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Terms of Use

¥ Thesematerialsareavailablewithoutchargefor anyoneto view, download,copy, anddistributefor
individual use. It is recommended that they be distributed as a whole, but not required.

¥ These materials MAY NOT be used as an aid to professional instruction or in a commercial
environment without prior permission from the copyright holder(s). This includes use by
educational institutions in formal settings (e.g. classroom or video instruction).

¥ ThesematerialsMAY beusedfor instructionin usergroupsor otherinformalgatheringsaslongas
no fee is charged beyond that necessary for reproduction and distribution of materials.

¥ Royalty-free licenses for use in educational and informal workplace settings are available.

¥ Professionalinstructorsshouldconsidercross-licensingtheirown materialsif they wish to obtaina
royalty-free license to use these materials.

¥ Incorporation of these materials into other documents without permission is prohibited.

¥ This Terms of Use must accompany any distribution of these materials, even if only a part of the
materials is distributed.
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Intr oduction
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What this course is about

· Some ÒadvancedÓ features of Perl: references, packages, modules, object-oriented programming

· Data structures and simple applications

· Programming style, debugging, and more

· Presume you have a solid understanding of Perl basics, for example, ÒLearning PerlÓ

· Oriented toward Unix, but often applicable to other platforms

· Module development requires a Unix-like environment (makeÞles, etc.)
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Advanced Control Structures
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map

· map transforms one list into another

· Syntax:
@result = map expression, list;
@result = map { code } list;

· The expression (or block) is evaluated once for each element of the list, with$_ set to that element

· Result is last expression evaluated in block, evaluated in list context

· The results accumulate into a list
@up_words = map "\U$_", @words; uppercase all the elements of@words

· More succinct than aforeach  loop, and can be inlined into an expression (ormap-ped again)
foreach $_ (@words) {
    push @up_words, "\U$_"; uppercase@words, the old way
}
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map (contÕd)

· Some more examples
@two_power = map { 2**$_ } 0..10; powers of two
@num = ('zero', 'one', 'two', 'three', 'four', 'five');
@coconuts = map { "$num[$_] coconut" . ($_ == 1 ? '' : 's') } 0..5;

("zero coconuts", "one coconut", "two coconuts", ...)
print map "$_: $hash{$_}\n", sort keys %hash; print out%hash w/o a loop

· The transform expression can return more than one element
%file_size = map { $_, -s } @files; construct a hash of filenames and their sizes

· It may be helpful to look at an equivalent loop
foreach $_ (@files) {

push @files_and_sizes, $_, -s; push @files_and_sizes, "foo.c", 555  etc.
}
%file_size = @files_and_sizes; %file_size = "foo.c", 555, "bar.c", 1234  etc.
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map (contÕd)

· The transform expression can return a variable number of elements, including zero (the empty list)
@words = map { split } @lines; like foreach (@lines) { push @words, split }

· Transform expression is evaluated in a list contextÑpattern match can produce interesting results
@comments = map /#\s*(.*)/, <>;  a list of# comments

foreach $line (<>) { same thing, more verbosely
push @comments, $line =~ /#\s*(.*)/; pushes empty list (do nothing) if no match

}

@nums = map /(\d+)/g, <>; all the strings of digits (using//g )
@nums = map /(\b\d+\b)/g, <>; all the "words" that are digits

%headers = map /(.*?):\s*(.*)/, <>; turn mail headers into a hash
print "the subject was $headers{©Subject©}\n";
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grep

· grep  is similar tomap but used to select elements from a list rather than transform it
@winners = grep expression, list;
@winners = grep { code } list;

· The selection expression or block is evaluated in a scalar context for each element in the list, with
$_ set to the current elementÑif true, the element is added to the return value
@odds = grep $_ % 2, 1..1000; All odd numbers between 1 and 1000
@text_files = grep -T, <*>; find the text files

· Calledgrep  because it can be used to emulate Unixgrep -like functionality:
@floppy_hat = grep /\bGilligan\b/, <>; all the lines containing word"Gilligan"

· In a scalar context, grep  returns the number of elements selected
$coconuts = grep /coconut/, @list; return true (non-zero) count if@list  has"coconut"
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eval

· Another control structure is theeval  operator
eval { code };
if ($@) { # an error occurred

... handle error ...
}

· Any error in the block causes an immediate abort of that block

· Errors can be system errors like Òdivide by zeroÓÑnot ÒpanicÓ errors, however (seeperldiag )

· Errors can also be user-initiated errors, via thedie  operator

· $@ is set to the text of the error message, or empty if everythingÕs OK
$a = 0; eval { $a / $a };
print $@; Illegal division by zero at xxx line 3.

· Nestedeval  blocks are supported

· DonÕt forget the trailing semicolon after theeval  block
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eval  (contÕd)

· The block form is useful for catching exceptions
eval {

open F1, $f1 or die "cannot open $f1: $!";
open F2, $f2 or die "cannot open $f2: $!";
&start_processing(); # even die in here is caught
close F1 or die "cannot close $f1: $!";
close F2 or die "cannot close $f2: $!";

};
if ($@) { if preceding eval didnÕt succeed, error message is in$@

print LOG "error: $@";
}

· Only die  errors are trappedÑa directexit()  call can bypass aneval

· Also has shell-like Òevaluate this string as Perl codeÓ usage (powerful, rarely used)
$a = ©print "hello world"©; eval $a; prints hello world
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Exercises

2-1. Usingmap, write programs to:

a) return a list of the Þrst 10 squares

b) put quote marks around the elements of an array (foo  becomes"foo" , etc.)

c) create a hash containing a list of Þles in the current directory and their corresponding
modiÞcation times in days (use the-M Þle test)

2-2. Using grep, write programs to:

a) Þnd all the numbers in a list that are divisible by 10

b) determine whether a list contains the valueundef

c) Þnd all the Þles in the current directory whose Þlenames donÕt contain the letter ÔeÕ

2-3. Write a program to determine what elements two different lists have in common (at any
position). Hint: use a hash andgrep .
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Answers

2-1. Usingmap:
# 2-1a - First 10 squares
  @squares = map { $_ * $_ } 1..10;
  print "squares = @squares\n";

# 2-1b - put quotes around each string
  @strings = map "\"$_\"", qw(the quick brown fox);
  print "strings = @strings\n";

# 2-1c - create a hash of files and mod times (in days)
  %times = map { $_, -M } <*>;
  foreach $file (sort keys %times) {
    printf "file $file is %d days old\n", $times{$_};
  }
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Answers (contÕd)

2-2. Usinggrep :
# 2-2a - Numbers divisible by 10
  @div_by_10 = grep { $_ % 10 == 0 } 1..30;
  print "divisible by 10: @div_by_10\n";

# 2-2b - determine whether a list contains undef
  $has_undef = grep !defined($_), ©foo©, ©bar©, undef;
  print "has undef = $has_undef\n";

# 2-2c - find filenames in the current directory that don©t contain
# the letter e
  @no_e = grep !/e/, <*>;
  print "no ©e© = @no_e\n";
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Answers (contÕd)

2-3. Elements in common:
  @list1 = (1..10, 15..20);
  @list2 = (5..11, 13, 15, 17);

  %in_1 = map { $_, 1 } @list1;
  @in_both = grep $in_1{$_}, @list2;
  print "in list1 and list2 = @in_both\n";
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Advanced Regular Expressions
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Usingm//g

· In a list context, supplying theg option to a pattern match returns successive matches all at once
$_ = "The weather started getting rough\n";
@words = /(\w+)/g; returns("The","weather","started","getting","rough")
@lower_words = /([a-z]+)/g; skips initial capital T...
@words_again = /([a-z]+)/gi; ...unless we ignore case
@fields = (<INPUT> =~ /(\S+)/g); read line, grab all non-blanks

· ItÕs a bit likesplit()  in reverseÑspecify what youwant, not what you arethrowing away

· Multiple memories can result in multiple return values per match
$_ = "Ginger:Grant Thurston:Howell";
@matches = /(\w+):(\w+)/g; results in("Ginger","Grant","Thurston","Howell")
%last_name = @matches; perfect shape to initialize a hash
%last_name = /(\w+):(\w+)/g; so we could have done that in one step instead
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More onm//g

· In a scalar context, m//g  gives true/false (as usual), but remembers where it left off for a later
match
$_ = "The tiny ship was tossed\n";
$first_word = $1 if /(\w+)/g; gets first word, but leaves pointer afterThe
$second_word = $1 if /(\w+)/g; so that we now matchtiny  here

· More typically used in a loop
while (/(\w+)/g) {

print "one word is $1\n";
}

print "$2, $1\n" while "Ginger:Grant Thurston:Howell" =~ /(\w+):(\w+)/g;
prints Grant, Ginger

Howell, Thurston
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pos()

· The Òcurrent match positionÓ for a string is available viapos() Ñgi ves position of the Þrst
character after the most recent match
$line = "not a single luxury\n";
while ($line =~ /(\w+)/g) {

print "$1 at ",pos($line),"\n"; not  at 3,a at 5,single  at 12,luxury  at 19
}

· Changepos()  by using it on left side of assignment
pos($line) = 10; start matching at character index 10
while ($line =~ /(\w+)/g) {

print "$1 at ",pos($line),"\n"; le  at 12,luxury  at 19
}

· pos()  defaults to$_Ña separate position is maintained with each scalar value
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The\G anchor

· Using\G in a pattern anchors at currentpos()  location (or front of string initially)

· Startinganm//g patternwith \G forcesamatchto begin preciselywherethepreviousone(for that
variable) left off
$_ = "No phones, no lights, no motor car\n";
@matches = /\G\s*(\w+)/g; result is only("No","phones") , because comma gets in the way
pos() = index($_, ©,©) + 1; of course, we can set the start point...
@more_matches = /\G\s*(\w+)/g; ...to get more matches (past the comma)

· WeÕre matching in a list context in this case, sopos()  is reset (toundef ) afterwardÑwe couldnÕt
just saypos() = pos() + 1 .

