

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Using awk

If no fields are specified with a print command, print prints $0, the current
record.

Notice that the pattern-action statements are enclosed in single quotes. This
protects characters like $ from being interpreted by the shell and also allows
the program to be longer than one line.

If no files are mentioned on the command line, awk reads from the standard
input. You can also specify that input comes from the standard input by using
the hyphen ( - ) as one of the input files. For example, to read input first from
filel and then from the standard input, enter the following:

awk '{ print $3, $4 }' filel -

This arrangement is convenient when the awk program is short. If the pro-
gram is long, it is often more sensible to put it into a separate file and use the
-f option to fetch it, as follows:

awk -f program_file optional_list_of_input._files

You create an awk program the same way that you create a shell script; using
a text editor such as vi. (Because awk programs are not directly executed,
there is no need to set the executable permission bit on the file.) For example,
the following command line specifies to fetch and execute the file myprogram
on input from the file filel:

awk -f myprogram filel

In the remainder of this chapter, we only show awk programs, without the
command line that invokes them. In an example, if no input is mentioned, the
input is assumed to be the file countries.

Formatting awk output
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For more carefully formatted output, awk provides a C-like printf statement:
printf format, exprl, expr2, ..., exprn

This statement prints each expr according to the corresponding specification
in the string format. For example, the following awk program:

{ printf "$10s %6d\n", $1, $3 }
prints the first field ($1) as a string of 10 characters (right justified), then a
space, then the third field ($3) as a decimal number in a six-character field,
and finally a newline (\n). With input from the file countries, this program
prints an aligned table:
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CIS 262
Canada 24
China 866
USA 219
Brazil 116
Australia 14
India 637
Argentina 26
Sudan 19
Algeria 18

With printf, no output separators or newlines are produced automatically;
you must create them yourself by using \n in the format specification. See
“The printf statement” (page 355) for a full description of printf.

Variables

Unlike variables in C, awk variables do not need to be declared; that is, the
type of information stored need not be defined beforehand. By default, awk
variables have both a character string value and a numeric value: the
appropriate one is derived from the context. Variable names must not contain
spaces or periods.

The following sections describe the various variable types supported.

Field variables

Given that much of the work you will do with awk will involve the pro-
cessing of records, awk provides a notation for the fast and efficient
identification of fields. The fields of the current record are referred to by the
field variables $1, $2, ..., $NF. Field variables share all of the properties of other
variables: they can be used in arithmetic or string operations, and they can
have values assigned to them. So, for example, you can divide the second field
of the file countries by 1000 to convert the area from thousands to millions of
square miles:

{ $2 /= 1000; print }

You can also assign a new string to a field:
$4 == "Africa" { $4 = "South" }
Fields can be accessed by expressions. For example, $(NF-1) is the second to
last field of the current record. For example:
$4 ~/Asia/ { print $(NF-1) }
This program prints the penultimate field (population) for each record in the

file countries whose fourth field contains the string “Asia”. (Omitting the
parentheses causes a series of strings reading “-1” to be printed.)
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A field variable referring to a nonexistent field, for example, $(NF+1), has as its
initial value the empty string. A new field can be created, however, by assign-
ing a value to it. For example, the following program invoked on the file coun-
tries creates a fifth field giving the population density:
BEGIN { FS = OFS = "\t* }
{ §5 = 1000 * $3 / $2; print }

This program adds a fifth column to the output. In the case of Canada, this
would read “6.23053".

The number of fields may vary from record to record, but there is a limit of
100 fields per record.

Built-in variables
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Besides reading the input and splitting it into fields, awk counts the number
of records read and the number of fields within the current record; you can
use these counts in your awk programs. The built-in variable NR is the num-
ber of the current record, and NF is the number of fields in the record. For
example, the following program prints the number of each line and how
many fields it has:

{ print NR, NF }
This program prints each record preceded by its record number:

{ print NR, $0 }
In addition to NR, awk supplies the built-in variables listed in Table 13-1,
“awk internal variables” (this page).

Table 13-1 awk internal variables

Variable Meaning Default
ARGC number of command-line arguments -
ARGV array of command-line arguments -
FILENAME name of current input file -
FNR record number in current file -

FS input field separator space or tab
NF number of fields in current record -
NR number of records read so far -
OFMT output format for numbers %.6g
OFs output field separator space
ORS output record separator newline
RS input record separator newline
RSTART index of first character matched by match -
RLENGTH length of string matched by match -
SUBSEP subscript separator "\034"
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User-defined variables

awk also allows you to define your own variables, which you can use for
storing data, doing arithmetic, and the like. To illustrate, consider computing
the total population and the average population represented by the data in the
file countries:

{ sum = sum + $3 }

{ print "Total population is", sum, "million"

print "Average population of", NR, "countries is", sum/NR }

In general, awk initializes variables with the string value "" and the numeric
value 0. Accordingly, sum is set to zero before it is used.

As you can see, to refer to a variable in awk you do not need to prefix it with
“$” unless it is a field variable.

The first action accumulates the population from the third field; the second
action prints the sum and average:

Total population is 262 million
Average population of 1 countries is 262

Total population is 2201 million
Average population of 10 countries is 220.1

Number or string?

Variables, fields, and expressions can have a numeric value, a string value, or
both at any time. They take on numeric or string values according to context.
For example, in the context of an arithmetic expression like the following:

pop += $3

pop and $3 must be treated numerically, so it must be ensured that their
values are of the numeric type when arithmetic operations are performed on
them. This is often called type coercion.

Similarly, in the following string, $1 and $2 must be strings, so they can be
type coerced if concatenation operations are to be performed.

print $1 ":" §2

In an ambiguous context like the following, the type of the comparison
depends on whether the fields are numeric or string:

sl == $2

329



Using awk

This can only be determined when the program runs; it might differ from
record to record. For example, the above comparison succeeds on any pair of
the following inputs:

1 1.0 +1 0.1e+1 10E-1 001

However, it fails on the following inputs:

(mull) 0
(null) 0.0
0a 0

1e50  1.0e50

In comparisons, if both operands are numeric, the comparison is numeric; oth-
erwise, operands are coerced to strings, and the comparison is made on the
string values. The determination of type is done at run time.

There are two idioms for coercing an expression of one type to the other:
number *”  concatenate a null string to a number to coerce it to type string

string+0  add zero to a string to coerce it to type numeric

Thus, the following forces a string comparison between two fields:

sl L $2 ]
The numeric value of a string is the value of any prefix of the string that looks
numeric; thus the value of 12.34x is 12.34, while the value of x12.34 is zero.
The string value of an arithmetic expression is computed by formatting the
string with the output format conversion OFMT. OFMT specifies a printf-style

format. By default, OFMT is %.6g (truncate argument to six digits). For
example:

{pi=3.1415926535; print pi}
This prints the following;:
3.14159
To print pi to 10 significant digits, use the format specifier "%.10f", as follows:

BEGIN {OFMT="%.10f"}
{pi=3.1415926535; print pi}

This program outputs the following:
3.1415926535
See printf(S) for details of the format string syntax.
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A handful of useful one-liners

Although you can use awk to write large programs of some complexity, many
programs are not much more complicated than what we have seen so far.
Here is a collection of other short programs that you might find useful and
instructive.

Print last field of each input line:
{ print SNF }

Print the tenth input line:
NR == 10

Print the last input line:

{ line = $0}
END { print line }

Print input lines that do not have four fields:
NF != 4 { print $0, "does not have 4 fields" }
Print the input lines with more than four fields:
NF > 4
Print the input lines with last field more than 4:
SNF > 4
Print the total number of input lines:
END { print NR }
Print total number of fields:

{ nf = nf + NF }
END { print nf }

Print total number of input characters:

{ nc = nc + length($0) }
END { print nc + NR }

(Adding NR includes in the total the number of newlines.)

Print the total number of lines that contain the string Asia:

/Asia/ { nlines++ }
END { print nlines }

(The statement nlines++ has the same effect as nlines = nlines + 1.)
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Error messages

Generally, if you make an error in your awk program, you get an error
message. For example:

$3 < 200 { print ( $1}
This program generates the following error messages:
awk: syntax error at source line 1
context is
$3 < 200 { print ( $1 >>> } <<«

awk: illegal statement at source line 1
1 extra (

Some errors might be detected while your program is running. For example, if
you try to divide a number by zero, awk stops processing and reports the
input record number (NR) and the line number in the program.

Patterns

In a pattern-action statement, the pattern is an expression that selects the
records for which the associated action is executed. This section describes the
kinds of expressions that can be used as patterns.

Using simple patterns
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You can select specific records for printing or other processing by using sim-
ple patterns. awk has three kinds of patterns. First, you can use patterns called
relational operators that make comparisons. As an example, the operator ==
tests for equality. Thus, to print the lines in which the fourth field equals the
string “Asia”, use the program consisting of the following single pattern:

§4 == "Asia"

With the file countries as input, this program yields:

CIS 8650 262 Asia
China 3692 866 Asia
India 1269 637 Asia

The complete set of comparisons are >, >=, <, <=, == (equal to), != (not equal
to), ~ (matches), and ! (does not match). These comparisons can be used to
test both numbers and strings. For example, suppose you want to print only
countries with a population greater than 100 million. All you need is the fol-
lowing program:

$3 > 100
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(Remember that the third field in the file countries is the population in mil-
lions.) This program prints all lines in which the third field exceeds 100.

Second, you can use regular expressions that search for specified characters to
select records. The simplest form of a regular expression is a string of charac-
ters enclosed in slashes, as follows:

/us/
This program prints each line that contains the (adjacent) letters US anywhere;
with the file countries as input, it prints the following:

UsA 3615 219 North America

Third, you can use two special patterns, BEGIN and END, that match before
the first record is read and after the last record is processed. The following
program uses BEGIN to print a title:

BEGIN { print "Countries of Asia:\n" }
/Asia/ { print " v,o81 0%

The output from this program is as follows:

Countries of Asia:
CIS
China
India

BEGIN and END

BEGIN and END are two special patterns that give you a way of controlling
initialization and wrap-up in an awk program. BEGIN matches before the first
input record is read, so any statements in the action part of a BEGIN are done
once, before the awk command starts to read its first input record. The END
pattern matches the end of the input, after the last record has been processed.

The following awk program uses BEGIN to set the field separator to tab (\t)
and to put column headings on the output. The field separator is stored in a
built-in variable called FS. Although FS can be reset at any time, usually the
only sensible place is in a BEGIN section, before any input has been read. The
program’s second printf statement, which is executed for each input line, for-
mats the output into a table, neatly aligned under the column headings. The
END action prints the totals. (Notice that a long line can continue after a
comma.)

BEGIN { FS = "\t"
printf "$10s %6s %5s  %s\n",
"COUNTRY", "AREA", "POP", "CONTINENT" }
{ printf "$%$10s %64 %5d %s\n", $1, $2, $3, $4
area = area + $2; pop = pop + $3 }
END { printf *\n%10s %6d %5d\n", "TOTAL", area, pop }
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With the file countries as input, this program produces the following output:

COUNTRY AREA
CIs 8650
Canada 3852
China 3692
USA 3615
Brazil 3286
Australia 2968
India 1269
Argentina 1072
Sudan 968
Algeria 920
TOTAL 30292

Relational operators

POP
262
24
866
219
116
14
637
26
19
18

2201

CONTINENT
Asia

North America
Agia

North America
South America
Australia
Asia

South America
Africa
Africa

334

An awk pattern can be any expression involving comparisons between strings
of characters or numbers. To make comparisons, awk includes six relational
operators and two regular expression matching operators, ~ (tilde) and !",
(discussed in “Regular expressions” (page 335)). Table 13-2, “awk comparison
operators” (this page) shows the relational operators and their meanings.

Table 13-2 awk comparison operators

Operator Meaning

< less than

<= less than or equal to
== equal to

I= not equal to

>= greater than or equal to
> greater than

In a comparison, if both operands are numeric, a numeric comparison is
made; otherwise, the operands are compared as strings. (Every value might be
either a number or a string; usually awk can determine what is intended. See
“Number or string?” (page 329) for more information about this.) Thus, the

following pattern selects lines where the third field exceeds 100:

$3>100

This program selects lines that begin with the letters “S” through “Z” (that is,
lines with an ASCII value greater than or equal to “S”):

$1 >= "ge
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The output looks like this:
Usa 3615 219 North America
Sudan 968 19 Africa
USA 3615 219 North America
Sudan 968 19 Africa

In the absence of any other information, awk treats fields as strings. Thus, the
following program compares the first and fourth fields as strings of charac-
ters:

$1 == $4

Using the file countries as input, this program prints the single line for which
this test succeeds:

Australia 2968 14 Australia

If both fields appear to be numbers, awk performs the comparisons numeri-
cally.

Regular expressions

awk provides regular expressions for pattern matching; the syntax of UNIX
system expressions is described in Chapter 12, “Regular expressions” (page
315).

The simplest regular expression is a string of characters matching only itself:
that is, the string is a literal. In awk, a regular expression is typically enclosed
within slashes in order to label it as a regular expression as opposed to an
awk command, as follows:

/Asia/

This program points to all input records that contain the substring “Asia”; if a
record contains “Asia” as part of a larger string like “Asian” or “Pan-Asiatic”, it
is also printed.

awk provides the full range of UNIX system regular expression metacharac-
ters; see Chapter 12, “Regular expressions” (page 315) for a detailed explana-
tion. (In addition, awk recognizes the escape sequences listed in “The echo
command” (page 254).) awk also provides the regular expression operators
shown in Table 13-3, “awk regular expression operators” (this page).

Table 13-3 awk regular expression operators

Operator Meaning

matches
1~ does not match
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To restrict a match to a specific field, you use the matching operators ~
(matches) and !” (does not match). The following program prints the first field
of all lines in which the fourth field matches “Asia”:

$4 ~ /Asia/ { print $1 }

This program prints the first field of all lines in which the fourth field does not
match “Asia”:

$4 !~ /Asia/ { print $1 }

awk interprets any string or variable on the right side of a ~ or I” as a regular
expression. For example:

$2 17 /7 [0-9]+8%/
This sample program can be rewritten as follows:

BEGIN { digits = ""[0-9]+§" }

$§2 !~ digits
Suppose you wanted to search for a string of characters such as "[0-9]+8§.
When a literal quoted string like " [0-9 ] +$" is used as a regular expression,
one extra level of backslashes is needed to protect regular expression meta-
characters. This is because one level of backslashes is removed when a string
is originally parsed. If a backslash is needed in front of a character to turn off
its special meaning in a regular expression, then that backslash needs a
preceding backslash to protect it in a string.

For example, suppose we want to match strings containing “b” followed by a
dollar sign. The regular expression for this pattern is b\$. To create a string to
represent this regular expression, add one more backslash, as follows:

"b\\$"
The two regular expressions on each of the following lines are equivalent:
x 7 "b\\S® x 7 /b\§/
x " "b\§" x 7 /b$/
X ~ nb$n X ~ /bS/
x 7 "M\t x 7 /\t/

A summary of the regular expressions and the substrings they match is given
in Table 13-4, “awk regular expressions” (page 337). The unary operators *, +,
and ? have the highest precedence, with concatenation next, and then
alternation ( | ). All operators are left-associative. The r stands for any regular
expression.
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Table 13-4 awk regular expressions

Expression Matches

char any non-metacharacter char
\char character char literally

" beginning of string

$ end of string

. any character but newline
[s] any character in set s

["s] any character not in set s
r* Zero or more s

r+ one or more rs

7 Zero or one r

r r

1l 2 71 then 72 (concatenation)
11112 71 or 72 (alternation)

Combining patterns

A compound pattern combines simpler patterns with parentheses and the log-
ical operators || (OR), && (AND), and ! (NOT). For example, if you want to
print all countries in Asia with a population of more than 500 million, use the
following program:

$4 == "Asia" && $3 > 500

This program selects all lines in which the fourth field is Asia and the third
field exceeds 500.

The following program selects lines with the strings “Asia” or “Africa” as the
fourth field:

$4 == "Asia" || $4 == "Africa"

Another way to write the latter query is to use a regular expression with the
alternation operator |:

$4 ~ /(Asia|Africa)/

The negation operator ! has the highest precedence, then &é&, and finally 1 1.
The operators && and | | evaluate their operands from left to right; evalua-
tion stops as soon as truth or falsehood is determined.
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Pattern ranges

A pattern range consists of two patterns separated by a comma:
patternl, pattern2 { ...}

In this case, the action is performed for each line between an occurrence of
patternl and the next occurrence of pattern2 (inclusive). As an example, the
pattern /Canadal/, /Brazil/ matches lines starting with the first line that con-
tains the string “Canada”, up through the next occurrence of the string
“Brazil”:

Canada 3852 24 North America
China 3692 866 Asia

UsA 3615 219 North America
Brazil 3286 116 South America

Similarly, because FNR is a built-in variable that represents the number of the
current record in the current input file (and FILENAME is the name of the
current input file), the following program prints the first five records of each
input file with the name of the current input file prepended:

FNR == 1, FNR == 5 { print FILENAME, $0 }

Actions

In a pattern-action statement, the action determines what is to be done with
the input records that the pattern selects. Actions frequently are simple print-
ing or assignment statements, but they can also be a combination of one or
more statements. This section describes the statements that can make up
actions.

Performing arithmetic
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Actions can use conventional arithmetic expressions to compute numeric
values. As a simple example, suppose we want to print the population den-
sity for each country in the file countries. Because the second field is the area in
thousands of square miles, and the third field is the population in millions, the
expression 1000 * $3 / $2 gives the population density in people per square
mile. Use the following program to print the name of each country and its
population density:
{ printf "%10s %6.1f\n", $1, 1000 * $3 / $2 }
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The output looks like this:
CIS 30.3
Canada 6.2
China 234.6
Usa 60.6
Brazil 35.3
Australia 4.7
India 502.0
Argentina 24.3
Sudan 19.6
Algeria 19.6

Arithmetic is done internally in floating point. The arithmetic operators are +,
-, *, /, % (remainder), and " (exponentiation; ** is a synonym). Arithmetic
expressions can be created by applying these operators to constants, variables,
field names, array elements, functions, and other expressions, all of which are
discussed later. Note that awk recognizes and produces scientific (expo-
nential) notation: le6, 1E6, 10e5, and 1000000 are numerically equal.

awk has assignment statements like those found in the C programming lan-
guage. The simplest form is the assignment statement:

v=e
where v is a variable or field name, and e is an expression. For example, to
compute the number of Asian countries and their total populations, use this
program:

$4 == "Asia” { pop=pop + $3; n=n+ 1}

END { print "population of", n,

"Asian countries in millions is", pop }

Applied to countries, this program produces the following;:

population of 3 Asian countries in millions is 1765
The action associated with the pattern $4 == "Asia" contains two assignment
statements, one to accumulate population and the other to count countries.
The variables are not explicitly initialized, yet everything works properly
because awk initializes each variable with the string value "" and the numeric
value 0.

The assignments in the previous program can be written more concisely using
the operators += and ++ as follows:

$4 == "Agia" { pop += §3; ++n }
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The += operator is borrowed from the C programming language:
pop += $3

It has the same effect as the following:
pop = pop + $3

The += operator is shorter and runs faster. The same is true of the ++ operator,
which increments a variable by one.

The abbreviated assignment operators are +=, -=, *=, /=, %=, and "=. These are
shorthand versions of traditional operations: a operator = b has the same
effect as a = a operatorb.

The increment and decrement operators are ++ and --. As in C, you can use
them as prefix (++x) or postfix (x++) operators. If x is 1, then i=++x increments
x, then sets i to 2. On the other hand, i=x++ sets 1 to 1, then increments x. An
analogous interpretation applies to prefix -- and postfix --. Assignment, incre-
ment, and decrement operators can all be used in arithmetic expressions.

We use default initialization to advantage in the following program, which
finds the country with the largest population:

maxpop < $3 { maxpop = $3; country = $1 }
END { print country, maxpop }

Note that this program is not correct if all values of $3 are negative.

Functions

awk supplies a number of built-in arithmetic and string-handling functions.

Using arithmetic functions
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awk provides the built-in arithmetic functions shown in Table 13-5, “awk
arithmetic functions” (this page).

Table 13-5 awk arithmetic functions

Function Value returned

atan2(y,x) arctangent of y/*x in therange-nto &
cos(x) cosine of x, with x in radians

exp(x) exponential function of x

int(x) integer part of x truncated towards 0
log(x) natural logarithm of x

rand random number between 0 and 1
sin(x) sine of x, with x in radians

sqrt(x) square root of x

srand(x) x is new seed for rand

User’s Guide



Functions

Both x and y are arbitrary expressions. The function rand returns a pseudo
random floating point number in the range (0,1), and srand can be used to set
the seed of the generator. If srand has no argument, the seed is derived from
the time of day.

Using strings and string functions

A string constant is created by enclosing a sequence of characters inside quo-
tation marks, as in “abc” or “hello, everyone”. String constants can contain the
C programming language escape sequences for special characters listed in
“Regular expressions” (page 335).

String expressions are created by concatenating constants, variables, field
names, array elements, functions, and other expressions. The following pro-
gram prints each record preceded by its record number and a colon, with no
blanks:

{ print NR ":" $0 }

This concatenates the three strings representing the record number, the colon,
and the record, and prints the resulting string.

awk provides the built-in string functions shown in Table 13-6, “awk string
functions” (this page). In this table, r represents a regular expression, s and #
are string expressions, and # and p are integers.

Table 13-6 awk string functions

Function Description
getline reads next line of input
gsub(r, s) substitutes s for r globally in current record, returns

number of substitutions

gsub(r, s, 1) substitutes s for r globally in string ¢, returns number
of substitutions

index(s, t) returns position of string £ in s, 0 if not present

length(s) returns length of s

match(s, r) returns the position in s where r occurs, 0 if not
present; see built-in variables RSTART and RLENGTH

split(s, a) splits s into array a on FS, returns number of fields

split(s, a, r) splits s into array a on , returns number of fields

sprintf(fmt, expr-list)  returns expr-list formatted according to format string
fmt

(Continued on next page)
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Table 13-6 awk string functions

(Continued)

Function Description

sub(z, s) substitutes s for first 7 in current record, returns
number of substitutions

sub(z, s, t) substitutes s for first r in £, returns number of substi-
tutions

substr(s, p) returns suffix of s starting at position p

substr(s, p, n) returns substring of s of length n starting at position p

tolower(s) returns s translated into lowercase

toupper(s) returns s translated into uppercase

The getline function is used to read the next input line. Note that it does not
return a value and that its syntax is like that of a statement: appending
parentheses to it causes an error.
{ print "skipping record for ",$l
getline
print "going to record for *,$1 }

This code reads a record, prints the specified string, then executes the getline
function which passes control onto the next record without processing:
skipping record for CIS

going to record for Canada
skipping record for China

For more information on getline, see “Multiline records and the getline func-
tion” (page 359).

