapter 3, Understanding Regular Expression Syntax. They describe a methodology for writing

programs of any kind. The best way to seeif your script worksis to run tests on different input samples
and observe the results.

With practice, you can come to rely upon your sed scripts working just as you want them to. (Thereis
something analogous in the management of one's own time, learning to trust that certain tasks can be
delegated to others. Y ou begin testing people on small tasks, and if they succeed, you give them larger
tasks.)

This chapter, then, is about making you comfortable writing scripts that do your editing work for you.
This involves understanding three basic principles of how sed works:

. All editing commands in a script are applied in order to each line of input.

. Commands are applied to all lines (globally) unless line addressing restricts the lines affected by
editing commands.

. Theorigina input file is unchanged; the editing commands modify a copy of original input line
and the copy is sent to standard outpui.

After covering these basic principles, we'll look at four types of scripts that demonstrate different sed
applications. These scripts provide the basic models for the scripts that you will write. Although there
are anumber of commands available for use in sed, the scripts in this chapter purposely use only afew
commands. Nonetheless, you may be surprised at how much you can do with so few. (Chapter 5, Basic
sed Commands, and Chapter 6, Advanced sed Commands, present the basic and advanced sed

commands, respectively.) Theideaisto concentrate from the outset on understanding how a script
works and how to use a script before exploring all the commands that can be used in scripts.

4.1 Applying Commands in a Script

Combining a series of editsin a script can have unexpected results. Y ou might not think of the
conseguences one edit can have on another. New users typically think that sed applies an individual
editing command to all lines of input before applying the next editing command. But the opposite is true.
Sed applies the entire script to the first input line before reading the second input line and applying the
editing script to it. Because sed is always working with the latest version of the original line, any edit
that is made changes the line for subsequent commands. Sed doesn't retain the original. This means that
a pattern that might have matched the original input line may no longer match the line after an edit has
been made.

Let'slook at an example that uses the substitute command. Suppose someone quickly wrote the
following script to change "pig" to "cow" and "cow" to "horse":

s/ pi g/ cow
s/ cow hor se/



What do you think happened? Try it on a sample file. Welll discuss what happened later, after we look at
how sed works.

4.1.1 The Pattern Space

Sed maintains a pattern space, a workspace or temporary buffer where asingle line of input is held
while the editing commands are applied.[1] The transformation of the pattern space by atwo-line script
isshown in Figure 4.1. It changes "The Unix System” to "The UNIX Operating System."

[1] One advantage of the one-line-at-a-time design is that sed can read very largefiles
without any problems. Screen editors that have to read the entire file into memory, or
some large portion of it, can run out of memory or be extremely slow to use in dealing
with largefiles.

Initially, the pattern space contains a copy of asingle input line. In Figure 4.1, that lineis"The Unix

System." The normal flow through the script is to execute each command on that line until the end of the
script is reached. The first command in the script is applied to that line, changing "Unix" to "UNIX."
Then the second command is applied, changing "UNIX System” to "UNIX Operating System."[2] Note
that the pattern for the second substitute command does not match the original input line; it matches the
current line as it has changed in the pattern space.

[2] Yes, we could have changed "Unix System” to "UNIX Operating System" in one step.
However, the input file might have instances of "UNIX System” aswell as"Unix
System." So by changing "Unix" to "UNIX" we make both instances consistent before
changing them to "UNIX Operating System."

When al the instructions have been applied, the current line is output and the next line of input is read
into the pattern space. Then al the commands in the script are applied to that line.

Figure 4.1: The commands in the script change the contents of the pattern space.
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The UNIX Operating System

As a consequence, any sed command might change the contents of the pattern space for the next
command. The contents of the pattern space are dynamic and do not always match the original input
line. That was the problem with the sample script at the beginning of this chapter. The first command
would change "pig" to "cow" as expected. However, when the second command changed "cow" to
"horse" on the same line, it also changed the "cow" that had been a"pig." So, where the input file
contained pigs and cows, the output file has only horses!

This mistake is simply a problem of the order of the commands in the script. Reversing the order of the
commands - changing "cow" into "horse" before changing "pig" into “cow" - does the trick.

s/ cow hor se/
s/ pi g/ cow

Some sed commands change the flow through the script, as we will see in subsequent chapters. For
example, the N command reads another line into the pattern space without removing the current line, so
you can test for patterns across multiple lines. Other commands tell sed to exit before reaching the
bottom of the script or to go to alabeled command. Sed also maintains a second temporary buffer called
the hold space. Y ou can copy the contents of the pattern space to the hold space and retrieve them later.
The commands that make use of the hold space are discussed in Chapter 6.
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Table 3.4 lists interesting examples of regular expressions, many of which have been described in this
chapter.

Table 3.4: Useful Regular Expressions

[tem Regular Expression

Postal Abbreviation for State LIA-Z][A-Z][]

City, State ~Ax LA-Z][A-Z]

City, State, Zip (POSIX egr ep) ~.*[A-Z][A-Z][][0-9]{ 5} (-[0-9]{4})?
Month, Day, Y ear [A-Z][aZ]\{ 3,9\}LJ[0-9]\{ 1,2\} ,[][0-9]{ 4\}

U.S. Socia Security Number [0-9]\{ 3\}-[0-9]\{ 2\} -[0-9]\{ 4\}
North-American Local Telephone [0-9]\{ 3\} -[0-9]\{ 4\}

Formatted Dollar Amounts \$[[]10-9]*\.[0-9][0-9]
t r of f In-line Font Requests \\f[(BIRP]C*[BW]*
t r of f Requests N Jaz]\{ 2\}

t rof f Macros NJA-Z12].

t rof f Macrowith arguments  "M.[A-Z12].[]".*"
HTML In-line Codes <[M>]*>

Ventura Publisher Style Codes  ~@.*[1=_1.*

Match blank lines "$

Match entire line N*$

Match one or more spaces T
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3.2 A Line-Up of Characters

We have seen two basic elements in an expression:

1. A value expressed as aliteral or avariable.
2. An operator.

A regular expression is made up of these same elements. Any character, except the metacharactersin
Table 3.1, isinterpreted as aliteral that matches only itself.

Table 3.1: Summary of Metacharacters
Special
Characters Usage
Matches any single character except newline. In awk, dot can match newline also.

* Matches any number (including zero) of the single character (including a character
specified by aregular expression) that immediately precedes it.
[...] Matches any one of the class of characters enclosed between the brackets. A circumflex (%)

asfirst character inside brackets reverses the match to all characters except newline and
those listed in the class. In awk, newline will also match. A hyphen (-) is used to indicate a
range of characters. The close bracket (]) asthe first character in classis a member of the
class. All other metacharacters lose their meaning when specified as members of aclass.

A First character of regular expression, matches the beginning of the line. Matches the
beginning of astring in awk, even if the string contains embedded newlines.

$ Aslast character of regular expression, matches the end of the line. Matches the end of a
string in awk, even if the string contains embedded newlines.

\{n,m\} Matches arange of occurrences of the single character (including a character specified by a

regular expression) that immediately precedesit. \{ n\} will match exactly n occurrences,
\{n\} will match at least n occurrences, and \{ n,m\} will match any number of occurrences
between n and m. (sed and gr ep only, may not be in some very old versions.)
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\ Escapes the special character that follows.
Extended Metacharacters (egr ep and awk)

Special

Characters Usage

+ Matches one or more occurrences of the preceding regular expression.

? Matches zero or one occurrences of the preceding regular expression.

| Specifies that either the preceding or following regular expression can be matched
(alternation).

0 Groups regular expressions.

{n,m} Matches a range of occurrences of the single character (including a character specified by a

regular expression) that immediately precedesit. {n} will match exactly n occurrences,
{n,} will match at least n occurrences, and {n,m} will match any number of occurrences
between n and m. (POSIX egr ep and POSIX awk, not in traditional egr ep or awk.)[2]

[2] Most awk implementations do not yet support this notation.
Metacharacters have a special meaning in regular expressions, much the sasme way as + and * have
special meaning in arithmetic expressions. Several of the metacharacters (+ ? () |) are available only as

part of the extended set used by programs such as egr ep and awk. We will look at what each
metacharacter does in upcoming sections, beginning with the backslash.

3.2.1 The Ubiquitous Backslash

The backslash (\) metacharacter transforms metacharacters into ordinary characters (and ordinary
charactersinto metacharacters). It forces the literal interpretation of any metacharacter such that it will
match itself. For instance, the dot (.) is a metacharacter that needs to be escaped with a backslash if you
want to match a period. This regular expression matches a period followed by three spaces.

\.[I1]
The backslash istypically used to match t r of f requests or macros that begin with a dot.
\.nf

Y ou can also use the backslash to escape the backslash. For instance, the font change request int r of f
is"\f". To search for lines containing this request, you'd use the following regular expression:

\\ f

In addition, sed uses the backslash to cause a group of ordinary charactersto be interpreted as
metacharacters, as shown in Figure 3.2.



Figure 3.2: Escaped metacharacters in sed
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Theninthe"\n" construct represents adigit from 1 to 9; its use will be explained in Chapter 5, Basic
sed Commands.

3.2.2 A Wildcard

The wildcard metacharacter, or dot (.), might be considered equivalent to avariable. A variable
represents any value in an arithmetic expression. In aregular expression, adot (.) isawildcard that
represents any character except the newline. (In awk, dot can even match an embedded newline
character.)

Given that we are describing a sequence of characters, the wildcard metacharacter allows you to specify
aposition that any character can fill.

For instance, if we were searching afile containing a discussion of the Intel family of microprocessors,
the following regular expression:

80. 86

would match lines containing references to "80286," "80386," or "80486."[3] To match a decimal point
or a period, you must escape the dot with a backslash.

[3] The Pentium family of microprocessors breaks our simple pattern-matching
experiment, spoiling the fun. Not to mention the original 8086.

It is seldom useful to match just any character at the beginning or end of a pattern. Therefore, the
wildcard character is usually preceded and followed by aliteral character or other metacharacter. For
example, the following regular expression might be written to search for references to chapters:

Chapt er.

It searches for "the string "Chapter' followed by any character.” In a search, this expression would turn
up virtually the same matches as the fixed string pattern " Chapter". Look at the following example:

$ grep 'Chapter.' sanple
you w Il find several exanples in Chapter 9.



"Quote ne 'Chapter and Verse'," she said.

Chapter Ten

Searching for the string " Chapter" as opposed to " Chapter." would have matched all of the same lines.
However, there is one case that would be different - if "Chapter" appeared at the end of aline. The
wildcard does not match the newline, so "Chapter." would not match that line, while the fixed-string
pattern would match the line.

3.2.3 Writing Regular Expressions

For all practical purposes, you can rely on a program to produce the correct result. However, that doesn't
mean the program always works correctly as far as you are concerned. Most of the time, you can bet that
If a program does not produce the output that you expected, the real problem (putting aside input or
syntax errors) is how you described what you wanted.

In other words, the place to look to correct the problem is the expression where you described the result
you wanted. Either the expression isincomplete or it isimproperly formulated. For instance, if a
program evaluates this expression:

PAY = WEEKLY_SALARY * 52

and knows the values of these variables, it will calculate the correct result. But someone might object
that the formula did not account for salespeople, who also receive a commission. To describe this
Instance, the expression would need to be reformulated as:

PAY = WEEKLY_SALARY * 52 + COWM SSI ON

Y ou could say that whoever wrote the first expression did not fully understand the scope of the problem
and thus did not describe it well. It isimportant to know just how detailed a description must be. If you
ask someone to bring you a book, and there are multiple books in view, you need to describe more
specifically the book that you want (or be content with an indeterminate sel ection process).

The sameistrue with regular expressions. A program such asgr ep issimple and easy to use.
Understanding the elements of regular expressions is not so hard, either. Regular expressions allow you
to write simple or complex descriptions of patterns. However, what makes writing regular expressions
difficult (and interesting) is the complexity of the application: the variety of occurrences or contextsin
which a pattern appears. This complexity isinherent in language itself, just as you can't always
understand an expression by looking up each word in the dictionary.

The process of writing aregular expression involves three steps:

1. Knowing what it is you want to match and how it might appear in the text.
2. Writing a pattern to describe what you want to match.



3. Testing the pattern to see what it matches.

This processis virtualy the same kind of process that a programmer follows to develop a program. Step
1 might be considered the specification, which should reflect an understanding of the problem to be
solved as well as how to solveit. Step 2 is analogous to the actual coding of the program, and Step 3
involves running the program and testing it against the specification. Steps 2 and 3 form aloop that is
repeated until the program works satisfactorily.

Testing your description of what you want to match ensures that the description works as expected. It
usually uncovers afew surprises. Carefully examining the results of atest, comparing the output against
the input, will greatly improve your understanding of regular expressions. Y ou might consider
evaluating the results of a pattern matching-operation as follows:

Hits

Thelines that | wanted to match.
Misses

Thelinesthat | didn't want to match.
Omissions

Thelinesthat | didn't match but wanted to match.
False alarms

Thelinesthat | matched but didn't want to match.

Trying to perfect your description of a pattern is something that you work at from opposite ends: you try
to eliminate the false alarms by limiting the possible matches and you try to capture the omissions by
expanding the possible matches.

The difficulty is especially apparent when you must describe patterns using fixed strings. Each character
you remove from the fixed-string pattern increases the number of possible matches. For instance, while
searching for the string "what," you determine that you'd like to match "What" as well. The only fixed-
string pattern that will match "What" and "what" is "hat,” the longest string common to both. Itis
obvious, though, that searching for "hat" will produce unwanted matches. Each character you add to a
fixed-string pattern decreases the number of possible matches. The string "them" will usually produce
fewer matches than the string "the."

Using metacharacters in patterns provides greater flexibility in extending or narrowing the range of
matches. Metacharacters, used in combination with literals or other metacharacters, can be used to
expand the range of matches while still eliminating the matches that you do not want.

3.2.4 Character Classes



A character classisarefinement of the wildcard concept. Instead of matching any character at a specific
position, we can list the characters to be matched. The square bracket metacharacters ([]) enclose the list
of characters, any of which can occupy a single position.

Character classes are useful for dealing with uppercase and lowercase letters, for instance. If "what"
might appear with either an initial capital letter or alowercase letter, you can specify:

[ W] hat

This regular expression can match "what" or "What." It will match any line that contains this four-
character string, the first character of whichiseither "W" or "w." Therefore, it could match "Whatever"
or "somewhat."

If afile contained structured heading macros, such as.H1, .H2, .H3, etc., you could extract any of these
lines with the regular expression:

\. H 12345]
This pattern matches a three-character string, where the last character is any number from 1 to 5.

The same syntax is used by the UNIX shell. Thus, you can use character classes to specify filenamesin
UNIX commands. For example, to extract headings from a group of chapter files, you might enter:

$ grep '\.H 123]" chO[ 12]
chOl: . HL "Contents of Distribution Tape"
chOl: . H1L "Installing the Software"

chOl1l: . H1L "Configuring the Systent
chOl: . H2 " Specifying I nput Devices"
chOl: . H3 "Using the Touch Screen"
chOl: . H3 "Usi ng the Muse"

chOl: . H2 "Specifying Printers"
ch02: . H1L "Getting Started"

ch02: . H2 "A Quick Tour™

Note that you have to quote the pattern so that it is passed on to gr ep rather than interpreted by the
shell. The output produced by gr ep identifies the name of the file for each line printed. As another
example of a character class, assume you want to specify the different punctuation marks that end a
sentence;

[, . EE



This expression matches "any character followed by an exclamation mark or question mark or semicolon
or colon or comma or quotation mark or period and then followed by two spaces and any character.” It
could be used to find places where two spaces had been left between the end of a sentence and the
beginning of the next sentence, when this occurs on one line. Notice that there are three dotsin this
expression. The first and last dots are wildcard metacharacters, but the second dot is interpreted literally.
Inside square brackets, the standard metacharacters lose their meaning. Thus, the dot inside the square
brackets indicates a period. Table 3.2 lists the characters that have a special meaning inside square
brackets.

Table 3.2: Specia Charactersin Character Classes

Character Function

\ Escapes any special character (awk only)
- Indicates a range when not in the first or last position.
A Indicates a reverse match only when in the first position.

The backslash is special only in awk, making it possible to write “[a\]1]" for a character class that will
match an a, aright bracket, or a 1.

3.2.4.1 A range of characters

The hyphen character (-) allows you to specify arange of characters. For instance, the range of all
uppercase English letters[4] can be specified as:

[4] Thiscan actually be very messy when working in non-ASCII character sets and/or
languages other than English. The POSIX standard addresses this issue; the new POSIX
features are presented below.

[A-Z]
A range of single-digit numbers can be specified as:
[0-9]

This character class helps solve an earlier problem of matching chapter references. Look at the following
regular expression:

[ cC] hapter [1-9]

It matches the string "chapter" or "Chapter" followed by a space and then followed by any single-digit
number from 1 to 9. Each of the following lines match the pattern:



you will find the information in chapter 9
and chapter 12.
Chapter 4 contains a summary at the end.

Depending upon the task, the second line in this example might be considered afalse aarm. Y ou might
add a space following "[1-9]" to avoid matching two-digit numbers. Y ou could also specify a class of
characters not to be matched at that position, as we'll see in the next section. Multiple ranges can be
specified as well asintermixed with literal characters:

[0-9a-z7?,.;:""]
This expression will match "any single character that is numeric, lowercase aphabetic, or a question
mark, comma, period, semicolon, colon, single quote, or quotation mark." Remember that each character

class matches a single character. If you specify multiple classes, you are describing multiple consecutive
characters such as:

[a-zA-Z][. 2]

This expression will match "any lowercase or uppercase letter followed by either a period, a question
mark, or an exclamation mark."

The close bracket (]) isinterpreted as a member of the classif it occurs as the first character in the class
(or asthefirst character after a circumflex; see the next section). The hyphen loses its special meaning
within aclassif it isthefirst or last character. Therefore, to match arithmetic operators, we put the
hyphen (-) first in the following example:

[-+/]

In awk, you could also use the backslash to escape the hyphen or close bracket wherever either one
occursin the range, but the syntax is messier.

Trying to match dates with aregular expression is an interesting problem. Here are two possible formats:

MW DD- YY
MM DD YY

The following regular expression indicates the possible range of values for each character position:
[0-1][0-9][-/][0-3][0-9][-/][0-9][0-9]

Either "-" or "/" could be the delimiter. Putting the hyphen in the first position ensures that it will be
interpreted in a character class literally, as a hyphen, and not asindicating a range.[5]



[5] Note that the expression matches dates that mix their delimiters, as well asimpossible
dateslike "15/32/78."

3.2.4.2 Excluding a class of characters

Normally, a character class includes all the characters that you want to match at that position. The
circumflex (") asthefirst character in the class excludes al of the charactersin the class from being
matched. Instead any character except newline[6] that is not listed in the square brackets will be
matched. The following pattern will match any non-numeric character:

[6] In awk, newline can aso be matched.
["0-9]

It matches all uppercase and lowercase letters of the alphabet and all special characters such as
punctuation marks.