· \G works only with the/g  option (m//g  or s///g )

· \G is also useful with scalarm//g  ...
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Failed matches and thec suffix

· A failed match resets the match positionÑuse additionalc sufÞx to stop this (requires 5.004)
$_ = "Ginger:Grant Gilligan: Thurston:Howell";
while (/(\w+):/g) {
  $first = $1;
  if (/\G(\w+)/gc) {
    print "$first\©s last name is $1\n"; have to escape© after variable name
  } else {
    print "$first has no last name\n";
  }
}

· Without thec sufÞx,Gilligan  causes an inÞnite loop
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Memory-fr ee parentheses(?:É)

· Regular expression memory parentheses are useful but not always appropriate
$_ = "Subject: re: Getting off this island";
($bs, $subject) = /̂ subject:\s+(re:\s*)?(.*)/i; get subject, minus leadingre:

· Use memory-free parentheses(?:É) , which group but donÕt memorize, instead
($subject) = /̂ subject:\s+(?:re:\s*)?(.*)/i; get subject, no$bs

· Memory-free parentheses can also be faster
$_ = "3300 bytes received from island.paradise.com in 11 seconds"
($host) = /(\w+(\.\w+)+)/; match hostname-like thing
($host) = /(\w+(?:\.\w+)+)/; slightlyfaster
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Non-greedy quantifiers

· By default, quantiÞers in regular expressions (* + ? and{m,n} ) are greedy
$_ = "A three hour tour, three hour tour";
($tour) = /(three.*tour)/; $tour = "three hour tour, three hour tour"
($day = $_) = s/\bh.*\b/day/g; $day = "A three day"

· Sometimes, you want the shortest possible match, not the longest

· Append a ? to any quantiÞer to make it non-greedy (shortest match)
($tour) = /(three.*?tour)/; $tour = "three hour tour"
($day = $_) = s/\bh.*?\b/day/g; $day = "A three day tour, a three day tour"

· ? even works for the ? quantiÞer
print "Mary Ann Summers" =~ /(Ann?)/; printsAnn
print "Mary Ann Summers" =~ /(Ann??)/; printsAn
print "Mary Ann Summers" =~ /(Ann?? Summers)/; prints Ann Summers
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Applications of non-greediness

· Handy when parsing up to delimiters
$_ = ©"Gilligan" is looking for "The Professor"©;
@quoted = /"(.*?)"/g; (©Gilligan©, ©The Professor©)
@misquoted = /"(.*)"/g; (©Gilligan" is looking for "The Professor©)

· In some simple cases, there are greedy alternatives
@also_quoted = /"([̂ "]*)"/g; (©Gilligan©, ©The Professor©)

· But others are hard or basically impossible
@bolded = m#<B>(.*?)</B>#gi; without non-greedy quantifier, would grab longest match
$c_code =~ s{/\*.*?\*/}{ }g; replace C comments with a single space
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Thes andm options

· Normally, the period in a regex doesnÕt match newline

· Use thes option form//  or s///  to cause period to match any character
$c_code =~ s{/\*.*?\*/}{ }sg; now also nukes comments spanning multiple lines
print m#/// ?(.*)#s while <>; print stuff following/// , newlines includes

· This ßag is global across the entire regexÑto get just a few exceptions, use[\d\D]  (or
[\0-\377] , or some other pattern matching any char) instead

· Normally, the^ and$ anchors mean beginning and ending of string

· Use them option to cause these to also match before/after interior newline characters
$_ = "Gilligan\nSkipper\nGinger\n";
@matches = /̂ (G\w+)/g; finds onlyGilligan
@matches = /̂ (G\w+)/gm; now finds bothGilligan  andGinger
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Usings///e

· The substitution replacement string can be a Perl expression or block
$_ = "I©m your number 1 fan, Gilligan!";
s/(\d+)/ $1 + 1 /e; replaces1 with 2
s/(\w+)/$fixword{$1} || $1/ge;

replace the word if itÕs found in%fixword , e.g."thier" => "their"
· Arbitrarily complicated blocks are permittedÑgood place to use matching delimiters like []  or {}

s[(\w+)]{ change all the words using this block of code
my $x = $1; cannot change$1 directly, so use a scratch var
$x = "Mr. $x" if $x eq "Gilligan"; that©sMister Gilligan to you!
$x *= 2 if $x =~ /̂ \d+$/; or multiply by 2
$x; last expression evaluated is used

}ge; "I©m your number 4 fan, Mr. Gilligan!"
· Syntactically invalid code is caught at compile time
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Precompiling and interpolating with qr//

· Theqr//  operator precompiles a pattern and returns a scalar that can be used in a match, or
interpolated into another pattern
$find_pat = qr/$find_str/; creates a ÒregexÓ object and puts it in$find_pat
while (<>) {

if (s/$find_pat/$repl_str/g) { $lines_substituted++ } not recompiled each time
print $_;

}
· To escape special characters, use\Q..\E  or quotemeta()  Ñ puts \  in front of non-word chars

$input = ":-)";
$find_str = "\Q$input\E"; $find_str  is \:\-\)
$find_str = quotemeta($input); same thing

· Much more than can be discussed here Ñ seeperldoc perlre  and the MRE book
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Exercises

3-1. Write a program to Þnd all the scalar variable names like$foo  and$bar  in a Perl program
and return them as a list. What happens if there is more than one name per line? What do you
do in cases like$foo[$n]  (in which casefoo  is an array name)?Hint: Use a scalarm//gc
match so that you can examine the character after the name without losing your place.

3-2. Modify theprogramfrom Exercise1 sothattheoutputis asortedlist of variablenamesalong
with the line numbers they appear on, for example:
$bar: 5 6 10
$foo: 5 11
Youmaywantto usetheÒcurrentline numberÓvariable$. , whichcontainstheline numberof
the last line read from input.

3-3. Modify the program from Exercise 2 so that it maintains a hash called%seen. %seen should
keep track of whether a variable has been seen on a particular source line. Use%seen to
eliminate duplicate line numbers from the output (e.g. no$bar: 5 6 6 6 10 10 ). Hint:
You will have to ÒresetÓ%seen every line.
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Exercises (contÕd)

3-4. Write a program that looks for ÒwordsÓ that are all digits, replacing them with a scientiÞc
notation equivalent. Stick to integersÑdonÕt worry about number containing decimal points
and so on. For example,"7 stranded castaways"  should become something like
"7.000000e+00 stranded castaways" . Hint: use a substitution with the/e  option and
sprintf .
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Answers

3-1. Find scalar variable names (two ways).
while (<>) {
  push @list, /\$\w+/g; naive way
}
print join "\n", @list, ©©;

# alternative way
while (<>) { watch out for$foo$bar
  while (/(\$\w+)/g) { or $hash{$key},$array{$index} , etc.
    unless (/\G[[{]/gc) {
      push @list, $1;
    }
  }
}
print join "\n", @list, ©©;
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Answers (contÕd)

3-2. Variable names with line numbers.
while (<>) {
  while (/(\$\w+)/g) {
    unless (/\G[[{]/gc) {
      $line{$1} .= "$. ";
    }

}
}
foreach $var (sort keys %line) {
  print "$var: $line{$var}\n";
}
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Answers (contÕd)

3-3. Use%seen to eliminate duplicate line numbers.
while (<>) {
  %seen = ();
  while (/(\$\w+)/g) {
    unless (/\G[[{]/gc or $seen{$1}) {
      $line{$1} .= "$. ";

$seen{$1} = 1;
    }

}
}
foreach $var (sort keys %line) {

print "$var: $line{$var}\n";
}



33

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

Answers (contÕd)

3-4. Convert ÒintegersÓ into ÒscientiÞcÓ notation.
while (<>) {
  s/\d+/sprintf "%e", $&/ge;
  print;
}
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Packages
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require

· Therequire statementloadsaPerllibraryÑcompilesandexecutesthestatementsin it at runtime
require "example.pl"; execute the statements inexample.pl