The functions sub and gsub are patterned after the substitute command in the
text editor ed(C). The function gsub(r, s, t) replaces successive occurrences of
substrings matched by the regular expression » with the replacement string s
in the target string t. (As in ed, the left-most match is used and is made as
long as possible.) gsub returns the number of substitutions made. The
function gsub(r, s ) is a synonym for gsub(r, s, $0). For example, the following
program transcribes its input, replacing occurrences of “USA” with “United
States”:

{ gsub(/USA/, "United States"); print }

Note that replacing the order of the commands in this action has an unex-
pected effect:

{ print gsub(/USA/, "United States",$0) }
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The exit value of the operation as performed on each record is displayed:
0

o 2O O O

0

In this case, only the fourth record of countries contains the string “USA”: all
other records return an exit value of 0.

The sub functions are similar to gsub, except that they only replace the first
matching substring in the target string.

The function index(s, ) returns the left-most position where the string ¢
begins in s, or zero if ¢ does not occur in s. The first character in a string is at
position 1. For example, the following command returns 2:

{ print index("banana", "an") }

The length function returns the number of characters in its argument string;
thus, the following prints each record, preceded by its length:

{ print length($0), $0 }

(%0 includes the input record separator but not the trailing newlines.) The fol-
lowing program prints the longest country name (“Australia”):

length($1) > max { max = length($l); name = $1 }
END { print name }

The match(s, r) function returns the position in string s where regular expres-
sion r occurs, or O if it does not occur. This function also sets two built-in
variables RSTART and RLENGTH. RSTART is set to the starting position of the
match in the string; this is the same value as the returned value. RLENGTH is
set to the length of the matched string. (If a match does not occur, RSTART is
0, and RLENGTH is -1.) For example, the following program finds the first
occurrence of the letter “i,” followed by at most one character, followed by the
letter “a” in a record:
{ if (match($0, /i.7a/))
print RSTART, RLENGTH, $0 }
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This program produces the following output from the file countries:

16 2 CIS 8650 262 Asia

26 3 Canada 3852 24 North America
3 3 China 3692 866 Asia

24 3 UsSA 3615 219 North America
27 3 Brazil 3286 116 South America
8 2 Australia 2968 14 Australia

4 2 India 1269 637 Asia

7 3 Argentina 1072 26 South America
17 3 Sudan 968 19 Africa

6 2 Algeria 920 18 Africa

Note that the match function matches the left-most longest matching string.
For example, if you use the string “AsiaaaAsiaaaaan” as an input record, the
following program matches the first string of a’s and sets RSTART to 4 and
RLENGTH to 3:

{ if (match($0, /a+/)) print RSTART, RLENGTH, $0 }
Consider the following function:
sprintf(format, exprl, expr2, ...)

returns (without printing) a string containing the following, formatted accord-
ing to the printf specifications in the string format:

exprl, expr2, ..., exprn

For a complete specification of these format conventions, see “The printf
statement” (page 355).

The following statement assigns to x the string produced by formatting the
values of $1 and $2:

x = sprintf("%10s %64", $1, $2)

It is assigned as a 10-character string and a decimal number in a field of width
at least six; x can be used in any subsequent computation or display opera-
tion. For example:

{ x=sprintf("%10s%6d",$1,$2); print x }
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This program produces the following output:

CIS 8650
Canada 3852
China 3692
UsA 3615
Brazil 3286
Australia 2968
India 1269
Argentina 1072
Sudan 968
Algeria 920
CIS 8650
Canada 3852
China 3692
UsSA 3615
Brazil 3286
Australia 2968
India 1269
Argentina 1072
Sudan 968
Algeria 920

The function substr(s, p, n) returns the substring of s that begins at position p
and is at most n characters long. If substr(s, p) is used, the substring goes to
the end of s; that is, it consists of the suffix of s beginning at position p. For
example, we could abbreviate the country names in countries to their first
three characters by invoking the following program:

{ $1 = substr($1, 1, 3); print }
This produces the following output:

CIS 8650 262 Asia

Can 3852 24 North America
Chi 3692 866 Asia

USA 3615 219 North America
Bra 3286 116 South America
Aus 2968 14 Australia

Ind 1269 637 Asia

Arg 1072 26 South America
Sud 968 19 Africa

Alg 920 18 Africa

Note that setting $1 in the program forces awk to recompute $0 and,
therefore, the fields are separated by blanks (the default value of OFS), not by
tabs. Attempting to change the setting of OFS back to a tab character with the
command { OFS="\t" } has the following result (only the first two lines are
shown):

CIs 8650 262 Asia

Can 3852 24 North America
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Note that this has had the undesirable effect of tab-separating “North” and
“America” as well as the genuine fields.

Strings are stuck together (concatenated) by writing them one after another in
an expression. For example, consider the following program:

{ s =85 substr($1, 1, 3) " "}
END { print s }

When invoked on the file countries, the program prints the following by build-
ing s up, one piece at a time, from an initially empty string:

CISCanChiUSABraAusIndArgSudAlg

Control flow statements

awk provides if, if-else, while, do-while, for, and ? statements, and state-
ment grouping with braces. The syntax of these constructs is similar to that of
the C programming language, but their usage is similar to the shell constructs
covered in Chapter 11, “Automating frequent tasks” (page 245). In particular,
if, if-else and ? are branching constructs and while, do-while, and for are
looping constructs. There is no equivalent of the shell case and select state-
ments.

if statements
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The if statement’s generic syntax is as follows:
if (expression) statementl]| else statement2]

The expression acting as the conditional has no restrictions; it can include the
relational operators <, <=, >, >=, ==, and !=; the regular expression matching
operators ~ and !" ; the logical operators ||, &&, and !; juxtaposition for
concatenation; and parentheses for grouping.

In the if statement, the expression is first evaluated. If it is nonzero and non-
null, statement1 is executed; otherwise statement2 is executed. The else part
is optional.

A single statement can always be replaced by a statement list enclosed in
braces. The statements in the statement list are terminated by newlines or
semicolons.
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The following is a rewrite of the maximum population program from “Per-
forming arithmetic” (page 338), using an if statement:

BEGIN { minpop=1000; maxpop=0; mincountry=""; maxcountry="" }
( if (maxpop < $3) {
maxpop = $3
maxcountry = $1
} else
{ if (minpop > $3) {
minpop=5$3

mincountry=$1

}
}
END { print maxcountry, maxpop
print mincountry, minpop }
The following output results:

China 866
Australia 14

while statements

The while statement is exactly that of the C programming language:
while (expression) statement

The expression is evaluated; if it is nonzero and non-null, the statement is exe-
cuted, and the expression is tested again. The cycle repeats as long as the
expression is nonzero. For example, use the following to print all input fields
one per line:
{i=1
while (i <= NF) {
print $i
i++

}
The do-while statement has the following form:

do statement while (expression)

The statement is executed repeatedly until the value of the expression
becomes zero. Because the test takes place after the execution of the statement
(at the bottom of the loop), it is always executed at least once. As a result, the
do statement is used much less often than while or for, which test for comple-
tion at the top of the loop.
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The following example of a do-while statement prints all lines except those
occurring between the strings “start” and “stop™:

/start/ {
do {
getline x
} while (x !~ /stop/)
}
{ print }

for statements

The for statement is like that of the C programming language rather than that
of the shell:

for (expressionl ; expression2 ; expression3) statement
This has the same effect as the following:

expressionl

while (expression2) {
statement
expression3

}

Thus, the following statement does the same job as the while example above:
{for (i=1;i<=NF i++) print$i}

Flow control statements

The break statement causes an immediate exit from an enclosing while or for,
thereby preventing further iterations from being performed. The continue
statement causes the next iteration to begin. The next statement causes awk to
skip immediately to the next record and begin matching patterns starting
from the first pattern-action statement.

The exit statement causes the program to behave as if the end of the input had
occurred; no more input is read, and the END action, if any, is executed.
Within the END action, the following statement causes the program to return
the value of expr as its exit status:

exit expr

If there is no expr, the exit status is zero.
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Arrays

awk provides one-dimensional arrays. An array is a list of variables that share
a common name, and that are distinguished from one another by a subscript
(that is, a number indicating their position in the list). You do not need to
declare arrays and array elements; like variables, they spring into existence
when you use them. An array subscript can be a number or a string.

As an example of a conventional numeric subscript, the following statement
assigns the current input line to the NRth element of the array x:

x[NR] = $0

In fact, it is possible in principle (though perhaps slow) to read the entire
input into an array with the awk program like this:
{ x[NR] = S0 }
END { ... processing ... }

The first action records each input line in the array x, indexed by line number;
processing is done in the END statement.

Array elements can also be named by nonnumeric values. An array like this,
where the array subscript (that is, position within the array of a given
member) is a string, is called an associative array. For example, the following
program accumulates the total population of Asia and Africa into the associa-
tive array pop. The END action prints the total population of these two

continents.
/Asia/ { popl"Asia"] += $3 }
/Africa/ { popl["Africa"] += $3 }
END { print "Asian population in millions is", pop["Asia"]

print "African population in millions is",
pop["Africa®] }

On the file countries, this program generates the following output:

Asian population in millions is 1765

African population in millions is 37
In this program, if we use poplAsia] instead of pop["Asia"], the expression
uses the value of the variable Asia as the subscript. Because the variable is
uninitialized {does not exist), the values would have been accumulated in
POP[" "]’

Suppose our task is to determine the total area in each continent of the file
countries. Any expression can be used as a subscript in an array reference.
Consider the following statement:

area[$4] += §2
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This program uses the string in the fourth field of the current input record to
index the array area and in that entry accumulates the value of the second
field:

BEGIN { FS = "\t" }
{ area[$4] += $2 }
END { for (name in area)

print name, area[name] }

When you invoke this on the countries file, this program produces the
following output:

Africa 1888

North America 7467

South America 4358

Asia 13611

Australia 2968

Stipulating the FS character is necessary in order to prevent awk from inter-
preting strings containing white space (“South America”, for example) as two
separate fields, in which case the following occurs:

Africa 1888

South 4358

Asia 13611

North 7467

Australia 2968

(Note that the order of the output fields is different from that of the previous
example. This illustrates an important quality of associative arrays, namely
that the elements in the array are not stored in any particular order, as is the
case with conventional arrays. While numeric indices can be used in associa-
tive arrays, they do not necessarily refer to sequentially ordered locations. In
order to manipulate the elements sequentially, a loop must be established that
will increment a pointer to the elements.)

The last example uses a form of the for statement that iterates over all defined
subscripts of an array:

for (i in array) statement

This executes statement with the variable 7 set in turn to each value of i for
which array[i] has been defined. The loop is executed once for each defined
subscript, which are chosen in a random order. Results are unpredictable
when i or array is altered during the loop.
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awk does not provide multidimensional arrays, but it does permit a list of
subscripts. They are combined into a single subscript with the values
separated by an unlikely string (stored in the variable SUBSEP). For example,
the following code creates an array that behaves like a two-dimensional array;
the subscript is the concatenation of i, SUBSEP, and j:

for (1 = 1; 1 <= 10; i++)

for (§ = 1; j <= 10; j++)
arr[i,j] = .

You can determine whether a particular subscript i occurs in an array arr by
testing the condition 7 in arr:

if (*Africa" in area)...

This condition performs the test without the side effect of creating
area["Africa"]l, which would happen if we used the following:

if (area["Africa"] != "")...

Note that neither is a test of whether the array area contains an element with
value "Africa".

It is also possible to split any string into fields in the elements of an array
using the built-in function split (see “Using strings and string functions”
(page 341)). The function splits the string s1:s2:s3 into three fields (using the
separator :) and stores s1 in a[1], s2 in a[2], and s3 in af3].

split("sl:s2:s83", a, ":")

The number of fields found, here three, is returned as the value of split. The
third argument of split is a regular expression to be used as the field separa-
tor. If the third argument is missing, FS is used as the field separator.

An array element can be deleted with the delete statement:

delete arrayname|subscript]

User-defined functions

awk provides user-defined functions, which are useful tools for extending the
syntax of the language. For example, the following program defines and tests
the usual recursive factorial function (using some input other than the file
countries):

function fact(n) {
if (n <= 1)
return 1
else
return n * fact{n-1)
}
{ print $1 "! is " fact($1l) }

The function is defined at the start of the program, before it is used.
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In the definition, n is a formal parameter: that is, it is used in the definition of
the function and within the body of the function. When fact() is used, the for-
mal parameter n is replaced with an actual parameter. For example:

fact (mynum)

This statement prints the factorial of the actual parameter mynum. Thus, the
formal parameter list is effectively a template into which you can slot your
own actual parameters.

The command return returns the given value, so that the assignment:

result = fact (mynum)

causes fact() to return the value to result. If no return command is used,
fact() is effectively valueless, so the assignment above would be meaningless.

A function is defined as:

function name(argument-list }{
statements

}

The definition can occur anywhere a pattern-action statement can. The argu-
ment list is a list of variable names separated by commas; these are called the
formal parameters of the function. Within the body of the function, these
variables refer to the actual parameters by which they are replaced when the
function is called.

There must be no space between the function name and the left parenthesis of
the argument list when the function is called; otherwise it looks like a concate-
nation.

Sometimes you may need to pass a large amount of data to a function; for
example, an entire line of text. This is best accomplished by using an array as
an argument, rather than by passing a set of individual variables. Individual
variables, or scalars, are passed by value; that is, rather than the function hav-
ing access to the variable itself, the function receives a copy of the argument.
In contrast, array arguments are passed by reference: that is, the function can
access the elements of the array directly (rather than a copy of the array which
is local to the function, being deleted after the function terminates). Conse-
quently it is possible for the function to alter array elements or create new
ones that are accessible outside the function.

The difference is subtle. When a variable is passed by value, an internal copy
of it is used within the function, so the function cannot affect the value of the
argument outside its own scope. Consequently, if you have a variable myvar
that is a parameter to a function, any changes you make to myvar within the
function will be lost when the function returns.
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In contrast, a variable that is passed by reference (like an array) is totally
accessible both within the function and throughout the rest of the program.

Functions can access variables that are not passed as parameters. In general,
variables created in an awk program are global (that is, accessible anywhere)
unless they are the formal parameters to a function. Formal parameters are
local, cannot be accessed outside the function, and are lost when the function
exits. They also override existing variables of the same name when the func-
tion is being executed; if you declare a function with a formal parameter of the
same name as an existing variable, references to the variable name within the
function will only refer to the formal parameter. Any changes you make to
their values are lost as soon as you exit the function.

You can have any number of extra formal parameters that are used purely as
local variables; this is particularly useful if you want to perform some sort of
internal process that you do not want to refer to anywhere else in the
program.

Some lexical conventions

Comments may be placed in awk programs. They begin with the character
“#” and end at the end of the line. For example:

print x, y # this is a comment

Statements in an awk program normally occupy a single line. Several
statements can occur on a single line if they are separated by semicolons. You
can continue a long statement over several lines by terminating each contin-
ued line by a backslash. (It is not possible to continue a quoted string; you
must close the quotes, add the backslash, then reopen the quotes on the next
line.) This explicit continuation is rarely necessary, however, because state-
ments continue automatically after the operators && and || or if the line
ends with a comma (for example, as might occur in a print or printf state-
ment).

Several pattern-action statements can appear on a single line if separated by
semicolons.

awk output

The print and printf statements are the two primary constructs that generate
output. The print statement is used to generate simple output; printf is used
for more carefully formatted output. Like the shell, awk lets you redirect out-
put so that output from print and printf can be directed to files and pipes.
This section describes how to use these two statements.
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The print statement

The following statement prints the string value of each expression separated
by the output field separator (OFS) followed by the output record separator
(ORS):

print expr1, expr2, ..., exprn

The statement print is an abbreviation for the following:
print $0

To print an empty line, use the following:

print " *

Output separators

The built-in variables OFS and ORS contain the output field separator and
record separator respectively. Initially, OFS is set to a single blank and ORS to
a single newline, but you can change these values at any time. For example,
the following program prints the first and second fields of each record with a
colon between the fields and two newlines after the second field:

BEGIN { OFS = ":"; ORS = "\n\n" }
{ print $1, $2 }

Run on the countries file, the following output is generated (only the first few
lines are shown):

CIS:8650
Canada:3852

China:3692

Notice that the following program prints the first and second fields with no
intervening output field separator:

{ print $1 $2 }

This is because $1 $2 is a string consisting of the concatenation of the first two
fields. The output is as follows:

CIS8650

Canada3852
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You may want to change the value of OFS or ORS if you are reading or writing
a file used by an application that does not follow the SCO OpenServer conven-
tion of separating fields by tabs and records by newlines.For example, in data
files created by the language BASIC, fields are surrounded by double quotes
and separated by commas, while records are separated by newlines. There-
fore, to create a data file in awk that could be used by a BASIC program, you
would need to set OFS to be a comma, and remember to print all output fields
surrounded by double quotes.

The printf statement

awk’s printf statement is the same as that in C, except that the * format
specifier is not supported. The printf statement has the general form:

printf format, exprl, expr2, ..., exprn

where format is a string that contains both information to be printed and
specifications on what conversions to perform on the expressions in the
argument list, as in the table below. Each specification begins with a “%”,
ends with a letter that determines the conversion, and can include any of the
following:

- left-justify expression in its field

width  pad field to this width as needed; fields that begin with a leading 0

are padded with zeros

prec maximum string width or digits to right of decimal point

Table 13-7 awk printf conversion characters

Character Prints expression as

Y%oc single character

%d decimal integer

%e [-1d.dprecisionE[+-]dd

Yot [-1ddd.dprecision

Y%g e or f conversion, whichever is shorter, with nonsignificant zeros
suppressed

%0 unsigned octal number

Yos string

Yox unsigned hexadecimal number

%% print a %; no argument is converted
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Here are some examples of printf statements with the corresponding output:

printf "%d", 99/2 49

printf "%e", 99/2 4.950000e+01
printf "%f", 99/2 49.500000
printf "%6.2f", 99/2 49.50

printf "%g", 99/2 49.5

printf "%oa", 99/2 61

printf "%060", 99/2 000061
printf "%x", 99/2 31

printf "1 %s 1", "January" |January |
printf " %10s 1", "January" | January|
printf " | %-10s | ", "January" |January |
printf "1 %.3s 1", "January” |Jan|

printf " [ %10.3s | *, "January" | Jan |
printf "1 %-10.3s ", "January"  |Jan |
printf "% %" %

The default output format of numbers is %.6g; this can be changed by assign-
ing a new value to OFMT. OFMT also controls the conversion of numeric
values to strings for concatenation and creation of array subscripts.

Output into files
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You can print output into files, instead of to the standard output, using the
“>" and “>>" redirection operators. For example, if you invoke the following
program on the file countries, awk prints all lines where the population (third
field) is bigger than 100 into a file called bigpop, and all other lines into
smallpop:
$3 > 100
$3 <= 100

{ print $1, $3 >"bigpop" }
{ print $1, $3 >"smallpop" }

Notice that the filenames must be quoted; without quotes, bigpop and smallpop
are uninitialized variables. If the output filenames are created by an expres-
sion, they also must be enclosed in parentheses:

$4 ~ /North America/ { print $1 > ("tmp" FILENAME) }

This is because the > operator has higher precedence than concatenation;
without parentheses, the concatenation of tmp and FILENAME does not work.

Note that files are opened once in an awk program. If > is used to open a file,
its original contents are overwritten. But if >> is used to open a file, its con-
tents are preserved and the output is appended to the file. Once the file has
been opened, the two operators have the same effect.
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Output into pipes

You can also direct printing into a pipe with a command on the other end,
instead of into a file. The following statement causes the output of print to be
piped into the command-line:

print | "command-line"

Although we show the command-line and filenames here as literal strings
enclosed in quotes, they can also come from variables, and the return values
from functions.

Suppose we want to create a list of continent-population pairs, and sort it
alphabetically by continent. The awk program below accumulates the pop-
ulation values in the third field for each of the distinct continent names in the
fourth field in an array called pop. Then it prints each continent and its pop-
ulation, and pipes this output into the sort command:

BEGIN { FS = "\t" }
{ pop[$4] += $3 }
END { for (¢ in pop)
print ¢ ":" poplc] | "sort" }
Invoked on the file countries, this program yields the following:
Africa:37
Asia:1765
Australia:14

North America:243
South America:142

In all of these print statements involving redirection of output, the files or
pipes are identified by their names (that is, the pipe above is literally named
sort), but they are created and opened only once in the entire run. So, in the
last example, for all ¢ in pop, only one sort pipe is open.

In awk, only one pipe may be open at a time. In order to open a second pipe,
the first must be closed. The statement close (pipe) closes a pipe, where pipe is
the string used to create it in the first place. For example:

close("sort")

When opening or closing a file, different strings are different commands.

The special files Mev/stdout and /dev/stderr are particularly useful for printing
error messages. To print to the standard error without using /dev/stderr, it is
necessary to create a pipe and catenate its output with the standard error of
the current shell:

{ ... print "error message" ] "cat >&2"; ... }
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However, using the special files, it is possible to direct standard error and
standard output messages appropriately:

{ ... print "error message" > "/dev/stderr"; ... }

The most common way to give input to an awk program is to name on the
command line the file that contains the input. This is the method that we have
been using in this chapter. However, you can use several other methods, each
of which is described in this section.

Files and pipes

You can provide input to an awk program by putting the input data into a file,
say awkdata, and then executing it like this:

awk ‘program’ awkdata

awk reads its standard input if no filenames are given; thus, a second com-
mon arrangement is to have another program pipe its output into awk. For
example, grep(C) selects input lines containing a specified regular expression,
but it can do so faster than awk, because this is the only thing it does.

grep ‘Asia’ countries | awk ‘{ print $1 }’
In this shell script, grep quickly finds the lines containing Asia and passes

them on to the awk program for subsequent processing, where the first field is
printed:

CIs
China
India

Input separators

358

With the default setting of the field separator FS, input fields are separated by
blanks or tabs, and leading blanks are discarded, so each of these lines has the
same first field:

fieldl field2
fieldl
fieldl

When the field separator is a tab, however, leading blanks are not discarded.
The field separator can be set to any regular expression by assigning a value

to the built-in variable FS. For example, the following sets it to any or all of
comma, space and tab:

BEGIN { FS = "([, \\t])" }
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You can also set FS on the command line with the -F argument. For example,
this behaves the same as the previous example:

awk -F' ([, \\t])’

Regular expressions used as field separatoré match the leftmost longest
occurrences (as in the sub function), but they do not match null strings.

Multiline records

Records are normally separated by newlines, so that each line is a record; you
can change this, but only in a limited way. You can set the built-in record sep-
arator variable RS to an empty string as follows:

BEGIN { RS ="'}
Input records can be several lines long; a sequence of empty lines separates
records. A common way to process multiple-line records is to set the record

separator to an empty line and the field separator to a newline, as in the fol-
lowing example:

BEGIN { RS ="'"; FS = "\n" }
A record is limited to 3000 characters. See “Multiline records and the getline

function” (this page) and “Cooperation with the shell” (page 362) for some
other examples of processing multiline records.

Multiline records and the getline function

awk’s facility for automatically breaking its input into records that are more
than one line long is not adequate for all tasks. For example, if records are not
separated by blank lines, but by something more complicated, setting RS to
null does not work. In such cases, it is necessary to manage the splitting of
each record into fields in the program. Here are some suggestions.

Use the function getline to read input either from the current input or from a
file or pipe, by using redirection in a manner analogous to printf. By itself,
getline fetches the next input record and performs the normal field-splitting
operations on it. It sets NF, NR, and FNR. getline returns 1 if there was a
record present, 0 if the end-of-file was encountered, and -1 if some error
occurred (such as failure to open a file).

