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CHAPTER 1 - COURSE INTRODUCTION
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COURSE OBJECTIVES

%  Writeapplicationsusing the awk programming language.
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COURSE OVERVIEW

%  Audience: Thisisaprogramming course designed for UNIX system
application developers, administrators, and advanced users. You will write
many programsin this class.

%  Prerequisites. Theability towrite programsin ahigh-level language (such
as C or shell) isvery helpful in completing the lab exercises and
understanding the lectures. A good working knowledge of the UNIX
environment is necessary.

%  Classroom Environment:

> Individua terminals.

> Referencematerials.
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CHAPTER 1 COURSE INTRODUCTION

USING THE WORKBOOK

This workbook design is based on a page-pair, consisting of a Topic page and a
Support page. When you lay the workbook open flat, the Topic page is on the left and
the Support page is on the right. The Topic page contains the points to be discussed
in class. The Support page has code examples, diagrams, screen shots and additional
information. Hands On sections provide opportunities for practical application of
key concepts. Try It and Investigate sections help direct individual discovery.

In addition, thereisanindex for quick look-up. Printed lab solutionsarein the back of the book aswell as
on-lineif you need alittlehelp.

The Topic page provides The Support page has
the main topics for additional information,
classroom discussion. examples and suggestions.
JAVA SERVLETS CHAPTER 2 SERVLET BAsICs

Code examples arein a

THE SERVLET LIFE CYCLE fland=lon: :
fixed font and shaded. The
The servlet container controls the life cycle of the servlet. Addan init () methodtoyour Zudserneuhacinial — ON-liNe file name is listed
along with the current date:
> When the first request is received, the container loads the servlet class Today,java above the ShadEd area.
Topics are organizedinto [} o
. bntainer uses a separate thread to cal
public class Today extends GenericServlet {
first (%), second (>)and |- privste pate moraon;
H H public void service(ServletRequest request,
thll’d (.) Ievel pOIntS he container calls the destroy () ServletResponse response) throws ServletException, IOException
{
As with Java’s finalize () method, don’t count on this being Ca”out boxes pOInt out [ .vlet was born on " + bornOn.toString()):
am

+ today.toString());

called.

important parts of the
Override one of the init () methods for one-time initializations, instead of
using a constructor. exam p |e Code . The init () method is

=] called when the servietis
loaded into the container.

> The simplest form takes no parameters.

public void init () {...}
3 it/ ocalsl HTH sxampdus/ ool T oday - Mrciasoll Intemel E sploes
> If you need to know container-specific configuration information, use He ES ow Faodes Iock Heb -
the other version. T S | cel 73 a [« B 8- "
Back. Sep  FRehesh  Home | Sewch  Favenes ] Sew
public void init (ServletConfig config) (... Ak [ g v v R ot e b =] Pt |[leke
- |
This = et 17 13:43:5¢ HDT 2002
Whenever you use the ServletConfig approach, always call the e e
superclass method, which performs additional initializations.
super.init (config);
/|
T Local wtaret
Screen shots show
Page 16 Rev2.0.0 ©2002 ITCourseware, LLC Page 17
examples of what you
Pages are numbered should see in class.

sequentially throughout
the book, making lookup
easy.
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CHAPTER 2 - INTRODUCTION TO AWK
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INTRODUCTION TO AWK

*

awk is a programming language quite fit for awide variety of data
mani pulation and computational tasks.

With awk programs you can:

>

>

>

>

>

Change the format of data.
Check datavalidity.

Select, manipulate, and display data that meet a condition or set of
conditions.

Print reports based on file or input data.

Perform cal culations on numeric data.

awk action code looks alot like C.

awk isaUNIX utility that interprets and runs awk programs, or scripts, that
you write.

Page 16
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CHAPTER 2 INTRODUCTION TO AWK

Thereareseveral versionsof awk, including nawk (new awk) which hasmany additional featuresthe
original awk did not support. Onmany UNIX systems, awk isactually alink tonawk, andall users

actually runnawk evenwhenthey think they'rerunningawk. Thisusually worksfinesincenawkisa
superset of awk.