· The include path in@INC is searched if the path is relative

· The Þle that is included must return a true valueÑgenerally, the last statement is just 1
# example.pl
print "example.pl loaded\n"; will print whenexample.pl  is require d
sub example { print "example function\n" } defines subroutineexample  (at runtime)
1; return a true value

· If the same library isrequire d multiple times it is only executed once

· @INC is determined when Perl is compiledÑmodify withpush  or shift  if necessary

· require  is run-time, so list operator subroutine syntax wonÕt work (seeuse , later)
require "example.pl";
example; doesnÕt work;example()  and&example()  do
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Morerequire

· An example library
# log.pl -- log messages to a file
open LOG, ">>$0.log"

or die "couldn©t append logfile $0.log: $!"; do this when loaded
sub note { letÕsnot call this sublog

print LOG localtime() . ": $_[0]\n"; record timestamp and message
}
1;

· Using it ...
require "log.pl"; @INC includes"."
note("starting"); note  is from filelog.pl
# ... do some stuff
note("finishing");

· But what if user already has anote()  routine? (Answer: packages...)
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Packages are namespaces

· Namespacesareneededfor modularityÑwhenwriting code(suchasa library) thatis to beusedas
a part of other programs, you should hide your codeÕs ÒprivateÓ variablesÑlest names collide

· Perl packages are namespaces

· The default namespace at the beginning of each Þle ismain::  (also just:: )

· All newly created variables (exceptmy variables, which arenÕt in a package) go into the default
package

· To access a variable in another package, prepend the package name to the variable name
$a = "skipper"; create$a in packagemain::
$foo::a = "gilligan"; create$a in packagefoo::
print "a = $a, foo::a = $foo::a\n"; a = skipper, foo::a = gilligan

· Use thepackage  directive to change the default package
package foo; now default package isfoo::
print "a = $a, main::a = $main::a\n"; a = gilligan, main::a = skipper
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More on Packages

· The effect of apackage  directive persists until the end of the enclosing block or Þle
$a = "skipper"; starting in packagemain::
{

package foo;
$a = "gilligan"; in packagefoo::  until closing brace

}
print "a = $a, foo::a = $foo::a\n"; a = skipper, foo::a = gilligan

· Packages provide a mechanism for data hiding, but do not enforce it

· Special variables like$_ (andSTDIN, STDOUT, STDERR, ARGV, ARGVOUT, ENV, INC, andSIG) are
always in packagemain::
$_ = ©main©;
{ package foo; $_ = ©foo©; } default package isfoo:: , but$_ is still in main::
print "\$_ = $_\n"; $_ = foo
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Packages and Subroutines

· Subroutines use the same package syntax and scoping rules as other variables
{

package Tourists;
sub set_tour_hours { ... } define subroutineTourists::set_tour_hours

}
Tourists::set_tour_hours(3); call subroutineTourists::set_tour_hours

sub Tourists::set_tour_hours { ... } another way to define the subroutine
package Tourists;
set_tour_hours(2.5); also callsTourists::set_tour_hours
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Packages andmy

· my variables are not inany package, and hide any same-named package variable
$a = "skipper"; $main::a
package foo;
$a = "gilligan"; $foo::a
{

my $a = "mary ann"; this$a is local to this block
print "main::a = $main::a, foo::a = $foo::a, a = $a\n";

} givesmain::a = skipper, foo::a = gilligan, a = mary ann
· Sincemy variables are not in any package they are not accessible by name outside of their scope

· A Þle is amy scopeÑmy variables canÕt be accessed by name from a different Þle
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Exercises

4-1. Write amodulecalledMyio.pl thatdeÞnestwo functions,Read andWrite . Read() should
read a line from standard input andWrite(@args)  should print its argument(s) to standard
output.Read andWrite should be part of a package namedMyio . (Please capitalizeRead
andWrite  to avoid confusion with Perl built-ins of the same name.)

Thenrequire("Myio.pl")  in a program and use it to read and write some data.

Note:Read andWrite  can be implemented very succinctly.

Note: Use syntax likeMyio::Read  andMyio::Write  to callRead andWrite  from your
main program.
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Answers

4-1. Myio.pl  library
# file Myio.pl
  package Myio;

  sub Read { <STDIN> }
  sub Write { print @_ }

  1;
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Answers (cont’d)

# Using Myio.pl
  require "Myio.pl";

  Myio::Write("Do you like espresso better than coffee? ");
  $answer = Myio::Read();  # compare with Myio::Read (no parens)
  if ($answer =~ /̂ y/i) {
    Myio::Write("That©s good.  Saves on water.\n");
  } else {
    Myio::Write("More room for a logo on those big cups.\n");
  }
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Pragmas
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use strict vars

· ÒPragmaÓ or ÒpragmaticÓ modules likestrict  can modify PerlÕs behavior

· Thestrict  module implements three different compile time and run time checks

· use strict vars  requires that all variables be declared withmy (or use vars ), or explicitly
qualiÞed with a package name
use strict vars;
my $var1;
$var1 = "skipper"; OK Ñ $var1  declared withmy
$main::var2 = "gilligan"; OK Ñ $var2  has explicit package name
$var3 = "mary ann"; ERROR Ñ$var3  not declared

use vars qw($var4); declare$var4
$var4 = "ginger"; OK , but this is really$main::var4
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use strict refs

· use strict refs  disables soft references (soft references are described later)Ñwhere strings
are interpreted as variable names
use strict refs;
$ref = "var1";
$$ref = "gilligan"; ERROR Ð soft reference
${var1} = "gilligan"; OK Ð same as$var1 = "gilligan"
${"var1"} = "gilligan"; ERROR Ð soft reference
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use strict subs

· use strict subs  disables ÒPerl poetry modeÓÑ where identiÞers with no other interpretation
are treated as strings
use strict subs;
$var1 = testing; ERROR unlesstesting  is a declared subroutine
func(last => ©Hinkley©, first => ©Roy©); OK Ð allowed to left of=>

· Helps eliminate those subtle errorsÑwhatÕs wrong with this code?
$c[i] = $a[i] + $b[i];
@months = (jan, feb, mar, apr, may, jun, jul, aug, sep, oct, nov, dec);

· Why did the program stop working after September? Becauseoct  is theoct()  function!

· Better way
use strict subs;
@months = qw(jan feb mar apr may jun jul aug sep oct nov dec);

· Also, afteruse strict subs , must use quotes:use strict ©blah© , etc.

· To get two, use strict qw(subs vars) , or for all three at once, justuse strict
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no

· Theno directive is sort of like un-use

· Unimports symbols from the module (calls moduleÕsunimport )

· May also turn off features, for example
use strict;
{

no strict ©refs©; turn offstrict refs  for this block
${"soft"} = "skipper"; OK Ð strict refs  deactivated here

}
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Exercises

5-1. Fix the ÒerrorsÓ in the following programs so that they will compile underuse strict :

a)
$fred = 205; $barney = 195;
print "fred + barney = ", $fred + $barney, "\n";

b)
while (<>) {

push @nums, /\b\d+\b/g; create a list of all the numbers found in the input
}
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c)
@days = (Sun, Mon, Tue, Wed, Thu, Fri, Sat);
print "day number: ";
print "day of week is ", $days[<STDIN>], "\n";



51

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

Answers

5-1. Underuse strict :
  use strict;

  my $fred = 205; my $barney = 195;
  print "fred + barney = ", $fred + $barney, "\n";

  my @nums;
  while (<>) {
    push @nums, /\b\d+\b/g;
  }

  my @days = qw(Sun Mon Tue Wed Thu Fri Sat);
  print "day number: ";
  print "day of week is ", $days[<STDIN>], "\n";
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References
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References are like pointers

· References are like pointers in C (but more like Pascal or Ada)

· A scalar value that ÒpointsÓ to another object (such as scalars, arrays, hashes, and others)

· A reference ÒknowsÓ what kind of object it points to, whether scalar, array, hash, etc.

· Perl references are safer than C pointers:

No pointer arithmetic

No casting of strings or numbers to references

Memory management is automatic, via reference counting

· Syntax takes some getting used to, but thatÕs life! (thatÕs Perl!)

· Most useful for creating complex data structures

· Also useful for passing parameters to/from subroutinesÑfor efÞciency, or to modify arguments



54

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

Scalar references

· Create a scalar reference with the backslash operator
$ref_to_a = \$a; create a reference to the$a variable

· ÒdereferenceÓ it by putting it into${ scalar_ref}
${$ref_to_a} = 35; sets$a to 35

· General rule for dereferencing: take the variable name and replace it with a block returning a
reference of the appropriate typeÑscalar in this case
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PEGS — PErl Graphical Structures

· A way of drawing Perl data structures

· For more info, seehttp://www.5sigma.com/perl/pegs/

· Other shapes will be introduced as necessary, for example ...

guy

%stoners
205
195barney

fred

$stoners{©barney©}

"fred" $guy

stoners

test

testing
@test

one
two

three
$test[2]

Scalar Array

Hash

name
value

syntax
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What does a reference look like?