To illustrate, suppose we have input data consisting of multiline records, each
of which begins with a line beginning with START and ends with a line begin-
ning with STOP. The following awk program processes these multiline
records, a line at a time, putting the lines of the record into consecutive entries
of an array:

f[1] £f[2] ... f[nf]

359



Using awk

Once the line containing STOP is encountered, the record can be processed
from the data in the f array:

/"START/ {
finf=1] = $0
while (getline && $0 !~ /"STOP/)
fl++nf] = $0
# now process the data in f[1]... f[nf]

}

Notice that this code uses the fact that && evaluates its operands left to right
and stops as soon as one is true. The same job can also be done by the follow-
ing program:

/"START/ && nf==0 { f[nf=1] = $0 }

nf > 1 { f[++nf] = $0 }

/"STOP/ { # now process the data in f[1] . . . £[nf]
nf =0

}
The following statement reads the next record into the variable x:
getline x

No splitting is done; NF is not set.

This statement reads from file instead of the current input:
getline <"file"

It has no effect on NR or FNR, but field splitting is performed, and NF is set.

The following statement gets the next record from file into x:
getline x <"file"

In this case, no splitting is done, and NF, NR, and FNR are untouched.

Note that if a filename is an expression, it should be in parentheses for evalua-
tion:
while ( getline x < (ARGV[1] ARGV[2]) ) { ...}

(See “Command-line arguments” (page 361) for a discussion of ARGV.) This is
because the < has precedence over concatenation. Without parentheses, a
statement such as the following attempts to set x to read a file called
tmp$FILENAME:

getline x < "tmp" FILENAME

Also, if you use this getline statement form, a statement like the following
loops forever if the file cannot be read:

while { getline x < file ) { ... }
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This is because getline returns -1, not zero, if an error occurs. A better way to
write this test is as follows:

while ( getline x < file > 0) { ... }

It is also possible to pipe the output of another command directly into getline.
For example, the following statement executes who and pipes its output into
getline:

while ('who' | getline)
n++

Each iteration of the while loop reads one more line and increments the vari-
able n, so after the while loop terminates, n contains a count of the number of
users. Similarly, the following statement pipes the output of date into the
variable d, thus setting d to the current date:

"date" | getline 4

The table below summarizes the getline function.

Table 13-8 getline function

Form Sets

getline $0, NF, NR, FNR
getline var var, NR, FNR
getline <file $0, NF

getline var <file var

cmd | getline $0, NF

cmd | getline var var

Command-line arguments

The command-line arguments are available to an awk program: the array
ARGV contains the elements ARGVI[0], ..., ARGV[ARGC-1]; as in C, ARGC is
the count. ARGVI0] is the name of the program (generally awk); the remain-
ing arguments are whatever was provided (excluding the program and any
optional arguments).

The following command line (typed at the shell prompt) contains an awk pro-
gram that echoes the arguments that appear after the program name:

awk '
BEGIN {
for (1 = 1; 1 < ARGC; i++)
printf "%s ", ARGVI[i]
printf "\n"
}rog*
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You can modify or add to the arguments; you can also alter ARGC. As each
input file ends, awk treats the next non-null element of ARGV (up to the
current value of ARGC-1) as the name of the next input file.

The one exception to the rule that an argument is a filename is that if it is of
the following form, then the variable var is set to the value value as if by

assignment:

var=value

If value is a string, no quotes are needed. Such an argument is not treated as a
filename.

Using awk with other commands and the shell

awk gains its greatest power when you use it in conjunction with other
- programs. Here we describe some of the ways in which awk programs
cooperate with other commands.

The system function

The built-in function system(command-line) executes the command
command-line, which can be a string computed by, for example, the built-in
function sprintf. The value returned by system is the return status of the com-
mand executed. The output from command-line is not automatically available
for use within the awk script. It must be piped into getline, as follows:

system(command-line | getline)

The following program calls the shell command cat(C) to print the file named
in the second field of every input record whose first field is “#include,” having
first stripped any <, >, or " characters that might be present:

$1 == "#include" { gsub(/[<>"]1/, """, $2); system("cat " $2) }

Cooperation with the shell
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In all the examples thus far, the awk program is in a file and is retrieved using
the -f flag, or it appears on the command line enclosed in single quotes, as in
the following example:

awk '{ print $1 }’' ...

Since awk uses many of the same characters as the shell does, such as $ and ",
surrounding the awk program with single quotes ensures that the shell passes
the entire program unchanged to the awk interpreter.
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Now, consider writing a command addr that searches a file addresslist for
name, address, and telephone information. Suppose that addresslist contains
names and addresses in which a typical entry is a multiline record such as the
following:

G. R. Emlin

600 Mountain Avenue
Murray Hill, NJ 07974
201-555-1234

Records are separated by a single blank line.

You want to be able to search the address list by issuing commands like the
following:

addr Emlin

To do this, create a program of the following form:
awk '
BEGIN { RS = ""}
/Emlin/
" addresslist

The problem is how to get a different search pattern into the program each
time it is run.

There are several ways to do this. One way is to create a file called addr that
contains the following lines:

awk '

BEGIN {RS =""}
/781/

* addresslist

The quotes are critical here. The awk program is only one argument, even
though there are two sets of quotes, because quotes do not nest. The $1 is out-
side the quotes, visible to the shell, which then replaces it by the pattern Emlin
when you invoke the command addr Emlin.

A second way to implement addr relies on the fact that the shell substitutes
for $ parameters within double quotes:

awk "

BEGIN { RS = \"\" }
/61/

" addresslist

Here you must protect the quotes defining RS with backslashes so that the
shell passes them on to awk, uninterpreted by the shell. $1 is recognized as a
parameter, however, so the shell replaces it by the pattern when you invoke
the following command:

addrpattern
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A third way to implement addr is to use ARGV to pass the regular expression
to an awk program that explicitly reads through the address list with getline:

awk
BEGIN { RS = "¢
while (getline < "addresslist®)
if ($0 ~ ARGVI[1])
print $0
}orosx

All processing is done in the BEGIN action.

Notice that you can pass any regular expression to addr; in particular, you can
retrieve parts of an address or telephone number, as well as a name.

Spanning multiple lines
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Multiline records are a suitable solution for handling data that is regular in
form, but sometimes it is necessary to handle records that have no fixed
length. Under these circumstances, when the input data is irregular, setting RS
and FS is not going to be very helpful.

An illustrative example of this kind of problem occurs in the example “Writ-
ing a readability analysis program: an example” (page 266); one of the tasks is
to count the number of sentences in a text file. Although the file consists of
lines of text terminated by a carriage return, there is no guarantee that a sen-
tence occupies a single line. Sentences are started by a word with an initial
capital letter and are terminated by a period: they may occupy one or more
lines.

This kind of problem can be handled by using a variable as a buffer. A line is
read in and appended to the buffer; the entire buffer is then searched to see if it
contains a sentence. If no sentence is contained, another line is read, and so
on. If a sentence is matched, it is counted and all the data in the buffer up to
the end of the sentence is deleted.
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For example:

#!/usr/bin/awk -f
BEGIN {
init="("[A-Za-2z1-90][.]1) | {[[:space:1]1|[.]) (([A-Za-z0-9] | [A-Za-2z0-9] [a-2z0-9]) [.1)"
sent="{[A-Za-z1-90]+([[:space:]])*)+[.1"
sentences = 0

target = "

marker="+X+"

}

{ initials = gsub(init, ", $0)

target = target " " $0

hit = gsub(sent, marker, target)

sentences += hit

if (hit != Q) {

for (i=0; i< hit; i++) {
found = index(target, marker)
target = substr(target, (found+3))
} # end for

} # end if

hit = 0

}
END { print sentences " sentences counted*

}

The BEGIN section is used to define a sentence (in variable sent). For the
purpose of this program, a sentence is a regular expression consisting of a
sequence of words terminated by a period. (A word is one or more letters fol-
lowed by an optional space. Because awk matches the left-most longest pat-
tern, in practice we can expect awk to choose the longest series of letters it can
find that is terminated by a space.)

Sentences are not the only entities terminated by a period; initials and elipses
contain periods, and must therefore be removed before the input is tested to
determine if it is a sentence. The BEGIN section defines the variable init as a
regular expression that matches a set of initials.

Initials consist of a letter or digit followed by a period, or a more complex for-
mat (one or two letters or digits followed by a period, as in Ph.D.). This
expression is not infallible, but traps most initials.

Each line in the standard input ($0) is read in and scanned for initials. These
are replaced by null characters (""). The line is then appended to the variable
target (line 10 of the program).
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On line 11, target is scanned and every occurrence of a sentence (as defined by
sent) is replaced by a marker (defined by marker). The total sentence count is
incremented by the number of sentences found in target. Then, for each hit,
the target variable is truncated; the text prior to the last marker is discarded.
(That is, the matched sentences are removed from target, by the substr com-
mand on line 16.) The program then reads the next line. At the end of the
input, the script displays a total sentence count.

It is worth comparing this method of crossing line boundaries with the
method using sed in “Hold and get functions” (page 385).

Syllables are handled in a similar manner, but it is not necessary to handle
multiple lines. Instead, a regular expression that matches a generic syllable is
defined, and a simple loop globally replaces all syllables with a marker char-
acter while incrementing a counter:

#!/bin/sh
#
# First, define syllabic consonants
#
CONS=" [bedfghjklmnpgrstvwxyz] |11 |ght|qu| ([wstgpclh) |sch®
#
# Next, define syllabic vowels
#
VOWL="[aeiou]+|1ly"
#
# The definition of a syllable (after Webster’s Collegiate Dictionary):
# a syllable is one or more consonants or vowels, optionally preceded by
# and optionally followed by a consonant.
#
SYL=" {${CONS}) *\
((${CONS}) | ((${VOWL})+) )\
(${CONS})*"
#
sylcount="awk -e ~ BEGIN { sylcount = 0 }
{ target = $0
incr = gsub(syllable, "*", target)
sylcount += incr

END print sylcount }
" syllable="$§SYL" < $1°
echo "There were $sylcount syllables in $1°
Note that for the purposes of matching a syllable, we need to use syllabic con-
sonants and syllabic vowels. These correspond to the written representations
of parts of speech, rather than to the letters of the alphabet. Therefore, the syll-
able definition given above is so complex that it is better to build it up from
component expressions stored in environment variables (as above) than to try
to write it out at length.
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After processing the specified input file ($1), the script displays a count of all
the syllables located.

Example applications

awk has been used in surprising ways. We have seen awk programs that
implement database systems and a variety of compilers and assemblers, in
addition to the more traditional tasks of information retrieval, data manipula-
tion, and report generation. Invariably, the awk programs are significantly
shorter than equivalent programs written in more conventional programming
languages, such as Pascal or C. In this section, we present a few more exam-
ples to illustrate some additional awk programs.

Generating reports

awk is especially useful for producing reports that summarize and format in-
formation. Suppose you want to produce a report from the file countries, that
lists the continents alphabetically, and after each continent, its countries in
decreasing order of population, like this:

Africa:
Sudan 19
Algeria 18
Asia:
China 866
India 637
CIS 262
Australia:
Australia 14

North America:
USA 219
Canada 24

South America:
Brazil 116
Argentina 26

As with many data processing tasks, it is much easier to produce this report in
several stages. First, create a list of continent-country-population triples, in
which each field is separated by a colon. To do this, use the following pro-
gram, triples, which uses an array pop, indexed by subscripts of the form
‘continent:country’ to store the population of a given country.
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The print statement in the END section of the program creates the list of
continent-country-population triples that are piped to the sort routine:
BEGIN { FS = "\t* }
( pop[$4 "z 1] += $3 )
END { for (cc in pop)
print cc ":" poplcc] | "sort -t: +0 -1 +2nr" }

The arguments for sort deserve special mention. The -t: argument tells sort to
use : as its field separator. The +0 -1 arguments make the first field the pri-
mary sort key. In general, +i -j makes fields i+1, i+2, ..., j the sort key. If -j is
omitted, the fields from i+1 to the end of the record are used. The +2nr argu-
ment makes the third field, numerically decreasing, the secondary sort key (n
is for numeric, r for reverse order). Invoked on the file countries, this program
produces as output:

Africa:Sudan:19
Africa:Algeria:18
Asia:China:866
Asia:India:637
Asia:(I5:262
Australia:Australia:14
North America:UsA:219
North America:Canada:24
South America:Brazil:116
South America:Argentina:26

This output is in the right order but the wrong format. To transform the out-
put into the desired form, run it through a second awk program, format:

BEGIN { FS = ":" }

{ if ($1 != prev) {
print “\n" $§1 “:"
prev = $1

}
printf "\t\t%-10s %6d\n", $2, $3
}

This is a control-break program that prints only the first occurrence of a con-
tinent name and formats the country-population lines associated with that
continent in the desired manner. The following command line produces the
report:

awk -f triples countries | awk -f format

As this example suggests, complex data transformation and formatting tasks
can often be reduced to a few simple awk and sort operations.
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Word frequencies

Here we show how to use associative arrays for counting. Suppose you want
to count the number of times each word appears in the input, where a word
equals any contiguous sequence of non-blank, non-tab characters. The
following program prints the word frequencies, sorted in decreasing order:
{ for (w = 1; w <= NF; w++) count[$w]++ }
END { for (w in count) print count[w], w | "sort -nr" }

The first statement uses the array count to accumulate the number of times
each word is used. Once the input has been read, the second for loop pipes the
final count, along with each word, into the sort command. Running this pro-
gram on the first two paragraphs of this chapter produces output that starts
as follows:

6 awk
the
programs
for
and
you

[P N N NS

Accumulation

Suppose you have two files of records, deposits and withdrawals, that contain a
name field and an amount field separated by tabs. For each name, you want to
print the net balance determined by subtracting the total withdrawals from
the total deposits for each name. The net balance can be computed by the fol-
lowing program:

awk '

FILENAME == "deposits" { balance[$1] += $2 }
FILENAME == "withdrawals" { balance[$l] -= $2 }
END { for (name in balance)

print name, balance[name]
} ' deposits withdrawals

The first statement uses the array balance to accumulate the total amount for
each name in the file deposits. The second statement subtracts associated with-
drawals from each total. If there are only withdrawals associated with a name,
an entry for that name is created by the second statement. The END action
prints each name with its net balance.
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Random choice

The following function prints (in order) k random elements from the first n
elements of the array A. In the program, k is the number of entries that still
need to be printed, and n is the number of elements yet to be examined. The
decision of whether to print the ith element is determined by the test rand() <
k/n:

function choose(A, k, n) {
for (1 =1; n > 0; 1i++)
if (rand{) < k/n--) {
print A[i]
k--

Shell facility

The following awk program simulates (crudely) the history facility of the C

shell:
$1 == *=r { if (NF == 1)
system(x[NR] = x[NR-1])
else
for (i = NR-1; 1 > 0; i--)
if ( match(x[i],$2) ) {
system(x[NR] = x[i])}
break
}
next
}
$1 1= v=v { system(x[NR] = $0) }

A line containing only = re-executes the last command executed. A line begin-
ning with =(space)emd re-executes the last command whose invocation
included the string cmd. Otherwise, the current line is executed.
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Chapter 14
Manipulating text with sed

This chapter describes the stream editor, sed(C). It contains information on
the following topics:

e what is sed? (this page)
e using sed (page 372)
e addresses (page 374)
e functions (page 377)

What is sed?

sed is a tool which allows you to perform large-scale, noninteractive editing
tasks. For example, sed can replace all the occurrences of a given word in a file
with a different word, or delete all lines containing a target string from a file.
sed is particularly good at working with large files or running complicated
sequences of editing commands on a file or group of files from within a shell
script; sed is usually faster than ed at performing global substitutions within a
file.

The sed program is derived from ed, although there are considerable
differences between the two, resulting from the different characteristics of
interactive and batch operation. sed is best thought of as a relative of the grep
family of commands: just as grep is primarily a tool for searching for regular
expressions in files, so sed is a tool for carrying out regular expression based
search and replace operations on files.

sed works on only a few lines of input at a time and does not use temporary
files, so the only limit on the size of the files you can process is that both the
input and output fit simultaneously on your disk. You can apply multiple
“global” editing changes to your text in one pass.
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Note, however, that sed lacks relative addressing (the ability to specify a line
number to work on relative to the current line number) because it processes a
file one line at a time and never backs up. Also, note that sed gives you no
immediate verification that a command has altered your text in the way you
actually intended. For this reason, you should check your output carefully.

Using sed
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sed reads its standard input a line at a time, carries out whatever editing
changes are specified, then writes the changed lines to its output. It acts as a
filter on the input file, which streams through it.

input file output file

sed

How sed works

To use sed, you need to specify the name of the command file that contains
your editing script, then the file or files that you are processing. For example:

sed -f editscript <inputfile >outputfile
sed -e "/Hello/s/Hello/Hi/g" <letter.old >letter.new

Three optional flags are recognized on the command line:

-n  Directs sed to copy only those lines specified by p functions or p flags
after s functions. See “Whole-line oriented functions” (page 378) for
details.

-e Indicates that the next argument is an editing command.

-f Indicates that the next argument is the name of the file which contains
editing commands, typed one to a line.
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Writing sed commands

The general format of a sed editing command is:
[address1|,address2]] function [arguments]

An address is a parameter which tells sed which lines to apply the function to.
Addresses may be line numbers or regular expressions. If two addresses are
specified, sed applies the function to all the lines in the range from address1 to
address2. You can omit one or both addresses; in the absence of an address
sed applies the function to every line that it reads. For example, the following
script turns every occurrence of “red” into “blue” throughout a file:

s/red/blue

The function determines the operation that sed carries out on the matching
line. A function is always required in a command, but arguments are optional
for some functions.

Any number of blanks or tabs can separate the addresses from the function,
and tab characters and spaces at the beginning of lines are ignored.

How sed commands are carried out

sed commands are applied one at a time in the order they appear (unless you
change this order with one of the “flow-of-control” functions discussed in
“Functions” (page 377)). sed works in two phases, compiling the editing com-
mands in the order they are given, then executing the commands one-by-one
on each line of the input file.

When sed begins to read the input file, it copies the first line of the file into its
“pattern space”. The pattern space is an area of memory used by sed to store
the text which it is currently editing. sed then executes its list of commands,
applying them to the contents of the pattern space.

sed only carries out those editing functions which correspond to an address
matching the current pattern space. For example, if a command is specific to
lines 50-150 of a file, sed will not carry it out if the pattern space does not con-
tain one of those lines. (sed does not print any warnings when this happens:
in general sed either silently ignores errors, or terminates abruptly with an
error message.)

The first matching command is carried out on the text contained in the pattern
space; then the second command is carried out on whatever remains in the
pattern space, and so on. When no more commands remain to be executed,
sed appends the contents of the pattern space to its output file and reads
another line, then starts processing again, looping back to the first command.
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Even if you change this default order of applying commands with one of the
two flow-of-control functions, t and b, the input line to any command is still
the pattern space resulting from the application of any previously executed
commands.

You should also note that the range within which pattern matching occurs is
normally one line of input text. If you need to carry out edits that cross line
boundaries, you can read more than one line into the pattern space by using
the N function described in “Multiple input-line functions” (page 384).

The rest of this section discusses the principles of sed addressing, followed by
a description of sed functions.

Addresses

The following rules apply to addressing in sed. There are two ways to select
the lines in the input file to which editing commands are to be applied: with
line numbers or with “context addresses”.

Line addresses

A line number is a decimal integer. As sed reads lines from its input file, it
increments a line counter. Each time sed reads a new line it checks whether
the current line number matches any of the commands in its command list. If
any of the commands match the current line number, they are carried out. The
counter runs cumulatively through multiple input files; thus, if sed is reading
in five files, each 100 lines long, line address 369 actually refers to the 69th line
of the fourth file. The counter is not reset when new input files are opened. A
special case is the dollar sign character ($) which matches the last line of the
last input file.

Context addresses
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“"

Context addresses are regular expressions enclosed in slashes “/”. If you
specify a context address for a command, sed only applies the editing func-
tion to those lines which match the regular expression. By using context
addresses and a print function, you can improvise a grep-like behavior; for
example, the shell script mygrep:

sed -n -e "/$1/p" <$2
This script uses the shell parameter $1 as a context address for sed to use in
searching the file specified by the parameter $2. Whenever sed finds a line

matching the address given in $1, it executes the p function (print) and out-
puts that line.
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Note the -n argument to sed in this script; sed normally echoes every line it
reads to its standard output. While the -n option is in effect, sed only prints
when you tell it to with the p or P functions. Note also that if you want to use
sed within a shell script and pass parameters to it, the sed instructions must
be in double quotes, not single quotes (see “How the shell works” (page 241)
for an explanation of shell quoting and its meaning).

For example:

mygrep charlie /etc/passwd
charlie::8:5:Charles Stross:/usr/charlie:/usr/bin/ksh

Context addresses are enclosed in slashes (/). They include all the regular
expressions common to both ed and sed:

e An ordinary character is a regular expression and matches itself.

¢ A caret (") at the beginning of a regular expression matches the null char-
acter at the beginning of a line.

e A dollar sign ($) at the end of a regular expression matches the null char-
acter at the end of a line.

o The characters (\n) match an embedded newline character, but not the
newline at the end of a pattern space.

e A period (.) matches any character except the terminal newline of the pat-
tern space.

e A regular expression followed by a star (*) matches any number, including
0, of adjacent strings matching the regular expression.

e A string of characters in square brackets ([ ]) matches any character in the
string, and no others. If, however, the first character of the string is a caret
(%), the regular expression matches any character except the characters in
the string and the terminal newline of the pattern space.

e A concatenation of regular expressions is one that matches a particular
concatenation of strings.

e A regular expression between the sequences “\ (” and “\)” is grouped, and
can be referred to as a unit by the s function. (Note the following specifica-
tion.)

¢ The expression (\ d) means the same string of characters matched by an
expression enclosed in “\ (” and “\ ) ” earlier in the same pattern. Here d is
a single digit; the string specified is that beginning with the dth occurrence
of “\(”, counting from the left. For example, the expression "\ (*\)\1
matches a line beginning with two repeated occurrences of the same string.

e The null regular expression standing alone is equivalent to the last regular
expression compiled.
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For a context address to “match” the input, the whole pattern within the
address must match some portion of the pattern space. If you want to use one
of the special characters literally, that is, to match an occurrence of itself in the
input file, precede the character with a backslash (\) in the command.

Each sed command can have 0, 1, or 2 addresses.

» A command with no addresses specified is applied to every line in the
input. For example:

s/red/green/
This command substitutes the first instance of “green” for “red” on all lines.

o A command with one address is applied to all lines that match that
address. For example:

/mike/s/fred/john/

substitutes the first instance of “john” for “fred” only on those lines contain-
ing “mike”.

¢ A command with two addresses is applied to the first line that matches the
first address, then to all subsequent lines until a match for the second
address has been processed. An attempt is made to match the first address
on subsequent lines, and the process is repeated.

Two addresses are separated by a comma. For example:
50,100s/fred/john/

Substitutes the first instance of “john” for “fred” from line 50 to line 100
inclusive. (Note that there should be no space between the second address
and the s command.)