Excluding specific characters is sometimes more convenient than explicitly listing all the characters you
want to match. For instance, if you wanted to match any consonant, you could ssmply exclude vowels:

[ ~aei ou]

This expression would match any consonant, any vowel in uppercase, and any punctuation mark or
special character.

Look at the following regular expression:
\.DS "[~1]"

This expression matches the string ".DS" followed by a space, a quote followed by any character other
than the number "1," followed by a quote.[7] It is designed to avoid matching the following line:

[7] When typing this pattern at the command line, be sure to enclose it in single quotes.
The” isspecial to the original Bourne shell.

.DS "1"
while matching lines such as:

.DS "I"
. DS "2"



This syntax can aso be used to limit the extent of a match, as we'll see up ahead.

3.2.4.3 POSIX character class additions

The POSIX standard formalizes the meaning of regular expression characters and operators. The
standard defines two classes of regular expressions: Basic Regular Expressions (BRES), which are the

kind used by grep and sed, and Extended Regular Expressions, which are the kind used by egr ep and
awk.

In order to accommodate non-English environments, the POSI X standard enhanced the ability of
character classes to match characters not in the English alphabet. For example, the French eisan
alphabetic character, but the typical character class [a-z] would not match it. Additionally, the standard
provides for sequences of characters that should be treated as a single unit when matching and collating
(sorting) string data.

POSIX aso changed what had been common terminology. What we've been calling a" character class'
Iscalled a"bracket expression” in the POSIX standard. Within bracket expressions, beside literal
characters such as a, !, and so on, you can have additional components. These are:

. Character classes. A POSIX character class consists of keywords bracketed by [: and :]. The
keywords describe different classes of characters such as alphabetic characters, control
characters, and so on (see Table 3.3).

. Caollating symbols. A collating symbol is a multicharacter sequence that should be treated as a
unit. It consists of the characters bracketed by [. and .].

. Equivalence classes. An equivalence class lists a set of characters that should be considered
equivalent, such as e and e. It consists of a named element from the locale, bracketed by [= and

:]_

All three of these constructs must appear inside the square brackets of a bracket expression. For example
[[:alpha:]!] matches any single a phabetic character or the exclamation point, [[.ch.]] matches the
collating element ch, but does not match just the letter c or the letter h. In a French locale, [[=e=]] might
match any of e, , or é. Classes and matching characters are shown in Table 3.3.

Table 3.3: POSIX Character Classes

Class Matching Characters

[:alnum:] Printable characters (includes whitespace)
[:alpha] Alphabetic characters

[:blank:] Space and tab characters

[:cntrl]]  Control characters

[:digit] Numeric characters

[:graph:] Printable and visible (non-space) characters



[:lower:] Lowercase characters
[:print:] Alphanumeric characters
[:punct:] Punctuation characters
[:space:] Whitespace characters
[:upper:] Uppercase characters
[:xdigit:] Hexadecimal digits

These features are slowly making their way into commercial versions of sed and awk, as vendors fully
implement the POSIX standard. GNU awk and GNU sed support the character class notation, but not the
other two bracket notations. Check your local system documentation to see if they are available to you.

Because these features are not widely available yet, the scripts in this book will not rely on them, and we
will continue to use the term "character class' to refer to lists of charactersin square brackets.

3.2.5 Repeated Occurrences of a Character

The asterisk (*) metacharacter indicates that the preceding regular expression may occur zero or more
times. That is, if it modifies a single character, the character may be there or not, and if it is, there may
be more than one of them. Y ou could use the asterisk metacharacter to match aword that might appear
INn quotes.

[I"*hypertext"*[]
The word "hypertext" will be matched regardless of whether it appearsin quotes or not.

Also, if the literal character modified by the asterisk does exist, there could be more than one
occurrence. For instance, let's examine a series of numbers:

1

5

10
50
100
500
1000
5000

The regular expression
[ 15] O*

would match all lines, whereas the regular expression



[ 15] 00*

would match all but the first two lines. Thefirst zeroisaliteral, but the second is modified by the
asterisk, meaning it might or might not be present. A similar technique is used to match consecutive
spaces because you usually want to match one or more, not zero or more, spaces. Y ou can use the
following to do that:

[Tk

When preceded by a dot metacharacter, the asterisk metacharacter matches any number of characters. It
can be used to identify a span of characters between two fixed strings. If you wanted to match any string
inside of quotation marks, you could specify:

noogn

Thiswould match all characters between the first and last quotation marks on the line plus the quotation
marks. The span matched by ".*" is always the longest possible. This may not seem important now but it
will be once you learn about replacing the string that was matched.

As another example, apair of angle brackets is a common notation for enclosing formatting instructions
used in markup languages, such as SGML, HTML, and Ventura Publisher.

Y ou could print all lines with these marks by specifying:
$ grep '<.*>'" sanple

When used to modify a character class, the asterisk can match any number of a character in that class.
For instance, look at the following five-line samplefile:

| can do it

| cannot do it
| can not do it
| can't do it

| cant do it

If we wanted to match each form of the negative statement, but not the positive statement, the following
regular expression would do it:

can[ Cno' ] *t

The asterisk causes any of the charactersin the class to be matched in any order and for any number of
occurrences. Hereit is:



$ grep "can[[dno']*t" sanple
| cannot do it
| can not do it
| can't do it
| cant do it
There are four hits and one miss, the positive statement. Notice that had the regular expression tried to
match any number of characters between the string "can” and "t," asin the following example:

can. *t
it would have matched all lines.

The ability to match "zero or more" of something is known by the technical term "closure." The
extended set of metacharacters used by egrep and awk provides several variations of closure that can be
guite useful. The plus sign (+) matches one or more occurrences of the preceding regular expression.
Our earlier example of matching one or more spaces can be simplified as such:

L+

The plus sign metacharacter can be thought of as"at least one" of the preceding character. In fact, it
better corresponds to how many people think * works.

The question mark (?) matches zero or one occurrences. For instance, in a previous example, we used a
regular expression to match "80286," "80386," and "80486." If we wanted to also match the string
"8086," we could write aregular expression that could be used with egr ep or awk:

80[ 234] 786

It matches the string "80" followed by a"2," a"3," a"4," or no character followed by the string "86."
Don't confuse the ? in aregular expression with the ? wildcard in the shell. The shell's ? represents a
single character, equivalent to. in aregular expression.

3.2.6 What's the Word? Part |

Asyou have probably figured out, it is sometimes difficult to match a complete word. For instance, if we
wanted to match the pattern "book," our search would hit lines containing the word "book" and "books"
but also the words "bookish," "handbook," and "booky." The obvious thing to do to limit the matching is
to surround "book™ with spaces.

[lbook[]



However, this expression would only match the word "book"; it would miss the plural "books". To
match either the singular or plural word, you could use the asterisk metacharacter:

[Ibooks*[]

Thiswill match "book" or "books". However, it will not match "book" if it isfollowed by a period, a
comma, a question mark, or a quotation mark.

When you combine the asterisk with the wildcard metacharacter (.), you can match zero or more
occurrences of any character. In the previous example, we might write afuller regular expression as.

[lbook. *[]

This expression matches the string "book" followed by "any number of characters or none followed by a
space." Here are afew lines that would match:

Here are the books that you requested

Yes, it is a good book for children

It is amazing to think that it was called a "harnful book"
when

once you get to the end of the book, you can't believe

(Note that only the second line would be matched by the fixed string "[lbook[_]".) The expression "
[book.*[1" matches lines containing words such as "booky," "bookworm," and "bookish." We could
eliminate two of these matches by using a different modifier. The question mark (?), which is part of the
extended set of metacharacters, matches O or 1 occurrences of the preceding character. Thus, the
expression:

[lbook. ?2[]

would match "book," "books," and "booky" but not "bookish™ and "bookworm." To eliminate a word
like "booky," we would have to use character classes to specify all the charactersin that position that we
want to match. Furthermore, since the question mark metacharacter is not available with sed, we would
have to resort to character classes anyway, as you'll see later on.

Trying to be all-inclusive is not always practical with aregular expression, especially when using gr ep.
Sometimesiit is best to keep the expression simple and allow for the misses. However, as you use regular
expressionsin sed for making replacements, you will need to be more careful that your regular
expression is complete. We will look at a more comprehensive regular expression for searching for
wordsin Part Il of "What's the Word?" later in this chapter.

3.2.7 Positional Metacharacters



There are two metacharacters that allow you to specify the context in which a string appears, either at
the beginning of aline or at the end of aline. The circumflex () metacharacter is a single-character
regular expression indicating the beginning of aline. The dollar sign ($) metacharacter isa single-
character regular expression indicating the end of aline. These are often referred to as "anchors," since
they anchor, or restrict, the match to a specific position. Y ou could print lines that begin with atab:

N

(The # represents a literal tab character, which is normally invisible.) Without the * metacharacter, this
expression would print any line containing atab.

Normally, using vi to input text to be processed by t r of f , you do not want spaces appearing at the
end of lines. If you want to find (and remove) them, this regular expression will match lines with one or
more spaces at the end of aline:

[T S
t r of f requests and macros must be input at the beginning of aline. They are two-character strings,
preceded by adot. If arequest or macro has an argument, it is usually followed by a space. The regular
expression used to search for such requestsis:

ML O

This expression matches "a dot at the beginning of aline followed by any two-character string, and then
followed by a space.”

Y ou can use both positional metacharacters together to match blank lines:
g

Y ou might use this pattern to count the number of blank linesin afile using the count option, -c, to
grep:

$ grep -c '*$' cho4
5

Thisregular expression is useful if you want to delete blank lines using sed. The following regular
expression can be used to match a blank line even if it contains spaces.

/\D*$

Similarly, you can match the entire line:



N ] * $
which is something you might possibly want to do with sed.

In sed (and grep), "N and "$" are only special when they occur at the beginning or end of aregular
expression, respectively. Thus "*abc" means "match the letters a, b, and c only at the beginning of the
line," while"ab*c" means "match a, b, aliteral #, and then ¢, anywhere on theline." The sameistrue for
the"$."

In awk, it's different; "~ and "$" are always special, even though it then becomes possible to write
regular expressions that don't match anything. Suffice it to say that in awk, when you want to match
either aliteral "~ or "$," you should always escape it with a backslash, no matter what its position in the
regular expression.

3.2.7.1 Phrases
A pattern-matching program such as gr ep does not match a string if it extends over two lines. For all
practical purposes, it is difficult to match phrases with assurance. Remember that text files are basically
unstructured and line breaks are quite random. If you are looking for any sequence of words, it is
possible that they might appear on one line but they may be split up over two.
Y ou can write a series of regular expression to capture a phrase:

Al nond Joy

Al nrond$

rJoy
Thisis not perfect, as the second regular expression will match "Almond" at the end of aline, regardless
of whether or not the next line begins with "Joy". A similar problem exists with the third regular

expression.

Later, when we look at sed, you'll learn how to match patterns over multiple lines and you'll see a shell
script incorporating sed that makes this capability available in ageneral way.

3.2.8 A Span of Characters

The metacharacters that allow you to specify repeated occurrences of a character (*+7?) indicate a span
of undetermined length. Consider the following expression:

11*0

It will match each of the following lines:



10

110

111110
11111111111112111111111111110

These metacharacters give elasticity to aregular expression.

Now let'slook at a pair of metacharacters that allow you to indicate a span and also determine the length
of the span. So, you can specify the minimum and maximum number of occurrences of aliteral character
or regular expression.

\{ and\} areavailablein gr ep and sed.[8] POSIX egr ep and POSIX awk use{ and }. In any case, the
braces enclose one or two arguments.

[8] Very old versions may not have them; Caveat emptor.

\{n,m\}
n and m are integers between 0 and 255. If you specify \{ n\} by itself, then exactly n occurrences of the
preceding character or regular expression will be matched. If you specify \{ n,\}, then at least n

occurrences will be matched. If you specify \{ n,m\}, then any number of occurrences between nand m
will be matched.[9]

[9] Notethat "?" isequivalent to "\{0,1\} ", "*" isequivalent to "\{ O,\} ", "+" is equivalent
to"\{1\}", and no modifier is equivalent to "\{ 1\}".

For example, the following expression will match "1001," "10001," and "100001" but not "101" or
"*1000001":

100 {2,4\}1
This metacharacter pair can be useful for matching data in fixed-length fields, data that perhaps was
extracted from a database. It can also be used to match formatted data such as phone numbers, U.S.
social security numbers, inventory part IDs, etc. For instance, the format of a social security number is

three digits, a hyphen, followed by two digits, a hyphen, and then four digits. That pattern could be
described as follows:

[0-9]\{3\}-[0-9]\{2\}-[0-9]\{4\}

Similarly, a North American local phone number could be described with the following regul ar
expression:

[0-9]\{3\}-[0-9]\{4\}



If you are using pre-POSIX awk, where you do not have braces available, you can simply repeat the
character classes the appropriate number of times:

[0-9][0-9][0-9]-[0-9][0-9][0-9][0-9]
3.2.9 Alternative Operations

The vertical bar (]) metacharacter, part of the extended set of metacharacters, allows you to specify a
union of regular expressions. A line will match the pattern if it matches one of the regular expressions.
For instance, this regular expression:

UNI X| LI NUX

will match lines containing either the string "UNIX" or the string "LINUX". More than one alternative
can be specified:

UNI X| LI NUX| NETBSD
A line matching any of these three patterns will be printed by egr ep.

In sed, lacking the union metacharacter, you would specify each pattern separately. In the next section,
where we look at grouping operations, we will see additional examples of this metacharacter.

3.2.10 Grouping Operations

Parentheses, (), are used to group regular expressions and establish precedence. They are part of the
extended set of metacharacters. Let's say that a company's name in atext fileisreferred to as "BigOne"
or "BigOne Computer":

Bi gOne(Conput er) ?

This expression will match the string "BigOne" by itself or followed by a single occurrence of the string
"[IComputer". Similarly, if aterm is sometime spelled out and at other times abbreviated:

$ egrep "Lab(oratorie)?s" mail.list
Bel | Laboratories, Lucent Technol ogi es
Bel | Labs

Y ou can use parentheses with a vertical bar to group alternative operations. In the following example,
we use it to specify a match of the singular or plural of the word "company."

conpan(y]|ies)



It isimportant to note that applying a quantifier to a parenthesized group of characters can't be donein
most versions of sed and gr ep, but isavailablein all versions of egr ep and awk.

3.2.11 What's the Word? Part Il

Let's reevaluate the regular expression for searching for asingle word in light of the new metacharacters
we've discussed. Our first attempt at writing aregular expression for gr ep to search for aword
concluded with the following expression:

[lbook. *[]

This expression isfairly simple, matching a space followed by the string "book" followed by any
number of characters followed by a space. However, it does not match all possible occurrences and it
does match a few nuisance words.

The following test file contains numerous occurrences of "book." We've added a notation, which is not
part of the file, to indicate whether the input line should be a"hit" (>) and included in the output or a
"miss’ (<). We'vetried to include as many different examples as possible.

cat bookwords

This file tests for book in various places, such as
book at the beginning of a line or

at the end of a line book

as well as the plural books and

handbooks. Here are sone

phrases that use the word in different ways:
"book of the year award"

to look for aline with the word "book"

A GREAT book!

A great book? No.

told them about (the books) until it

Here are the books that you requested

Yes, it is a good book for children

amazing that it was called a "harnful book" when
once you get to the end of the book, you can't believe
A well-witten regul ar expression shoul d

avoi d matchi ng unrel at ed words,

such as booky (is that a word?)

and booki sh and

bookwor m and so on.

&

ANNNNANV YV VVVVVVVANANYVYVYVYV

As we search for occurrences of the word "book," there are 13 lines that should be matched and 7 lines



that should not be matched. First, let's run the previous regular expression on the sample file and check
the results.

$ grep '[lbook. *[I' bookwor ds

This file tests for book in various places, such as
as well as the plural books and

A great book? No.

told them about (the books) until it

Here are the books that you requested

Yes, it is a good book for children

amazing that it was called a "harnful book" when
once you get to the end of the book, you can't believe
such as booky (is that a word?)

and booki sh and

It only prints 8 of the 13 lines that we want to match and it prints 2 of the lines that we don't want to
match. The expression matches lines containing the words "booky" and "bookish." It ignores "book™ at
the beginning of aline and at the end of aline. It ignores "book" when there are certain punctuation
marks involved.

To restrict the search even more, we must use character classes. Generally, the list of characters that
might end aword are punctuation marks, such as:

?.

In addition, quotation marks, parentheses, braces, and brackets might surround aword or open or close
with aword:

0 {} [

Y ou would a'so have to accommaodate the plural or possessive forms of the word.

Thus, you would have two different character classes: before and after the word. Remember that all we
have to do is list the members of the class inside square brackets. Before the word, we now have:

["[{(]
and after the word:
[13)"?0., ;" s]

Note that putting the closing square bracket as the first character in the class makes it a member of the
class rather than closing the set. Putting the two classes together, we get the expression:



LI [{(]*book[1})"2!.,;:" s]*L1

Show this to the uninitiated, and they'll throw up their hands in despair! But now that you know the
principlesinvolved, you can not only understand this expression, but could easily reconstruct it. Let's see
how it does on the sample file (we use double quotes to enclose the single quote character, and then a
backslash in front of the embedded double quotes):

$grep " [\"[{(]*book[]})\"?!.,;:"s]* " bookwords

This file tests for book in various places, such as

as well as the plural books and

A great book? No.

told them about (the books) until it

Here are the books that you requested

Yes, it is a good book for children

amazing that it was called a "harnful book" when

once you get to the end of the book, you can't believe

We eliminated the lines that we don't want but there are four lines that we're not getting. Let's examine
the four lines:

book at the beginning of a line or
at the end of a line book

"book of the year award"

A GREAT book!

All of these are problems caused by the string appearing at the beginning or end of aline. Because there
IS No space at the beginning or end of aline, the pattern is not matched. We can use the positional
metacharacters, * and $. Since we want to match either a space or beginning or end of aline, we can use
egr ep and specify the "or" metacharacter along with parentheses for grouping. For instance, to match
either the beginning of aline or a space, you could write the expression:

(")

(Because | and () are part of the extended set of metacharacters, if you were using sed, you'd haveto
write different expressions to handle each case.)

Here's the revised regular expression:
(" )T I{(I*book[]})" AL, ;" s]*( |9)
Now let's see how it works:

$ egrep "(M )[IVN"[{(]*book[]})\"2\!.,;:"s]*( |$)" bookwords



This file tests for book in various places, such as
book at the beginning of a line or

at the end of a lIine book

as well as the plural books and

"book of the year award"

to look for aline wwth the word "book"

A GREAT book!

A great book? No.

told them about (the books) until it

Here are the books that you requested

Yes, it is a good book for children

amazing that it was called a "harnful book" when
once you get to the end of the book, you can't believe

Thisis certainly acomplex regular expression; however, it can be broken down into parts. This
expression may not match every single instance, but it can be easily adapted to handle other occurrences
that you may find.

Y ou could also create a simple shell script to replace "book™ with acommand-line argument. The only
problem might be that the plural of some wordsisnot smply "s." By sleight of hand, you could handle
the "es' plura by adding "€" to the character class following the word; it would work in many cases.