If youtry torunanawk (or nawk) script andit doesn't work right or you get asyntax error, try running it
withnawk explicitly. If thisfixestheproblem, just usenawk until you cantak tothesystemadministrator
about possibly fixingtheproblemwithalink or alias.
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How AWK PROGRAMS WORK

%  awk readsinput from afile or from standard in, one line (record) at atime.

%  If the current line is matched by one or more specified patterns, then the
action associated with each matched pattern is performed.

%  Patterns can be expressions, RES, ranges, or specia patterns.

%  Actions include operations, functions, control flow, output.

%  Inanawk program, actions associated with a pattern are enclosed in braces.
> The general format of an awk programis:

pattern {action}
pattern {action}
pattern {action}

%  awkisaUNIX filter: itisdesigned to process a stream of datawhich it
reads from standard in and writes to standard oui.
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CHAPTER 2 INTRODUCTION TO AWK

L ooking at the pointson thefacing page, you can seethat thefirst two basically dowhat sed does. The
next oneissimilartosed, but sed can’ t deal withexpressions(like" dothiswhentheva ueof thefifthfieldis
equal to5000"). Thenext twoincludecapabilitieswhich sed cannot hopeto perform. Thesearethethings

whichmakeawk so useful and powerful, yet easy touse.
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RUNNING AWK PROGRAMS

%  awk reads records from the input.

%  Whenarecordisread in, it isautomatically split into fields, which are
variables referenced as $1, $2, $3, . . .

%  awk programs can appear on the shell command line, or they can be putin a
file

%  Examplesof command line programs:

»  When no pattern is specified for an action, the action is performed on
everyline.

awk '{print $2}' cars

»  When no action is specified for a pattern, the default action
Isto print the lines matching the pattern.

awk '/ford/' cars

> Pattern: Match all linescontaining ford.
Action: Print the second field.

awk '/ford/ { print $2 }' cars
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CHAPTER 2 INTRODUCTION TO AWK

Y ou can think of sed and grep asbeing subsetsof awk asfar asfunctionality isconcerned. Infact, the
second exampleonthetopic page:

awk '/ford/' cars
doesexactly what
grep ford cars

does.
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EXAMPLES

Show information on cars older than 1981
awk 'S3 <= 80 { print "1980 or older: " S$1, $2 }' cars
Similar example but put program in afile:

awk -f 80older.awk cars

> where 80older.awk contains:

BEGIN { print "1980 or older"
prll’lt n n

}

$3 <= 80 { print $1,$2,"Year: ",S$3,"Price: ",S$5}
The number of fieldsinthelineis stored by awk in the built-in variable NF:
awk '{print NF, $1, $2, SNF}' cars

The number of lines read so far (the current record number) is stored in
NR:

awk '/"~ford/ { print NR, $O0 }' cars
> Note: $0 refersto the entireline.
Display the number of linesinthefile:

awk 'END { print NR }' Memos/orals

Page 22
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CHAPTER 2 INTRODUCTION TO AWK

Another built-invariablethat canbeuseful is$0. Asyoumight haveguessed, $0isautomatically loaded
withtheentirelineasitisreadin. Thiscanbeusedtoaddadditional thingstoexistingintact lineswithout
modifyingtheorigina line,
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MORE EXAMPLES

1. List expensive cars, sorted by high price:
awk 'S5 > 8000' cars | sort +4 -nr
2. Foreign (to the USA) cars:
awk -f foreign.awk cars

»  Where foreign.awk contains:

$1 == "toyota" { print $3, $1, $2, " : $", $5 )
$1 == "fiat" { print $3, $1, $2, " : $", 85 }
$1 == "honda" { print $3, $1, $2, " : $", $5 }

»  Anequivaent foreign.awk:

$1 == "toyota" || $1 == "fiat" || $1 == "honda"
{ print $3, $1, $2, " : §", $5}

3. Program for total value on the car lot:
{ total = total + S5 }

END { printf("Total inventory value: %$10.2f\n", total)
}

Page 24 Rev3.1.2 ©2011 ITCourseware, LLC



CHAPTER 2 INTRODUCTION TO AWK

Another thingto noteistheuseof thecomparison operator ==. Although somelanguagesuse=bothto
assignaval ueandto makecomparisons, awk followsC syntax and differenti atesbetweenthem. Toset
somevariableequal toaval ue, usetheassignment operator = asin:

variablel = 123
Totestforequality (evenwithastring) usethecomparison operator == asin:

Sl == "toyota"

Thebottomexampleutilizestheprintf() function. If you'renot familiar withprintf() inC, wewill coveritin
detail later.
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EVEN MORE EXAMPLES

Print thethirdline:

awk 'NR == 3' anyfile

Print linesin which thelast field isgreater than 5000:
awk 'SNF>5000' cars

Print total number of lines containing chevy:
chevycount.awk

/chevy/{ n=n+ 1 }

END { print n }

Print al lineslonger than 66:

awk 'length(s0) > 66' orals
awk 'length () > 66' orals
awk 'length > 66' orals

Note: length() isabuilt-in function.
Note: These three examples are equivalent.

Print sorted list of user ids on the system:

cat /etc/passwd|awk -F: '{print $3, $1}'|sort

Note: The -F option sets the field separator.

-n

Page 26
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CHAPTER 2 INTRODUCTION TO AWK

Noticethat anequival ent sed expressiontothefirst examplewouldbe

sed -n 3p anyfile
Alsonoteinexample5theuseof thecommainthe print statement. Ittellsawk to separatethetwo
variableswithawhitespace (default) betweenthem. If youdon’ t usethecomma, thetwovariableswill be
printed directly adjacenttooneanother. If youwant something different betweenthem, you canexplicitly
insertitasin:

{print s$3 " " s1}

whichwill put threespacesbetweenfiel dsthreeand one, or you canuseprintf().

Thedefault white space happensbecauseawhitespaceisthedefault valuefor thespecial variable OFS
(Output Field Separator). If youwantedthecommatoinsert adifferent character (or string), youneedonly
reset OFStothedesired string, asin:

OFS = n n

now, {print $3,$1} will printthethirdfiel dfollowedby acolonfollowed by thefirst field:

0:root
1l:daemon €tC
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LABS

(1) Useawk to swapthefirst and last nameson eachlineof thelistfile, and insert acomma
immediately after thelastname. Thus,

Dino Flintstone 94111
wouldbecome

Flintstone, Dino 94111

(2 Writeanawk programthat cal culatesand printsthetotal valuesof thecarsonthelot, broken
out by manufacturer. Theoutput shouldlook like:

Ford: 47000
Chevy: 8050
Plym: 2500
Volvo: 9850
Fiat: 450
Honda: 6000

(3] Enhancetheprograminthepreviousexerciseto print atablethat displaysinthefollowing

format:

Make Total Value Averadge Value Average Age
Ford 47000 11750 13
Chevy 8050 2683 17
Plym 2500 2500 15
Volvo 9850 9850 14
Fiat 450 450 27
Honda 6000 6000 11
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CHAPTER 6 - FUNCTIONS
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BUILT-IN ARITHMETIC FUNCTIONS

%  awk'sarithmetic operators (+, -, *, /, etc.) do alimited set of algebraic math.
%  Moreadvanced math is done with awk's arithmetic functions.
%  Functions return values, based on their arguments and what the function does.
> Return values can be captured to variables using the assignment operator:
x = cos (y)
> In context, functions can return valuesright on the line:
print cos (y)
> Functions can be nested:
print cos(log (rand()))

%  Built-in functions take zero, one or two arguments: syntax errors will result from
improper numbers of arguments.
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CHAPTER 6 FUNCTIONS

Built-inArithmeticFunctions

Function Value returned
atan2(y,x) arctangent of y/x (range-0 to 0)
cos(x) cosine of x (x m radians)
exp(x) e* (exponential function of x)
int(x) mteger portion of x
log(x) base e logarthm of x
rand() random number between 0 and 1
sin(x) sme of X (x m radians)
sqrt(x) square root of x
srand(x) sets x as seed value for rand()

rand() andsrand(x) areinterestingfunctions.

rand() returnsapseudorandom sequenceof numbers, onevaluefor eachtimeitiscalled. srand()setsa
seedvaluefor thepseudorandomal gorithmused by rand().