¢ If an address is followed by an exclamation mark (!), the command is
applied only to lines that do not match the address. For example:

50,100!s/fred/john/

substitutes the first instance of “john” for “fred” everywhere except lines 50
to 100 inclusive.

Here are some examples based on the following configuration file (a piece of
an /etc/passwd file):

root:x:0:0:Superuser:/:

remacc:x:::Remote access::

daemon:No login:1l:1:Spooler:/usr/spool:

sys:No login:2:2:System information::
bin:x:3:3:System administrator:/usr/src:
xmail:x:4:4:Secret Mail:/usr/spool/pubkey:

msgs:No login:7:7:System messages:/usr/msgs:
charlie:x:8:5:Charles Stross:/usr/charlie:/bin/ksh

User’s Guide



Functions

Joo/ matches lines 1, 3, 6 in our sample file
/o*o/ matches lines 1, 3,4, 6,7
/[Cclh.*/ matches line 8

/ o/ matches no lines
/./ matches all lines
/0%/ matches no lines

You can use a single address to control the application of a group of com-
mands by grouping the commands with curly braces ({ }). For example:

red/{
sfred/green/
s/bluelyellow/

}

This short sed script searches for lines containing the regular expression “red”
and then carries out the grouped commands, which replace the first occur-
rence of “red” with “green” and the first instance of “blue” with “yellow” on
each matching line. You might use this script by placing it in a file called
subst.red and invoking it from a shell as follows:

$ sed -f subst.red <input_file >output_file

For more on substitution in sed, including how to apply a change to all
instances of a matching string, see “Substitute functions” (page 379).

Functions

All sed commands require a function to tell them what to do; the command
itself is a combination of an address and a function. Functions are named by a
single character. The following types of function are available:

e Whole-line oriented functions that add, delete, and change whole text lines.

e Substitute functions that search and substitute regular expressions within a
line.

¢ Input-output functions that read and write lines and /or files.

e Multiple input-line functions that match patterns that extend across line
boundaries.

¢ Hold and get functions that save and retrieve input text for later use.
e Flow-of-control functions that control the order of application of functions.

e Miscellaneous functions.
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378

These functions are used to manipulate an entire line at a time in the pattern
space, rather than a string within a line. The following whole-line oriented
functions are available:

d Deletes from the file all lines matched by its addresses. No further
functions are executed on a deleted line. As soon as the d function is exe-
cuted, a new line is read from the input, and the list of editing commands
is restarted from the beginning on the new line. The maximum number of
addresses is two. For example, /charlie/d deletes all lines containing the
string “charlie”.

n Reads the next line of input into the pattern space. The current line is sent
to the standard output, if appropriate, and the line counter is incremented
by one; the execution of editing commands continues following the n
function rather than looping back up to the top of the command list (as it
would if sed had naturally exhausted its command list on the current pat-
tern space, and read a new input line). The maximum number of addresses
is two.

The following three commands must be specified over multiple lines and the
text must appear on a new line. Interior newlines must be hidden by a
backslash character (\ ) immediately preceding each newline. The text argu-
ment is terminated by the first unhidden newline, which is the first one not
immediately preceded by backslash. Once a function executes successfully,
the text is written to the output regardless of what later commands do to the
line that triggered it, even if the line is subsequently deleted. The text is not
scanned for address matches, and no editing commands are attempted on it,
nor does it cause any change in the line number counter.

a Appends text. The text following the a function is appended when the pat-
tern space is sent to the standard output. For example, the following
sequence appends the line “(Not to mention blue)” after any line contain-
ing the word “red”:
fred/a\

(Not to mention blue)

The a command has only one possible address.
i Inserts text. When followed by a text argument, i functions the same as a,
except that the text is written to the output before the matched line. It has

only one possible address. The following sequence inserts the line “(Not to
mention blue)” before any line containing the word “red”:

fred/i\
(Not to mention blue)
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¢ Changes text. The ¢ function deletes the lines selected by its addresses, and
replaces them with the lines in the text. (This function is principally used
for replacing an entire line with a different line, not for routine find and
replace operations (for which the s, substitute, function is used.) The fol-
lowing example searches for lines containing the word “secret”, deletes
them, and replaces them with the text “[this line has been censored]”:

Isecret/c\
[this line has been censored]

The ¢ function may have two addresses, and therefore select a range of
lines. If it does, all the lines in the range are deleted, but only one copy of
the text is written to the output, not one copy per line deleted. After a line
has been deleted by a ¢ function, no further commands are attempted on it.
If text is appended after a line by an a function, and the line is subse-
quently changed, the text inserted by the ¢ function is placed before the
text of the a function.

As with all sed commands, these three multiline commands may be used
either in scripts or on the shell command line. In the latter case, the first line’s
trailing backslash must be quoted, as follows:

$ sed -e "/secret/c\\
> [this line has been censored]" input_file

Substitute functions

The substitution functions change parts of lines selected by a context search
within the line, using the syntax:

[address]s /pattern /replacement/ flags

The s function replaces part of a line selected by the designated pattern with
the replacement pattern. This is similar to vi (see “A quick tour of vi” (page
132)). The substitution is restricted to only those lines matching the optional
address. The pattern argument contains a pattern, exactly like the patterns in
addresses. The only difference between a pattern and a context address is that
a pattern argument may be delimited by any character other than space or
newline. By default, only the first string matched by the pattern is replaced,
except when you use the g flag.

The replacement argument begins immediately after the second delimiting
character of the pattern, and must be followed immediately by another
instance of the delimiting character.
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The replacement is not a pattern, and the characters that are special in pat-
terns do not have special meaning in replacement. Instead, the following char-
acters are special:

&

\d

This character is replaced by the string that matches the pattern. For
example:

s/fruit/fresh & vegetables/

This command substitutes the word “fruit” with “fresh fruit & veget-
ables”.

d is a single digit that is replaced by the dth substring matched by parts
of the pattern enclosed in “ \(” and “ \)”. If nested substrings occur in
the pattern, the dth substring is determined by counting opening delim-
iters.

N\(foo\)\(bar\)/\2\1/

This substitution consists of a regular expression in two groups; “foo”
and “bar”. If applied to a line containing the word “foobar” the regular
expression matches each of the grouped subexpressions in turn. The
replacement argument “\2\1” transposes the order of the first two
grouped expressions that sed matched, producing the following output:

barfoo

As in patterns, you can make special characters literal by preceding them with
a backslash (\).

A flag argument can contain the following:

g

Global. Substitutes the replacement for all non-overlapping instances
of the pattern in the line. After a successful substitution, the scan for
the next instance of the pattern begins just after the end of the inserted
characters; characters put into the line from the replacement are not
rescanned.

The following example replaces all occurrences of the word “pass-
word” with a string of x’s:
s/password/oooxxx/g

Causes the substitution to be performed only on the nth instance of a
matching string. For example:

s/Current/Expired/2

This command substitutes the second instance of “Current” in each
input line with “Expired”. The default value of # is 1, which is why a
substitution operation specified without the global flag affects only
the first instance of a matching string (see the examples in “Context
addresses” (page 374)). The maximum value of n is 512.
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P Prints the line if a successful replacement was done. The p flag causes
the line to be written to the output only if a substitution was actually
made by the s function. Note that if several s functions, each folowed
by a p flag, successfully substitute in the same input line, multiple
copies of the line are written to the output (one for each successful
substitution). For example, s/password/xxxxx/gp globally replaces
“password” with x’s and prints the results.

w file Writes (appends) the line to a file if a successful replacement was
done. The w flag causes lines that are actually substituted by the s
function to be written to the named file. If the filename existed before
you run sed, it is overwritten; if not, the file is created. A single space
must separate w and the filename. The possibilities of multiple
different copies of one input line being written are the same as for the
p flag. A combined maximum of ten different filenames can be
specified after w flags and w functions.

The p and w substitution flags have the same effect as the p and w functions
(see “Input-output functions” (page 382)), with the exception that they are
dependent on the specified substitution succeeding.

Here are some examples of the commands in use. When applied to the
fetc/passwd file used previously, /charlie/s/charlie/charles/w changes sends the
following to standard output:

root:x:0:0:Superuser:/:

remacc:X:::Remote access::

daemon:No login:1:1:Spooler:/usr/spool:

sys:No login:2:2:System information::

bin:x:3:3:System administrator:/usr/src:

xmail:x:4:4:Secret Mail:/usr/spool/pubkey:

msgs:No login:7:7:System messages:/usr/msgs:

charles:x:8:5:Charles Stross:/usr/charlie:/bin/ksh

At the same time, the following is written to the file changes:
charles:x:8:5:Charles Stross:/usr/charlie:/bin/ksh

(This might be used, for example, to change the login name of the user “char-
lie” to “charles”.)

The following is a shorthand version of the same command:
Icharlie/s//charles/w changes

In this case, the context address is the same as the string to be substituted. In
this case, sed assumes that the value of the null field is the same as that of the
preceding (address) field.

The command s/:/\(Tab)/gp (where (Tab) is a typed tab character) replaces all
colons with tabs in a data file, and prints the result (for example, as input to
an awk program).
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Note that where a substitution command involves a literal backslash, it must
be quoted, as follows:

$ sed -e "s/(Tab)/\\\\/gp" input_file

This replaces all the tabs in the input file with a single backslash. Note also the
following:

$ sed -e "s/(Tab)/\\/gp’ input_file

This has the same effect. The difference between the two quoting mechanisms
is that the double quotes prevent the expansion of all special characters except
the backslash, the dollar sign and the single quote.

Note that it is not essential that the character used to separate the fields in the
substitute command always be a slash. Consider the case where a pathname
is to be substituted with another pathname. In such a case, the slashes in the
pathname substitution strings conflict with those used to build up the com-
mand itself. This can be avoided by using another string as the delimiter char-
acter. The following example uses the exclamation mark (!) to specify a substi-
tution command where the affected strings are pathnames:

sl/dev/mulll/dev/stdout!gp

The transform function

The transform function (y) takes two strings as arguments. It turns each
instance of the first character in string 1 into the first character in string 2, then
the second character in string 1 into the second character in string 2, and so
on. In the following example, “a” is transformed into “A”, irrespective of
whether it is followed by “b™:

y/abcde/ABCDE/

The components of the two strings are literals, and the transformation per-
formed depends on position. As with the substitute command, y takes an
optional address as an argument:

15y/abcde/ABCDE/

Input-output functions
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These functions enable sed scripts to read and write files directly:

P The print function writes the contents of the pattern space (that is, any
lines matching the desired address) to the standard output file at the
time sed encounters the p function, regardless of what succeeding
editing commands do to the lines. The maximum number of possible
addresses is two.
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wfile The write function appends the addressed lines to file. If the file previ-
ously existed, it is overwritten; if not, it is created. The lines are writ-
ten exactly as they exist when the write function is encountered for
each line, regardless of what subsequent editing commands do to
them. Exactly one space must separate the w function and the
filename. The combined number of write functions and w flags may
not exceed 10.

r The read function reads the contents of the named file, and appends
them after the line matched by the address. The file is read and
appended regardless of what subsequent editing commands do to the
line that matched its address. If r and a functions are executed on the
same line, the text from the a functions and the r functions is written
to the output in the order that the functions are executed. Exactly one
space must separate the r and the filename; only one address is possi-
ble. If a file mentioned by an r function cannot be opened, it is con-
sidered a null file rather than an error, and no diagnostic is given.

The p and w functions perform the same operations as the corresponding sub-
stitution flags (see “Substitute functions” (page 379)) with the exception that
they are not dependent on a successful substitution.

You may have up to 20 appends in one script, and 10 w files open. These lim-
its are built into sed.

In the example below, the file support.extensions contains the following list of
telephone extensions:

Fred: x5706

Marge: x5631

Sally: x5239

The command /phone list:/r support.extensions can be applied to a file like
the following:

Thank you for enquiring about our customer support hotline.
Please place your calls to our exchange at 346-4573, then
dial one of the following extensions:

phone list:
The command has the following effect:

Thank you for enquiring about our customer support hotline.
Please place your calls to our exchange at 346-4573, then
dial one of the following extensions:

phone list:

Fred: x5706
Marge: x5631
Sally: x5239
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In this way, sed can be used to automatically insert smaller files into the file
currently being edited.

Note, however, that the line matching the context address (in the example, the
line consisting of the string “phone list:”) must be terminated with a newline.

Multiple input-line functions
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UNIX system pattern-matching operations typically use a single line of input.
grep, for example, cannot handle embedded newlines. sed, however, supplies
three uppercase functions that deal specially with multiline pattern spaces.

Within a multiline pattern space, an embedded newline is matched by (\n).
The usual end-of-line notation ($) matches only the last newline in the pattern
space; preceding embedded newlines are ignored. The start-of-line notation (")
matches the beginning of the pattern space.

N This function appends the next input line to the current line in the pattern
space; the resulting lines in the pattern space are separated by an embed-
ded newline. A maximum of two addresses is permitted.

D Deletes from the start of the pattern space all the characters up to and
including the first newline character it comes to. If the pattern space
becomes empty (the only newline being the terminal newline), another line
is read from the input. Following a D function the execution of editing
commands begins over again from the top of sed’s list of commands. D
takes a maximum of two addresses.

P Prints from the start of the pattern space up to and including the first new-
line. The maximum number of addresses is two.

If there are no embedded newlines in the pattern space, the P and D functions
are equivalent to their lowercase counterparts.
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The multiline functions on their own are not sufficient to match patterns that
cross a line boundary. The problem is that embedded newlines may appear
anywhere in the pattern space. There are two ways to deal with this: either
insert optional newlines between every character in the search string, or strip
the \n characters out of the pattern space while searching.

The second method is preferred, but to carry out such a search it is necessary
to discard scanned lines on a rolling basis: this requires the ability to make a
temporary copy of the pattern space. Techniques for copying the pattern
space are described in “Hold and get functions” (this page).

Hold and get functions

In addition to the pattern space, sed provides a second buffer called the hold
space. The contents of the pattern space can be copied to the hold space, then
back again. No operations are performed directly on the hold space. sed pro-
vides a set of hold and get functions to handle these movements.

h The h (hold) function copies the contents of the pattern space into a hold-
ing area, destroying any previous contents of the holding area. The max-
imum number of addresses is two.

H The H function appends the contents of the pattern space to the contents
of the holding area. The former and new contents are separated by a new-
line.

g The g function copies the contents of the holding area into the pattern
space, destroying the previous contents of the pattern space.

G The G function appends the contents of the holding area to the contents of
the pattern space. The former and new contents are separated by a new-
line. The maximum number of addresses is two.

x The exchange function interchanges the contents of the pattern space and
the holding area. The maximum number of addresses is two.
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Suppose you want to search for a phrase in a file, but are not sure whether
there is a newline between two words in the phrase. The logical procedure to
search for a phrase straddling two lines is the following:

while (input file exists) {
begin:
search for phrase in pattern space
if found
print
goto begin
else
while (input file exists) {
append the next line to the pattern space
save a copy of the pattern space
discard the first line from the pattern space
search for phrase in the pattern space
if found
print
else
restore the saved pattern space
strip the newline out of the pattern space
search for phrase in the pattern space
if found
print
fi
discard the first line in the pattern space
fi B

fi
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The two crucial requirements for this procedure are that it should use a multi-
line pattern space, adding and deleting lines from it as the script rolls through
the file; and that it must save a copy of the pattern space, make destructive
changes to the original, and then retrieve the original copy.

The following is a shell script, not a sed script. It begins by invoking sed: all
following commands are enclosed within single quotes. The script accepts
two arguments: the string to search for (quoted, if it contains spaces or regular
expressions) and the file to search.

sed '
/781 /b
N

h
s/.*\n//
/' sl /b
g

s/ *\n/(Space)/
AN R
g

b

}

g

D’ $2
Note that (Space) denotes a literal space character at this point. The first line of
sed commands searches for the target phrase; if it is present, sed branches
(and goes back to the beginning of its script). See “Flow-of-control functions”
(page 388) for details of the b command.

If no match was made, the N function appends the next line to the pattern
space; the current pattern space is then temporarily saved in the hold space
(with the h function).

sed now removes the first line from the pattern space, then carries out another
search for its target string. (If successful, it loops back to the start of the
script.) If it still has not found the target string, it copies the saved version of
the pattern space back in again and replaces the newline with a space; it
searches for the target string again and, if it finds it, prints both lines.

If sed cannot find the target string in its pattern space, it discards the first line
in the space and then begins all over again, working from the current line
downwards.
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Flow-of-control functions
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These functions do no editing on the input lines, but control the application of
functions to the lines selected by the address part. (They were used in the
example in “Hold and get functions” (page 385).)

:label

blabel

tlabel

This function causes the next function written on the same line to be
applied to only those input lines not selected by the address part.
There are up to two possible addresses.

This function causes the next set of commands to be applied as a
block to the input lines selected by the addresses of the grouping
function. The first of the commands under control of the grouping
function can appear on the same line as the { or on the next line. The
group of commands is terminated by a matching } on a line by itself.
Groups can be nested and can have up to two addresses.

The label function marks a place in the list of editing functions that
can be referred to by b and t functions. The label can be any sequence
of eight or fewer characters; if two different colon functions have
identical labels, an error message is generated, and no execution
attempted.

The branch function causes the sequence of editing functions being
applied to the current input line to be restarted immediately after
encountering a colon function with the same label. If no colon func-
tion with the same label can be found after all the editing functions
have been compiled, an error message is produced, and no execution
is attempted. A b function with no label is interpreted as a branch to
the end of the list of editing commands. Whatever should be done
with the current input line is done, and another input line is read; the
list of editing commands is restarted from the beginning on the new
line. Two addresses are possible.

The t function tests whether any substitutions have been made suc-
cessfully on the current input line. If so, it branches to the label; if not,
it does nothing. The flag that indicates that a successful substitution
has been executed is reset either by reading a new input line, or by
executing a t function.
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Comments in sed

The # function introduces a comment. Text following a comment is ignored,
up to the first newline. If the last character on the comment line is a backslash,
the following line is interpreted as a continuation of the comment, up to the
first newline:

# This sed script transforms source files written \
using the troff mm macro library into troff ms source.

This sequence has exactly the same effect as the following:

# This sed script transforms source files written
# using the troff mm macro library into troff ms source.

u_.r

If the character immediately following the # character is an “n”, no output will
be automatically generated by the script. This construction has the same effect
as the -n command line option (see “Using sed” (page 372)).

Miscellaneous functions

There are three other functions of sed not discussed in the sections above.

= The = function writes the number of the line matched by its address to the
standard output. One address is possible.

The length of a file can be found using the following command:
$=

This command is not counting the lines, but rather showing the length of
the file by printing the number of the last line.

1 The list function is used to display the contents of the pattern space. Non-
printable characters such as BEL (\a) are displayed as two digit ASCII
codes.

q The q function causes the current line to be written to the output (if it
should be), any appended or read text to be written, and execution to be
terminated. One address is possible. This function could be used to shor-
ten processing if, for example, the objective was to truncate a very long file
at the first occurrence of a given word, by copying the input to the output
then quitting as soon as the word was encountered.

389



Manipulating text with sed

390 User’s Guide



Appendices






Appendix A
An overview of the system

This appendix introduces the key concepts underlying the SCO OpenServer
system. While this material is not essential, it provides a perspective for
issues discussed elsewhere in this guide.

The following topics are discussed:

e origins of the UNIX system (this page)

e the design of the UNIX operating system (page 394)

o filesystems and devices (page 403)

o system tools (page 407)

Origins of the UNIX system

The UNIX system evolved over a twenty-year period, and a distinctive philo-
sophy emerged among the programmers who developed it. Unlike previous
operating systems, the UNIX system was designed to be consistent; while it
may initially look complex, once you understand the interrelation between
the components, and learn to reason along the same lines as the developers,
you will find the UNIX system straightforward to use. This is because the con-
sistency of design was pursued at all levels, and the same general design phi-
losophy was applied to virtually all the components of the system.

The UNIX operating system grew through several generations. The very first
implementation of UNIX, by Ken Thompson of Bell Labs in 1970, ran on a DEC
PDP-7 minicomputer with only 8K of RAM and a magnetic tape drive.
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Today, large UNIX systems run on everything from personal computers to
mainframes more than a billion times as powerful as the first system. This
highlights the three most important characteristics of the UNIX philosophy:

¢ scalability

e modularity

¢ portability

This design philosophy is explained below, with examples of how to apply it

to everyday problems in using and understanding the SCO OpenServer sys-
tem.

The design of the UNIX operating system

394

The UNIX system is most commonly portrayed as an onion; several layers sur-
round an inner core.

Timed
Execution Service
(cron)

User Fil Other
Application Network le Utility
Programs Services Sﬁtg;f"ag:‘ : Systems Programs
UNIX
Kernel
System
Accounting
Device
Drivers
Database
Shells Systems
Electronic
Mail
The UNIX operating system
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The applications level

The outermost level of the system is the one with which most users interact.
This is the applications level. Applications are complex programs designed to
automate some business task (such as word processing, spreadsheet calcula-
tions or database services). The SCO Shell is an application provided as part of
the operating system; other applications are available from third party sup-
pliers. Consult the SCO Directory for details of products available for the SCO
OpenServer system.

Applications do not exist in a vacuum. Although a user may never see any
other part of the system, the spreadsheet or word processor needs a way of
storing files, producing a display on the user’s terminal, and printing files out
(to name just a few of its requirements). For example, the SCO Shell e-mail
application uses the lp print service to print messages; this saves it from need-
ing a print program of its own. Most applications behave like this, using lower
level tools to carry out tasks which would otherwise have to be duplicated.

Applications also use system calls provided by the kernel. The kernel (the core
of the UNIX system) provides a uniform interface to all the facilities of the sys-
tem; this is described in more detail below.

The system utilities

The system utilities lie below the application layer. These are user-accessible
programs such as the shells, e-mail delivery agents, and tools such as awk, 1s
or vi; the tools discussed in this book. You can log in and use these programs
without worrying about the intricacies of the underlying system. The tools
level provides a set of components which you can use to build special-
purpose programs of your own (see Chapter 11, “Automating frequent tasks”
(page 245) ), or use as simple filters for manipulating files.

Also accessible at this level are a number of user-oriented systems. For exam-
ple, the (optional) UNIX text processing system appears at this level; so do the
tools of the development system (used by C programmers to write applica-
tions).

In general, the main difference between a tool and an application is that the
application tends to shield you from having to know anything about the UNIX
system, whereas to make effective use of software tools, it is necessary to have
at least some understanding of the way components of the system fit together.
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System services
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User level programs (applications and tools) make use of a repertoire of facili-
ties: the system services. These are sets of programs that provide a service
essential to the UNIX system, but which are not intended to interact directly
with users. For example, the mmdf mail system is a system service; it
comprises a set of programs designed to deliver e-mail to users automatically.
When you use the SCO Shell e-mail application to create a mail message and
send it, mmdf takes over and determines where the mail is going, then places
it in the appropriate spool directory.

Most services are mediated by a daemon. A daemon is a process that runs
without human intervention in response to some event. For example, cron
responds to the system clock and runs processes that are scheduled for a
given time.