Asafurther note, theex and vi text editors have a special metacharacter for matching a string at the
beginning of aword, \<, and one for matching a string at the end of aword, \>. Used as a pair, they can
match a string only when it is a complete word. (For these operators, aword is a string of non-
whitespace characters with whitespace on both sides, or at the beginning or end of aline.) Matching a
word is such acommon case that these metacharacters would be widely used, if they were available for
al regular expressions.[10]

[10] GNU programs, such as the GNU versions of awk, sed, and gr ep, also support \<
and \>.

A Program for Making Single Replacements

The MKS Toolkit, aset of UNIX utilitiesfor DOS by Mortice Kern Systems, Inc., contains avery useful
program called gr es (global regular expression substitution). Just like gr ep, it searches for a pattern in
afile; however, it allows you to specify areplacement for the string that you match. This programisin
fact asimplified version of sed, and like sed, it prints all lines regardless of whether or not a replacement
was made. It does not make the replacement in the file itself. Y ou have to redirect the output from the
program into afileif you want to save the changes.

gr es isnot part of standard UNIX but it would be anice tool to have. It can be created using asimple
shell script that invokes sed to do the work.



$ cat gres
if [ $# -1t "3" ]

t hen
echo Usage: gres pattern replacenent file
exit 1
fi
pattern=%$1
repl acenent =$2
if [ -f $3 ]
t hen
file=%$3
el se
echo $3 is not a file.
exit 1
fi
A=""echo | tr "\012" '"\001" """ # See footnote[1ll]

sed -e "s$A$pattern$A$repl acenent A" $file

Throughout the rest of the chapter, we will use gr es to demonstrate the use of replacement
metacharacters. Remember that whatever appliesto gr es appliesto sed aswell. Here we replace the
string matched by the regular expression "A.*Z" with double zero (00).

$ gres "A *Z" "00" sanple
00i ppy, our dog

00i ggy
00el da

3.2.12 Your Replacement Is Here

When using gr ep, it seldom matters how you match the line as long as you match it. When you want to
make a replacement, however, you have to consider the extent of the match. So, what characters on the
line did you actually match?

In this section, we're going to look at several examples that demonstrate the extent of a match. Then
we'll use a program that works like gr ep but also allows you to specify a replacement string. Lastly, we
will look at several metacharacters used to describe the replacement string.

3.2.12.1 The extent of the match
Let'slook at the following regular expression:

A*Z



This matches "zero or more occurrences of A followed by Z." It will produce the same result as ssimply
specifying "Z". The letter "A" could be there or not; in fact, the letter "Z" isthe only character matched.
Here's a sample two-linefile:

Al'l of wus, including Zi ppy, our dog
Some of wus, including Zippy, our dog

If wetry to match the previous regular expression, both lines would print out. Interestingly enough, the
actual match in both casesis made on the"Z" and only the "Z". We can use the gr es command (see the
sidebar, "A Program for Making Single Replacements") to demonstrate the extent of the match.

$ gres "A*Z" "00" test
Al of us, including 00ippy, our dog
Sone of wus, including 00i ppy, our dog

We would have expected the extent of the match on the first line to be from the "A" to the "Z" but only
the"Z" is actually matched. This result may be more apparent if we change the regular expression
dlightly:

A *Z

".*" can beinterpreted as "zero or more occurrences of any character," which means that "any number of
characters" can be found, including none at all. The entire expression can be evaluated as"an A
followed by any number of charactersfollowed by aZ." An"A" istheinitial character in the pattern and
"Z" isthe last character; anything or nothing might occur in between. Running gr ep on the same two-
line file produces one line of output. We've added aline of carets () underneath to mark what was
matched.

Al of us, including Zippy, our dog

NNNNNNNNNNNNNNNNNNNNNN

The extent of the match isfrom "A" to "Z". The same regular expression would aso match the following
line:

| heard it on radio stati on WAZ 1060.

NN

The string "A.*Z" matches"A followed by any number of characters (including zero) followed by Z."
Now, let'slook at asimilar set of sample linesthat contain multiple occurrences of "A" and "Z".

Al'l of us, including Zi ppy, our dog
Al'l of us, including Zi ppy and Zi ggy
Al'l of us, including Zi ppy and Zi ggy and Zel da



The regular expression "A.*Z" will match the longest possible extent in each case.

Al of us, including Zippy, our dog

NNNNNNNNNNNNNNNNNNNNNN

Al of us, including Zippy and Zi ggy

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Al of us, including Zi ppy and Ziggy and Zel da

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

This can cause problems if what you want is to match the shortest extent possible.

3.2.13 Limiting the Extent

Earlier we said that aregular expression tries to match the longest string possible and that can cause
unexpected problems. For instance, look at the regular expression to match any number of characters
inside of quotation marks:

T
Let'slook at at r of f macro that has two quoted arguments, as shown below:
. Se "Appendi x" "Full Program Listings"
To match the first argument, we might describe the pattern with the following regular expression:
\.Se ".*"
However, it ends up matching the whole line because the second quotation mark in the pattern matches
the last quotation mark on the line. If you know how many arguments there are, you can specify each of
them:
\.Se ".*¥" onox
Although this works as you'd expect, each line might not have the same number of arguments, causing

omissions - you simply want the first argument. Here's a different regular expression that matches the
shortest possible extent between two quotation marks:

N e

It matches "a quote followed by any number of characters that do not match a quote followed by a
quote”:



$ gres ""[A"]*"" ' 00" sanpl eline
.Se 00 "Appendi x"

Now let'slook at afew lines with adot character (.) used as aleader between two columns of numbers:

1........ 5

S.o . 10
10....... 20
100...... 200

The difficulty in matching the leader charactersis that their number is variable. Let's say that you
wanted to replace all of the leaders with asingle tab. Y ou might write aregular expression to match the
line as follows:

[0-9][0-9]*\.\.*[0-9][0-9] *

This expression might unexpectedly match the line:
see Section 2.3

To restrict matching, you could specify the minimum number of dots that are common to all lines:
[0-9][0-9]*\.\{5,\}[0-9][0-9] *

This expression uses braces available in sed to match "a single number followed by at least five dots and
then followed by a single number." To see thisin action, we'll show a sed command that replaces the
|leader dots with a hyphen. However, we have not covered the syntax of sed's replacement
metacharacters - \( and \) to save a part of aregular expression and \1 and \2 to recall the saved portion.
This command, therefore, may look rather complex (it is!) but it does the job.

$ sed "s/\([0-9][0-9]*\)\V. \{5\}\([0-9][0-9]*\)/\1-\2/"
sanpl e

1-5

5-10

10- 20

100- 200

A similar expression can be written to match one or more leading tabs or tabs between columns of data.
Y ou could change the order of columns as well as replacing the tab with another delimiter. Y ou should
experiment on your own by making simple and complex replacements, using sed or gr es.
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When ayoung child is struggling to understand the meaning of an idiomatic expression, such as
"Someone et the cat out of the bag," you might help by explaining that it's an expression, and doesn't
literally mean what it says.

An expression, even in computer terminology, is not something to be interpreted literally. Itis
something that needs to be evaluated. An expression describes a result.

In this chapter, we are going to look at regular expression syntax. A regular expression describes a
pattern or a particular sequence of characters, although it does not necessarily specify a single exact
sequence.

While regular expressions are a basic part of UNIX, not everyone has a complete understanding of the
syntax. In fact, it can be quite confusing to look at an expression such as.

AT+

which uses metacharacters or special symbols to match aline with one or more leading spaces. (A
square box, [, is used to make spaces visible in our examples.)

If you use any UNIX text editor on aroutine basis, you are probably somewhat familiar with regular
expression syntax. gr ep, sed, and awk all use regular expressions. However, not all of the
metacharacters used in regular expression syntax are available for all three programs. The basic set of
metacharacters was introduced with the ed line editor, and made available in gr ep. Sed uses the same
set of metacharacters. Later a program named egr ep was introduced that offered an extended set of
metacharacters. Awk uses essentially the same set of metacharactersas egr ep.
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To understand regular expression syntax, you have to learn the functions performed by various
metacharacters. But you also have to see many examples of them working in various combinations. That
Is our approach in this chapter, to introduce each metacharacter and provide alot of examples, that for
the most part use gr ep, and its cousin, egr ep, to demonstrate practical applications.

If you aready understand regular expression syntax, feel free to skip this chapter. A complete listing of
regular expression metacharacters can be found in Table 3.1, aswell asin Appendix A, Quick Reference

for sed, and Appendix B, Quick Reference for awk. For those who are interested, O'Reilly's Mastering

Regular Expressions, by Jeffrey E. F. Friedl, provides exhaustive coverage of regular expression
construction and use.

3.1 That's an Expression

Y ou are probably familiar with the kinds of expressions that a calculator interprets. Look at the
following arithmetic expression:

2 + 4

"Two plus four" consists of several constants or literal values and an operator. A calculator program
must recognize, for instance, that "2" is a numeric constant and that the plus sign represents an operator,
not to be interpreted as the "+" character.

An expression tells the computer how to produce aresult. Although it is the result of “two plus four" that
we really want, we don't smply tell the computer to return asix. We instruct the computer to evaluate
the expression and return a value.

An expression can be more complicated than "2 + 4"; in fact, it might consist of multiple smple
expressions, such as the following:

2 +3* 4

A calculator normally evaluates an expression from left to right. However, certain operators have
precedence over others:. that is, they will be performed first. Thus, the above expression will evaluate to
14 and not 20 because multiplication takes precedence over addition. Precedence can be overridden by
placing the simple expression in parentheses. Thus, "(2 + 3) * 4" or "the sum of two plus three times
four" will evaluate to 20. The parentheses are symbols that instruct the calculator to change the order in
which the expression is evaluated.

A regular expression, by contrast, describes a pattern or sequence of characters. Concatenation isthe
basic operation implied in every regular expression. That is, a pattern matches adjacent characters. Look
at the following regular expression:



ABE

Each literal character isaregular expression that matches only that single character. This expression
describes an "A followed by a B then followed by an E" or ssmply "the string ABE". The term "string"
means each character concatenated to the one preceding it. That aregular expression describes a
sequence of characters can't be emphasized enough. (Novice users are inclined to think in higher-level
units such as words, and not individual characters.) Regular expressions are case-sensitive; "A" does not
match "a".[1]

[1] Some other programs that use regular expressions offer the option of having them be
case-insensitive, but sed and awk do not.

Programs such as gr ep that accept regular expressions must first evaluate the syntax of the regular
expression to produce a pattern. They then read the input line-by-line trying to match the pattern. An
input lineisastring, and to seeif a string matches the pattern, a program compares the first character in
the string to the first character of the pattern. If there isamatch, it compares the second character in the
string to the second character of the pattern. Whenever it fails to make a match, it goes back and tries
again, beginning one character later in the string. Figure 3.1 illustrates this process, trying to match the

pattern "abe" on an input line.

A regular expression is not limited to literal characters. Thereis, for instance, a metacharacter - the dot
(.) - that can be used as a "wildcard" to match any single character. Y ou can think of thiswildcard as
analogous to a blank tile in Scrabble where it means any letter. Thus, we can specify the regular
expression "A.E" and it will match "ACE," "ABE", and "ALE". It will match any character in the
position following "A".

The metacharacter * , the asterisk, is used to match zero or more occurrences of the preceding regular
expression, which typically isasingle character. Y ou may be familiar with * as a shell metacharacter,
where it means "zero or more characters." But that meaning is very different from * in aregular
expression. By itself, the asterisk metacharacter does not match anything; it modifies what goes before
it. The regular expression . * matches any number of characters, whereasin the shell, * hasthat
meaning. (For instance, inthe shell, | s * will list all the filesin the current directory.) The regular
expression "A.* E" matches any string that matches "A.E" but it will also match any number of
characters between "A" and "E": "AIRPLANE," "A FINE," "AFFABLE," or "A LONG WAY HOME,"
for example. Note that "any number of characters' can even be zero!

If you understand the difference between "." and "*" in regular expressions, you already know about the
two basic types of metacharacters: those that can be evaluated to a single character, and those that
modify how preceding characters are eval uated.

It should also be apparent that by use of metacharacters you can expand or limit the possible matches.
Y ou have more control over what's matched and what's not.



Figure 3.1: Interpreting a regular expression

Input line
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2.5 Using sed and awk Together

In UNIX, pipes can be used to pass the output from one program as input to the next program. Let's look
at afew examples that combine sed and awk to produce a report. The sed script that replaced the postal
abbreviation of a state with itsfull name is general enough that it might be used again as a script file
named naneSt at e:

$ cat naneState

s/ CA/, Californial

s/ MA/, Massachusetts/
s/ OK/, Ckl ahoma/

s/ PA/, Pennsyl vani a/
s/ VA, Virginial

Of course, you'd want to handle all states, not just five, and if you were running it on documents other
than mailing lists, you should make sure that it does not make unwanted replacements.

The output for this program, using the input filelist, is the same as we have already seen. In the next
example, the output produced by naneSt at e is piped to an awk program that extracts the name of the
state from each record.

$ sed -f nanmeState list | awk -F, '{ print $4 }'
Massachusetts

Virginia

Ckl ahoma

Pennsyl vani a

Massachusetts

Virginia

California

Massachusetts
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The awk program is processing the output produced by the sed script. Remember that the sed script
replaces the abbreviation with a comma and the full name of the state. In effect, it splitsthe third field
containing the city and state into two fields. "$4" references the fourth field.

What we are doing here could be done completely in sed, but probably with more difficulty and less
generality. Also, since awk alows you to replace the string you match, you could achieve this result
entirely with an awk script.

While the result of this program is not very useful, it could be passedtosort | uni g -c,which
would sort the states into an alphabetical list with a count of the number of occurrences of each state.

Now we are going to do something more interesting. We want to produce a report that sorts the names
by state and lists the name of the state followed by the name of each person residing in that state. The
following example shows the by St at e program.

#!' [/ bin/sh

awk -F, '{
print $4 ", " $0
}ose |

sort |

awk -F, '

$1 == LastState {
print "\t" $2
}

$1 != LastState {
Last State = $1
print $1

%

This shell script has three parts. The program invokes awk to produce input for the sor t program and
then invokes awk again to test the sorted input and determine if the name of the state in the current
record is the same as in the previous record. Let's see the script in action:

$ sed -f naneState list | byState

California

Any W I de
Massachusetts

Eri c Adans

John Daggett

Sal Carpenter
k|l ahoma

Oville Thomas
Pennsyl vani a

Terry Kal kas



Virginia
Alice Ford
Hubert Si ns

The names are sorted by state. Thisisatypica example of using awk to generate a report from
structured data.

To examine how the by St at e program works, let's look at each part separately. It's designed to read
input from the nanme St at e program and expects "$4" to be the name of the state. Look at the output
produced by the first line of the program:

$ sed -f naneState list | awk -F, '{ print $4 ", " $0 }'
Massachusetts, John Daggett, 341 King Road, Plynouth,
Massachusetts

Virginia, Alice Ford, 22 East Broadway, R chnond, Virginia
Okl ahoma, Oville Thomas, 11345 Qak Bridge Road, Tul sa,
Ol ahoma

Pennsyl vani a, Terry Kal kas, 402 Lans Road, Beaver Falls,
Pennsyl vani a

Massachusetts, Eric Adans, 20 Post Road, Sudbury,
Massachusetts

Virginia, Hubert Sins, 328A Brook Road, Roanoke, Virginia
California, Any WIlde, 334 Bayshore Pkwy, Mountain View,
California

Massachusetts, Sal Carpenter, 73 6th Street, Boston,
Massachusetts

Thesort program, by default, sortslinesin aphabetical order, looking at characters from left to right.
In order to sort records by state, and not names, we insert the state as a sort key at the beginning of the
record. Now the sor t program can do itswork for us. (Notice that using thesor t utility saves us from
having to write sort routines inside awk.)

The second time awk isinvoked we perform a programming task. The script looks at the first field of
each record (the state) to determineif it is the same as in the previous record. If it is not the same, the
name of the state is printed followed by the person's name. If it is the same, then only the person's name
IS printed.

$1 == LastState {
print "\t" $2
}

$1 != LastState {
Last State = $1
print $1
print "\t" $2



%

There are afew significant things here, including assigning a variable, testing the first field of each input
lineto seeif it contains avariable string, and printing atab to align the output data. Note that we don't
have to assign to avariable before using it (because awk variables are initialized to the empty string).
Thisisasmall script, but you'll see the same kind of routine used to compare index entriesin amuch
larger indexing program in Chapter 12, Full-Featured Applications. However, for now, don't worry too
much about understanding what each statement is doing. Our point hereisto give you an overview of
what sed and awk can do.

In this chapter, we have covered the basic operations of sed and awk. We have looked at important
command-line options and introduced you to scripting. In the next chapter, we are going to look at
regular expressions, something both programs use to match patterns in the input.
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2.4 Using awk

Like sed, awk executes a set of instructions for each line of input. Y ou can specify instructions on the
command line or create a script file.

2.4.1 Running awk
For command lines, the syntax is:
awk 'instructions' files

Input isread aline at atime from one or more files or from standard input. The instructions must be
enclosed in single quotes to protect them from the shell. (Instructions almost always contain curly braces
and/or dollar signs, which are interpreted as special characters by the shell.) Multiple command lines can
be entered in the same way as shown for sed: separating commands with semicolons or using the
multiline input capability of the Bourne shell.

Awk programs are usually placed in afile where they can be tested and modified. The syntax for
invoking awk with ascript fileis:

awk -f scriptfiles
The -f option works the same way as it does with sed.

While awk instructions have the same structure as sed, consisting of pattern and procedure sections, the
procedures themselves are quite different. Here is where awk looks less like an editor and more like a
programming language. There are statements and functions instead of one- or two-character command
sequences. For instance, you usethe pri nt statement to print the value of an expression or to print the
contents of the current input line.

Awk, in the usual case, interprets each input line as a record and each word on that line, delimited by
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spaces or tabs, as afield. (These defaults can be changed.) One or more consecutive spaces or tabs count
asasingle delimiter. Awk allows you to reference these fields, in either patterns or procedures. $0
represents the entire input line. $1, $2, ... refer to the individual fields on the input line. Awk splitsthe
input record before the script is applied. Let'slook at afew examples, using the sample input file list.

The first example contains a single instruction that prints the first field of each linein the input file.

$ ank '{ print $1 }' Ilist
John

Alice

Oville

Terry

Eric

Huber t

Any
Sal

"$1" refers to the value of the first field on each input line. Because there is no pattern specified, the
print statement is applied to all lines. In the next example, a pattern "/MA/" is specified but there is no
procedure. The default action isto print each line that matches the pattern.

$ ank "/ MA | st

John Daggett, 341 King Road, Plynouth MA
Eri c Adans, 20 Post Road, Sudbury MA

Sal Carpenter, 73 6th Street, Boston NA

Three lines are printed. As mentioned in the first chapter, an awk program can be used more like a query
language, extracting useful information from afile. We might say that the pattern placed a condition on
the selection of records to be included in areport, namely that they must contain the string "MA™". Now
we can also specify what portion of arecord to include in the report. The next example usesapr i nt
statement to limit the output to the first field of each record.