· WhatÕs really going on? HereÕs a named variable$a and a reference to it,$ref :
$a = "lovey";
$ref = \$a;

· The reference points to the value of$a, not the variable itself or its name

· You can have several references to a value
$ref2 = \$a; same as$ref2 = $ref

· What if you change$a? What if$a goes out of scope?

ref a

"lovey" $a ${$ref}

ref
a

"lovey" $a ${$ref} ${$ref2}
ref2
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Values and scope

· Changes to a value are reßected in all references to it
$a = "ginger"; same as${$ref} = "ginger"

· Values persist in memory so long as there are references to them, even if the original variable has
gone out of scope
{ my $a = "lovey"; $ref = \$a; } $a local to block;$ref  has global scope

· Once all names and references to a value are gone, Perl destroys it and recycles the memory
$ref = undef; now the scalar"lovey"  can be destroyed

ref
a

" ginger " $a ${$ref} ${$ref2}
ref2

ref

" lovey " ${$ref}
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Array references

· You can also take references to array variables
$array_ref = \@skipper; $array_ref is a reference to@skipper

· De-reference by taking the normal syntax and replacing the identiÞer with a block returning the
reference
$ skipper [3] = 14; with original syntax as a guide
${$array_ref}[3] = 14; set$skipper[3]  to 14
print @{$array_ref}; print @skipper
print "@{$array_ref}"; print @skipper , elements separated by spaces
print $#{$array_ref}; print index of last element of@skipper

· Also works with slices:
@slice = @  skipper [2..5]; original syntax as a guide
@slice = @{$array_ref}[2..5]; compute the slice@skipper[2..5]
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Hash references

· You can also take references to hash variables
$href = \%sizes; take reference to%sizes

· Construct the dereferencing syntax similarly (replace identiÞer with block returning reference)
$one_size = $ sizes {"gilligan"}; original syntax for a guide
$one_size = ${$href}{"gilligan"}; same thing using a reference now
@keys = keys % sizes ; original syntax for entire hash access
@keys = keys %{$href}; and dereferencing version of that
for $key (sort keys %{$href}) {

$value = ${$href}{$key};
print "$key is $value\n";

} dump the%sizes hash
· Works with hashslices too!

@flint_sizes = @ sizes {©skipper©, ©gilligan©}; original syntax for guide
@flint_sizes = @{$href}{©skipper©, ©gilligan©}; and dereference version
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Dereferencing scalar variables

· ${$ref}  is a pretty busy looking piece of syntax

· If a reference is contained in a scalar variable, you can omit the braces:
$$s_ref scalar reference$s_ref ; same as${$s_ref}
@$a_ref array reference$a_ref ; same as@{$a_ref}
$$s_ref = pop @$a_ref; pop from array@$a_ref  and store it in scalar$$s_ref

· This also works for elements and slices:
$$a_ref[2] dereference$a_ref  and return element3; same as${$a_ref}[2]
@$h_ref{©skipper©, ©gilligan©} dereference$h_ref  and return two-element slice

· The only time you can remove the braces is around a scalar variable

· Note that$$a_ref[2]  (or ${$a_ref}[2] ) is not the same as${$a_ref[2]}
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Dereferencing scalar variables (cont’d)

· $$a_ref[2] Ñsame as${$a_ref}[2] Ñis element 2 of an array pointed to by$a_ref :

· ${$a_ref[2]}  is a scalar pointed to by element 2 of the array@a_ref :

a_ref

@$a_ref

$$a_ref[2] ${$a_ref}[2]

a_ref

@a_ref

${$a_ref[2]}
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Dereferencing with ->

· Subscripting expressions appear frequently
${$a_ref}[$n] element$n of array pointed to by$a_ref
${$h_ref}{©foo©} element©foo© of hash pointed to by$h_ref

· Instead, use the convenient ÒarrowÓ syntaxÑthe reference goes on left and subscript on the right
$a_ref->[$n] element$n of array pointed to by$a_ref
$h_ref->{©foo©} element©foo© of hash pointed to by$h_ref

· This gives us three ways to say${$a_ref}[2]

a_ref

@$a_ref

$$a_ref[2] ${$a_ref}[2] $a_ref->[2]
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Dereferencing with ->  (cont’d)

· Arrows can be cascadedÑsuppose$a_ref->[2]  contains an array reference
$a_ref->[2]->[1] element1 of array pointed to by$a_ref->[2]

· Arrows can be omitted if there are braces/brackets to the left and right
$a_ref->[2][1] same as above

· This certainly beats the brace syntax, which gets ugly
${${$a_ref}[2]}[1] same as$a_ref->[2][1]

· More on this when we get to multi-dimensional arrays and other structures

a_ref

@$a_ref

$a_ref->[2][1]

@{$a_ref->[2]}
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Soft references

· If a string scalar is used like a reference, it becomes a ÒsoftÓ reference
$a = "howell"; $$a = "thurston"; sets$howell  to "thurston"

· The contents of the string are interpreted as the name of a variable
print "howell = $howell\n"; prints howell = thurston

· This might result from an accidental dereference
$a = "howell"; { my $a = \$b; print $$a; } prints contents of$b
print $$a; but withmy $a  out of scope, now prints contents of$howell  (oops!)

· Soft references are generally not desirable (obscure programming errors possible)

· They should nearly always be disabled withuse strict refs

· Soft references cannot accessmy()  variables, only variables in a package
$x = "skipper"; { my $x = "gilligan"; $y = "x"; print $$y; } prints "skipper"

· The variables created by soft references are not necessarily legal identiÞers
${"<=>"} = 25; the ÒspaceshipÓ variable
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Anonymous arrays

· Sometimes you want a reference to an array but donÕt need/want the array to be named

· The anonymous array constructor[ ]  returns a reference to a newly-created, unnamed array

· The expression it contains is evaluated in a list context, and the array is initialized with the result
$a_ref = [ sort qw(d c a b) ]; return ref to anonymous array with 4 elements

· Similar to what happens when you have a reference to a variable that goes out of scope

· Use[ ]  anywhere youÕd use a scalar (like the number 7)ÑitÕs not an array itself

a_ref

@$a_ref
©a©
©b©
©c©
©d©
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Anonymous hashes

· You can also have anonymous hashes

· The anonymous hash constructor{ }  returns a reference to a newly-created, unnamed hash

· The contents are evaluated in a list context and used to initialize the hash
$h_ref = { ©fred© => 205, ©barney© => 195 };

return ref to anonymous array with 2 key-value pairs

· Use{ }  anywhere youÕd use a scalarÑitÕs a reference!

· Anonymous hashes are used to simulate C-style structs and in object-oriented Perl programming

h_ref

%$h_ref
205
195barney

fred
$h_ref->{©barney©}
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Exercises

6-1. Write a program that demonstrates creating and using references to the three basic data
typesÑscalars, arrays and hashes.

6-2. Initialize variables$skipper , $gilligan , $ginger and$professor to differentvaluesat
thetopof aprogram.Prompttheuserfor thenameof oneof thosevariables,thenprint out its
value. (Hint: use a soft reference.)

6-3. Rewrite the following program so that the names of the days of the week are stored in an
anonymous array:
@days = qw(Sun Mon Tue Wed Thu Fri Sat);
print "day number: ";

 print "day of week is ", $days[<STDIN>], "\n";
6-4. Rewrite the program in 3. so that it contains both long ("Monday" ) and short ("Mon" ) day

names in a structure like:
@days = ( [qw(Sun Mon Tue)], [qw(Sunday Monday Tuesday)] );
Allow the user to choose whether the day of the week is printed out in long or short form.
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Answers

6-1. Reference syntax examples ...
  # scalar ...
  $a = 10;
  $scalar_ref = \$a;
  $$scalar_ref++;
  print "should now be 11: $a\n";

  # array ...
  $array_ref = [1, 2, 3, 4, 5];
  $$array_ref[2] = 30;
  print "array: @$array_ref\n";

  # hash ...
  $hash_ref = { ©Joseph© => ©joseph©, ©Randal© => ©rls© };
  $$hash_ref{©Randal©} = ©merlyn©;
  print "Randal©s username is $$hash_ref{©Randal©}\n";
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Answers (cont’d)

6-2.   Soft references
  $skipper = 205;
  $gilligan = 195;
  $ginger = 125;
  $professor = 140;

  print "which variable (skipper, gilligan, ginger or professor)? ";
  chop($var = <STDIN>);
  $var =~ s/̂ \$//; # in case there©s a leading $
  die "I don©t recognize $var\n" unless defined $$var;

  print "The value of $var is $$var\n";
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Answers (cont’d)

6-3. Days of week in anonymous array
  $days = [qw(Sun Mon Tue Wed Thu Fri Sat)];
  print "day number: ";
  print "day of week is ", $$days[<STDIN>], "\n";

6-4. Long and short day names
  @days = (
    [qw(Sun Mon Tue Wed Thu Fri Sat)],
    [qw(Sunday Monday Tuesday Wednesday Thursday Friday Saturday)]
  );
  print "long or short names? ";
  $long = 1 if <STDIN> =~ /̂ l/i;
  print "day number: ";
  print "day of week is ", $days[$long][<STDIN>], "\n";