System services are not part of the kernel, and can be removed or replaced,
though doing so may damage or alter the usability of the system. The com-
mon UNIX system services include:

¢ Electronic mail. This is not just the mail or SCO Shell email program used
to read and send mail (the mail delivery agents or MDAs), but the “back
end”: the programs that spool outgoing mail, work out which host to send
it to, dial up the host and transmit the mail to the host’s own mail server,
then route incoming mail to the correct user’s mailbox. (A spooler is a set of
service programs that control a queue of files, adding files to it at one end
and removing them at the other end for despatch to the destination.) The
back end is known as the mail transport agent (or MTA) and is one of the
main UNIX subsystems.

e Security and auditing. The first UNIX systems were built on academic
research computers; security was not a major concern at first. Later, as the
system became a standard for open systems and commercial use, steps
were taken to provide tools that allow systems to be secured against
accidental damage or deliberate misuse. These subsystems are actually a
component of the System Administration tools described below.

e Print services. On a multiuser system, which may be connected to several
printers directly or over a network, it is necessary to maintain a queue of
print jobs (documents waiting to be printed), which are assigned to printers
as they become available. This service is controlled by a print spooler, a set
of service programs that maintain the print queue and send files from it to
the selected printers.
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e Terminal services. The UNIX system can be used with almost any serial ter-
minal, and a wide range of other types of terminal. However, before you
can use a text editor like vi on a terminal, the UNIX system needs to take
control over various aspects of the terminal; cursor positioning, highlight-
ing, and the input and output of characters must all be handled directly.
Two services are used by the UNIX system to communicate with character
terminals (the “termcap” and “terminfo” databases), and one service (the X
protocol) is used to communicate with bitmapped (graphics) terminals.

e Timed execution services. A number of facilities exist that allow the UNIX
system to carry out tasks automatically, at a given time. The cron daemon
keeps a list of jobs to be started at various times and dispatches them when
they are due to run. These jobs include not only user programs (like long
print jobs) but system tasks (such as flushing the buffer cache, calling
another computer to exchange mail files, and backing up filesystems across
anetwork).

The UNIX system kernel

At the center of the UNIX onion is a program called the kernel. Although you
are unlikely to deal with the kernel directly, it is absolutely crucial to the
operation of the UNIX system. The kernel provides the essential services: that
make up the heart of UNIX systems; it allocates memory, keeps track of the
physical location of files on the computer’s hard disks, loads and executes
binary programs such as shells, and schedules the task swapping without
which UNIX systems would be incapable of doing more than one thing at a
time. The kernel accomplishes all these tasks by providing an interface
between the other programs running under its control and the physical hard-
ware of the computer; this interface, the system call interface, effectively insu-
lates the other programs on the UNIX system from the complexities of the
computer. For example, when a running program needs access to a file, it can-
not simply open the file; instead it issues a system call which asks the kernel
to open the file. The kernel takes over and handles the request, then notifies
the program whether the request succeeded or failed. To read data in from the
file takes another system call; the kernel determines whether or not the
request is valid, and if it is, the kernel reads the required block of data and
passes it back to the program. Unlike DOS (and some other operating sys-
tems), UNIX system programs do not have access to the physical hardware of
the computer. All they see are the kernel services, provided by the system call
interface.
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The system call interface is an example of an API, or application programming
interface. An API is a set of system calls with strictly defined parameters,
which allow an application (or other program) to request access to a service; it
literally acts as an interface. (For example, a large database system might pro-
vide an API that allows programmers to write external programs that request
services from the database.)

Kernel sub-processes

Note that the kernel is not indivisible. There are a small number of kernel
sub-processes which are executed by the kernel; they are visible in the process
listing when you type the command ps -ef. Nor is the kernel the first program
that runs when you boot (start up) the UNIX system; see “The UNIX system
life cycle” (page 400). In addition, the kernel contains device drivers.

A device driver is a sub-program which is designed to enable the kernel to
communicate with a peripheral device (such as a hard disk drive, or a local
area network adapter) not normally supported by the UNIX system. When the
kernel receives a request from a program to read or write to a device which
requires a driver, it forwards the request to the device driver to provide the
service. Device drivers are linked into the kernel. Some third party add-on
components come with their own device drivers; these can be added to the
kernel by the administrator.

In addition to device drivers and special processes, the kernel keeps track of
the files stored on the system. Files and devices accessed via drivers are refer-
enced through a name space; this is an abstract space in which named objects
(the files, directories and devices of the UNIX system) have a uniform inter-
face. The kernel translates references to named objects into requests for actual
data stored by means of a protocol called a filesystem or via a device driver.
For further details, see “Understanding filesystems and devices” (page 403).

How multi-tasking works
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Because the SCO OpenServer system is designed to be open, it is necessary for
any application or user-written program running on it to “see” the same
environment and be able to call upon the same services, regardless of the spe-
cific computer that the UNIX system is running on. To this end, the system
provides programs with an API that assumes an almost unlimited extent of
memory (up to 4GB or 4096MB per process), and various other facilities; for
example, the exclusive use of the computer.

Because contemporary computer technology does not lend itself to creating
machines with an unlimited quantity of memory or number of processors, the
kernel maps the demands of the application or user program to the resources
available.
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Several programs may be executed concurrently by scheduling each process
to run for a fraction of a second; a round robin arrangement is used so that
each process appears to be running continuously and the users see no indica-
tion that their instance of vi, for example, is spending most of its time in a
state of suspension. The kernel keeps track of how much time each process
spends running, so that no processes are ignored; however, the more pro-
cesses are running concurrently, the less time each process spends being pro-
cessed by the CPU, and the systems appears to run more slowly.

Memory management

Memory is also managed by the kernel. A computer capable of running a
multi-tasking system may have to deal with widely varying demands for
memory. At some times, no users may be logged on and the only tasks run-
ning are the kernel and possibly a backup process. At other times, ten or more
users may all be carrying out complex operations which demand lots of mem-
ory. The SCO OpenServer system provides “virtual” memory. That is, while
each process “sees” an allocation of 4GB of memory available to it, in fact the
kernel only doles out memory to a process as and when it requests it: when a
process is not actually running, the kernel can swap or page the contents of its
physical memory out to a swap space on disk, freeing it up temporarily for
another process. The user’s process refers to each unit of memory by its
address (a number indicating where in the address space of the process, that
is, its available memory, the unit lies), and the kernel maps from the requested
address to the real memory address, which may be located somewhere else in
the computer’s memory or paged out to disk. Disk accesses are very slow
compared with memory accesses. Consequently, a process that demands a lot
of memory may spend much of its time waiting for pages of memory to be
read in or written out to disk.

When the system runs low on memory, it may forcibly swap out processes
that have been running for a while to make room for other processes. When
memory demands exceed the memory available, it may begin to “thrash;” that
is, the time it spends swapping processes in and out may vastly exceed the
amount of time it spends running them.

The advantage of virtual memory is that, while it is not inexhaustible, it does
not run out suddenly; the system does not abruptly refuse to start new pro-
cesses because it is running low on memory. Thus, as the load on the system
increases, its performance tends to degrade gradually. (The system may
refuse to run more processes if its process table becomes full. This is
extremely unlikely to happen in normal use.)
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Two processes are spawned by the kernel to handle paging and swapping.
Paging refers to the allocation of virtual memory. “Pages” of memory are
mapped onto the processes’ address space, and the kernel process keeps track
of whether the page is physically present in the computer’s memory or is
present on the hard disk. Swapping is a mechanism which allows an entire
process to be dumped out of memory and stored on a swap partition on the
hard disk. These processes are sched and vhand, processes 0 and 2 respec-
tively. You cannot kill these processes and you will never see executable files
called sched or vhand on the filesystem because they are parts of the kernel.

The UNIX system life cycle
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Unlike a small computer operating system, the UNIX system is designed to
run continuously. Constant operation allows it to schedule tasks a long way
in advance, and ensures that the services it provides are available on demand,
whenever they are needed. All systems need to be shut down periodically for
maintenance, but it is not uncommon for a SCO OpenServer system to run for
several weeks or even months between shutdowns.

Whenever you start up a UNIX system, it goes through the following complex
life cycle:

Startup When you switch a personal computer on, it is not yet ready to run
the UNIX system. The machine contains a library of programs stored
in read-only memory (or ROM) which are known collectively as the
BIOS (or basic input-output system). These programs serve two pur-
poses; they are used by DOS (but not the UNIX system) to access
peripheral devices, and they carry out a power-on self-test (or POST)
of the computer’s hardware.

If all is well, the light on the computer’s first floppy disk drive
flashes. If a disk containing a small program called a boot program
is present in the drive, it will then read the program in and proceed
to the next stage; if there is a hardware fault and the POST fails, the
computer will either beep a series of tones at you or display a mes-
sage on its monitor, and refuse to go any further.

Boot If the power-on self-test was successful, the boot process com-
mences. The term “boot” is a traditional reference to the way in
which the system must pull itself up by its own bootstraps, loading
a short program that runs and loads a more elaborate program, and
so on. The first step in the boot process is for the computer to read in
a short program stored in the first sector of either a floppy disk or
the first hard drive on the computer. This is carried out by part of
the BIOS. The boot sector program then loads another short pro-
gram, which is just intelligent enough to search the disk for a pro-
gram called /boot, and read that program into the computer’s main
memory.
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At this stage, the computer is minimally functional. The /boot pro-
gram cannot make use of virtual memory, mount filesystems, or do
any of the other tasks associated with the system; neither can it run
under the system when it is operational. What it can do is prompt
you for the name of a file to execute, then search the root directory of
the root filesystem for that file and load it. To do this it places a
prompt on the system console:

Boot:

and then it waits for you to type the name of the kernel, or any addi-
tional instructions that it recognizes. If you do not type anything, it
will time out after a specified period and load the default file listed
in fetc/default/boot.

Loading the kernel
The kernel is visible on your system as a file in the root directory,
usually called /unix. The boot program copies the kernel into the
computer’s memory, then starts it running.

When the kernel begins to run, it starts by setting up a number of
internal lists, or tables. These tables are used to keep track of run-
ning processes, memory allocation, open files, and a number of
other things; they are not directly accessible to you. However, two
of them which are of interest are the process table (portions of
which you can list out with the ps command) and the buffer cache,
which is described in “Understanding filesystems and devices”
(page 403).

After initializing its tables, the kernel creates three dummy pro-
cesses; sched, vhand and bdftush (with process IDs 0, 2 and 3
respectively). These processes are sections of kernel code which
must be called periodically; vhand provides virtual memory paging
services, sched provides swapping services, and bdflush flushes the
buffer cache periodically. None of these processes can be killed; they
are part of the kernel, and are essential to the correct running of the
UNIX system.

Finally the kernel creates a third process; init, or process 1. init
starts up as a dummy process, then achieves independence: it runs
as the first true process on the system. init runs continuously; it is
the parent of all other processes on the system.
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Run levels

Run levels define the behavior of init, and by extension those pro-
cesses which run on the system when it is at any given level. The
system starts at run level 0 (shutdown) and then enters run level 1,
single user mode. At level 1, only the root filesystem is mounted and
only processes connected to the console can run; this means that it is
safe to check the unmounted filesystems for integrity without risk-
ing any other processes altering them. At other run levels, init starts
up the daemon processes that provide various services, and enters
multiuser mode.

init executes other programs via the fork system call. Each time init
calls fork, it passes control to the kernel, which creates a new entry
in the process table, allocates a temporary storage area called a U-
area, and copies the calling processes’ local data (including the
stack) into the U-area. The kernel then returns control to the child
process, which may make an exec call, overwriting itself with a new
program. init periodically reads a file called /etc/inittab, which tells it
which programs to execute at any given run level.

The init(M) program should not be confused with the init process;
the former is an executable program which can be used by the
administrator to change the run level of the system or cause the init
process to reread the /etc/inittab file.

Multiuser mode

When the system reaches a suitable run level (2 or higher), init starts
a series of processes called gettys. (In /etc/inittab each line specifying
a getty process includes the option respawn. This means that when-
ever a getty process dies, init spawns a replacement with the same
parameters immediately. The getty options include a tty serial line,
which it serves.

The job of the getty process is to display a login prompt, then wait
for input. If you try to log in on the terminal, getty works out your
serial line speed as you type your name, then execs a login process.
The login process reads your password; if it is incorrect the process
dies, and init spawns another getty on your terminal. If you enter a
valid password, login then runs a shell, which inherits your termi-
nal, your identity and your access permissions.

When your login shell finishes, there are no processes left attached
to your terminal, so init respawns another getty to wait for a login.
Thus, while the system is in multiuser mode, each terminal continu-
ally executes a four stage cycle: init-getty-login-shell.

User’s Guide



Understanding filesystems and devices

It is not uncommon for a system to remain in multiuser mode for
days or weeks at a time. However, it is necessary for the system
administrator to shut it down for maintenance at regular intervals.
(Performance is likely to suffer if a system is kept running for several
weeks without a shutdown.)

Shutdown

When the administrator shuts down a system, it follows a set pro-
cedure. Because the system may be supporting a number of users,
warning messages are broadcast to all terminals before a shutdown.
After a short time, init switches to run level 1, killing all the pro-
cesses linked to terminals and flushing and unmounting all the
mounted filesystems. The buffer cache is then flushed (by the sync
program), and the system drops to run level 0, or shutdown.

It is important to understand that unless you are running on a multiprocessor
system only one process is actually being executed at any given instant.
Although the system is multitasking, a single processor can only carry out one
instruction at a time.

The kernel effectively mediates the demands of each process, by scheduling
the processes to run one after another. The signal for the kernel to take over is
sent by the system clock; every hundredth of a second the kernel wakes up
and checks to see if the current process has had its time allocation. If so, the
kernel suspends the process and switches execution to the process on the
queue with the highest priority.

The kernel also mediates all requests for memory and requests to load and
run other processes. The requesting process (be it init or any other process)
issues a “system call”, a request to the kernel to deliver a service; it then
suspends execution (sleeps) until the kernel can deliver the requested facility.

Understanding filesystems and devices

As mentioned above, the UNIX system provides access to information by
mapping it within a notional name space. A name space is simply an abstract
space within which all entities are identified by name; items existing in the
system name space are files of data (including directories), and special files
(such as devices) which provide access to hardware devices such as tapes, ter-
minals or hard disks. Given the name of an entity, the kernel can retrieve it
and read its associated data. However, the fact that the entities can all be
referred to by the same method should not be confused with equivalence;
devices, although they look like files, are not files.
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At the most fundamental level, a file in the UNIX system is a collection of zero
or more bytes of information, which can be referred to by name. Files are used
to impose a partitioning strategy on the information stored by the computer;
in general, the contents of a file relate to a single program, a single database,
or a single document, which can then be referred to by name. It is possible to
impose an arbitrary structure on the contents of a file, but the file is essentially
the main, atomic unit of information in the filesystem.

Files are themselves partitioned by directories. A directory is simply a file that
contains a list of other files, and some other information that indicates where
exactly the files are stored.

At the physical level, a hard disk drive bears little resemblance to a UNIX
system file hierarchy. Data is stored as magnetic field patterns on the surfaces
of a set of spinning platters; read/write heads (similar to those of a tape
recorder) move across the platters and read the magnetic field patterns, con-
verting them into a stream of bytes which is then fed to the system. The sur-
faces of the disks are divided into concentric tracks and radial sectors within
each track; the same track on each platter of a multi-platter hard disk is called
a cylinder.

(The same terms are applied to floppy disks, although they have only two
sides. Tapes, on the other hand, are divided up into blocks, running length-
wise along the tape, which correspond to sectors on a disk.)

The smallest unit of data that a hard disk can read is a single sector of a given
track. Each sector stores a fixed number of bytes, usually in the range 512 to
8192. Therefore, at some stage, the UNIX system must be able to work out
from a given filename on which tracks and sectors the data within a file is
stored at, and retrieve that data. There is no direct mapping between the
filename and the physical location of its data on a disk.

Because files can be stored on a variety of media, it is necessary for the system
to provide a uniform method for referring to files, and this is the purpose of
the filesystem.

The term “filesystem” is used in two contexts. In the first it indicates a hierar-
chy of directories and files on a disk, which is “mounted” on (connected to)
another filesystem so that it appears as a subdirectory of the first filesystem.
(The directory where the filesystem is mounted is called the mount point.) In
the second context, it is a more abstract term; a filesystem is a system for map-
ping from the name of a file to the physical location of its data on a mountable
medium.
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In general, a filesystem consists of three components: a superblock, an inode
table, and a series of uniquely numbered blocks (corresponding to the sectors
on the hard disk). The superblock is the first component of a filesystem. It con-
tains information about the type of the filesystem, its structure, and its size,
including where the inode table is, and how many data blocks there are.

Inodes

The inode table starts immediately after the superblock. It contains a fixed
number of inodes (pronounced “i-node”), which are data records identified
only by number; each inode contains information about permissions, owner-
ship, type, the number of bytes in the file, and a number of slots which point
to data blocks in the filesystem. Every file on the system has an inode which
is associated with it: given an inode number it is possible to retrieve all the
data blocks associated with that inode, simply by looking at the data block
entries in the inode’s record. If the file the inode defines is very big, the inode
may contain pointers to an extension block, which contains more slots identi-
fying the components of the file. If the file is huge, the extension block may
point to further extension blocks that identify its data blocks.

The first inode in the inode table corresponds to the root directory. A direc-
tory is simply a file that contains a list of filenames and their associated
inodes. Thus, when you give the system the name of a file you want to access,
it looks in the directory to identify its corresponding inode, then reads the
inode to identify the data blocks it needs to retrieve. If the file is large, it looks
in the extension blocks to find the other blocks it needs.

To locate a file in another directory, the system looks up each directory in
turn, identifies the inode of the subdirectory, then looks in that subdirectory
until it finds the file. If a directory file is so large that some of its data blocks
are referenced indirectly through an extension block, it may take longer to
retrieve the inode number of the file; therefore it is desirable to keep the num-
ber of entries in a directory file to less than 640 files (if filenames are less than
12 characters long). (Note that when you delete a file, all that happens is that
you erase the inode number associated with its name in the current directory.
The contents of the inode are not cleared, because the inode may be referred
to by another name, or link, in another directory. The inode contains a count
of the number of links to it. When the last link is destroyed, the inode is added
to a list of free nodes and can be reused.)

Caching

To speed access to the filesystem, the kernel maintains a buffer cache in mem-
ory. (The speed with which the computer can read its memory is of the order
of a million times as fast as the speed at which it can retrieve data from a
disk.)
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The cache contains the contents of the disk blocks that have been read from or
written to most recently. Whenever a block is read, it is stored in the cache,
because the most recently read blocks are also those which are most likely to
be read or written to next. Every few minutes, the system purges the cache,
writing any recently changed buffers to the disk; alternatively, if a large num-
ber of writes accumulate, filling the cache, it may force a purge.

In general the buffer cache significantly improves the performance of the
UNIX system, but there is a cost. Because some of the recent writes to the file-
system are stored in memory rather than written straight out to the disk, a
power failure or crash can result in the filesystem being corrupted: that is, the
inodes may not contain the correct data blocks for their files, the list of free
inodes may be incorrect, and the data stored in the most recently written files
may also be incorrect. This is why it is vital to follow a careful shutdown pro-
cedure and not simply switch the computer off while it is running the SCO
OpenServer system.

Because the operating system has evolved over time, it is capable of support-
ing a number of different types of filesystem. The main differences between
them are their speed, efficiency, size of data blocks, capacity, and history; in
general it is sufficient to stick to the standard EAFS filesystem which offers
long filenames and symbolic links, but the earlier systems are provided to
maintain compatibility with older software installations. The system can also
support the DOS filesystem structure, which is less efficient than the standard
ones. (DOS does not support multiple names for files, long filenames, or a
buffer cache.)

It is not uncommon for a UNIX system to have several filesystems mounted on
it at once. To understand how this works, you need to understand device files.

Device files
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As mentioned above, within the UNIX system name space, files and devices
look similar. For example, the commands cat /dev/tty01 and cat myfile both
produce a stream of output. However, there is a difference between these two
commands; their apparent equivalence is the result of some intricate work on
the part of the operating system.

A device file is a special type of file. Rather than pointing to an inode which
points to some data blocks, a device file points to an inode that contains some
associated information: a major device number (which defines the type of de-
vice it is connected to), and a minor device number (which identifies a partic-
ular device of that type). When you carry out a file operation on a device file,
the system uses the major number to determine which device driver to use to
read data from or write data to the device. (The minor number is used inter-
nally by the device driver.)
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Device files are created with mknod and cannot be manipulated like ordinary
files, although you can rename them or create links to them.

Device files are typically kept in the directory /ev. They include identifiers
that can be used to read from and write to kernel memory (/dev/kmem), hard
disk drives (in “raw” or “block” mode, for example /dev/rhd00 for raw access to
drive unit 0), and all the terminals, floppy disk drives, tape drives, and other
components of the computer. Block devices write through the cache, provid-
ing fast, high level access. Raw device files bypass the buffer cache but are
more flexible. Raw devices are therefore sometimes used by special applica-
tions like databases, which maintain their own high performance cache for the
hardware they use for data storage.

This has some useful applications. You can send messages to a terminal by
redirecting the output of a cat command to that terminal’s device file. Alterna-
tively, you can mount a filesystem on a subdirectory of your root filesystem,
transparently adding another disk drive to the system. All you need do is cre-
ate an empty subdirectory, then issue the mount command with the device
file that refers to the additional filesystem as one of the parameters. The new
filesystem is then invisibly attached to the root filesystem at the mount point
you created.

As noted above, links between files are simply filenames that share the same
inode. Inodes are only unique within a given filesystem. It is therefore impos-
sible for a normal link to cross a filesystem boundary. However, a symbolic
link can be used instead. A symbolic link is created using the -s flag to In;
instead of pointing to the inode of the file, the symbolic link points to a short
file containing a reference to the filesystem and inode of the linked file.

While device files may seem somewhat obscure, they are one of the most
important features of the operating system because they allow you to extend
it. Your system administrator can add components to the computer, then cre-
ate a device file through which they can be accessed. This is one of the ways in
which the UNIX system is uniquely scalable.

How to think about system tools

Having toured the operating system at the service level, you can now see
more clearly how the tools it provides are able to work together. Because all
files and devices are equivalent, it is possible to provide software tools that
have a uniform interface. The generic UNIX system tools see any file or device
as a stream of bytes coming from a standard input. Their function is simple;
they carry out some transformation on the stream of bytes, and send the
results to an output stream which may be another file or a device like a
terminal.
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One of the main design goals of the UNIX system was to enforce this
equivalence. A secondary goal was to promote flexibility. There are no
obvious limits to the ways in which tools can be connected via pipes and shell
scripts. It is possible in principle to take the output from any program and
feed it to the same program as input; it might not be sensible to do so, but it is
at least practical. (Under some other operating systems which enforce rules
governing file types, it is impossible to do this.) It is therefore possible to con-
struct self-modifying programs, or arbitrarily complex programs operating
repeatedly on the same data files, from first principles using the tools pro-
vided with the system.

In addition to having standardized inputs and outputs, the software tools fol-
low a design philosophy. Each tool was originally designed to do one task,
and to do it as efficiently as possible. This is still visible in the default behavior
of many of the programs. For example, grep is designed to search for regular
expressions (patterns) in text. Its behavior can be modified by various flags,
but in principle it will perform adequately with no arguments other than a
pattern to search for and a stream to read its input from. Consequently, there
are a number of lowest common denominator standards that ensure that
almost all UNIX-like operating systems can be used to run the same shell
scripts, as long as they are written with the standards in mind and do not use
the specific value-added features of the operating system tools.