$ ank '/MNV { print $1 }' Ilist
John
Eric
Sal

It helps to understand the above instruction if we try to read it aloud: Print the first word of each line
containing the string "MA". We can say "word" because by default awk separates the input into fields
using elther spaces or tabs as the field separator.

In the next example, we use the -F option to change the field separator to acomma. This allows usto
retrieve any of three fields: the full name, the street address, or the city and state.



$ ank -F, '/MV { print $1 }' Ilist
John Daggett

Eri c Adans

Sal Carpenter

Do not confuse the -F option to change the field separator with the -f option to specify the name of a
script file.

In the next example, we print each field on its own line. Multiple commands are separated by
semicolons.

$ ank -F, '{ print $1; print $2; print $3 }' Ilist
John Daggett
341 King Road
Pl ynout h MA
Alice Ford
22 East Broadway
R chnond VA
Oville Thomas
11345 QCak Bridge Road
Tul sa K
Terry Kal kas
402 Lans Road
Beaver Falls PA
Eri c Adans
20 Post Road
Sudbury MA
Hubert Si ns
328A Brook Road
Roanoke VA
Any W de
334 Bayshore Pkwy
Mount ai n Vi ew CA
Sal Car penter
73 6th Street
Bost on NMA

Our examples using sed changed the content of incoming data. Our examples using awk rearrange the
data. In the preceding awk example, note how the leading blank is now considered part of the second
and third fields.

2.4.2 Error Messages

Each implementation of awk gives you different error messages when it encounters problemsin your



program. Thus, we won't quote a particular version's messages here; it'll be obvious when there'sa
problem. Messages can be caused by any of the following:

« Not enclosing a procedure within braces ({})
« Not surrounding the instructions within single quotes (™)
. Not enclosing regular expressions within slashes (//)

2.4.3 Summary of Options
Table 2.2 summarizes the awk command-line options.

Table 2.2: Command-Line Options
for awk

Option Description

-f Filename of script follows.
-F Change field separator.
-V var=value follows.

The -v option for specifying parameters on the command lineis discussed in Chapter 7, Writing Scripts
for awk.
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There are two ways to invoke sed: either you specify your editing instructions on the command line or
you put them in afile and supply the name of thefile.

2.3.1 Specifying Simple Instructions
Y ou can specify simple editing commands on the command line.
sed[-e]'instruction'file

The -e option is necessary only when you supply more than one instruction on the command line. It tells
sed to interpret the next argument as an instruction. When there isa single instruction, sed is ableto
make that determination on its own. Let's look at some examples.

Using the sample input file, list, the following example uses the s command for substitution to replace
"MA" with "Massachusetts."

$ sed 's/ MA/ Massachusetts/' i st

John Daggett, 341 King Road, Plynouth Massachusetts
Alice Ford, 22 East Broadway, Ri chnond VA

Oville Thomas, 11345 QGak Bridge Road, Tulsa K
Terry Kal kas, 402 Lans Road, Beaver Falls PA

Eri ¢ Adans, 20 Post Road, Sudbury Massachusetts
Hubert Sins, 328A Brook Road, Roanoke VA

Any W1 de, 334 Bayshore Pkwy, Muntain View CA

Sal Carpenter, 73 6th Street, Boston Massachusetts

Three lines are affected by the instruction but all lines are displayed.

Enclosing the instruction in single quotesis not required in al cases but you should get in the habit of


file:///I|/Docs/~~Sed%20+%20Awk%20(O'Reilly,%202nd)/Pages/jobjects/fsearch.htm

aways doing it. The enclosing single quotes prevent the shell from interpreting special characters or
spaces found in the editing instruction. (The shell uses spaces to determine individual arguments
submitted to a program; characters that are special to the shell are expanded before the command is
invoked.)

For instance, the first example could have been entered without them but in the next example they are
required, since the substitution command contains spaces.

$ sed 's/ MA, Mssachusetts/' |ist

John Daggett, 341 King Road, Plynouth, Mssachusetts
Alice Ford, 22 East Broadway, Ri chnond VA

Oville Thomas, 11345 QGak Bridge Road, Tulsa K
Terry Kal kas, 402 Lans Road, Beaver Falls PA

Eri ¢ Adans, 20 Post Road, Sudbury, Massachusetts
Hubert Sins, 328A Brook Road, Roanoke VA

Any W1 de, 334 Bayshore Pkwy, Muntain View CA

Sal Carpenter, 73 6th Street, Boston, Mssachusetts

In order to place a comma between the city and state, the instruction replaced the space before the two-
letter abbreviation with a commaand a space.

There are three ways to specify multiple instructions on the command line:
1. Separate instructions with a semicolon.
sed 's/ MAN, Massachusetts/; s/ PA/, Pennsylvanial/' |ist
2. Precede each instruction by -e.

sed -e 's/ MA/, Massachusetts/' -e 's/ PA/,
Pennsyl vani a/' |i st

3. Usethe multiline entry capability of the Bourne shell.[1] Press RETURN after entering asingle
guote and a secondary prompt (>) will be displayed for multiline input.

[1] These days there are many shells that are compatible with the Bourne shell, and
work as described here: ksh, bash, pdksh, and zsh, to name afew.

$ sed

> s/ MAN, Mssachusetts/

> s/ PA/, Pennsyl vani a/

> s/ CA, Californial/' Iist

John Daggett, 341 King Road, Plynouth, Massachusetts



Al ice Ford, 22 East Broadway, Ri chnond VA

Oville Thomas, 11345 Gak Bridge Road, Tulsa K

Terry Kal kas, 402 Lans Road, Beaver Falls, Pennsylvania
Eri c Adans, 20 Post Road, Sudbury, Massachusetts

Hubert Sins, 328A Brook Road, Roanoke VA

Anmy Wl de, 334 Bayshore Pkwy, Muntain View, California
Sal Carpenter, 73 6th Street, Boston, Mssachusetts

This technique will not work in the C shell. Instead, use semicolons at the end of each instruction,
and you can enter commands over multiple lines by ending each line with a backslash. (Or, you
could temporarily go into the Bourne shell by entering sh and then type the command.)

In the exampl e above, changes were made to five lines and, of course, al lines were displayed.
Remember that nothing has changed in the input file.

2.3.1.1 Command garbled

The syntax of a sed command can be detailed, and it's easy to make a mistake or omit arequired
element. Notice what happens when incomplete syntax is entered:

$ sed -e 's/MA Massachusetts' |ist
sed: command gar bl ed: s/ MA/ Massachusetts

Sed will usually display any line that it cannot execute, but it does not tell you what is wrong with the

command.[2] In thisinstance, a slash, which marks the search and replacement portions of the
command, is missing at the end of the substitute command.

[2] Some vendors seem to have improved things. For instance, on SunOS 4.1.x, sed
reports "sed: Ending delimiter missing on substitution: syMA/Massachusetts”.

GNU sed is more helpful:

$ gsed -e 's/MA/ Massachusetts' |i st
gsed: Unterm nated "s' command

2.3.2 Script Files

It is not practical to enter longer editing scripts on the command line. That iswhy it is usually best to
create a script file that contains the editing instructions. The editing script is simply alist of sed
commands that are executed in the order in which they appear. This form, using the -f option, requires
that you specify the name of the script file on the command line.

sed-f scriptfile file



All the editing commands that we want executed are placed in afile. We follow a convention of creating
temporary script files named sedscr.

$ cat sedscr

s/ MA/, Massachusetts/
s/ PA/, Pennsyl vani a/
s/ CA/, Californial

s/ VA, Virginial

s/ OK/, k|l ahoma/

The following command reads all of the substitution commands in sedscr and applies them to each line
inthe input file list:

$ sed -f sedscr list

John Daggett, 341 King Road, Plynouth, Mssachusetts
Alice Ford, 22 East Broadway, R chnond, Virginia
Oville Thomas, 11345 Gak Bridge Road, Tul sa, Gkl ahona
Terry Kal kas, 402 Lans Road, Beaver Falls, Pennsyl vania
Eri c Adans, 20 Post Road, Sudbury, Massachusetts

Hubert Sins, 328A Brook Road, Roanoke, Virginia

Any Wl de, 334 Bayshore Pkwy, Muwuntain View, California
Sal Carpenter, 73 6th Street, Boston, Mssachusetts

Once again, the result is ephemeral, displayed on the screen. No change is made to the input file.

If ased script can be used again, you should rename the script and save it. Scripts of proven value can be
maintained in a personal or system-wide library.

2.3.2.1 Saving output

Unless you are redirecting the output of sed to another program, you will want to capture the output in a
file. Thisis done by specifying one of the shell's 1/0O redirection symbols followed by the name of afile:

$ sed -f sedscr list > newi st

Do not redirect the output to the file you are editing or you will clobber it. (The ">" redirection operator
truncates the file before the shell does anything else.) If you want the output file to replace the input file,
you can do that as a separate step, using the mv command. But first make very sure your editing script
has worked properly!

In Chapter 4, Writing sed Scripts, we will look at a shell script named r unsed that automates the
process of creating atemporary file and using nv to overwrite the original file.




2.3.2.2 Suppressing automatic display of input lines

The default operation of sed isto output every input line. The -n option suppresses the automatic output.
When specifying this option, each instruction intended to produce output must contain a print command,
p. Look at the following example.

$ sed -n -e 's/ MA Massachusetts/p' i st

John Daggett, 341 King Road, Plynouth Massachusetts
Eri ¢ Adans, 20 Post Road, Sudbury Massachusetts

Sal Carpenter, 73 6th Street, Boston Massachusetts

Compare this output to the first example in this section. Here, only the lines that were affected by the
command were printed.

2.3.2.3 Mixing options (POSIX)

Y ou can build up ascript by combining both the -e and -f options on the command line. The script isthe
combination of all the commandsin the order given. This appears to be supported in UNIX versions of
sed, but thisfeature is not clearly documented in the manpage. The POSIX standard explicitly mandates
this behavior.

2.3.2.4 Summary of options

Table 2.1 summarizes the sed command-line options.

Table 2.1: Command-Line Options for sed

Option Description

-e Editing instruction follows.

-f Filename of script follows.

-n Suppress automatic output of input lines.
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2.2 Command-Line Syntax
Y ou invoke sed and awk in much the same way. The command-line syntax is:
command [options]script filenane

Like amost all UNIX programs, sed and awk can take input from standard input and send the output to
standard output. If afilename is specified, input is taken from that file. The output contains the
processed information. Standard output is the display screen, and typically the output from these
programsis directed there. It can also be sent to afile, using I/0 redirection in the shell, but it must not
go to the same file that supplies input to the program.

The options for each command are different. We will demonstrate many of these options in upcoming
sections. (The complete list of command-line options for sed can be found in Appendix A, Quick

Reference for sed; the complete list of options for awk isin Appendix B, Quick Reference for awk.)

The script specifies what instructions to perform. If specified on the command line, the script must be
surrounded in single quotes if it contains a space or any characters that might be interpreted by the shell
($and * for instance).

One option common to both sed and awk isthe -f option that allows you to specify the name of a script
file. Asascript growsin size, it is convenient to placeit in afile. Thus, you might invoke sed as follows:

sed -f scriptfileinputfile
Figure 2.1 shows the basic operation of sed and awk. Each program reads one input line at atime from
the input file, makes a copy of the input line, and executes the instructions specified in the script on that

copy. Thus, changes made to the input line do not affect the actual input file.

Figure 2.1: How sed and awk work
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2.2.1 Scripting

A script iswhere you tell the program what to do. At least one line of instruction is required. Short
scripts can be specified on the command line; longer scripts are usually placed in afile where they can
easily be revised and tested. In writing a script, keep in mind the sequence in which instructions will be
executed and how each instruction changes the input line.

In sed and awk, each instruction has two parts. a pattern and a procedure. The patternisaregular
expression delimited with slashes (/). A procedure specifies one or more actions to be performed.

As each line of input isread, the program reads the first instruction in the script and checks the pattern
against the current line. If there is no match, the procedure is ignored and the next instruction is read. If
there is a match, then the action or actions specified in the procedure are followed. All of the
instructions are read, not just the first instruction that matches the input line.

When all the applicable instructions have been interpreted and applied for asingle line, sed outputs the
line and repeats the cycle for each input line. Awk, on the other hand, does not automatically output the
line; the instructions in your script control what is finally done with it.

The contents of a procedure are very different in sed and awk. In sed, the procedure consists of editing
commands like those used in the line editor. Most commands consist of asingle letter.

In awk, the procedure consists of programming statements and functions. A procedure must be
surrounded by braces.

In the sections that follow, we'll ook at afew scripts that process a sample mailing list.



2.2.2 Sample Mailing List

In the upcoming sections, the examples use a sample file, named list. It contains alist of names and
addresses, as shown below.

$ cat |ist

John Daggett, 341 King Road, Plynouth MA

Alice Ford, 22 East Broadway, Ri chnond VA
Oville Thomas, 11345 QGak Bridge Road, Tulsa K
Terry Kal kas, 402 Lans Road, Beaver Falls PA
Eri c Adans, 20 Post Road, Sudbury MA

Hubert Sins, 328A Brook Road, Roanoke VA

Any W1 de, 334 Bayshore Pkwy, Muntain View CA
Sal Carpenter, 73 6th Street, Boston MA

If you like, create thisfile on your system or use a similar one of your own making. Because many of the

examplesin this chapter are short and interactive, you can enter them at your keyboard and verify the
results.
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2. Understanding Basic Operations

Contents:
Awk, by Sed and Grep, out of Ed

Command-Line Syntax
Using sed

Using awk

Using sed and awk Together

If you are starting out to learn sed and awk, you can benefit from looking at how much they havein
common.

. They areinvoked using similar syntax.

. They are both stream-oriented, reading input from text files one line at atime and directing the
result to standard output.

. They useregular expressions for pattern matching.

. They alow the user to specify instructions in a script.

One reason they have so much in common is that their origins can be found in the same line editor, ed.
In this chapter, we begin by taking a brief look at ed and show how sed and awk were logical steps
towards the creation of a programmable editor.

Where sed and awk differ isin the kind of instructions that control the work they do. Make no mistake -
thisisamajor difference, and it affects the kinds of tasks that can best be performed with these
programs.

This chapter looks at the command-line syntax of sed and awk and the basic structure of scripts. It also

offersatutorial, using amailing list, that will give you ataste of script writing. It is valuable to see sed
and awk scripts side-by-side before you concentrate on either one of them.

2.1 Awk, by Sed and Grep, out of Ed
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Y ou can trace the lineage of awk to sed and gr ep, and through those two programsto ed, the original
UNIX line editor.

Have you ever used aline editor? If so, it will be much easier for you to understand the line orientation
of sed and awk. If you have used vi , afull-screen editor, then you are familiar with a number of
commands that are derived from its underlying line editor, ex (whichinturnisasuperset of the features
ined).

Let'slook at some basic operations using the line editor ed. Don't worry - thisis an exercise intended to
help you learn sed and awk, not an attempt to convince you of the wonders of line editors. The ed
commands that are shown in this exercise are identical to the sed commands you'll learn later on. Feel
free to experiment with ed on your own to get a sense of how it works. (If you're already familiar with
ed, feel free to skip to the next section.)

To use aline editor, you work on one line at atime. It isimportant to know what line you are positioned
at in the file. When you open afile using ed, it displays the number of charactersin the file and
positions you at the last line.

$ ed test
339

Thereisno prompt. If you enter acommand that ed does not understand, it prints a question mark as an
error message. Y ou can enter the print command, p, to display the current line.

p
| abel on the first box.

By default, acommand affects only the current line. To make an edit, you move to the line that you want
to edit and then apply the command. To move to aline, you specify its address. An address might
consist of aline number, a symbol indicating a specific position in the file, or aregular expression. Y ou
can go to thefirst line by entering the line number 1. Then you can enter the delete command to remove
that line.

1
You mi ght think of a regular expression
d

Entering "1" makes the first line the current line, displaying it on the screen. The delete command in ed
iIsd and here it deletes the current line. Rather than moving to aline and then editing it, you can prefix
an editing command with an address that indicates which line or range of linesis the object of the
command. If you enter "1d", the first line would be deleted.

Y ou can also specify aregular expression as an address. To delete aline containing the word "regular,”



you could issue this command:
/reqular/d

where slashes delimit the regular expression and "regular” is the string you want to match. This
command deletes the first line containing "regular" and makes the line following it the current line.

NOTE: Make sure you understand that the delete command del etes the whole line. It does
not just delete the word "regular" on the line.

To delete all the lines that contain the regular expression, you'd prefix the command with the letter g for
global.

g/ reqgul ar/d

The global command makes all lines that match the regular expression the object of the specified
command.

Deleting text can take you only so far. Substituting text (replacing one bit of text with another) is much
more interesting. The substitution command, s, ined is:

[ address] s/ pattern/repl acenent/fl ag

pattern is aregular expression that matches a string in the current line to be replaced by replacement.
For example, the following command replaces the first occurrence of "regular” with "complex" on the
current line.

s/ regul ar/ conpl ex/
No addressis specified, so it affects only the first occurrence on the current line. It isan error if
“regular” is not found on the current line. To look for multiple occurrences on the same line, you must
specify g asaflag:

s/ regul ar/ conpl ex/ g

This command changes all occurrences on the current line. An address must be specified to direct this
command to act upon more than the current line. The following substitution command specifies an
address:

[ requl ar/ s/ regul ar/ conpl ex/ g

This command affects the first line that matches the address in the file. Remember, the first "regular” is
an address and the second is a pattern to match for the substitution command. To make it apply to all



lines, use the global command, putting g before the address.
g/ reqgul ar/ s/ regul ar/ conpl ex/ g
Now the substitution is made everywhere - all occurrences on al lines.

NOTE: Note the different meanings of "g." The"g" at the beginning is the global
command that means make the changes on all lines matched by the address. The "g" at the
end is aflag that means change each occurrence on aline, not just the first.

The address and the pattern need not be the same.
g/ regul ar expression/s/regul ar/ conpl ex/ g

On any line that contains the string "regular expression,” replace "regular" with "complex.” If the
address and the pattern are the same, you can tell ed by specifying two consecutive delimiters (//).

g/ regul ar/s//conpl ex/g

In this example, "regular” is specified as the address and the pattern to be matched for substitution is the
same. If it seems that we've covered these commands quickly and that thereis alot to absorb, don't
worry. We will be covering these commands again later on.

The familiar UNIX utility gr ep is derived from the following global command in ed:

g/relp
which stands for "global regular expression print." Grep is aline-editing command that has been
extracted from ed and made available as an external program. It is hard-wired to perform one editing

command. It takes the regular expression as an argument on the command line and uses it as the address
of linesto print. Here's an example, looking for lines matching "box":

$ grep 'box' test
You are given a series of boxes, the first one | abeled "A",
| abel on the first box.

It prints all lines matching the regular expression.

One more interesting feature of ed isthe ability to script your edits, placing them in a separate file and
directing them asinput to the line editor. For instance, if a series of commands were put in afile named
ed-script, the following command executes the script:

ed test < ed-script



This feature makes ed a programmable editor - that is, you can script any action that you might perform
manually.