71

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

References and Data Structures
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Arrays of arrays

· With references you can create Òlists of lists,Ó Ò2-d arrays,Ó etc.
$xyz[0] = [ 1, 2, 3 ]; element 0 of@xyz is an array ref
$xyz[1] = [ 4, 5, 6 ]; element 1 is another array ref

· Or initialize all at once
@xyz = ( [ 1, 2, 3 ], [ 4, 5, 6 ] );

· DonÕt confuse[ ]  and( )

xyz
@xyz

@{$xyz [1]}
4
5
6

1
2
3$xyz [1][1]

$xyz [0][1]
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Creating an array of arrays

· An example: read in a Þle containing 3-d points, for example
# point data
1 2 3
4 5 6

open POINTS, "points" or die "couldn©t read points data: $!\n";
while (<POINTS>) {

next if /̂ \s*#.*$/; skip comments
push @xyz, [ split ]; push @xyz, [1, 2, 3]

}
foreach $pt (@xyz) { for each element of@xyz ($pt  is an array ref)

print "point ", $i++, ": x = $pt->[0], y = $pt->[1], z = $pt->[2]\n";
}

· Arrow is optional between brackets in$xyz [0]->[0]  but not in$pt ->[0]
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Slicing complex data structures with map

· Suppose you want a list of just the x data (the Þrst element in each anonymous array)

· You could use a loop
foreach $pt (@xyz) { push @x, $pt->[0] }

· But this is a natural application formap
@x = map { $_->[0] } @xyz;

9
8

4
5

1
2

7
6

3

1
4
9

xyz x
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Creating complex data structures with map

· You can also go the other way

· Use [ ] inside map tocreate nested structures
@x = (1, 4, 9);
@y = (2, 5, 8);
@z = (3, 6, 7);
@xyz = map { [ $x[$_], $y[$_], $z[$_] ] } 0..$#x;

9
8

4
5

1
2

7
6

3

1
4
9

2
5
8

3
6
7

x
y

z

xyz
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Selecting from complex structures with grep

· Suppose we want@xyz to contain only entries with x coordinate greater than y

· We could do this with a loop
foreach $pt (@xyz) {

if ($pt->[0] > $pt->[1]) {
push @x_gt_y, $pt;

}
}

· But itÕs simpler to select items usinggrep
@x_gt_y = grep { $_->[0] > $_->[1] } @xyz;
print "first good point is @{$x_gt_y[0]}\n"; first good point is 9 8 7

· You can combinemap andgrep , for example
@x = map { $_->[0] } grep { $_->[0] > $_->[1] } @xyz; x coordinates only
@x = map { $_->[0] > $_->[1] ? ($_->[0]) : () } @xyz; another way to do it



77

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

Creating a hash of arrays

· Creating a hash of arrays is a lot like creating an array of arrays

· For example, reading in a password Þle keyed by username
open PASSWD, "/etc/passwd" or die "couldn©t read passwd file: $!\n";
while (<PASSWD>) {

chomp;
my $info = [ split /:/ ]; make anon array ref out of each line
my $user = $info->[0]; get the username
$passwd{$user} = $info; save in%passwd by element 0 (username)

}
foreach $user (sort keys %passwd) { for each username ...

print "user $user: uid $passwd{$user}[2], gid $passwd{$user}[3]\n";
}
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Creating a hash of arrays (cont’d)

· The intermediate product in$info  is an array ref

· A hash of arrays looks similar to an array of arrays

info
joseph

*
2345 (+gid, etc.)

$info->[0]

passwd

merlyn
*

1234

joseph
*

2345 $passwd{©joseph©}[2]

merlyn
joseph

100
100

@{$passwd{©joseph©}}

$passwd{©joseph©}[3]
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Hash refs as struct s

· Perl hashes can be used to simulate Cstruct s (records for Pascal etc. users)
$castaway{"last"} = "Summers";
$castaway{first} = "Mary Ann"; quotes are optional around identifiers in braces

· You can pass hashes to subroutines, but thatÕs gonna copy it all on the ÒstackÓ
%mary_ann = (

"last" => "Summers", "first" => "Mary Ann", "id" => "012-34-5678",
); initialize hash%mary_ann
shipwreck(%mary_ann); hash%mary_ann gets unrolled
sub shipwreck {

my %castaway = @_; arg toshipwreck  is an unrolled hash
my $last = $castaway{last};
my $first = $castaway{first};
# ...

}
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Anonymous hashes as struct s

· A better way is to use references
$mary_ann = { quotes are also optional around identifiers to left of=>

last => "Summers", first => "Mary Ann", id => "012-34-5678"
}; initialize hash ref$mary_ann
shipwreck($mary_ann); now passing just scalar$mary_ann
sub shipwreck {

my $castaway = shift; arg toshipwreck  is a hash ref
my $last = $castaway->{last}; use arrow syntax since$castaway  is a ref
my $first = $castaway->{first};
# ...

}
· Much faster passing a scalar than a whole hash

· You can also pass more than one at a timeÑfoo(%hash1, %hash2)  doesnÕt keep%hash1 and
%hash2 separate, whilefoo(\%hash1, \%hash2)  does
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Auto-vivification

· Suppose$castaway  is undef , then
$castaway->{last} = "Summers";

· We are using$castaway  like a hash ref, but itÕs not (notyet, anyway...)

· Even so, it works!
print "Last name = $castaway->{last}\n"; printsSummers

· This isauto-viviÞcation at workÑwhen an undeÞned scalar value is used like a reference, the
appropriate anonymous object (array, hash, etc.) is created, and the scalar is given that value

castaway

%$castaway
Summerslast $castaway->{last}

castaway

undef $castaway

Before After
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Multiple levels of auto-vivification

· Suppose$data  is undef , then
$data->[1][2] = "roy";

· $data  is being used like a ref to an array, so we get

· Not done yet ...$data->[1]  is also used like an array ref

data

@$data
undef

$data->[1]

data

undef $data

undef

data

undef
undef
undef
" roy "

@{$data->[1]}

$data->[1][2]
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References and sorting

· Problem: sort Þlenames by their sizes

· Simple but inefÞcient way uses sort block
@result = sort { -s $a <=> -s $b } <*>;

· InefÞcient, because it repeatedly asks for-s  on each Þle as that Þle is compared to many others

· So? Save the result in a 2-d list of lists
@files = <*>;
@files_and_sizes = map { [$_, -s $_] } @files;

· Now weÕve done size-determining only once for each ÞleÑsort this list by second sub-element
@sorted_files_and_sizes = sort { $a->[1] <=> $b->[1] } @files_and_sizes;

· And just extract the original Þles again
@sorted_files = map { $_->[0] } @sorted_files_and_sizes;

· And you could do this, but thereÕs a more compact notation for this...
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The “Schwartzian Transform”

· The ÒSchwartzian TransformÓ is a nifty way of using references in sorting

· A Schwartzian Transform is asort  bracketed bymaps
@sorted_files =

map { $_->[0] }
sort { $a->[1] <=> $b->[1] }
map { [ $_, -s $_ ] }
<*>;

· Just read this from back to front, and itÕs the same as the individual steps!

· You could even create a secondary sort by ascending name with a small change to sort block
@sorted_files =

map { $_->[0] }
sort { $a->[1] <=> $b->[1] or $a->[0] cmp $b->[0] }
map { [ $_, -s $_ ] }
<*>;



85

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

The Schwartzian Transform illustrated

a.txt
b.txt
c.txt

a.txt
1234

b.txt
567

c.txt
2345

b.txt
567

a.txt
1234

c.txt
2345

b.txt
a.txt
c.txt

<*> map { [ $_, -s ] } sort { $a->[1] <=> $b->[1] } map { $_->[0] }
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Rolling your own Schwartzian Transforms

· For the vast majority of cases, you only need to change two things ...

· The function that transforms keys goes in the second slot in the secondmap

· If the transform function is complex, deÞne it as a subroutine
sub absval { $_[0] < 0 ? -$_[0] : $_[0] }

· Thenmakesureyouareusingthecorrectcomparisonoperator(either<=> or cmp), accordingto the
kind of result the transform function yields
@sorted_by_absval =

map { $_->[0] }
sort { $a->[1] <=> $b->[1] }
map { [ $_, absval($_)  ] }
@data;
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Exercises

7-1. Write a program that allows a user to enter two 2-dimensional arrays and add them
element-wiseto oneanother, printingout theresult.It is OK to restrictthearrayto aparticular
size, say 3x3.

7-2. Write a program to sort a list of strings. The sorting order should ignore spaces. For example,
"AÊC" should sort after "AB". (Hint: First write a subroutine that takes a string argument and
returns a copy of it with the spaces removed. Then use the subroutine in a Schwartzian
Transform.)