Some of the tasks carried out by the system tools are quite complex. A lot of
research into the theory of computer languages went into the early develop-
ment of the UNIX system at the Bell Telephone Laboratories and various
universities. Consequently, a number of “power tools” are provided which, on
any other system, would be considered to be programming languages in their
own right. Other tools are unambiguously recognized as languages. To a
large extent, these tools share a common core syntax that demonstrates their
common ancestry. If you learn the C programming language, you will see
great similarities with the C shell and awk; if you take care to learn the regular
expression syntax recognized by egrep and the search and replace operations
of vi you will have little difficulty generalizing them to basic commands in
sed and pattern matching commands in awk.

While the body of knowledge you need to master is not small, there are simi-
larities between apparently different tools. After a while, you will be able to
learn new system utilities by analogy with those which you are already fami-
liar with. This is the basis of a comprehensive understanding of the SCO
OpenServer system.

User's Guide



Appendix B
vl commands

The following tables contain all the basic vi commands.

Starting vi

Command Description

vifile start at line 1 of file

vi+n file start at line n of file

vi+ file start at last line of file

Vi +/pattern file start at pattern in file

vi-1 file recover file after a system crash

Saving files and quitting vi

Command Description

:e file edit file (save current file with :w first)
W save (write out) the file being edited

:w file save as file

:w! file save as an existing file

:q quit vi

wq save the file and quit vi

X save the file if it has changed and quit vi
:q! quit vi without saving changes
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Moving the cursor

Keys pressed

Effect

h
1 or (Space)
k
j or (Enter)
b

w
(
)
{

left one character
right one character
up one line

down one line

left one word
right one word
start of sentence
end of sentence

start of paragraph
} end of paragraph
1G top of file
nG line n
G end of file
(CtrY)W first character of insertion
(CalhU up 7 screen
(CtrYD down % screen
(Ctr)B up one screen
(Ctr))F down one screen
Inserting text
Keys pressed Text inserted
a after the cursor
A after last character on the line
i before the cursor
I before first character on the line
o open line below current line
O open line above current line
Changing and replacing text
Keys pressed Text changed or replaced
w word
3ew three words
cc current line
5cc five lines
r current character only
R current character and those to its right
s current character
S current line

switch between lowercase and uppercase
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Deleting text

Keys pressed Text deleted

X character under cursor

12x 12 characters

X character to left of cursor

dw word

3dw three words

do to beginning of line

d$ to end of line

dd current line

5dd five lines

d{ to beginning of paragraph

d} to end of paragraph

:1,.d to beginning of file

L$d to end of file

:1,$d whole file

Using markers and buffers

Command Description

mf set marker named “f”

°f go to marker “ {”

’t go to start of line containing marker “f”

"s12yy copy 12 lines into buffer “s”

"ty} copy text from cursor to end of paragraph into
buffer “t”

"lylG copy text from cursor to top of file into buffer “1”

"kd*f cut text from cursor up to marker “{” into buffer
“ k ”

"kp paste buffer “k ” into text
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Searching for text

Search Finds

Jand next occurrence of “and”, for example, “and”,
“stand”, “grand”

?and previous occurrence of “and”

/"The next line that starts with “The”, for example, “The”,
“Then”, “There”

/"The\> next line that starts with the word “The”

/end$ next line that ends with “end”

/[bBlox next occurrence of “box” or “Box”

n repeat the most recent search, in the same direction

N repeat the most recent search, in the opposite direc-

tion '

Searching for and replacing text

Command Description

:s/pear/peach/g replace all occurrences of “pear” with “peach” on
current line

:/orange/s//lemon/g change all occurrences of “orange” into “lemon” on
next line containing “orange”

:.,$/\<file/directory/g  replace all words starting with “file” by “directory”
on every line from current line onward, for exam-
ple, “filename” becomes “directoryname”

:;g/one/s//1/g replace every occurrence of “one” with 1, for exam-

ple, “oneselt” becomes “1self”, “someone” becomes
“somel”
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Expression Matches
any single character

* zero or more of the previous expression

e zero or more arbitrary characters

\< beginning of a word

\> end of a word

\ quote a special character

\* the character “ * ”

" beginning of a line

$ end of a line

[set] one character from a set of characters

[XYZ] one of the characters “X”,“Y ", or“Z"”

[[-upper:]][[:lower:]]* one uppercase character followed by any number
of lowercase characters

["set] one character not from a set of characters

["XYZ[-digit:]] any character except “X”, “Y”, “Z”, or a numeric

Options to the :set command

digit

Option Effect

all list settings of all options

ignorecase ignore case in searches

list display (Tab) and end-of-line characters

mesg display messages sent to your terminal

nowrapscan prevent searches from wrapping round the end or
beginning of a file

number display line numbers

report=5 warn if five or more lines are changed by command

term=ansi set terminal type to “ansi”

terse shorten error messages

warn display “[No write since last change]” on shell

escape if file has not been saved
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Appendix C
DOS command equivalents

This appendix contains a table showing some common MS-DOS commands
and their SCO OpenServer system equivalents.

For more information about any of the SCO OpenServer system commands,
consult the Operating System User’s Reference.

The commands listed below are for working with SCO OpenServer system
files. If you have DOS installed on the same machine as your SCO OpenServer
system, you can access your DOS files from within the SCO OpenServer sys-
tem. For more information about accessing DOS files, see Chapter 6, “Working
with DOS” (page 173) and doscmd(C) in the Operating System User's Reference.
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DOS UNIX system
command What it does equivalent Notes
od change directories cd(C)
cls clear the screen clear(C)
copy copy files cp(C), Use cp to copy files, copy to
copy(C), copy directories, and tar to
tar(C) copy files or directories onto
floppy disks or tapes.
date display the sys- date(C), On the UNIX system, date
tem date and time cal(C) displays the date and the time.
cal displays the date, the time,
and a 3-month calendar.
del delete a file rm(C) Be careful when using rm with
wildcard characters, like rm *.
dir list the contents 1s(C) There are a variety of options
of a directory to Is including Is -1 to see a
long listing, 1s -c to see a list-
ing in columns, and Is -f to see
a listing that indicates file
types.
diskcomp make a track-by- diskemp(C)
track comparison
of two floppy
disks
diskcopy  copy a source diskep(C)
disk to a target
disk
edlin line editor ed(C), vi is a full-screen text editor
ex(0), with powerful search and
vi(C) replace functions. ed and ex
are predecessors of Vvi.
fc compare two files diff(C), diff compares two text files.
diff3(C), diff3 compares three text files.
cmp(C) Use cmp to compare binary
files.
find find text within a grep(C) grep (global regular expres-
file sion parser) finds text within a

(Continued on next page)

file. The UNIX system'’s find(C)
command finds files.
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(Continued)

DOS UNIX system
command What it does equivalent Notes
format format a disk format(C) See /etc/default/format for the
default drive to format. The
format command formats a
disk for use with UNIX system
files. Use dosformat (see
doscmd(C)) to format a DOS
disk.
mkdir make a directory mkdir(C)
more display output more(C)
one screen at a
time
print print files in the 1p(C) Use Ip filename & to print in
background the background. You can run
any UNIX system command in
the background by adding &
(ampersand) to the end of the
command line.
ren rename a file mv(C)
rmdir remove an empty rmdir(C) Use rm -r to remove a direc-
directory tory that is not empty.
sort sort data sort(C)
type display a text file cat(C),
more(C)
Xcopy copy directories copy(C), Use tar if you want to copy
tar(C) directories onto disk or tape.
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Appendix D

Sample shell startup files

This appendix contains sample listings and line-by-line explanations of the
following shell startup files:

Bourne shell (sh) .profile

Korn shell (ksh)  .profile
kshrc

C shell (csh) dogin
.cshrc

Line numbers have been added to all the file listings for purposes of explana-
tion; numbers do not appear in the actual files.

The Bourne shell .profile

The Bourne shell (sh) reads a single file in your home directory, the .profile. A
typical Bourne shell .profile might look something like this:

1

2 # @(#) profile 23.1 91/04/03

3 0%

4 ¢ .profile -- Commands executed by a login Bourne shell
5 #

6 ¢ Copyright (c) 1985-1995 The Santa Cruz Operation, Inc.
7 # All rights reserved.

8 #

9 # This Module contains Proprietary Information of the Santa Cruz
10 # Operation, Inc., and should be treated as Confidential.
11 #
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Sample shell startup files

12 PATH=$PATH:S$HOME/bin:. # set command search path
13 MAIL=/usr/spool/mail/’logname’ # mailbox location

14 export PATH MAIL

15 # use default system file creation mask

16 eval “tset -m ansi:ansi -m :?${TERM:-ansi} -r -s -Q°

line1

lines 2-11

line 12

line 13

line 14

line 15

420

Contains a single colon that says “execute this script as a Bourne
shell script.” This is a convention for scripts written in Bourne
shell, so C shells know to start a new sh to run the Bourne shell
scripts.

(C shells need to start Bourne shells to run Bourne shell scripts
because they do not understand the Bourne shell language. The
Korn shell, however, is compatible with the Bourne shell, so you
can use most Bourne shell scripts in the Korn shell without a
problem.)

Contain comments. Each line that starts with a number sign (#)
is a comment. The shell ignores these lines. In this case, lines
2-11 contain SCO copyright information.

Sets the path. It says, “set the path equal to the current path,
plus the bin in the home directory, plus the current directory (.).”
Setting the path to the existing path presumes there is a system-
wide /etc/profile that sets up a path definition for all users. The
path definition in /etcfrofile would contain the usual command
directories, such as /bin and fusr/bin.

Tells the shell where to find mail. The "logname' in backquotes
tells the shell to substitute the output of the command
logname(C), which returns a user’s login name. Because "log-
name" is used instead of a particular login name, this script works
for any user.

Tells the shell to export the PATH and MAIL settings to all its
subshells. This guarantees that if you type sh to start a new
Bourne shell, the new Bourne shell has the same path definition
and mail setup as your login Bourne shell.

Contains a comment, like lines 2-11. This comment tells us that
login Bourne shells use the default system file creation mask,
which is set in /etc/profile. This explains why there is no umask
setting in this .profile.
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The Korn shell .profile and .kshrc

line 16 Sets up the terminal type, using the tset(C) (terminal setup) com-
mand. tset sets your terminal type, as well as the erase and kill
characters for your terminal.

This tset command says “check if this serial line is mapped to
ansi in the fetc/ttytype file; if it is, set the terminal type to ansi.
Otherwise, prompt the user with TERM:ansi.” The -r option
prints the terminal type on the screen, -s exports the terminal
type to any subshells, and -Q suppresses the Erase set to ...,
Kill set to ... messages that tset would otherwise show.
The tset command is enclosed in backquotes and preceded by
the shell command eval to guarantee that all necessary substitu-
tions are made within the tset command before it is evaluated by
the shell.

The Korn shell .profile and .kshrc

The Korn shell uses two startup files, the .profile and the .kshrc. The .profile is
read once, by your login ksh, while the .kshrc is read by each new ksh.

A typical Korn shell .profile might look something like this:

1

2 # @(#) profile 23.1 91/04/03

3 %

4 % .profile -- Commands executed by a login Korn shell

5 #

6 # Copyright (c) 1990-1995 The Santa Cruz Operation, Inc.

7 # All rights reserved.

8 #

9 # This Module contains Proprietary Information of the Santa Cruz
10 # Operation, Inc., and should be treated as Confidential.

11 #

12 PATH=$PATH:$HOME/bin:. # set command search path
13 export PATH

=
'S

if [ -z "$LOGNAME" ]; then

15 LOGNAME="1logname" # name of user who logged in
16 export LOGNAME
17 fi
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18 MAIL=/usr/spool/mail/$LOGNAME # mailbox location

19 export MAIL

20 if [ -z "S$PWD" 1; then

21 PWD=S$SHOME # assumes initial cwd is HOME

22 export PWD

23 fi

24 if [ -f SHOME/.kshrc -a -r $HOME/.kshrc ]; then

25 ENV=$HOME/ .kshrc # set ENV if there is an rc file
26 export ENV

27 fi

28 # use default system file creation mask (umask)

29 eval ‘tset -m ansi:ansi -m $TERM:?${TERM:-ansi} -r -s -Q° .
30 # If job control is enabled, set the suspend character to "Z (control-z):
31 case $- in

32 *m*) stty susp ‘"z’

33 ]

34 esac

35 set -0 ignoreeof # don’'t let control-d logout

36 case $LOGNAME in # include command number in prompt

37 root) PSl="t# " ;;

38 *) PSl="1s " ;;

39 esac

40 export PS1

41 /tcb/bin/prwarn # issue a warning if password due to expire
line 1 Contains a single colon that says “this is a Bourne shell script.”

Even though this is a startup script for the Korn shell, the
authors have chosen to use the more common syntax of the
Bourne shell programming language. This single colon com-
mand is more portable than the (preferred) newer hash-bang
syntax. It is equivalent in function to the line:

#! /bin/sh

lines 2-11  Contain comments.

line 12 Sets the path definition in exactly the same way as the preceding
Bourne shell .profile: “set the path equal to the current path, the
bin in the home directory, and the current directory.”

line 13 Exports the path to any subshells. This way, you do not have to
include a path definition in your .kshrc.
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lines 14-17

line 18

line 19
lines 20-23

lines 24-27

line 28

line 29

lines 30-34

line 35

lines 36-40

line 41

The Korn shell .profile and .kshrc

Set up a variable called LOGNAME, which is used in the follow-
ing MAIL setting (line 18). Literally, these lines say “if checking
for the value of LOGNAME returns a zero-length string (that is, if
LOGNAME is not set), then set LOGNAME to the output of the
logname command. Then, export the LOGNAME variable to all
subshells.”

Tells the shell where to look for mail, using the variable LOG-
NAME.

Exports the mail location to all subshells.

Check to see if a variable is already set, and if it is not, set the
variable. These lines are similar to lines 14-17. In this case, PWD
is being set to the home directory.

Check for a .kshrc file in the home directory, and set the ksh vari-
able ENV to this file if it exists. ksh looks in the file pointed to by
the ENV variable to set up the environment for every new ksh;
you need to tell it explicitly to look in “/.kshrc for ENV definitions.
Literally, these lines say “if a file called .kshrc exists in the home
directory and the file is readable, then set ENV to point to this
file, and export ENV.”

Contains a comment. Just as in the preceding Bourne shell
.profile, umask is not set here. The authors have chosen to use
the default system umask rather than resetting it on a per-user
basis.

Sets up the terminal type using tset(C), as explained in the
preceding Bourne shell .profile.

Test to see if job control is enabled, and if it is, set the suspend
character to (Ctrl)Z. Job control is a Korn shell feature that lets
you move jobs you are processing from the foreground to the
background and vice versa. You use the suspend character to
suspend a job temporarily that is running in the background.

Tells the shell to ignore single end-of-file (EOF) characters. This
is what you set to stop (Ctrl)D from logging you out.

Set up the prompt based on the value of LOGNAME. For normal
users, the prompt is the current command number followed by a
“$”; for root (the superuser), the prompt is the current command
number followed by a “#”.

Runs the command prwarn(C), which warns you if your pass-
word is due to expire soon.
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Sample shell startup files

A typical .kshrc might look like this:

1

2 #

3 # .kshrc -- Commands executed by each Korn shell at startup
4 %

5 % @(#) kshrc 1.1 90/03/13

6 #

7 # Copyright (c¢) 1990-1995 The Santa Cruz Operation, Inc.

8 # All rights reserved.

9 #

10 # This Module contains Proprietary Information of the Santa Cruz
11 # Operation, Inc., and should be treated as Confidential.

12 #

13 # If there is no VISUAL or EDITOR to deduce the desired edit

14 # mode from, assume vi(C)-style command line editing.

15 if [ -z "$VISUAL" -a -z "$SEDITOR" ]; then

16 set -o vi

17 fi

line 1 Tells the shell that this is a Bourne shell script by starting the

script with a single colon, as you have seen before.
lines 2-14  Contain comments. These make up the bulk of this brief .kshrc.

lines 15-17  Set up vi(C) as the default editor ksh uses when you want to edit
a command line. Literally, these lines say “If the VISUAL vari-
able is not set, and the EDITOR variable is not set, then turn on
(set -o) the vi option.”

The C-shell .login and .cshrc

The C shell, like the Korn shell, uses one file to set up the login environment
and a different file to set up environments for every subsequent C shell. In C
shell, .Iogin is the file read only at login, and .cshrc is the file read each time a
csh is started.

While both the Bourne shell and the Korn shell use Bourne shell startup
scripts, the C shell uses C-shell startup scripts, so you will notice that vari-
ables are set and tests are performed slightly differently. C-shell scripts do not
start with a “ : ” because they are intended for use with C shells, not Bourne
shells.
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The C-shell .login and .cshrc

A typical C-shell .Iogin might look something like this:

1 % @(#) login 23.1 91/04/03

2 %

3 # .login -- Commands executed only by a login C-shell

4 #

5 # Copyright (c) 1985-1995 The Santa Cruz Operation, Inc.

6 # All rights reserved.

7 %

8 # This Module contains Proprietary Information of the Santa Cruz

9 # Operation, Inc., and should be treated as Confidential.

10 #

11 setenv SHELL /bin/csh

12 set ignoreeof # don’'t let control-d logout
13 set path = ($path $home/bin .) # execution search path

14 set noglob

15 set term = {'tset -m ansi:ansi -m :?ansi -r -S -Q°)

16 if ( $status == 0 ) then

17 setenv TERM "$term"

18 endif

19 unset term noglob

20 /tcb/bin/prwarn # issue a warning if password due to expire

lines 1-10  Contain comments.
line 11 Sets the environment variable SHELL to be /bin/csh.

line 12 Tells csh to ignore single end-of-file (EOF) characters; in other
words, do not let (Ctr)D log out, as the comment says.

line 13 Sets the path definition in the same way as the preceding Bourne
shell .profile: “set the path equal to the current path, the bin in the
home directory, and the current directory.”

line 14 Turns on the noglob setting. The noglob setting, which prevents
filename expansion, is turned on before a tset(C) command is
attempted (on line 15). Without noglob, the tset command
would be read incorrectly.

lines 15-19 Set up your terminal type using tset. Line 15 is the tset com-
mand you have seen before. Line 16 tests to make sure the tset
command succeeded and, if it did, line 17 sets the environment
variable TERM. Line 18 closes the if statement. Line 19 unsets
the term variable and turns off noglob, so filenames now expand
as expected when wildcard characters are used.

line 20 Runs prwarn to warn you if your password is due to expire.
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A typical .cshrc might look like this:

P P W oo 2oy Ul W DN

= o

12
13
14
15
16
17
18
19
20
21
22
23

#
# .cshrc -- Commands executed by the C-shell each time it runs
#
# @(#) cshrc 3.1 89/06/02
#
# Copyright (c) 1985-1995 The Santa Cruz Operation, Inc.
# All rights reserved.
#
# This Module contains Proprietary Information of the Santa Cruz
# Operation, Inc., and should be treated as Confidential.
#
set noclobber # don't allow '>’ to overwrite
set history=20 # save last 20 commands
if ($?prompt) then
set prompt=\!%\ # set prompt string
# some BSD lookalikes that maintain a directory stack
if (! $?2_4d) set _d = ()
alias popd 'ed $_d[1]; echo ${_d[1l]}:; shift _d'
alias pushd ‘set _d = (‘pwd® $_d); cd \!*’
alias swapd ‘set _d = ($_d[2] $_d[1] s_dl3-])"’
alias flipd ’pushd .; swapd ; popd’
endif
alias print ‘pr -n \!:* | lp’ # print command alias

lines 1-11  Contain comments.

line 12 Turns on noclobber, which prevents you from unintentionally

overwriting files using output redirection.

line 13 Sets the length of the command history to 20 commands. Both

ksh and csh keep track of old commands and allow you to re-use
them.

lines 14-15 Check to see if the prompt string is set, and, if it is not, set it to be

a“%".

lines 16-22  Set up some command aliases to perform directory stack mani-

pulation. These commands are familiar to users of the Berkeley
(Berkeley Standard Distribution — BSD) UNIX system.

line 23 Sets up the print alias, which runs files through the pr(C) print
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program before sending them to the printer.
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Appendix E

Further reading

This book is too short to do more than provide an introduction to the field of
UNIX system programming. Many of the tools described here are complex
enough to warrant one or more books to themselves. Although further infor-
mation is available in the Operating System User's Reference you may wish to

look elsewhere for advanced tuition on the programming tools covered in this
book.

Learning awk

The first place to look for detailed information about the awk programming
language is The AWK Programming Language (Alfred V. Aho, Brian W. Ker-
nighan and Peter ]. Weinberger; Addison-Wesley, 1988). This is the “canoni-
cal” (definitive) book on awk; the authors are the original developers of the
language. It contains a tutorial, a detailed definition of the language, and a
series of applications ranging from the simple to the highly technical.

A second book on awk is sed & awk (Dale Dougherty; O'Reilly & Associates,
Inc., 1991). This book contains an overview and tutorial in the use of each of
these programs.

Learning sed

The canonical reference to sed is a technical paper, sed — a Non-interactive Text
Editor, by L. E. McMahon, reprinted in Volume 2 of the UNIX Research System
Manual, tenth edition, (Saunders College Publishing, 1992).

As the preceding paper is rather dry, you may prefer to consult the book sed &
awk (described above).

427



Further reading

Leaming the shells

As each of the shells has achieved prominence, so a definitive book has been
published that describes them. These books are not necessarily the most read-
able ones on the subject, but they are the most authoritative (because at the
very least they were co-written by the developer of the shell).

For the Bourne shell, the book is The UNIX System V Environment (S. R.
Bourne; Addison-Wesley, 1987). This book covers the Bourne shell program-
ming language and provides an introduction to the other software tools
which are used in conjunction with it.

For the Korn shell, the book is The Korn Shell command and programming lan-
guage (Morris 1. Bolsky and David G. Korn; Prentice-Hall, 1989). This is the
standard reference to the Korn shell, and contains a tutorial and detailed
description of the programming language supported by the shell.

Another useful book on the Korn shell is Learning the Korn Shell (Bill Rosen-
blatt; O'Reilly & Associates, Inc., 1993).

Learning the C programming language
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The C programming language has not been described in this manual. C is pro-
vided as part of the SCO OpenServer Development System, and is most useful
to professional programmers wishing to write high-performance software.
Nevertheless, C is of vital importance to the programs described in this manu-
al. The UNIX system has traditionally been written in C, and the shells and
awk embody many of the constructs of the C programming language; awk in
particular resembles a special-purpose subset of C that has been tuned for the
purpose of text scanning. The influence of the C programming language is
pervasive, and a lot of the superficially peculiar features of the UNIX system
make much more sense when viewed with a working knowledge of this lan-

guage.