Sed was created as a special-purpose editor that was meant to execute scripts exclusively; unlike ed, it
cannot be used interactively. Sed differsfrom ed primarily in that it is stream-oriented. By default, all of
the input to sed passes through and goes to standard output. The input file itself is not changed. If you
actually do want to alter the input file, you typically use the shell mechanism for output redirection, and
when you are satisfied with the edits you've made, replace the origina file with the modified version.

ed is not stream-oriented and changes are made to the fileitself. An ed script must contain commands
to save the file and quit the editor. It produces no output to the screen, except what may be generated by
a specific command.

The stream orientation of sed has a major impact on how addressing is applied. In ed, acommand
without an address affects only the current line. Sed goes through the file, aline at atime, such that each
line becomes the current line, and the commands are applied to it. The result is that sed applies a
command without an addressto every linein thefile.

Look at the following substitution command:
s/ regul ar/ conpl ex/

If you entered this command interactively in ed, you'd substitute "complex" for the first occurrence of
"regular" on the current line. In an ed script, if thiswas the first command in the script, it would be
applied only to the last line of thefile (ed's default current line). However, in a sed script, the same
command appliesto al lines. That is, sed commands are implicitly global. In sed, the previous example
has the same result as the following global command in ed:

g/ regul ar/ s/ / conmpl ex/

NOTE: Understanding the difference between current-line addressing in ed and global-
line addressing in sed is very important. In ed you use addressing to expand the number
of linesthat are the object of acommand; in sed, you use addressing to restrict the number
of lines affected by a command.

Sed also was designed with a number of additional commands that support script writing. We will ook
at many of these commands in Chapter 6, Advanced sed Commands.

Awk was developed as a programmable editor that, like sed, is stream-oriented and interprets a script of
editing commands. Where awk departs from sed isin discarding the line-editor command set. It offersin
its place a programming language modeled on the C language. The pr i nt statement replacesthe p
command, for example. The concept of addressing is carried over, such that:



/regular/ { print }

prints those lines matching "regular”. The braces ({}) surround a series of one or more statements that
are applied to the same address.

The advantage of using a programming language in scriptsis that it offers many more ways to control
what the programmable editor can do. Awk offers expressions, conditional statements, loops, and other
programming constructs.

One of the most distinctive features of awk isthat it parses, or breaks up, each input line and makes
individual words available for processing with a script. (An editor such asvi also recognizes words,
allowing you to move word by word, or make aword the object of an action, but these features can only
be used interactively.)

Although awk was designed as a programmeabl e editor, users found that awk scripts could do awide
range of other tasks aswell. The authors of awk never imagined it would be used to write large
programs. But, recognizing that awk was being used in this way, the authors revised the language,
creating nawk to offer more support for writing larger programs and tackling general-purpose
programming problems. This new version, with minor improvements, is now codified by the POSIX
standard.
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1.4 Four Hurdles to Mastering sed and awk

There are a number of introductory UNIX books that will acquaint you with sed and awk. The goal of
this book is to take you much further - to help you master sed and awk and to reduce the amount of time
and effort that it takes you to reach that goal.

There are four hurdles on the way to mastering sed and awk. Y ou must learn:

1. How to use sed and awk. Thisisarelatively low hurdle to clear because, fortunately, sed and awk
work in avery similar manner, based on the line editor ed. Chapter 2, Understanding Basic
Operations, covers the mechanics of using sed and awk.

2. Toapply UNIX regular expression syntax. Using UNIX regular expression syntax for pattern
matching is common to both sed and awk, and many other UNIX programs. This can be a
difficult hurdle for two reasons: the syntax is arcane, and though many people have some
experience using regular expressions, few have persevered to master the complete syntax. The
more facile you are in using this syntax, the easier sed and awk are to use. That is why we spend
agood deal of time covering regular expressions in Chapter 3, Understanding Regular Expression

ntax.

3. How to interact with the shell. While not directly related to sed and awk themselves, managing
the interaction with the command shell is often a frustrating problem, since the shell sharesa
number of special characters with both programs. If you can, avoid the problem by putting your
script in a separate file. If not, use a Bourne-compatible shell for your scripts (the quoting rules
are more straightforward), and use single quotes to contain your script. If you areusing csh as
your interactive shell, remember to escape any exclamation points with a backslash ("\!"). There
IS no other way to get csh to leave the exclamation point alone.[3]

[3] WEell, you can set the hi st char s variable. See the csh man page.

4. The knack of script writing. Thisisthe most difficult, rather like a series of high hurdles. Because
of this, the bulk of the book is devoted to script writing. With sed, you have to learn a set of
single-letter commands. With awk, you have to learn the statements of a programming language.
To get the knack of script writing, though, you simply must pore over lots of examples and, of
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course, must try your hand at writing scripts yourself.

If you were running the high hurdles, the ability to clear the hurdles does not win the race - clearing
them swiftly does. In writing scripts, learning the scripting command set or language is ssimply clearing
the hurdle. Acquiring the ability to attack interesting problems with your scriptsis running fast enough
to compete.
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1.3 A Pattern-Matching Programming Language

|dentifying awk as a programming language scares some people away fromit. If you are one of them,
consider awk adifferent approach to problem solving, one in which you have alot more control over
what you want the computer to do.

Sed is easily seen asthe flip side of interactive editing. A sed procedure corresponds closely enough to
how you would apply the editing commands manually. Sed limits you to the methods you use in a text
editor. Awk offers a more general computational model for processing afile.

A typical example of an awk program is one that transforms data into a formatted report. The data might
be alog file generated by a UNIX program such as uucp, and the report might summarize the datain a
format useful to a system administrator. Another example is a data processing application consisting of
separate data entry and dataretrieval programs. Data entry is the process of recording datain a
structured way. Dataretrieval isthe process of extracting data from afile and generating a report.

The key to all of these operationsis that the data has some kind of structure. Let us illustrate this with
the analogy of abureau. A bureau consists of multiple drawers, and each drawer has a certain set of
contents: socks in one drawer, underwear in another, and sweatersin athird drawer. Sometimes drawers
have compartments alowing different kinds of thingsto be stored together. These are all structures that
determine where things go - when you are sorting the laundry - and where things can be found - when
you are getting dressed. Awk allows you to use the structure of atext file in writing the procedures for
putting things in and taking things out.

Thus, the benefits of awk are best realized when the data has some kind of structure. A text file can be
loosely or tightly structured. A chapter containing major and minor sections has some structure. Welll
look at a script that extracts section headings and numbers them to produce an outline. A table consisting
of tab-separated items in columns might be considered very structured. Y ou could use an awk script to
reorder columns of data, or even change columns into rows and rows into columns.

Like sed scripts, awk scripts are typically invoked by means of a shell wrapper. Thisis ashell script that
usually contains the command line that invokes awk as well as the script that awk interprets. Simple one-
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line awk scripts can be entered from the command line.
Some of the things awk allows you to do are:

. View atext file as atextual database made up of records and fields.

. Use variables to manipul ate the database.

. Use arithmetic and string operators.

. Use common programming constructs such as loops and conditionals.
. Generate formatted reports.

. Define functions.

. Execute UNIX commands from a script.

« Processthe result of UNIX commands.

. Process command-line arguments more gracefully.

. Work more easily with multiple input streams.

Because of these features, awk has the power and range that users might rely upon to do the kinds of
tasks performed by shell scripts. In this book, you'll see examples of a menu-based command generator,
an interactive spelling checker, and an index processing program, all of which use the features outlined
above.

The capabilities of awk extend the idea of text editing into computation, making it possible to perform a
variety of data processing tasks, including analysis, extraction, and reporting of data. These are, indeed,

the most common uses of awk but there are also many unusual applications: awk has been used to write
aLisp interpreter and even a compiler!
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1.2 A Stream Editor

Sed isa"non-interactive" stream-oriented editor. It is stream-oriented because, like many UNIX
programs, input flows through the program and is directed to standard output. (vi , for instance, is not
stream-oriented. Nor are most DOS applications.) Input typically comes from afile but can be directed
from the keyboard.[2] Output goes to the terminal screen by default but can be captured in afile instead.
Sed works by interpreting a script specifying the actions to be performed.

[2] Doing so, however, is not particularly useful.

Sed offers capabilities that seem a natural extension of interactive text editing. For instance, it offersa
search-and-replace facility that can be applied globally to asingle file or a group of files. While you
would not typically use sed to change aterm that appears once in a particular file, you will find it very
useful to make a series of changes across a number of files. Think about making 20 different editsin
over 100 filesin amatter of minutes, and you get an idea of how powerful sed can be.

Using sed is similar to writing simple shell scripts (or batch filesin DOS). Y ou specify a series of
actions to be performed in sequence. Most of these actions could be done manually from within vi :
replacing text, deleting lines, inserting new text, etc. The advantage of sed is that you can specify all
editing instructions in one place and then execute them on a single pass through the file. Y ou don't have
to go into each file to make each change. Sed can also be used effectively to edit very large files that
would be slow to edit interactively.

There are many opportunities to use sed in the course of creating and maintaining a document, especialy
when the document consists of individual chapters, each placed in a separate file. Typically, after a draft
of adocument has returned from review, there are a number of changes that can be applied to all files.
For instance, during the course of a software documentation project, the name of the software or its
components might change, and you have to track down and make these changes. With sed, thisisa
simple process.

Sed can be used to achieve consistency throughout a document. Y ou can search for all the different ways
a particular term might be used and make them all the same. Y ou can use sed to insert special
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typesetting codes or symbols prior to formatting by t r of f . For instance, it can be used to replace
quotation marks with the ASCII character codes for forward and back double quotes ("curly quotes®
instead of "straight" quotes).

Sed also has the ability to be used as an editing filter. In other words, you could process an input file and
send the output to another program. For instance, you could use sed to analyze a plain text file and insert
t r of f macrosbefore directing the output to t r of f for formatting. It allows you to make edits on the
fly, perhaps ones that are temporary.

An author or publisher can use sed to write numerous conversion programs - tranglating formatting
codesin Scribeor TeX filesintot r of f , for example, or converting PC word processing files, such as
WordStar. Later on, we will look at a sed script that convertst r of f macrosinto stylesheet tags for use
in Ventura Publisher. (Perhaps sed could be used to translate a program written in the syntax of one
language to the syntax of another language.) When Sun Microsystems first produced Xview, they
released a conversion program for converting SunView programs to XView, and the program largely
consisted of sed scripts, converting the names of various functions.

Sed has afew rudimentary programming constructs that can be used to build more complicated scripts.
It also has a limited ability to work on more than one line at atime.

All but the ssmplest sed scripts are usually invoked from a"shell wrapper," a shell script that invokes sed
and also contains the commands that sed executes. A shell wrapper is an easy way to name and execute
a single-word command. Users of the command don't even need to know that sed is being used. One
example of such a shell wrapper isthe script phr ase, which we'll look at later in this book. It allows
you to match a pattern that might fall over two lines, addressing a specific limitation of gr ep.

In summary, use sed:

1. To automate editing actionsto be performed on one or more files.
2. To simplify the task of performing the same edits on multiple files.
3. To write conversion programs.
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My wife won't let me buy a power saw. Sheis afraid of an accident if | use one. So | rely on a hand saw
for avariety of weekend projects like building shelves. However, if | made my living as a carpenter, |
would have to use a power saw. The speed and efficiency provided by power tools would be essential to
being productive. [D.D.]

For people who create and modify text files, sed and awk are power tools for editing. Most of the things
that you can do with these programs can be done interactively with atext editor. However, using sed and
awk can save many hours of repetitive work in achieving the same result.

Sed and awk are peculiar and it takes time to learn them, but the capabilities they provide can repay the
learning many times over, especialy if text editing isanormal part of your trade.

1.1 May You Solve Interesting Problems

The primary motivation for learning sed and awk is that they are useful for devising general solutionsto
text editing problems.[1] For some people, myself included, the satisfaction of solving a problem isthe
difference between work and drudgery. Given the choice of using vi or sed to make a series of repeated
edits over a number of files, | will choose sed, simply because it makes the problem more interesting to
me. | am refining a solution instead of repeating a series of keystrokes. Besides, once | accomplish my
task, | congratulate myself on being clever. | fedl like | have done alittle bit of magic and spared myself
some dull labor.

[1] | suppose this section title is a combination of the ancient Chinese curse "May you live
in interesting times" and what Tim O'Reilly once said to me, that someone will solve a
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problem if he finds the problem interesting. [D.D.]

Initially, using sed and awk will seem like the long way to accomplish atask. After several attempts you
may conclude that the task would have been easier to do manually. Be patient. Y ou not only have to
learn how to use sed and awk but you also need to learn to recognize situations where using them pays
off. Asyou become more proficient, you will solve problems more quickly and solve a broader range of
problems.

Y ou will also begin to see opportunities to find general solutions to specific problems. Thereisaway of
looking at a problem so you seeit related to a class of problems. Then you can devise a solution that can
be reused in other situations.

Let me give you an example (without showing any program code). One of our books used a cross-
referencing naming scheme in which the reference was defined and processed by our formatting
software (sqt r of f ). In the text file, areference to a chapter on error handling might be coded as
follows:

\ *[ CHer r or hand]

"CHerrorhand" is the name giving the reference and "\*[" and "]" are calling sequences that distinguish
the reference from other text. In a central file, the names used for cross references in the document are
defined assqt r of f strings. For instance, "CHerrorhand" is defined to be "Chapter 16, Error
Handling." (The advantage of using a symbolic cross-referencing scheme like this, instead of explicit
referencing, isthat if chapters are added or deleted or reordered, only the central file needs to be edited
to reflect the new organization.) When the formatting software processes the document, the references
are properly resolved and expanded.

The problem we faced was that we had to use the same files to create an online version of the book.
Because our sqt r of f formatting software would not be used, we needed some way to expand the
cross references in the files. In other words, we did not want files containing "\* [CHerrorhand]"; instead
we wanted what "CHerrorhand" referred to.

There were three possible ways to solve this problem:

1. Use atext editor to search for all references and replace each of them with the appropriate literal
string.

2. Use sed to make the edits. Thisis similar to making the edits manually, only faster.

3. Use awk to write aprogram that (a) reads the central file to make alist of reference names and
their definitions, (b) reads the document searching for the reference calling sequence, and (c)
looks up the name of the reference on the list and replaces it with its definition.

The first method is obviously time-consuming (and not very interesting!). The second method, using
sed, has an advantage in that it creates atool to do the job. It is pretty ssmple to write a sed script that



looks for "\*[CHerrorhand]" and replaces it with "Chapter 16, Error Handling" for instance. The same
script can be used to modify each of the files for the document. The disadvantage is that the substitutions
are hard-coded; that is, for each cross reference, you need to write a command that makes the
replacement. The third method, using awk, builds atool that works for any cross reference that follows
this syntax. This script could be used to expand cross references in other books as well. It spares you
from having to compile alist of specific substitutions. It is the most general solution of the three and
designed for the greatest possible reuse as atool.

Part of solving a problem is knowing which tool to build. There are times when a sed script is a better
choice because the problem does not lend itself to, or demand, a more complex awk script. Y ou have to
keep in mind what kinds of applications are best suited for sed and awk.
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Comments and Questions

Please address comments and questions concerning this book to the publisher:

O'Reilly & Associates, Inc.

101 Morris Street

Sebastopol, CA 95472

1-800-998-9938 (in the U.S. or Canada)
1-707-829-0515 (international or local)
1-707-829-0104 (FAX)

Y ou can send us messages electronically. To be put on the mailing list or request a catalog, send email
to:

info@orellly.com

To ask technical questions or comment on the book, send email to:

bookquestions@oreilly.com
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and create a book as a project | could work on at home shortly after the birth of my son, Benjamin. |
thought I'd finish it in several months. Well, my son turned three around the time | was completing the
first draft. Cathy Brennan and the customer service representatives have been patiently handling requests
for the book ever since the UNIX/World articles appeared. Cathy said that she even had people call to
order the book, swearing it was available because they knew other people who had read it. | owe a debt
of gratitude to her and her staff and to the readers I've kept waiting.

My thanksto Tim O'Rellly for creating a great company in which one can easily get sidetracked by a
number of interesting projects. As editor, he pushed me to complete the book but would not allow it to
be complete without hiswriting all over it. Asusual, his suggestions made me work to improve the
book.

Thanksto all the writers and production editors at O'Reilly & Associates, who presented interesting
problems to be solved with sed and awk. Thanksto Ellie Cutler who was the production editor for the
book and also wrote the index. Thanks to Lenny Muellner for allowing me to quote him throughout the
book. Thanks as well to Sue Willing and Donna Woonteiler for their efforts in getting the book into
print. Thanksto Chris Reilley who did the illustrations. Thanks to the individual contributors of the sed
and awk scriptsin Chapter 13. Thanks also to Kevin C. Castner, Tim Irvin, Mark Schalz, Alex Humez,
Glenn Saito, Geoff Hagel, Tony Hurson, Jerry Peek, Mike Tiller, and Lenny Muellner, who sent me
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Dale Dougherty
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About the Second Edition

Since this book was first published in 1990, it has become one of the most fundamental of the O'Reilly
& Associates Nutshell Handbooks. Three important events occurred after it was written. The first was
the publication of the POSIX standard for sed, and more importantly for awk. The second (perhaps due
to the first) was the widespread availability of some version or other of new awk on all modern UNIX
systems, both commercial ones and the freely available UNIX-like systems such as NetBSD, FreeBSD,
and Linux. The third was the source code availability of GNU sed, and three versions of awk, instead of
just gawk.

For these and other reasons, O'Reilly & Associates decided that this handbook needed to be updated.
The goals of the revision were to keep the flavor of the book intact ("if it ain't broke, don't fix it"),
reorient the awk part of the book around POSIX awk, correct mistakes, and bring the book up to date.

| would like to thank Gigi Estabrook, Chris Reilley, and Lenny Muellner of O'Reilly & Associates for
their help, Marc Vauclair, the French translator of the first edition, for many helpful comments, and John
Dzuberafor his comments on the first edition. Michael Brennan, Henry Spencer, and Ozan Yigit acted
astechnical reviewersfor this edition, and | would like to thank them for their input. Ozan Yigit, in
particular, deserves extra thanks for forcing me to be very rigorousin my testing. Pat Thompson of
Thompson Automation Software graciously provided an evaluation copy of t awk for review in this
book. Richard Montgomery of Videosoft provided me with information about V SAwk.

The following people provided the scriptsin Chapter 13: Jon L. Bentley, Tom Christiansen, Geoff Clare,

Roger A. Cornelius, Rahul Dhesi, Nick Holloway, Norman Joseph, Wes Morgan, Tom Van Raalte, and
Martin Weitzel. Their contributions are gratefully acknowledged.

Thanks aso to the staff at O'Rellly & Associates. Nicole Gipson Arigo was the production editor and
project manager. David Sewell was the copyeditor, and Clairemarie Fisher O'Leary proofread the book.
Jane Ellin and Sheryl Avruch performed quality control checks. Seth Maislin wrote the index. Erik Ray,
Ellen Siever, and Lenny Muellner worked with the tools to create the book. Chris Reilley fine-tuned the
figures. Nancy Priest and Mary Jane Walsh designed the interior book layout, and Edie Freedman
designed the front cover.
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My in-laws, Marshall and Elaine Hartholz of Seattle, deserve special thanks for taking our children
camping for aweek, allowing me to make significant progress during an important phase of the
update. :-)

Finaly, | would like to thank my wonderful wife Miriam for her patience during this project.