7-3. Given a set of 3-d points stored as an array of arrays like the@xyz example:

a) select points that lie in the Þrst octant (all coordinates >= 0)

b) selectpointswhosemagnitudeis between1 and2Ñmagnitudeis sqrt($x * $x + $y *
$y + $z * $z)

c) return a list of the magnitudes of all the points

d) sort the points in order of magnitude (a Schwartzian Transform is optional here)
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Exercises (cont’d)

7-4. Write a program that scans through a text Þle and prints out the number of times that each
particular word is followed by another. For example, ÒI think I can I think I canÓ would yield:
I think 2
I can 2
think I 2
can I 1
Hint: Store your data in a Òhash of hashesÓ that looks like$count{$word}{$nextword} .

7-5. Modify 4. to print out the 5 most frequently encountered words and the word that most
frequently follows each of them.

Hint: In addition to the hash of hashes, keep another hash with a total count of each word. A
Schwartzian Transform isnot required (nor is it useful) for the sorting operation(s). Instead,
you will need something like@most_frequent = (sort { $total{$b} <=>
$total{$a} } keys %count)[0..4];
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Answers

7-1. Two 2-dimensional arrays.
  print "enter a 3 x 3 array, one line per row, for example: \n";
  print "  1 2 3\n  4 5 6\n  7 8 9\n\n";
  foreach (1..3) {
    print "(row $_): ";
    $a[$_ - 1] = [split /\s+/, <STDIN>];
  }
  print "\nenter a second 3 x 3 array:\n\n";
  foreach (1..3) {
    print "(row $_): ";
    $b[$_ - 1] = [split /\s+/, <STDIN>];
  }
  foreach $i (0..2) {
    foreach $j (0..2) {
      $c[$i][$j] = $a[$i][$j] + $b[$i][$j];
    }
  }
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Answers (cont’d)

  print "\nthe result:\n\n";
  foreach (0..2) { print "@{$c[$_]}\n"; }

7-2. Sort ignoring spaces.
  @strings = ( ©alphabet©, ©a lab coat©, ©alpha©, ©aardvark© );
  sub nospace {
    my $str = shift;
    $str =~ tr/ //d;
    $str;
  }
  @sorted =
    map { $_->[0] }
    sort { $a->[1] cmp $b->[1] }
    map { [ $_, nospace($_) ] }
    @strings;
  foreach (@sorted) { print "$_\n"; }
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Answers (cont’d)

7-3.  3-d points.
  @pts = ([.7, .9, 1.1], [reverse 3..5], [-3..-1]);
# Grep for first octant
  @first_oct = grep {$_->[0] >= 0 and $_->[1] >= 0 and $_->[2] >= 0} @pts;
  for (@first_oct) { print "@$_\n" };

# Grep for magnitude
  sub mag {
    my $pt = shift;
    sqrt($pt->[0] * $pt->[0] + $pt->[1] * $pt->[1] + $pt->[2] * $pt->[2]);
  }
  @mag1 = grep { mag($_) >= 1 and mag($_) <= 2 } @pts;

# Map to magnitude
  @mags = map mag($_), @pts;
  print "@mags\n";
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Answers (cont’d)

# Sort by magnitude
  @sorted =
    map { $_->[0] }
    sort { $a->[1] <=> $b->[1] }
    map { [$_, mag $_] }
    @pts;
  for (@sorted) { print "@$_\n" };

7-4. Count pairs of words.
  @words = map split, <>;
  $first = shift @words;
  while (@words) {
    $word{$first}{$words[0]}++;
    $first = shift @words;
  }
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Answers (cont’d)

  for $first (sort keys %word) {
    for $second (sort keys %{$word{$first}}) {
      print "$first $second $word{$first}{$second}\n";
    }
  }

7-5. More involved statistics.
  @words = map split, <>;
  $first = shift @words;
  while (@words) {
    $grand_total++;
    $total{$first}++;
    $word{$first}{$words[0]}++;
    $first = shift @words;
  }



94

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

Answers (cont’d)

  @most_frequent = (sort { $total{$b} <=> $total{$a} } keys %word)[0..4];
  foreach $first(@most_frequent) {
    my @second =
      sort { $word{$first}{$b} <=> $word{$first}{$a} } keys %{$word{$first}};
    $first_frequency = $total{$first} / $grand_total * 100;
    print "©$first© occurs with a frequency of $first_frequency percent\n";
    print
      "  it was followed by ©$second[0]© $word{$first}{$second[0]} times\n";
  }
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References and Subroutines
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Passing references into subroutines

· There are several reasons to pass objects to subroutines by reference

· Allows passing several arrays/hashes as distinct entities
func(\@array1, \@array2);

· Theref  operator can identify what sort of reference(s)
if (ref $_[0] eq ©ARRAY©) { ... ARRAY for array ref,HASH for hash ref, et cetera

· Allows arguments to be modiÞed (not just their elements)

· Implement&pop_2() , like built-in pop()  but removes last two elements and returns them:
($second_to_last, $last) = &pop_2(\@islanders);
sub pop_2 {

my ($aref) = @_; this should be a reference to the array
my $first = pop @{$aref}; note how the subroutine is altering the array
my $second = pop @{$aref};
($second, $first); return them in proper order

}
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More on passing references into subs

· Also works with hashes nicely
nuke_missing(\%file_info); calling nuke_missing  on hash%file_info
sub nuke_missing { remove entries in a hash corresponding to nonexistent files

my $file_hash = shift; arg is a hash ref
foreach (keys %$file_hash) {

delete $file_hash->{$_} unless -e; delete hash element unless key is a valid filename
}

}
· More efÞcientÑavoids making copies of arrays or hashes
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Returning references from subroutines

· Also more efÞcient, sometimes, to return a reference

· In general, if the object you want to return already exists in the subroutine, return a reference to it
sub parse_headers {

my %header;
for (@_) {

last if /̂ \s*$/; stop when we find a blank line
my ($field, $value) = /(.*?):\s*(.*)/; split RFC 822 type header line
$header{"\u\L$field"} = $value; inserts header in canonical form

}
\%header; %header already exists, so return it by reference

}
$header = parse_headers(@msg); assuming@msg contains a message, one line per element
$from = $header->{From};
$subject = $header->{Subject};
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Typeglobs

· A typeglob is a way of referring to all the things in a package that have the same name

· A typeglob is an identiÞer preceded by*
*a typeglob for all objects nameda
*file typeglob for all objects namedfile

· Zero or one each of scalar, array, hash, subroutine name, Þlehandle, dirhandle, format name

· Drawn in PEGS as a stack of objects under a single name

"hello"

demo

"ginger"
@demo *demo{ARRAY}

"lovey"

$demo *demo{SCALAR}

%demo *demo{HASH}
195fred

*demo
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Passing filehandles into subroutines

· Typeglobs have a number of interesting applications, but we will use them to pass Þlehandles into
subroutines

· Assigninga typeglob to a typeglob (*a = *b ) makesthenameon theleft analiasfor thenameon
the right
sub log_msg {
  local *LOGF = shift; LOGF is now an alias for the argument
  my $msg = shift;

print LOGF localtime.": $msg\n";
}

open LOG, ">>log" or die "couldn©t open logfile";
log_msg(*LOG, "Hello, world!");

· This technique (and the two following) also works for dirhandles
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Passing filehandles into subroutines (cont’d)

· Another way is to pass a reference to a typeglob (globref)
sub log_msg {

my ($logf, $msg) = @_;
print $logf localtime.": $msg\n";

}
open LOG, ">>log" or die "couldn©t open logfile";
log_msg(\*LOG, "Hello, world!");

· Yet another way is use an ÒiorefÓ
open EIE, ">>log" or die "couldn©t open logfile";
log_msg(*EIE{IO}, "Hello, world!"); the ÒIOÓ object namedEIE

· Theopen  operator can create a reference if used with anundef  scalar
$fh = undef; $fh  has to beundef
open $fh, ">>log" or die "couldn©t open logfile"; $fh  is a globref
log_msg($fh, "Hello, world!");
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References to subroutines (coderefs)

· The backslash operator can create references to subroutines
sub hello_to { print "hello, $_[0]!\n" }
$hello = \&hello_to; donÕt forget the&

· Invoke them by dereferencing as usual
&{$hello}("world"); hello, world!
&$hello("world"); hello, world!
$hello->("world"); another (new in 5.004) equivalent syntax

· sub {}  creates a reference to an anonymous subroutine
$howdy = sub { print "hello, $_[0]!\n" };
$howdy->("world"); hello, world!