Readers who wish to explore the UNIX architecture thoroughly or become
programmers may want to learn C. The traditional starting place is the “white
book,” The C Programming Language (Dennis Kernighan and Brian Ritchie;
Second Edition, Prentice-Hall Software Series, 1988). The first edition of this
book documents the original “K&R” dialect of the C programming language;
the second edition has been updated to include the ANSI extensions to the lan-
guage. The book contains a tutorial in C, followed by a detailed reference, a
brief discussion of the UNIX system interface, and the standard library. '

There are innumerable other books about C, but this one has the advantage of
having been written by the author of the language; it is generally regarded as
the standard text on the subject.
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Understanding the UNIX system

While these books explain individual systems in detail, they do not in general
attempt to provide an understanding of the philosophy of the system, includ-
ing an explanation of how the UNIX system was designed and integrated.

There are two approaches to understanding UNIX, besides understanding it as
a user. The first approach is the system level approach, which attempts to
explain the system in terms of the services it provides to applications, and
covers the API (Application Program Interface) of the operating system in
some depth. This is most useful to programmers wishing to develop applica-
tions that can take full advantage of the UNIX environment.

A useful example of this type of book is Advanced UNIX Programming (Marc
Rochkind; Prentice-Hall, 1985). This book presupposes a familiarity with the
C programming language. On that basis, it conducts the reader on a guided
tour of the intricacy of UNIX system programming, with a chapter by chapter
overview of the function calls available to user programs. There are many
other books of this type; this one was one of the first detailed explanations of
UNIX system programming.

The second approach to understanding the UNIX system is the internals
approach, which provides the reader with a detailed explanation of how the
internal subsystems of the UNIX operating system were designed, and how
they carry out their functions. This course of study almost certainly requires a
basic knowledge of operating systems theory and computer science before it
can be made use of, but provides the suitably equipped reader with a total
understanding of what the UNIX operating system was designed to achieve,
and how it succeeds.

The classic text following this approach is The Design of the UNIX Operating
System (Maurice J. Bach; Prentice Hall, 1986). Bach provides a detailed exposi-
tion of the design elements of the UNIX system kernel, including information
on how processes are scheduled, how memory is managed, and how the API
is presented to the applications run on the system.

For a more introductory text (but one for which a knowledge of the C pro-
gramming language is still required), see Operating Systems: Principles and
Practice (Andrew S. Tannenbaum; Prentice-Hall). This book does not cover the
UNIX system as such, but it provides a first undergraduate course in the
theory and practice of operating systems from a very UNIX system-like per-
spective. The centerpiece of the book is the kernel of an operating system
called Minix, which is a small system developed for teaching purposes. The
principles explained in this book are almost entirely applicable to the world of
UNIX systems, and it has the advantage (for those who are new to operating
systems theory) of explaining the central concepts as it goes along.
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absolute mode

A method of changing file permissions using 3-digit octal numbers. For
example, to add group write permission on a file called report using absolute
mode, type chmod 664 report. Note that you must be root or the owner of the
file to change permissions on that file. You can also change permissions using
symbolic mode.

absolute pathname
A pathname for a file or directory that begins at the root directory. Every
absolute pathname begins with a slash character (/), which stands for the root
directory. See also pathname and relative pathname.

application
A computer program that performs a particular task. Word processing,
spreadsheet, and database programs are all applications. See also Applica-
tions list.

Application folder
A sublist on the main Applications list, which usually includes a list of related
application programs. An Application folder can contain applications and
other application folders. See also Applications list.

Applications list

The list of available applications and application folders that is displayed on
the main SCO Shell screen. See also application and Application folder.

archive

To place a file or group of files in a form convenient for storage on backup
media such as floppy disks or tape. Normally, you archive backup files or
files that are important but not often used. Such files can be copied to and
from backup media using the Archive option on the File menu. See also
backup.

argument

A word you type on the command line that is separated by a space from the
command itself. A command can have more than one argument. Arguments
tell a command how to you want it to work. For example, If -a; the -a option
tells the If file listing program that you want it to show all files. These types
of arguments are also known as options or flags. Arguments can also tell a
command what you want it to work on: for example, If -a /tmp/spell.out tells
If to list the file /tmp/spell.out if it exists.
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ASCII

The American Standard Code for Information Interchange is a standard way
of representing characters on many computer systems. The term “ASCII file”
is often used as a synonym for “plain text file,” that is, a file without any
special formatting, which can be viewed using UNIX system utilities such as
cat(C), more(C), and vi(C).

attribute

Attribute bits are set on a file to control which users have permission to read,
write, or execute it. See permissions.

backup

A copy of one or more files, directories, or filesystems that is stored apart
from the original to safeguard against unplanned deletion. Used as a verb, it
means to create a backup copy. The Archive option on the File menu allows
you to copy files to backup media for safekeeping. See also archive.

Bourne shell

A UNIX system shell, named after its author, Steven R. Bourne. To start a
Bourne shell from the command line, type sh and press (Enter).

buffer

An area of computer memory used to store information temporarily before it
is written out to a more permanent location, like a file.

Cshell

An alternative UNIX System V shell supplied with the SCO OpenServer sys-
tem. This shell, written by William Joy at the University of California at
Berkeley, is known for its interactive features, such as the ability to recall and
modify previous command lines. The C shell shell programming language
has a syntax like that of the C language, hence the name. C shell is the stan-
dard shell on older versions of the Berkeley UNIX operating system found at
many universities. To start a C shell from the command line, type csh and
press (Enter).

command alias

An alternative name for a command. When you type the alias, the command
is substituted for the alias. Aliases are useful when you remember commands
by names other than their UNIX system names; for example, DOS users may
think of dir rather than 1s when they want to list a directory. Aliases are also
useful for creating commands that perform several UNIX system commands
at once. See the Operating System User’s Guide for more information.

command line

The instructions you type next to the shell prompt. Command lines can
contain commands, arguments, and filenames. You can enter more than one
command on a command line by joining commands with a pipe (), or by
separating commands using the command separator (;). The shell executes
your command line when you press (Enter).
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command separator
The semicolon (;) serves as a command separator on the UNIX system. If you
want to issue several commands on one line, separate the commands with
semicolons before you press (Enter). For example, type Is; pwd and press
(Enter) to list files and then print the working directory. Commands are
executed in sequence as separate processes.

current directory
See current working directory.

current working directory

The directory where you are currently located. Use the pwd(C) command
(print working directory) to see your current working directory. The current
working directory is taken as the starting point for all relative pathnames.

“u

This directory is symbolically referred to as “.” in directory listings.

device

Peripheral hardware attached to the computer such as a printer, modem, disk
or tape drive, terminal, and so on. Devices in the SCO OpenServer system are
controlled by device drivers which are linked into the kernel.

directory
Where the UNIX system stores files. Directories in the UNIX system ‘are
arranged in an upside-down tree hierarchy, with the root (/) directory at the
top. All other directories branch out from the root directory. The UNIX sys-
tem implements directories as normal files that store the names of the files
within them.

environment

The various settings that control the way you work on the UNIX system.
These settings are specific to the shell you use and can be modified from the
command line or by modifying shell control files. For example, the directories
the shell searches to find a command you type are set in the variable PATH,
which is part of your environment.

environment variable
Special variables that modify your login shell behavior. Typical examples are
PATH, which defines the directories in which the shell will search for files or
commands, and PROMPT which determines the on-screen shell prompt mes-
sage. See also variable.

€rror message

A message informing you that the computer cannot perform the task you
requested. The error message briefly describes the nature of the problem.

file

The basic unit of information on a UNIX filesystem. Regular files are usually
either text (ASCII) or executable programs. Other types of files exist on the
UNIX system such as directories, which store information about the files
within them; device files, which are used by the system to access a particular
device; and FIFO (First In First Out) pipe files, which are used to transfer data
between programs. The attributes of each file are stored in the file’s inode.
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See also directory.

file descriptor

A number associated with an open file; used to refer to the open file in I/0
redirection operations.

full pathname
See also absolute pathname.

group
A set of users who are identified with a particular group ID number on the
UNIX system. Typically, members of a group are coworkers in a department
or on a project. Each file on the UNIX system also has a group associated with
it; this group, along with the owner and the permissions controls who can
access and modify that file. You can see the group of a file by listing the file
with the 1 command. To find out your own group, use the id(C) command.

home directory

The place in the filesystem where you can keep your personal files and sub-
directories. When you log in, you are automatically placed in your home
directory. Typically, this will be /u/loginname or /usr/loginname, where log-
inname is your login name. The shell’s shorthand for the home directory is
“~". See tilde expansion.

inode
The internal representation of a file, showing disk layout, owner, type (see

file), permissions, access and modification times, size and the number of links.
Each inode has a unique decimal identifier.

kernel

The central part of the UNIX operating system, which manages how memory
is used, how tasks are scheduled, how devices are accessed, and how file
information is stored and updated.

Korn shell

Written by David Korn, it is compatible with the Bourne shell, but provides a
much wider range of programming features. The Korn shell also offers
improved versions of many of the C shell’s interactive features. To start a
Korn shell from the command line, type ksh and press (Enter). See also
Bourne shell and C shell.

link
A filename that points to another file. Links let you access a single file from
multiple directories without storing multiple copies of the file. If you make a

change to the content of a linked file, the change is reflected in each of the
links. Alllinks point to an inode. See also symbolic link.
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literal
A literal character or string is one that represents itself, that is, that can be
taken literally (as opposed to a pattern, that represents some other characters).
For a metacharacter to regain its literal value (for example, for * to mean an
asterisk and not “zero or more characters”) it must be “quoted”. See quoting
and wildcard.

log in
The way you gain access to a UNIX system. To log in, you enter your login
name and password and the computer verifies these against its user account
records before allowing you access.

log out
What you do after you have finished working on a UNIX system. You can log
out by pressing (Ctrl)D, typing exit, or typing logout, depending on your shell.

login name

The name through which you gain access to the operating system. When you
are logging onto the computer, you must enter this login name, followed by a
password.

login shell

The shell that is automatically started for you when you log in. You can start
to work in other shells, but your login shell will always exist until you log out.

macro

A collection of instructions or keystrokes that may be invoked using a single
name or keystroke combination, used to automate regular and complex tasks.

mail alias
A single name used to send mail to several users at once. For example, many
users have aliases set up for mailing to the entire company, single depart-
ments, or groups of individuals.

manual page
An entry in a UNIX reference manual. These entries can be accessed online
using the man(C) command. A letter in parentheses following a command or
filename refers to the reference manual section where the command or file is
documented. For example, the man(C) command is documented in section C,
Commands, of the Operating System User's Reference. They are also called
“man pages.”

mask

A series of bit settings that “cover up” existing settings, only allowing some
settings to show through, while masking out others.

metacharacter

A special character that is replaced by matching character strings when inter-
preted by the shell. Metacharacters, which define the form of a string, and
literal characters, which match only themselves, make up regular expressions.

435

Aiessofp




Glossary

436

multitasking
A system that can do several jobs at once.

multiuser
A system that can be used by more than one person at the same time.

named buffer

A buffer used to copy text between files in the vi(C) editor. vi clears unnamed
buffers when it switches files, but the contents of named buffers are preserved.

online
Accessible from your terminal screen.

operating system
A group of programs that provide basic functionality on a computer. These
programs operate your computer hardware in response to commands like
copy and print, and form a set of functional building blocks upon which
other programs depend. An operating system also manages computer
resources such as peripheral devices like disk drives or printers attached to

the computer and resolves resource conflicts, as when two programs want to
use a disk drive at the same time.

owner

1. The user who created a file or directory. Only the owner and root can
change the permissions assigned to the file or directory.

2. One of the attributes of a file that, along with its group and permissions,
determine who can access and modify that file. You can see the owner of a file
by listing it with the 1 command. Use the chown(C) command to change the
owner of a file.

password

The string of characters you are prompted for after you type your login name
when you are logging in. Your password is the key that lets you into the UNIX
system; you should choose it wisely, keep it secret, and change it regularly.
Use the passwd(C) command to change your password.

path

The directory list through which your shell searches to find the commands
you type. Your path is stored in the shell variable PATH.

pathname

The name of a directory or a file, for example, /usr/spool/mail. Each component
of a pathname, as separated by slashes, is a directory, except for the last com-
ponent of a pathname, which can be either a directory or a file. A single word
by itself, such as Tutorial, can be a pathname; this is a relative pathname for
the file or directory Tutorial from the current working directory. A single
slash, (/), is the pathname for the root directory. See also absolute pathname
and relative pathname.
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permissions
The settings (also called properties or attributes) associated with each file or
directory that determine who can access or modify the file and directory. Use
the 1 command to list a file’s permissions; use the chmod(C) (change mode)
command to change a file’s permissions.

pipe
A way of joining commands on the command line so that the output of one
command provides the input for the next. To use a pipe on the command line,
join commands with the vertical bar symbol, (1). For example, to sort a file,
eliminate duplicate lines, and print it, you could type sort file | uniq | lp.

print job
A request you have made to the printer to print a file. Each print job has an ID
number that you can see using the Ipstat(C) command. You can cancel a print
job by typing cancel and its job ID number, then pressing (Enter).

process ID

A number that uniquely identifies a running program on the UNIX system.
This is also known as the PID.

prompt
One or more characters or symbols that identify a line on which commands
can be entered, as in a UNIX or DOS window. “Prompt” also refers to the text
displayed when the computer displays a request for input or an instruction.
The default prompt can be replaced by setting the PS1 environment variable.

quoting
A mechanism that is used to control the substitution of special characters.
Special characters enclosed in single quotes are not replaced by their meaning,
but remain embedded in the text when the quotes are stripped off. Double
quotes are used to prevent the expansion of all special characters except “$”,
”\”al]d”\”.

regular expression
A notation for matching any sequence of characters. The notation is used to
describe the form of a sequence of characters, rather than the characters them-
selves. Regular expressions consist of literal characters, which match only
themselves, and metacharacters.

relative pathname
A pathname that does not start with a slash (/); for example; Tutorial,
Reports/September, or ../tmp. A relative pathname is searched for, starting from
the current working directory and may use the notation “..” to indicate “one
directory up from the current working directory.” See also absolute pathname
and pathname.
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root

The top directory of a UNIX filesystem, represented as a slash (/). Also, the
login name of the superuser, a user who has the widest form of computer
privileges.

shell

A program that controls how the user interacts with the operating system.
Using such programs, you can write a shell script to automate work you do
regularly. The shells available with the SCO OpenServer system include the
Korn shell, the Bourne shell, and the C shell.

shell escape

A command you type from within an interactive program to escape to the
shell. In vi, you can type :lcommand to escape to the shell and execute
command. When command has finished executing, you are returned to the
editor. You can start a new shell this way with :!sh, for example. To exit this
subshell and return to the editor, press (Ctr)D or type exit.

shell programming language
A programming language that is built into the shell. The Korn shell, the
Bourne shell, and the C shell all have slightly different programming lan-

guages but all three shells offer basics such as variable creation, loops, and
conditional tests.

shell script

An executable text file written in a shell programming language. Scripts are
made up of shell programming commands mixed with regular UNIX system
commands. To run a shell script, you can change its permissions to make it an
executable file, or you can use it as the argument to a shell command line (for
example, sh script). The shell running the script will read it one line at a time
and perform the requested commands.

shell variable
A variable associated with a shell script.

standard error

The usual place where a program writes its error messages. By default, this is
the screen. Standard error can be redirected; to a file, for example. Also
known as stderr.

standard input

The usual place from which a program takes its input. By default, this is the
keyboard. Standard input can be redirected; for example, you can use the
less-than symbol (<) to instruct a program to take input from a file. Also
known as stdin, the standard input is identified by the file descriptor 0.
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standard output

The usual place where a program writes its output. By default, this is the
screen. Standard output can be redirected; for example, you can use a pipe
symbol (1) to instruct a program to write its output into a pipe, which will
then be read as input by the next program in the pipeline. Also known as
stdout, the standard output is identified by the file descriptor 1.

subdirectory

A directory that resides within another directory. Every directory except the
root directory is a subdirectory.

superuser
A user who has powerful special privileges needed to help administer and
maintain the system. The superuser logs in as roof. Someone with the
superuser or root password can access and modify any file on the system.

symbolic link
A new name that refers to a directory or file that already exists. Use this name
to change to another directory without typing its full pathname. Unlike nor-

mal links, symbolic links can cross filesystems and link to directories. See also
link.

symbolic mode
A method of changing file permissions using keyletters to specify which set of
permissions to change and how to change them. For example, to add group
write permission on a file called report using symbolic mode, you could type
chmod g+w report. Note that you must be the owner of a file or the
superuser to change permissions on that file. You can also change permis-
sions using absolute mode.

system administrator

The person who looks after the day-to-day running of the computer and per-
forms tasks such as setting up user accounts and making system backups.

terminal

Video display unit with a keyboard, a monitor, and sometimes a mouse. They
do not have any independent processing power themselves and they must be
connected to a computer before they can do any useful work.

terminal type

A name for the kind of terminal from which you are working. Typically, the
terminal type is an abbreviation of the make and model of the terminal, such
as wy60, which is the terminal type for a Wyse60. Your terminal type is stored
in the variable TERM.

tilde expansion

The ability of the shell to translate instances of the tilde character (~) into the
pathname of the user’s home directory.
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trash directory

A subdirectory of a user’s home directory in which files are temporarily stored
before being removed from the system permanently. The trash directory is
represented on screen by the Trash icon. You can remove files by dropping
them on the Trash icon.

umask
A permissions mask that controls the permissions assigned to new files you
create. You can set your umask from the command line or in one of your shell
startup files.

user account
The records a UNIX system keeps for each user on the system.

variable

An object known to your shell that stores a particular value. The value of a
variable can be changed either from inside a program or from the command
line. Each shell variable controls a particular aspect of your working environ-
ment on the UNIX system. For example, the variable PS1 stores your primary
prompt string.

wastebasket
A directory where deleted files are temporarily stored. Once you delete a file,
it remains in the wastebasket directory until you exit SCO Shell, at which
point all files in the wastebasket are permanently deleted. You can recover
files from the wastebasket (provided you have not exited SCO Shell) using the
Wastebasket option on the File menu. See also trash directory.

wildcard

A character (such as “?” or “ *”) that is substituted with another character or
a group of characters in text searches and similar operations. See also meta-
character.
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Symbols, numbers

232,242

$#, 250

$*,250

$@, 250

$((...)), 253

$?,278

*,316

?,317

[’ ...1,317
, 89,120

A

absolute

file permissions, 124

pathnames, 18, 85
access control, 82
addresses, in sed, 373
aliases

drawbacks, 239

embedded, 238

expansion, 231

exporting, 238

in Calendar, 70

in Korn shell, 231-232, 238-240

in shells, 237

recursive, 238
appending command output, 119
apropos(C), 130
archives, 35, 38
arithmetic, in awk, 340
at jobs

creating, 169

displaying, 169
at(C), 169
authorizations, 213-216

chmodsugid, 214

execsuid, 214

mem, 214

printerstat, 214

printqueue, 214

queryspace, 215

su, 215

authorizations (continued)
terminal, 214
auths(C), 215
awk, 323-370
accumulating input, 369
actions, 338
arguments, 361
arithmetic, 338, 339, 340
arrays, 349
as arguments, 352
associative, 349, 369
multiple subscripts, 351
order of elements, 350
splitting, 351
associative arrays, 349
BEGIN pattern, 333
break and exit statements, 348
command-line arguments, 361
comments, 353
debugging, 332
END pattern, 333
escape sequences, 335
examples, 331, 367, 369, 370
fields, 324, 327
positional parameters, 324
flow control, 346, 348
break and exit statements, 348
C-like syntax, 346
for statements, 348
if statements, 346
while statements, 347
for statements, 348
functions
arithmetic, 340
parameter passing, 352
string, 341, 342
user-defined, 351
further reading, 427
if statements, 346
initializing variables, 329
input, 324, 358, 359
from multi-line records, 359, 364
from pipes, 358
separators, 358
internal variables, 328
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awk (continued)
lexical conventions, 353
multidimensional arrays, 351
multi-line records, 359
operators, 334
assignment, 340
decrement, 340
increment, 340
output, 353, 356, 357, 367
formatted, 326, 327, 355, 356
piped to other program, 357
printing, 354
printing to stderr, 357
redirection, 356
separators, 354
patterns, 332, 337
action matching, 325
as regular expressions, 333, 335
BEGIN, 333
combining, 337
END, 333
precedence, 336
ranges, 338
relational operators, 334
precedence, 336
print, 325, 353, 354
printf, 326, 353, 355
program invocation, 325
program structure, 325
random choice, 370
records, 324
relational operators, 332, 334
running programs, 325
from files, 326
from the command line, 325
scope of variables, 353
strings, 341
built-in functions, 341
splitting, 351
system interaction, 362
type coercion, 329
user-defined functions, 351
using with shell, 362
variables, 325, 327
assignment, 340
built-in, 328
field, 327
floating point, 339
initialization, 329, 339
scope, 353
type coercion, 329
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awk (continued)
variables (continued)
type definition, 329
user-defined, 329
while statements, 347

B

background processes, 160
backslash, 319
backup(ADM), 180
backups
cpio, 190, 192
cpio
creating, 191
listing contents, 192
tar, 187-190
creating, 188
listing contents, 189
restoring, 189
using find, 191
using SCO Shell, 35
basename(C), 314
batch(C), 169
bc(C), 306
bg(C), 165
binary files, comparing (cmp), 416
boolean operators, 278
bottom-up programming, 264
Bourne shell, 222
built-in commands, 294
.profile, 419
buffers, in vi, 146

C

C shell
alias, 238
.cshrc, 419
history editing, 237
history recall, 236
Jogin, 419
cal(C), 416
Calculator, 72-76
commands, 73
memory, 75
percentages, 76
quitting, 76
simple arithmetic, 74
starting, 73



Calculator (continued)

tape, 73
scrolling, 74
using, 73

Calendar, 49-72

alias, 70
choosing a printer, 63
clipboard, 64
creating, 54, 66
dates
entering, 51
returning to current, 52
deleting, 70
events
changing, 57, 60
creating, 52
deleting, 57, 60
duration, 53
durationless, 59
notifying attendees, 56
printing, 63
private, 56
public, 56
repeating, 55
timeless, 59
transferring, 64
viewing, 61
free time
listing, 63
searching, 58-59
moving
between calendars, 65
between days, 51-52
between months, 51
options, 65
other users, 65
preferences, 67-69
printing, 63, 63
quitting, 50
renaming, 70
scheduling conflicts, 54
resolving, 58
scheduling events, 52-57
specifying startup calendar, 72
starting, 50
to-do list, 59
troubleshooting, 72
viewing, 61-63
other calendars, 65
range of dates, 62
calling remote systems, 201, 202

cpio(C)

cancel(C), 129
case statement, 275, 280, 282
cat(C), 102
catenating files, 102
cd(C), 92, 416
CD-ROM, 187, 187
reading, 187
changing directory, 21
cd(C), 92
symbolic links, 97
changing group, 126, 127
chgrp(C), 127
chmod(C), 123
chmodsugid authorization, 214
chown(C), 125, 214
clearing the screen (clear), 416
clipboard, using from SCO Shell, Transfer
menu, 41, 42
clobber, 104
cls, 416
cmp(C), 107, 416
command
prompt, 80
recall, 235
comm(C), 108
comments
in awk, 353
in ksh, 269
comparing
binary files (cmp), 416
directories, 91
disks (diskemp), 416
files (cmp), 107
files (diff), 108, 416
files (SCO Shell), 45
concurrency, 157
conditional program execution, 276
configuring shells, 228
configuring vi, 152
context indicator screens, 12
copy(C), 90, 416
copying
disks (diskcp), 416
to disk or tape (tar), 416
copying files, 101, 103
using uucp, 195
cp(C), 103, 416
cpio(C), 190
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creating

directories, 86

files, 132

variables, 253
cron daemon, 397
cron(C), 170
crontab(C), 171
crypt(C), 216, 217
ct(C), 201
cu(C), 201, 202, 203, 204
current directory, 18, 84, 92
cut and paste, in vi, 146
cut(C), 112