Arnold Robbins
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Conventions Used in This Handbook
The following conventions are used in this book:
Bol d

Isused for statements and functions, identifiers, and program names.
Italic

Isused for file and directory names when they appear in the body of a paragraph as well as for
data types and to emphasize new terms and concepts when they are introduced.
Constant Wdth

Isused in examples to show the contents of files or the output from commands.
Constant Bold

Is used in examples to show command lines and options that should be typed literally by the user.
(For example, r m f 00 meansto type "rm foo" exactly asit appearsin the text or the example.)

are used to identify a code fragment in explanatory text. System messages and symbols are
quoted as well.

isthe UNIX Bourne shell or Korn shell prompt.
(]

surrounds optional elements in a description of program syntax. (The brackets themselves should
never be typed, unless otherwise noted.)

stands for text (usually computer output) that's been omitted for clarity or to save space.
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indicates a literal space. This symbol is used to make spaces visible in examples, aswell asin the
text.

indicates aliteral TAB character. This symbol is used to make tabs visible in examples, aswell as
in the text.

The notation CTRL-X or ~X indicates use of control characters. It means hold down the "control” key
while typing the character "x". We denote other keys similarly (e.g., RETURN indicates a carriage
return). All examples of command lines are followed by a RETURN unless otherwise indicated.
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Obtaining Example Source Code

Y ou can obtain the source code for the programs presented in this book from O'Reilly & Associates
through their Internet server. The example programs in this book are available electronically in a number
of ways. by FTP, Ftpmail, BITFTP, and UUCP. The cheapest, fastest, and easiest ways are listed first. If
you read from the top down, the first one that works for you is probably the best. Use FTP if you are
directly on the Internet. Use Ftpmail if you are not on the Internet, but can send and receive electronic
mail to Internet sites (this includes CompuServe users). Use BITFTP if you can send electronic mail via
BITNET. Use UUCP if none of the above works.

FTP

To use FTP, you need a machine with direct access to the Internet. A sample session is shown, with
what you should type in boldface.

$ ftp ftp.oreilly.com

Connected to ftp.oreilly.com

220 FTP server (Version 6.21 Tue Mar 10 22:09:55 EST 1992)
ready.

Nanme (ftp.oreilly.comyournane): anonynous

331 Guest |ogin ok, send domain style e-nmail address as
passwor d.

Passwor d: your nane@lonai n. nane (Use your user nane and
host here)

230 Guest | ogin ok, access restrictions apply.

ftp> cd /published/oreilly/nutshell/sedawk 2

250 COWD conmand successful .

ftp> binary (Very inportant! You nust specify binary
transfer for conpressed files.)

200 Type set to |

ftp> get progs.tar.gz

200 PORT command successful .

150 Openi ng Bl NARY npde data connection for progs.tar.gz.
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226 Transfer conplete.
ftp> quit
221 Goodbye.

Thefileisagzip compressed tar archive; extract the files from the archive by typing:
$ gzcat progs.tar.gz | tar xvf -

System V systems require the following tar command instead:
$ gzcat progs.tar.gz | tar xof -

If gzcat is not available on your system, use separate gunzip and tar commands.

$ gunzip progs.tar.gz
$ tar xvf progs.tar

Ftpmail

Ftpmail isamail server available to anyone who can send electronic mail to and receive it from Internet
sites. Thisincludes any company or service provider that allows email connections to the Internet. Here's
how you do it. You send mail to ftpmail @online.oreilly.com. In the message body, give the FTP
commands you want to run. The server will run anonymous FTP for you and mail the files back to you.
To get acomplete help file, send a message with no subject and the single word "help” in the body. The
following is a sample mail session that should get you the examples. This command sends you alisting
of the filesin the selected directory and the requested example files. Thelisting is useful if there's alater
version of the examples you're interested in.

$ mail ftpmail @nline.oreilly.com

Subj ect :

reply-to your nane@onai n. nane (Were you want files
mai | ed)

open

cd /published/oreilly/nutshell/sedawk 2
dir

node bi nary

uuencode

get progs.tar.gz

qui t

A signature at the end of the message is acceptable as long as it appears after "quit."
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BITFTP

BITFTPisamail server for BITNET users. Y ou send it electronic mail messages requesting files, and it
sends you back the files by electronic mail. BITFTP currently serves only users who send it mail from
nodes that are directly on BITNET, EARN, or NetNorth. To use BITFTP, send mail containing your

f t p commandsto BITFTP@PUCC. For acomplete help file, send HELP as the message body. The

following is the message body you send to BITFTP:

FTP ftp.oreilly.com NETDATA

USER anonynous

PASS vyour nane@our host . edu Put your Internet emil
address here (not your BITNET address)

CD / published/oreilly/nutshell/sedawk 2

D R

Bl NARY

CET progs.tar.gz

QU T

Once you've got the desired file, follow the directions under FTP to extract the files from the archive.
Since you are probably not on a UNIX system, you may need to get versions of uudecode, gunzi p,
at ob, andt ar for your system. VMS, DOS, and Mac versions are available.

UUCP

UUCP is standard on virtually all UNIX systems and is available for IBM-compatible PCs and Apple
Macintoshes. The examples are available by UUCP viamodem from UUNET; UUNET's connect-time
charges apply. If you or your company has an account with UUNET, you have a system somewhere with
adirect UUCP connection to UUNET. Find that system, and type:

uucp uunet\!~/published/oreilly/nutshell/sedawk 2/ progs.tar.
gz yourhost\!~/your nane/

The backslashes can be omitted if you use a Bourne-style shell (sh, ksh, bash, zsh, pdksh) instead
of csh ort csh. Thefile should appear some time later (up to aday or more) in the directory /usr/spool/
uucppublic/yourname. If you don't have an account, but would like one so that you can get electronic
mail, contact UUNET at 703-206-5400. It's a good ideato get the file /published/oreilly/ls-IR.Z as a
short test file containing the filenames and sizes of all the files available. Once you've got the desired
file, follow the directions under FTP to extract the files from the archive.
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Availability of sed and awk

Sed and awk were part of Version 7 UNIX (also known as"V7," and "Seventh Edition") and have been
part of the standard distribution ever since. Sed has been unchanged since it was introduced.

The Free Software Foundation GNU project's version of sed isfreely available, although not technically
in the public domain. Source code for GNU sed is available via anonymous FTP[1] to the host ftp.gnu.ai.
mit.edu. It isin thefile /pub/gnu/sed-2.05.tar.gz. Thisis atar file compressed with the gzi p program,
whose source code is available in the same directory. There are many sites world-wide that "mirror” the
filesfrom the main GNU distribution site; if you know of one close to you, you should get the files from
there. Be sure to use "binary" or "image' mode to transfer the file(s).

[1] If you don't have Internet access and wish to get a copy of GNU sed, contact the Free
Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 U.S.A.
The telephone number is 1-617-542-5942, and the fax number is 1-617-542-2652.

In 1985, the authors of awk extended the language, adding many useful features. Unfortunately, this new
version remained inside AT& T for several years. It became part of UNIX System V as of Release 3.1. It
can be found under the name of nawk, for new awk; the older version still exists under its original name.
Thisisstill the case on System V Release 4 systems.

On commercial UNIX systems, such as those from Hewlett-Packard, Sun, IBM, Digital, and others, the
naming situation is more complicated. All of these systems have some version of both old and new awk,
but what each vendor names each program varies. Some have oawk and awk, others have awk and
nawk. The best advice we can give isto check your local documentation.[2] Throughout this book, we
use the term awk to describe POSIX awk. Specific implementations will be referred to by name, such as
"gawk," or "the Bell Labs awk."

[2] Purists refer to the new awk simply as awk; the new one was intended to replace the
original one. Alas, amost 10 years after it was released, this still has not really happened.

Chapter 11 discusses three freely available awks (including where to get them), as well as several
commercia ones.
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NOTE: Sincethefirst edition of this book, the awk language was standardized as part of
the POSIX Command Language and Utilities Standard (P1003.2). All modern awk
Implementations aim to be upwardly compatible with the POSI X standard.

The standard incorporates features that originated in both new awk and gawk. In this
book, you can assume that what is true for one implementation of POSIX awk istrue for
another, unless a particular version is designated.

DOS Versions

Gawk, mawk, and GNU sed have been ported to DOS. There are files on the main GNU distribution site
with pointers to DOS versions of these programs. In addition, gawk has been ported to OS2, VMS, and
Atari and Amiga microcomputers, with ports to other systems (Macintosh, Windows) in progress.

egr ep, sed, and awk are available for MS-DOS-based machines as part of the MKS Toolkit (Mortice
Kern Systems, Inc., Ontario, Canada). Their implementation of awk supports the features of POSIX awk.

The MK S Toolkit aso includes the Korn shell, which means that many shell scripts written for the
Bourne shell on UNIX systems can be run on a PC. While most users of the MK S Toolkit have probably
already discovered these tools in UNIX, we hope that the benefits of these programs will be obviousto
PC users who have not ventured into UNIX.

Thompson Automation Software] 3] has an awk compiler for UNIX, DOS, and Microsoft Windows. This
version isinteresting because it has a number of extensions to the language, and it includes an awk
debugger, written in awk!

[3] 5616 SW Jefferson, Portland, OR 97221 U.S.A., 1-800-944-0139 within the U.S,, 1-
503-224-1639 elsewhere.

We have used a PC on occasion because Ventura Publisher is aterrific formatting package. One of the
reasons we like it is that we can continue to use vi to create and edit the text files and use sed for
writing editing scripts. We have used sed to write conversion programs that translate t r of f macros
into Ventura stylesheet tags. We have also used it to insert tags in batch mode. This can save having to
manually tag repeated elementsin afile.

Sed and awk are also useful for writing conversion programs that handle different file formats.
Other Sources of Information About sed and awk

For along time, the main source of information on these utilities was two articles contained in Volume 2
of the UNIX Programmer's Guide. The article awk - A Pattern Scanning and Processing Language
(September 1, 1978) was written by the language's three authors. In 10 pages, it offers a brief tutorial



and discusses several design and implementation issues. The article SED - A Non-Interactive Text Editor
(August 15, 1978) was written by Lee E. McMahon. It is areference that gives afull description of each
function and includes some useful examples (using Coleridge's Xanadu as sample input).

In trade books, the most significant treatment of sed and awk appears in The UNIX Programming
Environment by Brian W. Kernighan and Rob Pike (Prentice-Hall, 1984). The chapter entitled "Filters"
not only explains how these programs work but shows how they can work together to build useful
applications.

The authors of awk collaborated on a book describing the enhanced version: The AWK Programming
Language (Addison-Wesley, 1988). It contains many full examples and demonstrates the broad range of
areas where awk can be applied. It follows in the style of the UNIX Programming Environment, which at
times makes it too dense for some readers who are new users. The source code for the example programs
in the book can be found in the directory /netlib/research/awkbookcode on netlib.bell-labs.com.

The |[EEE Standard for Information and Technology Portable Operating System Interface (POSIX) Part
2: Shell and Utilities (Standard 1003.2-1992)[4] describes both sed and awk.[5] It isthe "officia" word
on the features available for portable shell programs that use sed and awk. Since awk is a programming
language in itsown right, it is aso the official word on portable awk programs.

[4] Whew! Say that three times fast!

[5] The standard is not available online. It can be ordered from the |EEE by calling 1-800-
678-IEEE(4333) in the U.S. and Canada, 1-908-981-0060 el sewhere. Or, see http://www.
ieee.org/ from aWeb browser. The cost is U.S. $228, which includes Standard 1003.2d-
1994 - Amendment 1 for Batch Environments. Members of |EEE and/or | EEE societies
receive a discount.

In 1996, the Free Software Foundation published The GNU Awk User's Guide, by Arnold Robbins. This
Is the documentation for gawk, written in amore tutorial style than the Aho, Kernighan, and Weinberger
book. It has two full chapters of examples, and covers POSIX awk. Thisbook is also published by SSC
under the title Effective AWK Programming, and the Texinfo source for the book comes with the gawk
distribution.

It is one of the current deficiencies of GNU sed that it has no documentation of its own, not even a
manpage.

Most general introductions to UNIX introduce sed and awk in along parade of utilities. Of these books,
Henry McGilton and Rachel Morgan's Introducing the UNIX System offers the best treatment of basic
editing skills, including use of all UNIX text editors.

UNIX Text Processing (Hayden Books, 1987), by the original author of this handbook and Tim O'Rellly,
covers sed and awk in full, although we did not include the new version of awk. Readers of that book
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will find some parts duplicated in this book, but in general a different approach has been taken here.
Whereas in the textbook we treat sed and awk separately, expecting only advanced users to tackle awk,
here we try to present both programsin relation to one another. They are different tools that can be used
individually or together to provide interesting opportunities for text processing.

Finally, in 1995 the Usenet newsgroup comp.lang.awk came into being. If you can't find what you need

to know in one of the above books, you can post a question in the newsgroup, with a good chance that
someone will be able to help you.

The newsgroup also has a"frequently asked questions® (FAQ) article that is posted regularly. Besides
answering questions about awk, the FAQ lists many sites where you can obtain binaries of different
versions of awk for different systems. Y ou can retrieve the FAQ via FTP in the file called /pub/usenet/

comp.lang.awk/fag from the host rtfm.mit.edu.

Sample Programs

The sample programs in this book were originally written and tested on aMac Ilci running A/UX 2.0
(UNIX System V Release 2) and a SparcStation 1 running SunOS 4.0. Programs requiring POSI X awk
were re-tested using gawk 3.0.0 as well asthe August 1994 version of the Bell Labs awk from the Bell
Labs FTP site (see Chapter 11 for the FTP details). Sed programs were retested with the SunOS 4.1.3

sed and GNU sed 2.05.
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5.8 Print

The print command (p) causes the contents of the pattern space to be output. It does not clear the pattern
space nor does it change the flow of control in the script. However, it is frequently used before
commands (d, N, b) that do change flow control. Unless the default output is suppressed (-n), the print
command will cause duplicate copies of aline to be output. It can be used when default output is
suppressed or when the flow control through the program avoids reaching the bottom of the script.

Let'slook at a script that shows how the print command might be used for debugging purposes. It is used
to show what the line looked like before you made any changes.

#n Print line before and after changes.
[ "\ . Ah/{

P

s/"llg

s/I™"\.Ah []p

}

Note that the print flag is supplied to the substitute command. The substitute command's print flag
differs from the print command in that it is conditional upon a successful substitution.

Here's a sample run of the above script:

$ sed -f sed.debug ch05

. Ah " Comment "

Comment

. Ah "Substitution”

Substitution

. Ah "Del et e"

Del et e

. Ah " Append, Insert and Change"
Append, Insert and Change


file:///I|/Docs/~~Sed%20+%20Awk%20(O'Reilly,%202nd)/Pages/jobjects/fsearch.htm

.Ah "List"
Li st

Each affected lineis printed twice.

WEe'll see additional examples of the print command in the next chapter. See also the multiline print
command (P) in the next chapter.
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5.9 Print Line Number

An equal sign (=) following an address prints the line number of the matched line. Unless you suppress
the automatic output of lines, both the line number and the line itself will be printed. Its syntax is:

[l i ne-addr ess]=
This command cannot operate on arange of lines.

A programmer might use thisto print certain linesin a source file. For instance, the following script
prints the line number followed by the line itself for each line containing atab followed by the string
"if". Here's the script:

#n print line nunber and line with if statenent
i f/{

/
P
}
Note that #n suppresses the default output of lines. Now let's see how it works on a sample program,

random c:

$ sed -f sedscr.= randomc

192
if( rand type == TYPEO ) {
234
if( rand type == TYPE O ) statel -1] =
rand_type;
236
if( n < BREAK 1 ) {
252

if( n < BREAK 3 ) {
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274

i1f( rand_type == TYPE O ) statel -1] =
rand_type;
303

i1f( rand_type == TYPE O ) statel -1] =
rand_type;

The line numbers might be useful in finding problems reported by the compiler, which typically lists the
line number.
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5.10 Next

The next command (n) outputs the contents of the pattern space and then reads the next line of input
without returning to the top of the script. Its syntax is:

[addr ess]n

The next command changes the normal flow control, which doesn't output the contents of the pattern
space until the bottom of the script is reached and which always begins at the top of the script after
reading in anew line. In effect, the next command causes the next line of input to replace the current
line in the pattern space. Subsequent commands in the script are applied to the replacement line, not the
current line. If the default output has not been suppressed, the current lineis printed before the
replacement takes place.

Let'slook at an example of the next command in which we delete ablank line only when it follows a
pattern matched on the previousline. In this case, awriter has inserted a blank line after a section
heading macro (. H1). We want to remove that blank line without removing all blank linesin thefile.
Here's the samplefile:

. HL "On Egypt”

Napol eon, pointing to the Pyram ds, said to his troops:
"Sol diers, forty centuries have their eyes upon you."

The following script removes that blank line:

I A\ . HL/ {
n

/1 "$/ d

}

Y ou can read this script as follows: "Match any line beginning with the string ".H1', then print that line
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and read in the next line. If that line is blank, deleteit." The braces are used to apply multiple commands
at the same address.

In alonger script, you must remember that commands occurring before the next command will not be
applied to the new input line, nor will commands occuring after it be applied to the old input line.

You'll see additional examples of the n command in Chapter 6, along with a multiline version of this
command.
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5.11 Reading and Writing Files

Theread (r ) and write (w) commands allow you to work directly with files. Both take a single argument,
the name of afile. The syntax follows:

[I'i ne-address]r file
[addr ess]wfile

The read command reads the contents of file into the pattern space after the addressed line. It cannot
operate on arange of lines. The write command writes the contents of the pattern space to the file.

Y ou must have a single space between the command and the filename. (Everything after that space and
up to the newline is taken to be the filename. Thus, leading or embedded spaces will become part of the
filename.) The read command will not complain if the file does not exist. The write command will create
afileif it does not exist; if the file aready exists, the write command will overwrite it each time the
script isinvoked. If there are multiple instructions writing to the same file in one script, then each write
command appends to the file. Also, be aware that you can only open up to 10 files per script.

The read command can be useful for inserting the contents of one file at a particular place in another file.
For instance, let's say that there is a set of files and each file should close with the same one- or two-
paragraph statement. A sed script would allow you to maintain the closing separately while inserting it as
needed, for instance, when sending the file to the printer.

sed "$r closing' $* | pr | Ip

The $ is an addressing symbol specifying the last line of the file. The contents of the file named closing
are placed after the contents of pattern space and output with it. This example does not specify a
pathname, assuming the file to be in the same directory as the command. A more general-purpose
command should use the full pathname.