· Useful to create indirect operations
$get_one = @memory ? sub { pop @memory } : sub { <STDIN> };
...
$one = $get_one->(); could be reading a line, or popping an array
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References to subroutines (continued)

· Coderefs (including anon-coderefs) can be used to make jump tables or operation tables
%ops = (

"+" => sub { $_[0] + $_[1] },
"-" => sub { $_[0] - $_[1] },
"*" => sub { $_[0] * $_[1] },
"/" => sub { $_[0] / $_[1] },
"!" => \&compute_binomial, too long to show in this table, defined somewhere else

);
# input will look like "17 + 25\n"
($operand_one, $operator, $operand_two) = split /\s+/, <STDIN>;
$op_sub = $ops{$operator} || die "missing operator";
$result = $op_sub->($operand_one,$operand_two);
print "result is $result\n";

· All subs must have same calling interface and return types for this to work nicely
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Closures

· A closure is an anonymous subroutine that refers to lexical variables that go out of scope
{

my $then = time; lexical variables are created withmy()
$since = sub { time - $then }; note presence of$then

}
print "seconds since: ", &$since(), "\n";
sleep 10;
print "seconds since: ", &$since(), "\n";

· Althoughthenameof thevariable$then hasgoneoutof scopewhen&$since is called,&$since
still has access to its value

· Entering this block again establishes a new $then , which will be attached to a new closure

· Only lexical variables are ÒcapturedÓÑpackage variables still have outer existence
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Closures (cont’d)

· More commonly, a subroutine will ÒgenerateÓ closures and return them
sub checkpoint {

my $then = time;
sub { time - $then };

}
$checkpoint1 = checkpoint();
sleep 10;
$checkpoint2 = checkpoint();
print "seconds since checkpoint1: ", &$checkpoint1(), "\n";
print "seconds since checkpoint2: ", &$checkpoint2(), "\n";
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Sharing variables between closures

· Multiple anon subs can share the same variables, but distinct for each invocation
sub make_fetch_store {

my $var = shift; initial value
(sub { $var }, sub { $var = shift }); return two element list of coderefs

}
($fetch1, $store1) = make_fetch_store(15); these two subs share one$var ...
($fetch2, $store2) = make_fetch_store(30); while these two share a different$var
&$store1(35);
print &$fetch1; prints35
&$store1(&$fetch2); copy one to the other
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Exercises

8-1. Write andtestasubroutinethatacceptsaÞlehandleandalist of argumentsto beprintedto that
ÞlehandleÑsomething likePrint(\*FILEHANDLE, "this ", "is ", "a ",
"test\n") . Useoneof thetechniquesdescribedin thissectionto passandusetheÞlehandle.

8-2. Write asubroutinethattakesahashreferenceasanargument.It shouldprint out thekey-value
pairs in the hash.

8-3. Write asubroutinecalledp thattakesanoptionalhashreferenceasaÞrstargument.It should
wrap its arguments with<P></P>  tags and print out the contents of the hash as HTML
attributes.  (You can test whether something is a reference with theref  operator.) For
example:

p({style => "font-family: serif", align => "center"}, "testing\n", "1 2 3\n");
<p style = "font-family: serif" align = "center">
testing the result should look like this
1 2 3
</P>
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Answers

8-1. Passing Þlehandle/ioref/whatever into a subroutine.
  sub PrintStuff {
    my $io = shift;
    print $io @_;
  }
  PrintStuff *STDOUT{IO}, "This ", "is ", "a ", "test!\n";

8-2. Printing out keys of a hash(ref).
  sub p {
    my $hash = shift;
    for (keys %$hash) {
      print "$_: $hash->{$_}\n";
    }
  }
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Answers (cont’d)

  p({ "a" => 10, "b" => 20, "c" => 30 });
8-3. Printing with optional reference as Þrst argument.

  sub p {
    my $hash = ref $_[0] ? shift : {};
    print "<p ";
    print join ", ", map "$_ = \"$hash->{$_}\"", keys %$hash;
    print ">\n";
    print @_;
    print "<\p>\n";
  }
  p({style => "font-family: serif", align => "center"},
    "testing\n", "1 2 3\n"
  );
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Modules
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BEGIN blocks

· Initialization code generally needs to be run early in the execution of a program
@dow = qw(Sun Mon Tue Wed Thu Fri Sat);
sub dow {

my $day = shift;
die "invalid day" if $day < 0 or $day > 6 or $day != int($day);
$dow[$day];

}
· If @dow isnÕt initialized before&dow is called,&dow doesnÕt work

· Surround initialization code withBEGIN {}  and it will be executed as the program is compiled,
that is, before any ÒnormalÓ code begins to execute
BEGIN { @dow = qw(Sun Mon Tue Wed Thu Fri Sat) }

· BEGIN blocks can appear anywhereÑexecuted in order they are encountered during compilation
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BEGIN blocks

· Initialization code can also create lexical variables with global scope (via a form of closure)
BEGIN {

my @dow = qw(Sun Mon Tue Wed Thu Fri Sat); @dow exists within thisBEGIN block
sub dow {

my $day = shift;
die "invalid day" if $day < 0 or $day > 6;
$dow[$day]; @dow is a ÒstaticÓ variable for&dow

}
}

· Here,@dow is visible only to&dow, yet&dow can be called from anywhere in the program

· BEGIN blocks can be used to move require  to compile-time
BEGIN { require "./example.pl" }

· ... but this is more commonly performed as part of ause  (see below)
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END blocks

· Code inside anEND block is executed immediately before termination
END { unlink </tmp/$0$$.*> }

· Automatically executed under normal terminationÑrunning off the end of script, executing an
exit , executing adie

· Not executed at a successfulexec  operator or an uncaught signal, or some sort of Perl ÒpanicÓ

· For signals, set up a null handler, whichwill  cause theEND blocks to trigger
$SIG{HUP} = $SIG{INT} = $SIG{QUIT} = $SIG{TERM} = sub { die "signal $_[0]" };

· Multiple END blocks are permittedÑexecuted in last-in-Þrst-out order
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Modules

· A Perl module is a special kind of library

· Meant to be incorporated withuse , notrequire

· Filename ends in.pm to distinguish it from old.pl  libraries

· Uses its own namespace (package), or multiple namespaces

· DeÞnes functions and/or other package globals

· Some may be automatically exported to user of module; others may be exported on request

· Typically subclassesExporter

· Can be object-oriented, but not necessarily (subclassingExporter  doesnÕt have anything to do
with this)

· Should include self-documentation written in pod (Plain Old Documentation)
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A sample module: File::Basename

· File::Basename  providesfileparse , basename, anddirname

· Bring it in with use :
use File::Basename; bring in default list of routines
$base = basename("/usr/local/lib/perl5/File/Basename.pm");

· A default list of routines is deÞned (all three inthis case), but you can use just one
use File::Basename qw(dirname); select onlydirname
$dir = dirname($0);

· Even if you donÕt bring it in to your namespace, itÕs still accessible via long names
use File::Basename (); defines nothing
$dir = File::Basename::dirname($0);

· Pragmas are also implemented withuse  (covered earlier)
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Behind the scenes with use

· Theuse  directive loads Perl modulesÑat compile time

· use Foo qw(bar $baz @bletch)  is equivalent to
BEGIN {

require "Foo.pm"; the.pm is added automatically
Foo::import(qw(bar $baz @bletch)); (actually, itÕsFoo->import ...)

}
· import  comes fromExporter  if the module subclasses itÑgenerally the case

· Sinceuse  is a compile time directive, changing@INC at runtime wonÕt work
unshift @INC, "/my/lib/dir";
use Foo; bad! changes to@INC occur AFTER attempts to loadFoo

· Eitheruse lib  or make the change in aBEGIN block
use lib ©/my/lib/dir©; preferred method
BEGIN { unshift @INC, ©/my/lib/dir© } older way; makes sense if you canÕtpush
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h2xs

· h2xs  is a handy way (orthe way) to create a skeleton for a module

· For most modules,-X  is a good start ...
h2xs -X -n Demo creates dirDemo w/ Demo.pm and other files in it

· Produces a template that looks like the following (slightly edited):
package Demo;
use strict;
use vars qw($VERSION @ISA @EXPORT @EXPORT_OK);

require Exporter; this is whereimport  comes from
require AutoLoader; for simple cases just delete this line

@ISA = qw(Exporter AutoLoader); you can removeAutoLoader  from this list too
@EXPORT = qw( ); add subroutine names, variables, etc. to be exported by default
$VERSION = ©0.01©; increment this when you generate a new release
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pod (Plain Old Documentation)

· h2xs  also generates a documentation stub
__END__
# Below is the stub of documentation for your module. You better edit it!

=head1 NAME

Demo - Perl extension for blah blah blah

=head1 SYNOPSIS

  use Demo;
  blah blah blah
... etc ...
=cut

· The Perl compiler recognizes pod directives (lines starting with=) in program source code
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pod (cont’d)

· =head1  is a level 1 heading,=head2  is a level 2 heading, etc.

· =cut  indicates the end of pod and the start of more source code

· Text is ÞlledÑblank lines indicate the end of paragraphs

· Lines beginning with whitespace are verbatim (intended for source code, etc.)
=head1 A Level 1 Heading

a verbatim line
another verbatim line

This is a
filled paragraph.