D

daemon, 396
date(C), 416
today’s date, 416
dd(C), 261
decryption, 217
default, disk format. See
/etc/default/format
deferring program execution, 169
del, 416
deleting
directories, 90
files, 105
description line, screens, 12
device
driver, 398
file, 406-407
null device, 249, 257
file types, 40, 407
diff3(C), 416
diff(C), 108, 416
dir, 416
dircmp(C), 91
directories, 81-86
-, 89
access permission, 92, 123
as a tree, 84
changing, 92
comparing, 91
copying, 90
creating, 35, 86
current
logical, 97
physical, 97
introduced, 16

directories (continued)
links, 96
listing contents, 87, 88
listing hidden files, 88
names, 87
optimum size, 87, 298
pathnames, 85
public, 195
removing, 35, 90
renaming, 90
root, 81, 84
searching, 297, 298
spool, 197
system directories, 86
working, 84

diskemp(C), 416

diskcomp, 416

diskcopy, 416

disks
archive media, 40
comparing (diskcmp), 416
copying (diskcp), 416
copying files to (tar), 416
floppy, 181-185
formatting for DOS (dosformat), 417
formatting (format), 417

display windows, SCO Shell, 13

divider line, screens, 13

DOS
backups, 180
carriage return characters, 176, 177
copying files, 175-176
creating directories, 177
file permissions, 180
filenames, 174, 180
filesystems, mounting, 179

formatting disks for (dosformat), 417

formatting DOS disks, 178
partitions, 174
removing directories, 178
documents, 80
doscat(C), 176
doscp(C), 175
dosdir(C), 175
dosformat(C), 178, 417
dosls(C), 175
dosmkdir(C), 177
dosrm(C), 177
dosrmdir(C), 178
dtox(C), 177



E

echo(C), 93, 227, 253
escape commands, 254
ed
addresses, 155
changing lines, 155
editing commands, 156
line numbers, 155
listing files, 155
quitting, 155
saving files, 155
starting, 155
ed(C), 154-156, 416
editing text files, 25, 134
editor, edlin, 416
edlin, 416
electronic mail, as a system service, 396
else statement, 276
encryption, 217
commands, 216
editing encrypted files, 216
environment, 226
inherited by shell script, 250
resetting, 232
scripting problems, 263
variables, 227-231
erasing
directories, 90
files, 105
error messages, SCO Shell, 14
escape sequences
in awk, 335
in echo, 254
in regular expressions, 319
/etc/default/format, 417
ex(C), 416
exec, 262
execsuid authorization, 214
execution, 297
exit value, 278
exiting
menu selections in SCO Shell, 43
vi, 136
export, 230
exporting variables, 230
extracting
fields, 112
information from a file, 112

files

F

fc(C), 416
fg(C), 164
File menu
copying files, 29, 30
file permissions, 32
changing permissions, 32
file permissions form, 32
viewing permissions, 33
finding files, 31
introduced, 28
moving files, 30
recovering erased files, 34
removing files, 31
renaming files, 30
using, 29
File Permissions form, 33
file window
configuring, 23, 34
example, 23
file(C), 101
files, 80-84, 404
access control, 121
bad names, 106
changing group, 127
changing ownership, 125
clobbering, 104
comparing, 107-108
cmp, 416
diff, 416
contents, 102
copying, 101, 103
creating, 132
creation permissions mask, 124
cronfile, 170-171
.cshre, 419, 426
decryption, 217
descriptors, 256
determining inodes, 248
/dev/null, 113, 257
/dev /stderr, 119
/dev/stdin, 119
/dev /stdout, 119
DOS filenames, 180
editing muitiple, 146
encryption, 217
/etc/default/msdos, 174
/etc/default/tar, 188
/etc/passwd, 224
examining contents, 103
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filesystems

files (continued)

.exrc, 154
extracting information, 112
extracting names from pathnames, 314
file descriptor, 256
finding, 113-114
first lines, 103
history, 235
identifying contents, 101
inodes, 81
introduced, 16
kshrc, 419, 421
last lines, 103
linking, 94
locking, 312
Jogin, 419, 424
mounting filesystems, 98-101
moving, 101, 104
name conflict, 264
name length, 83
name portability, 83
opening, 256
opening with exec, 262
organizing, 298
pathnames, 85
permissions, 121, 123, 124
prevent overwriting, 257
printing, 127-129
.profile, 231, 419, 421
reading, 256
redirecting program output to, 120, 356
removing, 105, 106, 114
hidden, 106
recursively, 90
renaming, 105
saving in vi, 136
searching for text, 111
security, 211-212
sorting, 109-110, 417
structure, 81
tar, 187
extracting contents, 189
listing contents, 189
transferring
to non-UNIX systems, 202
with cu, 204
with uucp or uuto, 194
undelete utility, 114
versioning, 114
viewing, 23, 102
writing, 256
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filesystems, 80
components, 405
information about, 100
mount point, 99
mounting, 98
organization, 84
storage sections, 86
types, 406
unmounting, 101

filtering text, from vi, 148

filters, 89

find(C), 113, 249, 416

finding text in files, 111

floppy disks, 404
as archive media, 40
device files, 182-184
DOS, formatting, 178-179
UNIX filesystems, 184-185

fork, 159, 242

format(C), 417

full pathnames, 18

functions, 240

G

getopts(C), 272

getty daemon, 402
getty(M), 159

gid, 126

giving files away, 125
global substitution, 371
grep(C), 111, 416

H

handling signals, 166
hard disk, 404
hash bang (#!) support, 247
head(C), 103
help
apropos(C), 130
in SCO Shell, 14
man(C), 129-130
whatis(C), 129
here document, 257
home directory, 16
.hushlogin, 226



/

id(C), 126
identifying
active processes, 158
current directory, 233
infinite loops, 275
init process, 401
init(M), 159
inode, 81, 405
determining, 248
introduced, 83
links to a file, 248-250
lookup, 405
searching with find(C), 249
table, 405
input
getting from file, 262
getting from terminal, 259
interrupt signal, 166
interrupting a process, 162

J

job control, 160
at, 169
bg, 165
continuing process after logout, 165
cron, 170-171
fg, 164
identifying running jobs, 161
killing background jobs, 162
Korn shell, 165
listing at jobs, 169
listing nice value, 168
nice value, 167
reducing priority, 167
sleep, 171
suspending jobs, 164
jobs(C), 161

K

kernel, 397-400
buffer cache, 405
further reading, 429
memory, 399
privileges, 214
scheduling, 398, 403
sub-processes, 398

logout

keyboard, remapping in vi, 149
kill, 45, 162
reporting result, 164
sending signal to process, 163
signal, 166
Korn shell
alias, 237
built-in commands, 294
enabling history editing, 235
further reading, 428
history, 235
history editing, 235
job control, 164
kshrc, 419
print, 255
regular expressions, 322

L

I (long listing), 416
learning C, 428
let, 253
line numbers, in vi, 138
links, 94-95, 407
count, 82
locating, 248-250
removal, 94
symbolic, 96
to directories, 97
to files, 94
under DOS, 176
listing
files, 82
files, long listing (1), 416
processes, 158
In(C), 94
lock(C), 212
locked
account, 209
terminal, 209
logical directory, 97
login, 209
files, 226, 238
process, 224-226
remote login, 201-205
script, 231
security, 208-213
shell, 224
suppressing messages, 226
logout script, 234
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loop

loop construct, 272, 291
Ip(C), 127

Ipstat(C), 128

1s(C), 82, 416

M

macroin vi, 150

mail, notification, 228

makekey(C), 216

managing files, 16-19, 41-42
archiving, 35, 38
changing directories, 21, 35
copying, 29, 30

file and directory introduced, 16, 17, 18

naming, 18
organizing, 18
pathnames, 18
removing, 31
renaming and moving, 30
transferring files, clipboard, 41
using wildcard characters, 21
viewing, 23, 24
man(C), 129
manual page, 129
map, in vi, 150
memory
mem authorization, 214
paging, 400
swapping, 399
virtual, 399
menu line, screens, 12
mkdir(C), 87, 417
mnt(C), 98, 180
modems, 201
calling a remote system, 202
modes, in vi, 132, 135
more(C), 89, 102, 417
mounting
DOS filesystems, 179-180
filesystems, 98-101
moving a file or directory, 101-105
MS-DOS commands, 415
mv(C), 90, 105
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N

name space, 398, 403-404
naming files, 18
networking with uucp, 193
nice value, 167, 168
nice(C), 167

noclobber, 119, 257
nohup(C), 165

null device, 257

(0

octal file permissions, 124
optimization, 291
output
from commands, 118
redirection, 89
overwriting files, 104
ownership of files, changing, 125

P

parameters, positional, 240
passwords
changing, 210, 211
expiration warning, 422
security, 209
$PATH, 242
pathnames, 85
absolute, 85
extracting filenames from, 314
introduced, 18
relative, 85
paths
problems, 263
searching, 297
pattern space, 373
permissions, 82, 121-125
absolute mode, 124
applied to directories, 123
changing, 123

changing supplemental group, 126
default setting with umask(C), 124

gid, 126
introduced, 32
symbolic mode, 123
types, 122
uid, 126

pg(C), 89,102



physical directory, 97
pipe, 89, 112,120, 120-121

awk output, 357, 358

sequence of commands, 120
positional parameters

in aliases, 239

in regular expressions, 320
present working directory, 84
print, 417
print (Korn shell), 253-256
printerstat authorization, 214
printing

canceling a print job, 129

files, 48, 127-129

postscript files, 128

print queue, 48, 127

selecting printers, 128

service, 396

several copies, 128

several files, 48, 127

status of printers, 128
printqueue authorization, 214
processes

continuing after hangup, 165

creating, 159

delaying execution, 171

executing from vi, 148

executing in the future, 169

ID number, 159

identifying active, 158

in background, 160

init, 401

interrupts, 162

introduced, 157

killing active, 162

Korn shell, 165

listing nice value, 168

moving to foreground, 164

nice value, 167

overheads, 294

priority, 167

script performance, 293

signaling with kill, 163

signals, 162

suspending, 165

table, 159

under cron control, 170

users, 159

repeating

prompt
PS1, 233
PS2, 233
ps(C), 158
public directory, 195
pwd(C), 92

Q

queryspace authorization, 215
quit signal, 166

quitting vi, 136

quoting with uux, 201

R

readability analysis, 266, 305
read(C), 259
reading files, 102
recalling previous commands, 235
records, in awk, 359
recursive file deletion, 90
redirection, in awk, 356
reference manuals, 129
regular expressions, 112, 315-322, 371
differences between programs, 322
escape character, 319
grouping, 320
in awk, 337
in editors, 317, 322
in ksh, 322
in sed, 375
in vi, 140
matches, zero or more, 318
searching for, 316
relative pathnames, 18, 85
reminders, sending, 169
remote file transfer, 195
remote login, 201
removing
directories, 90
files, 105-114
ren, 417
renaming
directories, 90
files, 105
repeating commands, 273, 274
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repeating

repeating last command
in C shell, 236
in Korn shell, 236
in vi, 145
resetting the environment, 232
rm(C), 90, 105, 416
rmdir(C), 90, 417
root
directory, 81, 84
user processes, 162
run levels, 402
running jobs
identifying, 161
in background, 160
running programs, 157

running programs in the future, 169

S

saving files, in vi, 136
scheduling, priority, 167
script, 246
boolean operators, 278
bottom-up, 264
callback functions, 286
case statement, 275, 280, 282
conditional commands, 273

conditional variable assignment, 290

context, 314

creating, 246-247

data access overheads, 296
debugging, 263-265

directory search overheads, 297

elapsed time, 293

else statement, 276

examples, 298, 307

exit values, 278

file handling, 256

file locking, 312

file size overheads, 296

for loop, 271

getopts(C), 275

handling arguments, 272

here document, 257

if ... and exit values, 278

if statement, 276, 280

logical-if statement, 278

logout, 234

loop construct
comparison, 275
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script (continued)

loop construct (continued)
optimization, 291

loop performance, 292
menu-driven interfaces, 288
necessary permissions, 246
optimization, 294, 295
performance, 291, 293

prevent from overwriting files, 257
problems with environment, 263

read(C), 259
reading a character, 260

running under a foreign shell, 247

select statement, 283
short example, 248
structure, 266
subroutines, 285
supporting commands, 293
terminal control, 269
test statement, 276
toggle variables, 288
tracing execution, 265
until loop, 274
while loop, 273
writing, 264, 291
searching
for files, 113, 416
for inodes, 249
for text in a file, 45, 111
for text in vi, 139
for text patterns in a file, 112
secondary authorizations, 214
security
files, 211
foundations, 208
passwords, 209
permissions, 208
subsystem, 396
user accounts, 212
sed, 371-389
{ function, 388
= function, 389
: label function, 388
a function, 378
addressing, 374-377
context, 374
introduced, 373
line number, 374
rules, 374
B! function, 388
b label function, 388



sed (continued)
¢ function, 379
command grouping, 377
command structure, 373
comments, 389
D function, 384
d function, 378
-e, 372
-f, 372
flow-of-control, 373
flow-of-control functions, 388
functions, 373, 377-389
further reading, 427
G function, 385
g function, 380, 385
H function, 385
h function, 385
hold and get functions, 385
i function, 378
input/output functions, 382
1 function, 389
miscellaneous functions, 389
multiline searching, 386
multiple input-line functions, 384
-n, 372
N function, 384
n function, 378, 380
P function, 384
p function, 381, 382
pattern space, 373, 374

holding more than one line, 374

q function, 389
r function, 383
regular expressions and, 375
related to grep, 371
running, 372
s function, 379
substitution functions, 379
t label function, 388
w function, 381, 383
x function, 385

sed(C), 371-389

select statement, 283

selecting
files, 19
menu items, 13

sg(C), 126

shells

shells
alias
expansion, 231, 239
exporting, 238
introduced, 237
positional parameters, 239
arithmetic, 252
boolean operators, 278
Bourne, 222
built-in variables, 228
case statement, 275, 280, 282
conditional commands, 273, 274
configuration variables, 228
else statement, 276
file descriptors, 256
for loop, 271
further reading, 428
getopts, 272, 275
handling arguments, 272
how binary files are executed, 242
how scripts are executed, 242
identifying login, 224
if statement, 276
input, 256-263
logical-and (&&) statement, 278
logical-or (| |) statement, 278
looping constructs compared, 275
noclobber, 257
opening files for reading, 262
output, 256-263
processing, commands, 241-243
programming examples, 307
purpose, 221-224
quoting, 238
read(C), 259
reading a character, 260
reading standard input, 257
regular expressions, 316
script, using awk, 362
script structure, 266
select statement, 283
SCO, 223
standard input, 241
standard output, 241
starting, 80
startup files, 419
tracing execution, 265
until loop, 274
variable, exporting, 230
while loop, 273
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signals

signals, 162
handling, 166
trapping, 167, 234
sleep(C), 171
SCO, directories, tree, 17
SCO Shell
accelerator keys, 14
adding utilities, 46
appearance, 24
applications, 43, 47
archiving, copying, 38
archiving files, 35
archive menu, 35
device address, 40
extracting files, 38
formatting disks or tapes, 37
listing files on disk or tape, 38
preparations, 36
auto editor, 28, 42
backup devices, 40
built-in editor, 28
canceling a print job, 48
changing current directory, 35
choosing an editor, 28
clipboard, 41, 47
Transfer menu, 42
compare files, 45
context indicator, 12
copying files, 29
copying files to tape, 35
copying items between applications, 47
cpio archives, 37
customizing, 42
default display, 12
deleting
directories, 35
files, 29
description line, 12
device names, 40
directories
changing, 35
creating, 35
current, 18
deleting, 35
home, 16
introduced, 16
subdirectory, 17
display windows, 13
file window, 23
divider line, 13
DOS disks, 37
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SCO Shell (continued)
(Esc) key, 14
editing files, 26
auto editor, 28
extra commands, 27
error messages, 14
File menu
copying files, 29, 30
file permissions, 32
finding files, 31
introduced, 28
removing files, 31
renaming and moving files, 30
using, 29
file permissions
changing permissions, 29, 32
file permissions form, 32
viewing permissions, 33
file window, configuring the window, 34
files
editing, 26
introduced, 16
pathnames, 18
printing, 48
undeleting, 34
finding files, 29
finding text, 45
function keys, 14
golden rule, 44
help, 14
list
all processes, 45
current print jobs, 48
users, 45
users processes, 45
locate files, 45
Manager menu
exiting, 43
selecting, 19
using, 16, 19, 23
using directories, 16, 21
viewing files, 23, 24
managing files, 16
changing directories, 35
copying files, 29, 30
removing files, 31
renaming and moving files, 30
using wildcard characters, 21
viewing, 23, 24
viewing files, 23
menu, 13



SCO Shell (continued)
menu line, 12
mouse
buttons, 15
using, 15
moving files to tape, 35
pathnames, 18
permissions, 32
changing, 32
viewing, 33
preferences, 42
print jobs
canceling, 48
listing, 48
printing, 48
queue, 48
selecting printer, 48
programs available, 47
quitting SCO Shell, 16
recovering erased files, 34
recovering from errors, 14
removing files, 31
renaming files, 29
report
disk free space, 45
disk usage, 45
running UNIX system commands, 43
SCO Shell screen, display windows, 23,
34
search files for text, 45
selecting a printer, 48
set colors, 45
setting editor preferences, 42
shell escape, 43
SCO Shell menu, 12-13
status line, 12
tar archives, 37
terminate programs, 45
text editor
choosing external editor, 42
filename extensions, 42
setting right margin, 42
tools, 44
Transfer menu, 42
transferring files, clipboard, 41
UNIX system commands, 43
undeleting files, 34
using directories
creating new directories, 35
removing directories, 35
using menus, 13

tar(C)

SCO Shell (continued)
utilities, 43, 44-47
adding, 46
wildcard characters, 21
windows
changing appearance, 24
changing contents, 25
sort(C), 109, 417
sorting, 417
contents of a file, 109-110
on index field, 110
record separator, 110
spelling checker, 148
spool directory, 197
standard
error, 113, 118, 262
error, redirecting to /dev/null, 249
input, 118, 262
redirecting, 118
output, 118, 262
appending, 119
redirecting, 118
starting SCO Shell, 11
starting vi, 134
sticky directories, 212
storage sections, 86
string manipulation, in awk, 341
stty, terminal mode, 261
stty(C), 164
su authorization, 215
subdirectories, 17
subshells, 224, 242
subsystem authorizations, 214
su(C), 213
suspending jobs, 164, 165
switching user ID, 213
symbolic links, 96, 97
symbolic permissions, 123
system calls, 397
system services, 396

T

tail(C), 103
tape, 185-187
erasing, 187
formatting, 186
rewinding, 186
tape, copying files to (tar), 416
tar(C), 180, 187, 416
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tarfile

tarfile, 187 uucp
terminal file permissions, 195
authorization, 214 listing remote UUCP systems, 194
capability, 270 quoting, with uux, 201
control by terminfo, 269 status of transfer, 198
cooked mode, 261 transferring files, 194
raw mode, 261 indirect transfers, 194, 197
setting type, 421 uucico daemon, 199
test(C), 276 uucp, 196, 197
tests spooling, 197
inside loops, 275 uuname, 194
useful, 277 uupick, 199, 200
text uustat, 198
editing files, 25, 134 uuto, 198
editing in vi, 134-154 uux, 200
editing preferences, 42 uucp(C), 195-197
searching in vi, 139 uuname(C), 194
tilde expansion, 89 uupick(C), 199
time(C), 293 uustat(C), 198
tokens, 241 uuto(C), 198
touch(C), 226 uux(C), 200
Transfer menu, 41, 42
transferring files
to non-UNIX systems, 202 V
with cu, 204 variables, 227-231, 253
trap, 233, 234 . .
. arithmetic, 252
tree of files, 84 . nt. 207
troubleshooting, vi, 136 ?)SSl.gnml%s’
tset(C), 421 grice, .
type, 417 con§11t10nal assignment, 290
’ environment, 226
exporting, 230
U in awk, 327, 329
in environment, 227
UNIX system in shell, 227
boot sequence, 400 invi, 152
origins, 393 let command, 253
philosophy, 408 PATH, 242, 297
shutdown sequence, 403 versioning files, 114
startup sequence, 400 free space, 118
uid, 126 purging, 117
umask(C), 124 vi, 132-154
umnt(C), 101 ab command, 151
undelete(C), 118 abbreviations, 151
undeleting defining, 149
files, 114,116 removing, 149
text in vi, 138 using, 149-150
undo command, in vi, 145 buffers
uucico(ADM), 199 executing stored commands, 150
pasting text from, 146

storing text, 146

454



vi (continued)
buffers (continued)
using, 411
changing
case, 140
modes, 132
command
macros, 150
mode, 135
summary, 409
configuring, 152
confirming substitutions, 144
control characters, escaping, 149
copying to a buffer, 146
current settings
changing, 152
examining, 152
cut and paste, 146
cutting text to a buffer, 146
dd command, 145
deleting text, 138, 411
deletion buffers, 139
editing read-only files, 134
editing several files at once, 146
encryption, 216
entering text, 135
executing another program without
quitting, 148
.exrc file, 154
filtering text, 148
global substitution, 141
inserting text, 410
insertion mode, 132, 135
joining lines, 140
leaving, 409
line numbers, 138
macros, 150-152
removing, 151
mapping
changing mode in, 152
:map command, 150
:map! command, 150, 151
recursion, 151
removing, 151
markers, 147
using, 411
modifying text, 140
movement commands, 137
moving the cursor, 409
pasting from a buffer, 146
pattern matching, 412

working

vi (continued)
quit, 409
saving file, 136
without saving file, 136
quit options, 136
reading in a file, 145
repeating commands, 137, 145
replacing text, 140, 410
saving files, 136, 409
searching, 139-140, 411, 412
shell escape, 148
spelling checker, 148
starting, 134, 409
at line number, 135
substitution command, 141-145
conditional, 144
using addresses, 143
using regular expressions, 142
swapping
characters, 138
lines, 138
words, 139
text insertion macros, 151
troubleshooting, 136
undo
commands, 145
deletions, 138
wildcards, 140
word wrap, 153
yanking to a buffer, 146
vi (visual editor), 416
view, file contents, 102
viewing files, 23

w

wait(C), 161
wastebasket, 34
we(C), 103
whatis(C), 129
wildcards

characters, 21

invi, 140

introduced, 316
windows

file window, 23, 34

SCO Shell, 13
words, counting in a file, 103
working directory, 84
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xcopy

X

xcopy, 417
xtod(C), 177
xtrace, 265
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