If rand() iscalledwithoutfirst calling srand(x), thenadefault val uefor theseedisused, and the sequence,
whileitself closetorandom, will bethesameeachtimetheprogramisrun. If srand(x) iscalledwithx set
toaninteger, thesequencewill bedifferentfor different valuesof x. If srand() iscalledwithoutavalue, a
seedwill begenerated based onthetimeof day (morenearly really random).
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BUILT-IN STRING FUNCTIONS

awk has agroup of built-in functions designed to work with strings.

String functions are divided into several groups:

>

Functions which return information about a string: length(), index(),
match().

Functions which return a subset of the initial string as defined by
arguments. substr().

Functions which change the target string according to a set of rules:
gsub(), split(), sprintf(), sub().

Regarding functionswhich return information:

>

length(s) returns the number of characters currently stored in variable s:

string = "abcdefg"
length(string)

index(s;t) returns the position (in characters) of the string t in the string s
or O if not found.

string = "abcdefg"
print index(string, "cd")

match(s;t) returns the character position of string t in string s, or O if not
found.

. This behaves similarly to index() except it sets RSTART and
RLENGTH variables.

Page 88
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CHAPTER 6 FUNCTIONS
Built-InStringFunctions
Function Description
Substitute s for r globally m $0, return number of substitutions made.
gsub(r,s)
gsub(r;s. 1) Substitute s for r globally m string t, return number of substitutions
made.
index(s,f) Return first position of strmg t m s, or 0 1f't is not present.
length(s) Return number of characters m s.
match(s.r) Test whether s contams a substring matched by r; return mdex or 0;
’ sets RSTART and RLENGTH.
s plit(s,a) Split s mto array a on FS, return number of fields.

split(s,a,fs)

Split s mto array a on field separator fs, return number of fields.

Return list formatted accordmg to format strmg fmt.

s printf(fmt,list)

sub(r,s) Substitute s for the leftmost longest substring of $0 matched by r; return
’ number of substitutions made.

sub(t;s,t) Substitute s for the leftmost longest substring of t matched by r; return
7 number of substitutions made.

substr(s,p) Return suffix of s startmg at position p.

substr(s,p,n)

Return substring of s of length n starting at position p.

©2011 ITCourseware, LLC

Rev3.1.2 Page 89



AWK PROGRAMMING

MORE STRING FUNCTIONS

*

*

Functions which return a subset:

>

substr(s,p) returns a substring of string s starting at position p to end of
string.

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

_ This will print defg. ]
string = "abcdefg"

print substr (string, 4)
print substr (string, 4,2)\{ This will print de. ]

Functions which change a string:

>

gsub(r,s), gsub(r,s;t) will substitute the string sfor the string r globally in
$0 (gsub(r,s)) or in the string t (gsub(r,s;t)).

string = "abcdefgabcdefg"
gsub (/abc/, "xyz", string) [ This will print
print string l xyzdefgxyzdefg.

sub(r,s), sub(r,s,t) works the same as gsub() except it only changes the
leftmost substring found.

string = "abcdefgabcdefg"
sub (/abc/, "##", string) This will print

sprintf (format, expression list) will return a formatted string based on
itsargument list (just likeprintf()).

Page 90
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CHAPTER 6 FUNCTIONS

gsub() and sub() allow awk scriptsto dovery complex editing functions. For example,

{gsub (/214-/, "213-") ;print}

will replaceall other codesof 214- inalist of phonenumberswith 213-. Therecanbeaproblem, however;
what if the phone number is214-214-1234? Inthiscase, gsub() will changethem bothto 213-. Youcan
fix thisby using sub() instead, whichwill only changethefirst 214-:

{sub (/214-/, "213-"); print}

Whenusing sub(r,s,t) or gsub(r,s;t), thespecial character & canbeusedinthereplacementstrings. It
will standfor (and bereplaced by) the pattern matched by r, which allowsyoutouse RE'stomatcha
pattern, and usethepatternfound aspart of thereplacement string.