Y ou may want to test out afew quirks of the read command. Let's ook at the following command:
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[ "<Conpany-1list>/r conpany.|i st

That is, when sed matches a line beginning with the string "<Company-list>", it is going to append the
contents of the file company.list to the end of the matched line. No subsequent command will affect the
lines read from the file. For instance, you can't make any changes to the list of companies that you've
read into the file. However, commands that address the original line will work. The previous command
could be followed by a second command:

| "<Conpany-1ist>/d
to delete the origina line. So that if the input file was as follows:

For service, contact any of the follow ng conpanies:
<Conpany-|ist>
Thank you.

running the two-line script would produce:

For service, contact any of the follow ng conpanies:
Allied
Mayf | ower
Uni t ed

Thank you.

Suppressing the automatic output, using the -n option or #n script syntax, preventsthe original linein
the pattern space from being output, but the result of aread command still goesto standard output.

Now let'slook at examples of the write command. One use is to extract information from one file and
placeit inits own file. For instance, imagine that we had afile listing the names of salespeople
alphabetically. For each person, the listing designates which of four regions the person is assigned to.
Here'sasample:

Adans, Henrietta Nor t heast
Banks, Freda Sout h
Dennis, Jim M dwest
Garvey, Bill Nor t heast
Jeffries, Jane West

Madi son, Syl via M dwest
Sommes, Tom Sout h

Writing a script for a seven-linefile, of course, isridiculous. Y et such a script can potentially handle as
many names as you can put together, and is reusable.



If all we wanted was to extract the names for a particular region, we could easily usegr ep todoit. The
advantage with sed is that we can break up the file into four separate filesin asingle step. The following
four-line script doesit:

/ Nor t heast $/ w r egi on. nort heast
/ Sout h$/ w regi on. sout h

/ M dwest $/ w r egi on. m dwest

/ \est $/ w r egi on. west

All of the names of salespeople that are assigned to the Northeast region will be placed in afile named
region.northeast.

The write command writes out the contents of the pattern space when the command is invoked, not when
end of the script is reached. In the previous example, we might want to remove the name of the region
before writing it to file. For each case, we could handle it as we show for the Northeast region:

/ Nor t heast $/{
s/l
W regi on. nort heast

}

The substitute command matches the same pattern as the address and removes it. There are many
different uses for the write command; for example, you could useit in a script to generate several
customized versions of the same sourcefile.

5.11.1 Checking Out Reference Pages

Like many programs, a sed script often starts out small, and is ssmple to write and ssmple to read. In
testing the script, you may discover specific cases for which the general rules do not apply. To account
for these, you add lines to your script, making it longer, more complex, and more complete. While the
amount of time you spend refining your script may cancel out the time saved by not doing the editing
manually, at least during that time your mind has been engaged by your own seeming sleight-of-hand:
"See! The computer did it."

We encountered one such problem in preparing aformatted copy of command pages that the writer had
typed as atext file without any formatting information. Although the files had no formatting codes,
headings were used consistently to identify the format of the command pages. A samplefileis shown
below.

khkkkhkhkkhhkhkkhhkhhhkhhkhkkhhkhhhkhhkhhhkhhkhkhhkhhhkhhkhkhhkhhhkhhkhkhhkhhhkhhkhkkihkhkhrkihkhkhrkhkx

NANME: DBcl ose - cl oses a dat abase

SYNTAX:



voi d DBcl ose(f desc)
DBFI LE *f desc;

USAGE:
f desc - pointer to database file descriptor

DESC.

DBcl ose() closes a file when given its database file

descri ptor.

Your pending wites to that file will be conpleted before the
file is closed. All of your update |ocks are renoved.

*fdesc becones invalid.

O her users are not affected when you call DBclose(). Their
updat e
| ocks and pending wites are not changed.

Note that there is no default file as there is in BASIC.
*fdesc nust specify an open file.

DBcl ose() is anal ogous to the CLOSE statenent in BASIC.

RETURNS:
There is no return val ue

LR R I I b b b b b b b b b b b b b b S S S I I S S b b b b b b b b b b R R I S I S I I I S S S b b b b b b b b b b b S R

The task was to format this document for the laser printer, using the reference header macros we had
developed. Because there were perhaps forty of these command pages, it would have been utter drudgery
to go through and add codes by hand. However, because there were that many, and even though the
writer was generally consistent in entering them, there would be enough differences from command to
command to have required several passes.

WEe'll examine the process of building this sed script. In a sense, thisis a process of looking carefully at

each line of a sample input file and determining whether or not an edit must be made on that line. Then

we look at the rest of the file for similar occurrences. We try to find specific patterns that mark the lines
or range of lines that need editing.

For instance, by looking at the first line, we know we need to eliminate the row of asterisks separating
each command. We specify an address for any line beginning and ending with an asterisk and look for
zero or more asterisks in between. The regular expression uses an asterisk asaliteral and asa
metacharacter:

[ M F\N**\*$/ d



This command deletes entire lines of asterisks anywhere they occur in the file. We saw that blank lines
were used to separate paragraphs, but replacing every blank line with a paragraph macro would cause
other problems. In many cases, the blank lines can be removed because spacing has been provided in the
macro. Thisis acase where we put off deleting or replacing blank lines on aglobal basis until we have
dealt with specific cases. For instance, some blank lines separate |abel ed sections, and we can use them
to define the end of arange of lines. The script, then, is designed to delete unwanted blank lines as the
last operation.

Tabs were asimilar problem. Tabs were used to indent syntax lines and in some cases after the colon
following alabel, such as"NAME". Our first thought was to remove al tabs by replacing them with
eight spaces, but there were tabs we wanted to keep, such as those inside the syntax line. So we removed
only specific cases, tabs at the beginning of lines and tabs following a colon.

[ e[ S]]/
[:=/s/]]:]

The next line we come across has the name of the command and a description.
NAME: DBcl ose - cl oses a dat abase

We need to replace it with the macro .Rh 0. Its syntax is:
. Rh 0 "command" "descri pti on"

We insert the macro at the beginning of the line, remove the hyphen, and surround the arguments with
guotation marks.

| NANE: | {
s//.Rh O "/
s/ - [I" "]
s/ $/"/
}

We can jump ahead of ourselves abit here and look at what this portion of our script does to the sample
line:

.Rh O "DBcl ose" "cl oses a dat abase"

The next part that we examine begins with "SYNTAX." What we need to do hereis put in the .Rh
macro, plus some additional t r of f requests for indentation, afont change, and no-fill and no-adjust.
(The indentation is required because we stripped the tabs at the beginning of the line.) These requests
must go in before and after the syntax lines, turning the capabilities on and off. To do this, we define an
address that specifies the range of lines between two patterns, the label and a blank line. Then, using the



change command, we replace the label and the blank line with a series of formatting requests.

| SYNTAX: /, 1 ~$/ {

/| SYNTAX: / c\
. Rh Synt ax\
.1 n +5n\
.ft B\
. nf\
. ha

[ "$/ c\
.1 n -5n\
ft R
Cfi
.ad b

}

Following the change command, each line of input ends with a backslash except the last line. Asaside
effect of the change command, the current line is deleted from the pattern space.

The USAGE portion is next, consisting of one or more descriptions of variable items. Here we want to
format each item as an indented paragraph with a hanging italicized label. First, we output the .Rh
macro; then we search for lines having two parts separated by atab and a hyphen. Each part is saved,
using backslash-parentheses, and recalled during the substitution.

| USAGE: /, I "$/ {

/ USAGE: / c\
. Rh Usage

INC*\N)) e N(CCFN)/s/TOTP "\NFIVIVVERY 150\
\ 2./

}

Thisis agood example of the power of regular expressions. Let's ook ahead, once again, and preview
the output for the sample.

. Rh Usage
AP "\ flfdesc\fR' 15n
poi nter to database file descriptor.

The next part we come across is the description. We notice that blank lines are used in this portion to
separate paragraphs. In specifying the address for this portion, we use the next label, "RETURNS."

/| DESC: / , / RETURNS/ {
/ DESC: /i \
. LP



s/ DESC. *$/.Rh Description/
s/ "$/.LP/

}

Thefirst thing we do isinsert a paragraph macro because the preceding USAGE section consisted of
indented paragraphs. (We could have used the variable-list macros from the - nmpackage in the USAGE
section; if so, we would insert the .LE at this point.) Thisis done only once, which iswhy it is keyed to
the "DESC" |abel. Then we substitute the label "DESC" with the .Rh macro and replace all blank linesin
this section with a paragraph macro.

When we tested this portion of the sed script on our samplefile, it didn't work because there was asingle
space following the DESC label. We changed the regular expression to look for zero or more spaces
following the label. Although this worked for the sample file, there were other problems when we used a
larger sample. The writer was inconsistent in his use of the "DESC" label. Mostly, it occurred on aline
by itself; sometimes, though, it was included at the start of the second paragraph. So we had to add
another pattern to deal with this case. It searches for the label followed by a space and one or more
characters.

s/ DESC. *$/.Rh Descri ption/
s/DESC. \(.*\)/.Rh Description\
\\ 1/

In the second case, the reference header macro is output followed by a newline,
The next section, labeled "RETURNS," is handled in the same way asthe SYNTAX section.

We do make minor content changes, replacing the label "RETURNS' with "Return Value" and
consequently adding this substitution:

s/ There is no return val ue\.*/ None./
The very last thing we do is delete remaining blank lines.
/~$/d
Our script isput in afile named refsed. Hereitisin full:

# refsed -- add formatting codes to reference pages
[ M\ **\*$/ d
[ ~e[s]]]
/. ®/s/]:]
[ NAMVE: | {
s//.Rh 0"/



s/ - I" "

s/ $/"/
}
| SYNTAX: [, [ "$] {
| SYNTAX: / c\
. Rh Synt ax\
.in +5n\
ft B\
. nf\
. na
[ ~$/ c\
.in -5n\
ft R
i
.ad b
}
| USAGE: /, I "$/ {
/ USAGE: / c\
. Rh Usage
INC*\N)e- N (*\) s/ 1P "\\fIVI\\fR" 15n\
\ 2./
}
/| DESC. /, | RETURNS/ {
/| DESC: /i \
. LP
s/ DESC. *$/.Rh Description/
s/DESC. \(.*\)/.Rh Description\
\ 1/
s/ "$/ . LP/
}

| RETURNS: /, /"$/ {
/ RETURNS: / c\
.Rh "Return Val ue"
s/ There is no return val ue\.*/ None./

}
/"$/d

Aswe have remarked, you should not have sed overwrite the original. It is best to redirect the output of
sed to another file or let it go to the screen. If the sed script does not work properly, you will find that it
iIsgenerally easier to change the script and re-run it on the original file than to write a new script to
correct the problems caused by a previous run.

$ sed -f refsed refpage
.Rh O "DBcl ose" "cl oses a dat abase"
. Rh Synt ax



.in +5n
ft B
. nf
. ha
voi d DBcl ose(fdesc)
DBFI LE *f desc;
.in -5n
ft R
Cfi
.ad b
. Rh Usage
AP "\ flfdesc\fR' 15n
poi nter to database file descriptor.
. LP
. Rh Description
DBcl ose() closes a file when given its database file
descri ptor.
Your pending wites to that file will be conpleted before the
file is closed. All of your update |ocks are renoved.
*f desc becones invalid.

.LP

O her users are not effected when you call DBclose(). Their
updat e

| ocks and pending wites are not changed.

. LP

Note that there is no default file as there is in BASIC
*fdesc nust specify an open file.

. LP

DBcl ose() is anal ogous to the CLOSE statenent in BASIC
. LP

. Rh "Return Val ue”

None.
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5.12 Quit

The quit command (q) causes sed to stop reading new input lines (and stop sending them to the output).
Its syntax is:

[l i ne-addr ess]q

It can take only a single-line address. Once the line matching address is reached, the script will be
terminated.[10] For instance, the following one-liner uses the quit command to print the first 100 lines

from afile:

[10] Y ou need to be very careful not to use g in any program that writesits edits back to
the original file. After q is executed, no further output is produced. It should not be used
in any case where you want to edit the front of the file and pass the remainder through
unchanged. Using g in this case is a very dangerous beginner's mistake.

$ sed '100g' test

It prints each line until it gets to line 100 and quits. In thisregard, this command functions similarly to
the UNIX head command.

Another possible use of qui t isto quit the script after you've extracted what you want from afile. For
instance, in an application like get mac (presented in Chapter 4, Writing sed Scripts, there is some

inefficiency in continuing to scan through alarge file after sed has found what it islooking for.

So, for example, we could revise the sed script in the get mac shell script as follows:

sed -n "
/™ .de *$mac/, /M. \.$/{
P

[™ .\ $/ g
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1" $file
The grouping of commands keeps the line;
I™ N8/

from being executed until sed reaches the end of the macro we're looking for. (This line by itself would
terminate the script at the conclusion of the first macro definition.) The sed program quits on the spot,
and doesn't continue through the rest of the file looking for other possible matches.

Because the macro definition files are not that long, and the script itself not that complex, the actual time
saved from this version of the script is negligible. However, with avery largefile, or a complex,
multiline script that needs to be applied to only asmall part of thefile, this version of the script could be
asignificant timesaver.

If you compare the following two shell scripts, you should find that the first one performs better than the
second. The following ssimple shell program prints out the top 10 lines of afile and then quits:

for file
do

sed 10qgq $file
done

The next example also prints the first 10 lines using the print command and suppressing default output:

for file
do

sed -n 1,10p $file
done

If you haven't already done so, you should practice using the commands presented in this chapter before
going on to the advanced commands in the next chapter.
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In this chapter, we cover the remaining sed commands. These commands require more determination to
master and are more difficult to learn from the standard documentation than any of the basic commands.
Y ou can consider yourself atrue sed-master once you understand the commands presented here.

The advanced commands fall into three groupings:

1. Working with a multiline pattern space (N,D,P).

2. Using the hold space to preserve the contents of the pattern space and make it available for
subsequent commands (H,h,Gg,x).

3. Writing scripts that use branching and conditional instructions to change the flow of control (:,b,

t).

If the advanced scripts in this chapter have one thing in common, it is that they alter the sequential flow
of execution or control. Normally, aline is read into the pattern space and each command in the script,
one right after the other, is applied to that line. When the bottom of the script is reached, thelineis
output and the pattern space is cleared. Then anew line isread into the pattern space and control passes
back to the top of the script. That isthe normal flow of control in a sed script.

The scriptsin this chapter interrupt or break the normal flow of control for various reasons. They might
want to prevent commands in the script from executing except under certain circumstances, or to prevent
the contents of the pattern space from being cleared out. Altering the flow of control makes a script
much more difficult to read and understand. In fact, the scripts may be easier to write than they are to
read. When you are writing a difficult script, you have the benefit of testing it to see how and why
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commands work.

We'd recommend that you test the scripts presented in this chapter and experiment by adding or
removing commands to understand how the script is working. Seeing the results for yourself will help
you understand the script much better than simply reading about it.

6.1 Multiline Pattern Space

We have emphasized in previous discussions of regular expressions that pattern matching is line-
oriented. A program like gr ep attempts to match a pattern on asingle line of input. This makes it
difficult to match a phrase, for instance, which can start at the end of one line and finish at the beginning
of the next line. Other patterns might be significant only when repeated on multiple lines.

Sed has the ability to look at more than one line in the pattern space. This alows you to match patterns
that extend over multiple lines. In this section, we will look at commands that create a multiline pattern
space and manipulate its contents. The three multiline commands (N,D,P) all correspond to lowercase
basic commands (n,d,p) that were presented in the previous chapter. The Delete (D) command, for
instance, is amultiline version of the delete command (d). The differenceisthat while d deletes the
contents of the pattern space, D deletes only the first line of a multiline pattern space.

6.1.1 Append Next Line

The multiline Next (N) command creates a multiline pattern space by reading a new line of input and
appending it to the contents of the pattern space. The original contents of pattern space and the new
input line are separated by a newline. The embedded newline character can be matched in patterns by
the escape sequence "\n". In amultiline pattern space, the metacharacter "' matches the very first
character of the pattern space, and not the character(s) following any embedded newline(s). Similarly,
"$" matches only the final newline in the pattern space, and not any embedded newline(s). After the
Next command is executed, control is then passed to subsequent commands in the script.

The Next command differs from the next command, which outputs the contents of the pattern space and
then reads a new line of input. The next command does not create a multiline pattern space.

For our first example, let's suppose that we wanted to change "Owner and Operator Guide" to
"Installation Guide" but we found that it appears in the file on two lines, splitting between " Operator”
and "Guide."

For instance, here are afew lines of sample text:

Consult Section 3.1 in the Owmer and Operator
@Qui de for a description of the tape drives
avai | abl e on your system



The following script looks for "Operator” at the end of aline, reads the next line of input and then makes
the replacement.

/ Oper at or $/ {
N
s/ Omer and Operator\nGuide/lnstallation Guide/

}

In this example, we know where the two lines split and where to specify the embedded newline. When
the script is run on the samplefile, it produces the two lines of output, one of which combines the first
and second lines and is too long to show here. This happens because the substitute command matches
the embedded newline but does not replace it. Unfortunately, you cannot use "\n" to insert anewlinein
the replacement string. Y ou must use a backslash to escape the newline, as follows:

s/ Owmer and Operator\nCuide /Installation Guide\
/

This command restores the newline after "Installation Guide". It is also necessary to match a space
following "Guide" so the new line won't begin with a space. Now we can show the output:

Consult Section 3.1 in the Installation Cuide
for a description of the tape drives
avai | abl e on your system

Remember, you don't have to replace the newline but if you don't it can make for some long lines.

What if there are other occurrences of "Owner and Operator Guide" that break over multiple linesin
different places? Y ou could modify the regular expression to look for a space or a newline between
words, as shown below:

/ Owmner/{
N
s/ Ower *\n*and *\n*Qperator *\n*Qui de/lInstallation Guide/

}

The asterisk indicates that the space or newline is optional. This seems like hard work, though, and
indeed there is a more general way. We have also changed the address to match "Owner," the first word
in the pattern instead of the last. We can read the newline into the pattern space and then use a substitute
command to remove the embedded newline, wherever it is.

s/ Owmer and Operator Guide/lnstallation Guide/
[ Omner/ {
N



s/ *\n/ [/
s/ Omer and Operator Guide */Installation CGuide\
/

}

Thefirst line matches "Owner and Operator Guide" when it appears on aline by itself. (Seethe
discussion after the example about why thisis necessary.) If we match the string "Owner," we read the
next line into the pattern space, and replace the embedded newline with a space. Then we attempt to
match the whole pattern and make the replacement followed by a newline. This script will match
"Owner and Operator Guide" regardless of how it is broken across two lines. Here's our expanded test

Consult Section 3.1 in the Owmer and Qperat or
Quide for a description of the tape drives
avai | abl e on your system

Look in the Owmer and Operator Cuide shipped with your
system

Two manual s are provided including the Owmer and
Qperator Guide and the User GCuide.

The Owmner and Operator Guide is shipped with your system

Running the above script on the sampl e file produces the following result:

$ sed -f sedscr sanple

Consult Section 3.1 in the Installation CGuide
for a description of the tape drives
avai |l abl e on your system

Look in the Installation Guide shipped with your system

Two manual s are provided including the Installation CGuide
and the User Cui de.