{sub (/[0-91[0-9]1[0-91/, "(&)", number); print}

will put parenthesesaroundtheareacodeinalist of phonenumbers.

©2011 ITCoursaware, LLC Rev3.1.2 Page 91



AWK PROGRAMMING

USER DEFINED FUNCTIONS

¥ nawk allows the user to define functions.

function name (parameter 1list) {
statement

}

%  The statements are standard awk expressions and statements.

%  The parameter list is a sequence of variable names separated by commas.
»  Thevariables are then used within the body of the function.

% A function can return avaue with theretur n statement.

%  awk functions can be defined anywhere a pattern action statement is legal.
print fred (1,2, "abc")

function fred (a,b,c)

{
print c,b,a
return a

}
»  Thiswill print:

abc21
1
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Somethingstoremember about awk functions:

> Therecannot beany spacesbetweenthenameof thefunctionand theopening parenthesiswhen
youcall auser-definedfunction.

> Inthefunctiondefinition, newlinesarenot necessary followingtheopening curly braceor beforethe
closngone.
> If afunctionhasar etur n statement, thevaluefollowingreturnisoptional. If thereisnovalue

provided, theactual valuereturnedisundefined: thatis, runningthesamescriptondifferent
machinesor UNIXsmay givedifferent results. Functionscanberecursive—thatis, they cancall
themselves(but becareful!!).

> Thefunctionsonly existfor aslongasthescriptisrunning. Y oucannot defineafunctioninanawk
script and haveasecond script then call thefunction (unlessyou put acopy of thefunctiondefinition
inthesecond script too).
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LocAL VARIABLES

%  Variablesinside functions can behave in one of two ways.

»  Variables declared outside the function or declared in the body of the
function are global throughout the entire script.

function printline () {
print NR,S$, 0
}

»  Variables declared inside the parentheses as arguments fed into the
function are local to the function.

function fred (a,b,c)
{

print c,b,a

a= "fred"

}

a="x"; b=3; c=0

fred(a,b, c) /-[ This will print 03x. ]
fred( "one" , 2 , 3 )/[ This will print 32o0ne. ]
print a_/-[ This will print x. ]
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Local variablesarevery important, especially if you (or others) beginreusingfunctionsin other awk scripts.
Makingvariableslocal toafunctionensuresthat therewill beno overlap betweenfunctionvariablesand
other variablesof thesamename. If you needtomakeother functionvariableslocal (onesthat aren'tgoing
tobepassedinfromtheoutside), just put themat theend of thelistinthefunction declaration.

function foo (a,b,c,x,y,z) {
print a,b,c
x=a; y=b; z=c
print x,vy,z

}
foo(1l,2,3)

Eventhoughonly 3argumentsarepassedin, all 6will belocal variabl es.

Whenavariableispassedintoafunction, acopy of thevariableismade. If thefunctionchangesthevalue
of thelocal variable, it doesn't changetheoriginal valueouts dethefunction. Thisworksdifferently with
arrays, aswewill seeinthenext chapter.
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LABS

(1) Writeaprogramwhichacceptsanumber fromstandardinand printsit, followed by the
squareroot of thenumber.
(Solution: square.awk)

(2] Expandtheaboveto accept stringsal so, but to recognizethem asstringsand print out the

stringanditslengthinthat case.
(Solution: stringer.awk)

(3] Modify theanswer from @ toincorporatethefunctionsinto auser-defined function.
(Solution: func.awk)

(4] Createascript whichusesther and() functiontogeneratearandomlist of tel ephonenumbers.
Y ou candothiswithashell wrapper hol ding two separate awk scri pts, and useintermediate
filestoholdtheresults.

(Solution: phonegen)
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