The Installation Guide is shipped with your system

In this sample script, it might seem redundant to have two substitute commands that match the pattern.
The first one matches it when the pattern is found already on one line and the second matches the pattern
after two lines have been read into the pattern space. Why the first command is necessary is perhaps best
demonstrated by removing that command from the script and running it on the samplefile:

$ sed -f sedscr2 sanple



Consult Section 3.1 in the Installation Guide
for a description of the tape drives
avai | abl e on your system

Look in the Installation Cuide

shi pped with your system

Two manual s are provided including the Installation Guide
and the User Cuide.

Do you see the two problems? The most obvious problem is that the last line did not print. The last line
matches "Owner" and when N is executed, there is not another input line to read, so sed quits
(immediately, without even outputting the line). To fix this, the Next command should be used as
follows to be safe:

$!'N

It excludesthe last line ($) from the Next command. Asit isin our script, by matching "Owner and
Operator Guide" on the last line, we avoid matching "Owner" and applying the N command. However, if
the word "Owner" appeared on the last line we'd have the same problem unless we use the "$!N" syntax.

The second problem is alittle less conspicuous. It has to do with the occurrence of "Owner and Operator
Guide" in the second paragraph. In the input file, it isfound on aline by itself:

Look in the Owmer and Operator Cuide shipped with your
system

In the output shown above, the blank line following "shipped with your system." is missing. The reason
for thisisthat this line matches "Owner" and the next line, ablank line, is appended to the pattern space.
The substitute command removes the embedded newline and the blank line has in effect vanished. (If the
line were not blank, the newline would still be removed but the text would appear on the same line with
"shipped with your system.") The best solution seems to be to avoid reading the next line when the
pattern can be matched on one line. So, that is why the first instruction attempts to match the case where
the string appears all on one line.

6.1.1.1 Converting an Interleaf file

FrameMaker and Interleaf make WY SIWY G technical publishing packages. Both of them have the
ability to read and save the contents of a document in an ASCII-coded format as opposed to their normal
binary file format. In this example, we convert an Interleaf fileintot r of f ; however, the same kind of
script could be applied to convert at r of f -coded file to Interleaf format. The same is true of
FrameMaker. Both place coding tagsin the file, surrounded by angle brackets.

In this example, our conversion demonstrates the effect of the change command on a multiline pattern



space. In the Interleaf file, "<para>" marks a paragraph. Before and after the tag are blank lines. Look at
the sasmplefile:

<par a>

This is a test paragraph in Interleaf style ASCII. Another
l'ine
I n a paragraph. Yet another.

<Fi gure Begi n>

v.1111111111111111111111100000000000000000001111111111111000000
100001000100100010001000001000000000000000000000000000000000000
000000

<Fi gure End>
<par a>

More lines of text to be found after the figure.
These lines should print.

Thisfile also contains a bitmap figure, printed as a series of 1sand 0s. To convert thisfiletot r of f
macros, we must replace the "<para>" code with amacro (.LP). However, there's abit more to do
because we need to remove the blank line that follows the code. There are several waysto do it, but we
will use the Next command to create a multiline pattern space, consisting of "<para>" and the blank line,
and then use the change command to replace what's in the pattern space with a paragraph macro. Here's
the part of the script that doesiit:

| <par a>/{
N
c\

. LP

}

The address matches lines with the paragraph tag. The Next command appends the next line, which

should be blank, to the pattern space. We use the Next command (N) instead of next (n) because we
don't want to output the contents of the pattern space. The change command overwrites the previous
contents ("<para>" followed by a newline) of the pattern space, even when it contains multiple lines.

In this conversion script, we'd like to extract the bitmapped figure data and write it to a separatefile. In
its place, we insert figure macros that mark the figure in thefile.

| <Fi gure Begi n>/,/<Fi gure End>/{



w fig.interl eaf
[ <Fi gure End>/i1\
. FG
<insert figure here>\
. FE
d

}

This procedure matches the lines between "<Figure Begin>" and "<Figure End>" and writes them to the
file named fig.interleaf. Each time this instruction is matched, the delete command will be executed,
deleting the lines that have been written to file. When "<Figure End>" is matched, a pair of macros are
inserted in place of the figure in the output. Notice that the subsequent delete command does not affect
the text output by the insert command. It does, however, delete "<Figure End>" from the pattern space.

Here's the entire script:

| <par a>/ {
N
c\

. LP

}

| <Fi gure Begi n>/,/<Fi gure End>/{
w fig.interl eaf
[ <Fi gure End>/i\

. FG
<insert figure here>\
. FE
d
}
/"$/d

The third instruction simply removes unnecessary blank lines. (Note that this instruction could be
depended upon to delete the blank line following the "<para>" tag; but you don't always want to remove
al blank lines, and we wanted to demonstrate the change command across a multiline pattern space.)

The result of running this script on the test file produces:

$ sed -f sed.interleaf test.interl eaf

. LP

This is a test paragraph in Interleaf style ASCII. Another
i ne

I n a paragraph. Yet another.

. FG

<insert figure here>



. FE

.LP

More lines of text to be found after the figure.
These |ines should print.

6.1.2 Multiline Delete

The delete command (d) deletes the contents of the pattern space and causes a new line of input to be
read with editing resuming at the top of the script. The Delete command (D) works slightly differently: it
deletes a portion of the pattern space, up to the first embedded newline. It does not cause a new line of
input to be read; instead, it returns to the top of the script, applying these instructions to what remainsin
the pattern space. We can see the difference by writing a script that looks for a series of blank lines and
outputs a single blank line. The version below uses the delete command:

# reduce nmultiple blank lines to one; version using d

command
I "8/ {

N

/™M n$/d
}

When ablank line is encountered, the next line is appended to the pattern space. Then we try to match
the embedded newline. Note that the positional metacharacters,  and $, match the beginning and the
end of the pattern space, respectively. Here's atest file:

This line is followed by 1 blank Iine.

This line is followed by 2 blank Iines.

This line is followed by 3 blank Iines.

This line is followed by 4 blank Iines.

This is the end,
Running the script on the test file produces the following result:

$ sed -f sed. bl ank test. bl ank



This line is followed by 1 blank |ine.

This line is followed by 2 blank |ines.
This line is followed by 3 blank Iines.

This line is followed by 4 blank |ines.
This is the end.

Where there was an even number of blank lines, al the blank lines were removed. Only when there was
an odd number was a single blank line preserved. That is because the delete command clears the entire
pattern space. Once the first blank line is encountered, the next lineisread in, and both are deleted. If a
third blank line is encountered, and the next line is not blank, the delete command is not applied, and
thus a blank line is output. If we use the multiline Delete command (D rather than d), we get the result
we want:

$ sed -f sed2.blank test. bl ank
This line is followed by 1 blank Iine.

This line is followed by 2 blank Iines.
This line is followed by 3 blank Iines.
This line is followed by 4 blank Iines.

This 1s the end.

The reason the multiline Delete command gets the job done is that when we encounter two blank lines,
the Delete command removes only the first of the two. The next time through the script, the blank line
will cause another line to be read into the pattern space. If that line is not blank, then both lines are
output, thus ensuring that a single blank line will be output. In other words, when there are two blank
lines in the pattern space, only the first one is deleted. When there is a blank line followed by text, the
pattern space is output normally.

6.1.3 Multiline Print

The multiline Print command differs slightly from its lowercase cousin. This command outputs the first
portion of amultiline pattern space, up to the first embedded newline. After the last command in a script
Is executed, the contents of the pattern space are automatically output. (The -n option or #n suppresses
this default action.) Therefore, print commands (P or p) are used when the default output is suppressed
or when flow of control in a script changes such that the bottom of the script is not reached. The Print
command frequently appears after the Next command and before the Delete command. These three
commands can set up an input/output loop that maintains a two-line pattern space yet outputs only one
line at atime. The purpose of thisloop is to output only thefirst line in the pattern space, then return to
the top of the script to apply all commands to what had been the second line in the pattern space.



Without this loop, when the last command in the script was executed, both lines in the pattern space
would be output. The flow through a script that sets up an input/output loop using the Next, Print, and
Delete commandsisillustrated in Figure 6.1. A multiline pattern space is created to match "UNIX" at
the end of thefirst line and " System” at the beginning of the second line. If "UNIX System" isfound
across two lines, we change it to "UNIX Operating System™. The loop is set up to return to the top of the
script and look for "UNIX" at the end of the second line.

Figure 6.1: The Next, Print, and Delete commands used to set up an input/output loop
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The Next command appends a new input line to the current line in the pattern space. After the substitute
command is applied to the multiline pattern space, the first part of the pattern space is output by the Print
command and then removed by the Delete command. That means the current line is output and the new
line becomes the current line. The Delete command prevents the script from reaching bottom, which
would output both lines and clear the contents of the pattern space. The Delete command lets us preserve
the second portion of the pattern space and pass control to the top of the script where all the editing
commands can now be applied to that line. One of those commands is the Next command which reads
another new line into the pattern space.

The following script implements the same loop:



/ UNI X$/ {
N
/\ nSyst ent {
s/l Operating &
P
D

}
}

The substitute command matches "\nSystem” and replaces it with "Operating \nSystem."” It isimportant
that the newline be maintained, or else there will be only asingle line in the pattern space. Note the
order of the Print and Delete commands. Here's our test file:

Here are exanples of the UN X

System VWere UNI X

System appears, it should be the UN X
Operating System

Running the script on the test file produces:

$ sed -f sed.Print test.Print

Here are exanples of the UN X Operating
System Wiere UNI X Operating

System appears, it should be the UN X
Qperating System

The input/output loop lets us match the occurrence of UNIX at the end of the second line. It would be
missed if the two-line pattern space was output normally.

If the relationship between the P and D commands remains unclear to you, we'll have another go at it in
the next example. Y ou can also experiment by removing either command from the above script, or try
using their lowercase cousins.

41 PREVIOUS HOME NEXT
5.12 Quit BOOK INDEX 6.2 A Case for Study




Znd Edition

_Msed &awk

4 PREVIOUS Chapter 6 MEXT B
Advanced sed Commands

Ty

6.2 A Case for Study

Lenny, on our staff, was having difficulty converting a document coded for Scribeto our t r of f macro
package, because of font changes. The problems he encountered are quite interesting, apart from the task
he was trying to do.

The Scribe convention for putting text in abold font is:
@1(put this in bold)

This font change command can appear in-line and may begin on one line and end on a subsequent line.
It can aso appear more than once on aline. Here's a sample file that shows several different occurrences:

$ cat test

| want to see @1(what will happen) if we put the

font change commands @1(on a set of lines). If |
under st and

things (correctly), the @1(third) |ine causes problens.
(No?) .

|s this really the case, or is it (nmaybe) just sonething
el se?

Let's test having two on a line @1(here) and @1(there) as
wel | as one that begins on one line and ends @ 1(sonewhere
on another line). Wuat if @1(it is here) on the |line?
Anot her @ 1(one).

The sample file shows the different contexts in which the font-change commands appear. The script
must match " @f1(anything)" when it occurs on a single line or multiple times on the same line or when
it extends across more than oneline.

The easiest way to make asingle matchis:
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s/@1(\(.*\))/\\IB\1\\fR/ g

The regular expression matches " @f1(.*)" and saves anything inside parentheses using \( and \). In the
replacement section, the saved portion of the match isrecalled as"\1".

Putting this command in a sed script, we will run it on our samplefile.

$ sed -f sed.len test

| want to see \fBwhat will happen\fR if we put the

font change conmands \fBon a set of lines\fR [If |
under st and

things (correctly), the \fBthird) |ine causes problens. (No?
\f R

|s this really the case, or is it (nmaybe) just sonething

el se?

Let's test having two on a line \fBhere) and @1(there\fR as
wel | as one that begins on one line and ends @ 1(sonewhere
on another line). Wuat if \fBit is here\fR on the |line?
Anot her \fBone\fR

The substitute command works properly in the first two lines. It fails on the third line. It also failsin the
first line of the second paragraph where there are multiple occurrences on the same line.

Because aregular expression always makes the longest match possible, ".*" matches all the characters
from " @f1(" to the last closing parenthesis on the line. In other words, the span indicated by ".*" ends
with the last close parenthesis it finds, not the first.

We can fix this problem by modifying the regular expression ".*" to zero or more occurrences of any
character except ")".

[*)]*

In acharacter class, the caret (*) reverses the sense of the operation so it matches all characters except
those specified in the brackets. Here's how the revised command looks:

sI@L(\N([™M)]*\))/\\WFB\I\\fR/ g
Now we have a command that handles one or more occurrences on asingle line.

| want to see \fBwhat will happen\fR if we put the
font change commands \fBon a set of lines\fR If |
under st and



things (correctly), the \fBthird\fR |ine causes probl ens.
( No?) .
|s this really the case, or is it (maybe) just sonething
el se?

Let's test having two on a line \fBhere\fR and \fBthere\fR
as

wel | as one that begins on one Iine and ends @ 1(sonewhere
on another line). Wuat if \fBit is here\fR on the |line?
Anot her \fBone\fR

This command gets al instances except the one in the second paragraph that extends over two lines.
Before solving this problem, it isinteresting to look at Lenny's first solution to it and why it fails. Here's
Lenny'sfirst script:

1@1(1,1)/1]
s/@1(/\\fBl g
s/)/\\fR g

}

He tried to attack the problem of matching an occurrence over multiple lines by specifying a range of
lines. Here's the result of running the script on the test file:

$ sed -f sed.len test.len

| want to see \fBwhat will happen\fR if we put the

font change commands \fBon a set of lines\fR If |
under st and

things (correctly, the \fBthird) |line causes problens. (No?
\fR

Is this really the case, or is it (maybe) just sonething

el se?

Let's test having two on a line \fBhere) and (there\fR as
wel |l as one that begins on one |ine and ends \fBsonmewhere
on another line\fR What if \fBit is here\fR on the |ine?
Anot her \fBone\fR

Matching lines containing ")" makes unwanted matches on lines containing only parentheses. The
solution to matching the pattern over more than one lineisto create a multiline pattern space. If we
match "@f1(" and no closing parenthesisis found, we need to read (N) another line into the buffer and
try to make the same kind of match asthe first case (the \n represents the newline).

sI@L(\([M)]*\))/\\FB\1\\fR g
1 @1(.*/{



N
s/@1(\(.*\n[~)]*\))/\\FB\I\\fR g
}

We can test it out:

$ sed -f sednew test

| want to see \fBwhat will happen\fR if we put the

font change conmmands \fBon a set of lines\fR If |
under st and

things (correctly), the \fBthird\fR |ine causes probl ens.
( No?) .

|s this really the case, or is it (nmaybe) just sonething
el se?

Let's test having two on a line \fBhere\fR and \fBthere\fR
as

wel | as one that begins on one line and ends \fBsonewhere
on another line\fR VWat if @1(it is here) on the |ine?
Anot her \fBone\fR

Asyou can see, we have caught all but the next to last font change. The N command reads a second line
into the pattern space. The script matches the pattern across two lines and then outputs both lines from
the pattern space. What about the second line? It needs a chance to have all the commands in the script
applied to it from top to bottom. Now, perhaps you understand why we need to set up a multiline input/
output loop like the one discussed in the previous section. We add the multiline Print and multiline
Delete to the script.

# Scribe font change script.
sI@L(\N([M)]*\))/\WFBI\I\\fR/ g

I @1(.*/{
N
s/@L(\(.*\n[~)]*\))/\\FB\I\\fR g
P
D

}

This can be trandated as: Once making a substitution across two lines, print the first line and then delete
it from the pattern space. With the second portion remaining in the pattern space, control passesto the
top of the script where we seeif thereisan "@f1(" remaining on the line.

The revised script matches all occurrences in the sample file. However, it's not perfect, so we'll hear
from Lenny again.
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6.3 Hold That Line

The pattern space is a buffer that contains the current input line. There is also a set-aside buffer called
the hold space. The contents of the pattern space can be copied to the hold space and the contents of the
hold space can be copied to the pattern space. A group of commands allows you to move data between
the hold space and the pattern space. The hold space is used for temporary storage, and that's it.
Individual commands can't address the hold space or ater its contents.

The most frequent use of the hold space isto have it retain a duplicate of the current input line while you
change the original in the pattern space. The commands that affect the pattern space are:

Command Abbreviation Function

Hold h or H Copy or append contents of pattern space to hold space.
Get gorG Copy or append contents of hold space to pattern space.
Exchange x Swap contents of hold space and pattern space.

Each of these commands can take an address that specifies asingle line or arange of lines. The hold (h,
H) commands move data into the hold space and the get (g,G commands move data from the hold space
back into the pattern space. The difference between the lowercase and uppercase versions of the same
command is that the lowercase command overwrites the contents of the target buffer, while the
uppercase command appends to the buffer's existing contents.

The hold command replaces the contents of the hold space with the contents of the pattern space. The
get command replaces the contents of the pattern space with the contents of the hold space.

The Hold command puts a newline followed by the contents of the pattern space after the contents of the
hold space. (The newline is appended to the hold space even if the hold space is empty.) The Get
command puts a newline followed by the contents of the hold space after the contents of the pattern
space.

The exchange command swaps the contents of the two buffers. It has no side effects on either buffer.
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Let'suse atrivial example to illustrate putting lines into the hold space and retrieving them later. We are
going to write a script that reverses pairs of lines. For a samplefile, we'll use alist of numbers:

1

2
11
22
111
222

The object isto reverse the order of the lines beginning with 1 and the lines beginning with 2. Here's
how we use the hold space: we copy thefirst line to the hold space - and hold on to it - while we clear
the pattern space. Then sed reads the second line into the pattern space and we append the line from the
hold space to the end of the pattern space. Look at the script:

# Reverse flip
[ 1/

Any line matching a"1" is copied to the hold space and deleted from the pattern space. Control passes to
the top of the script and the line is not printed. When the next line is read, it matches the pattern "2" and
the line that had been copied to the hold space is now appended to the pattern space. Then both lines are

printed. In other words, we save the first line of the pair and don't output it until we match the second
line.

Here's the result of running the script on the sasmplefile:

$ sed -f sed.flip test.flip
2

1

22

11

222

111

The hold command followed by the delete command is a fairly common pairing. Without the delete
command, control would reach the bottom of the script and the contents of the pattern space would be
output. If the script used the next (n) command instead of the delete command, the contents of the



pattern space would also be output. Y ou can experiment with this script by removing the delete
command altogether or by putting a next command in its place. Y ou could also see what happens if you
use g instead of G

Note that the logic of this script is poor, though the script is useful for demonstration purposes. If aline
matches the first instruction and the next line fails to match the second instruction, the first line will not
be output. Thisis ahole down which lines disappear.

6.3.1 A Capital Transformation

In the previous chapter, we introduced the transform command (y) and described how it can exchange
lowercase letters for uppercase letters on aline. Since this command acts on the entire contents of the
pattern space, it is something of a chore to do aletter-by-letter transformation of a portion of the line.
But it is possible, though convoluted, as the following example will demonstrate.

While working on a programming guide, we found that the names of statements were entered
inconsistently. They needed to be uppercase, but some were lowercase while others had an initial capital
letter. While the task was simple 