=cut
· Pod can be translated into many different formatsÑman pages (pod2man), HTML (pod2html),

LaTeX (pod2latex), etc.
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Building and distributing modules

· TheMakefile.PL  created byh2xs  is very useful

· First generate a MakeÞle
perl Makefile.PL

· Now you can build the module
make

· You can run the test scripttest.pl  (after editing it, of course)
make test run test.pl  using the version of the module under development

· You can install the module (be careful if you share the machine with others)
make install by default, goes to the site library defined when Perl was built

· You can make a distribution tarÞle
make tardist not Doctor Who, but close

· For more information, seeMakeMaker
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Miscellany about modules

· When writing modules,always start withh2xs  and just Þll in the blanks

· Functions and variables that you want to export by default go in the@EXPORT array (processed
automatically byExporter )
@EXPORT = qw(func1 func2 $var1 @var2);

· Other variables that can be exported go in the@EXPORT_OK array
@EXPORT_OK = qw(func3 $var3 %var4);

· Theargumentsto use arenÕt mysteriousÑjustthemodulenameanda list of namesto bepassedto
the moduleÕs import  routine
use Demo; import the default list:&func1 &func2 $var1 @var2
use Demo qw($var1 %var4); gets only $var1 %var4
use Demo (); get nothing at all (not even the default)
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Exercises

9-1. Useh2xs  to create a Òdo-nothingÓ module namedNothing . Usemake test  to ÒtestÓ it.
(Please donÕt try tomake install .)

9-2. Usepod2html  to create HTML fromNothing.pm , and view it with a browser if possible.
Also, try reading the documentation withperldoc Nothing .
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Object-Oriented Perl
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Object-oriented Perl

· Perl is object-oriented and fully Òbuzzword compliantÓ

· Classes, methods, inheritance

· Objects, constructors, destructors

· Object-oriented modules

· Otherfeatureswith anobject-orientedßavor includeoperatoroverloading(via overload pragma,
not covered here), tied variables (not covered here)
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Classes and methods

· A Perl class is a package

· A methodis a functionintendedto becalledvia methodcall syntaxÑin otherrespectsitÕsanormal
function

· There are two kinds of method call syntax

· One isindirect object, like Þlehandle ofprint
new Castaway ©last© => ©Gilligan©; Castaway  is class name;new is method
shipwreck $gilligan $long, $lat; $gilligan  is instance;shipwreck  is method

· The other is thearrow form, somewhat like C++
Castaway->new(©last© => ©Gilligan©);
$gilligan->shipwreck($long, $lat);

· Both translate into a subroutine invocation, with the class/instance passed as Þrst parameter
&Castaway::new("Castaway", ©last© => ©Gilligan©);
Castaway::shipwreck($gilligan, $long, $lat);
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Objects

· A Perl object is something (generally a hash) that has been blessed

· Thebless  operator takes a reference and blesseswhat it points to into the current class
package Person;
$obj = bless { Last => ©Howell©, First => ©Lovey© };

· The PEGS notation for objects is a rounded corner box containing the class name

· bless  takes an optional second argument, which is a class name
$obj = bless { Last => ©Howell©, First => ©Lovey© }, ©Person©;

· Theref  operator returns the class name when applied to a reference to an object

obj

First
Last

Person

Howell
Lovey

%$obj

$obj->{first}
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Constructors

· A constructor in Perl is a method that creates and returns a blessed object
package Person;
sub new {

my $package = shift; the package name comes in as the first parameter
my %args = @_; remaining args end up in this hash
my $self = \%args; and then construct a hashref (this will become the object)
bless $self, $package; now cause the object to remember that it came fromPerson
$self; and return this newPerson

}
package main;
$a = new Person(First => "Lovey", Last => "Howell");
$aa = &Person::new("Person", "First", "Lovey", "Last", "Howell"); equivalent

· There is nothing special aboutnewÑa constructor can have any name
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Objects and methods

· Once we have an instance, we can call instance methods
package Person;
sub get_first {

my $self = shift; first parameter is always the object itself
$self->{"First"}; $self  is a hashref, so deref it and fetch the value at this key

}
sub get_last {

my $self = shift;
$self->{"Last"};

}
package main;
$first_name = $a->get_first; get first name for the object$a
$first_name = &Person::get_first($a); equivalent form (mostly)

· Note that Perl Þgured out that$a belonged toPerson  to Þnd the methodÑthis is what thebless
is for during an objectÕs construction
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Inheritance

· Perl looks for a package variable called@ISA

· @ISA contains one or more class names (if more than one, multiple inheritance!)
package Castaway;
@ISA = qw(Person);
package main;
$b = new Castaway(Last => ©Howell©, First => ©Thurston©, Ship => ©Minnow©);

· Here,Castaway ::new  is not deÞned, so Perl looks in@Castaway ::ISA  for additional packages

· Ultimately, the method call translates into:
$b = &Person::new(©Castaway©,

Last => ©Howell©, First => ©Thurston©, Ship => ©Minnow©);
· Note that the package argument supplied to the constructor is 'Castaway ©, even though we are

using aPerson  constructor.

· Inheritance also supports the overriding of methods in the traditional manner
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More about inheritance

· Now we can add additional methods in the child class
sub Castaway::get_ship {

my $self = shift;
$self->{"Ship"};

}
· and mix and match both direct and inherited methods

print $b->get_last, ", ", $b->get_first, " lost on ship", $b->get_ship, "\n";
· Note that inheritance works only with the method call syntax

· Using normal subroutine invocation syntax forces a simple lookup (or failure) Ñ no @ISA
$ship = $b->get_ship; succeeds
$ship = &Castaway::get_ship($b); also succeeds
$last = $b->get_last; suceeds, callingPerson::get_last
$last = &Castaway::get_last($b); fails... not defined
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Still more about inheritance

· Methods in derived classes can override those in base classes

· Suppose that, for some bizarre reason, allCastaway s should appear to be named Gilligan
sub Castaway::get_first { ©Gilligan© }
sub Castaway::get_last { ©© }

· If you call $b->get_first  for someCastaway  object$b, youÕll get back©Gilligan©  every
time now

· This doesnÕt affect the way that objects of classPerson  or other classes derived fromPerson
behave

· If youdonÕt wantthemethodsearchto startwith thecurrentclass,but wantto startlooking farther
up the inheritance chain, you can add the name of the parent class to the method call
$last = $b->Person::get_last starts looking for get_last in Person, not Castaway
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Multiple inheritance

· Multiple inheritance is as easy as adding more classes to the list in@ISA
package Actor;
sub get_real { shift->{Real} }
package TVCastaway;
@ISA = qw(Castaway Actor);
package main;
$c = TVCastaway->new(Last => ©Howell©, First => ©Thurston©,

                Ship => ©Minnow©, Real => ©Jim Backus©);
print $c->get_first, "©s real name is ", $c->get_real, "\n";

· The@ISAtreeis searcheddepth-Þrst,soin thiscase,bothCastaway andPerson arecheckedfor
a method namedget_real  before it is found inActor

· Multiple inheritance doesnÕt involve data in Perl, so it isnÕt as scary as it is in other languages
(fortunately)
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isa  and can

· There are some methods already built into every class

· $obj->isa($class)  returns true if$obj  is or is derived from $class
print "an actor!" if $c->isa(©Actor©);
print "it©s a Person" if TVCastaway->isa(©Person©); also works for classes

· $obj->can($method)  returns true if$obj  has a callable method with the name$method
somewhere in its inheritance hierarchy

· In fact, it returns a code ref to that method
$method = $c->can(©get_first©); can$c get_first ?
$first = $method->($c) if $method; call the method through the code reference
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Destructors

· When an object goes out of scope (or at program termination), Perl will call its destructor if it has
one

· A destructor is a method namedDESTROY
package Person;
sub DESTROY {

my $self = shift;
print "destroying ©$self->{First} $self->{Last}©\n";

}
· Destructors are useful for printing informational messages, cleaning up temporary Þles, releasing

system resources (lockÞles, semaphores, etc.)

· Destructors can be inherited (called as$deadobject->DESTROY )

· Cleaning up the object may invoke additional destructors during the destruction
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Exercises

10-1. Create a class namedHohum. It should use the following Ògeneric, inheritableÓ constructor:
sub new {

my $class = shift;
bless { @_ }, $class;

}
Create one or more instances of classHohum, for example:
 my $nothing = new Hohum(a => 100, b => 200, c => 300);
Write some code to print out the contents of aHohum object, both directly and as an object
method.

10-2. Create a class calledGrabBag . It should deÞne a constructor as well as methodsput_in ,
take_out , andshow. TheGrabBag  object should be a hash containing the contents of the
GrabBag Ñk eys are the names of the things in the bag, and values are the quantity of each
thing.
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Exercises (cont’d)

The constructor, used like$gb = new GrabBag , should create a new GragBag  object. Use
the Ògeneric, inheritableÓ constructor from above.

Theput_in  method, used like$gb->put_in(©apple©) , should add a new string to the
GrabBag , or incrementthecountfor thatstringif it alreadyexistsin theGrabBag object,and
return the count.

Thetake_out  method, used like$count = $gb->take_out(©apple©) , should
decrement the count for a particular string (©apple©  in this case), or cause a fatal error (with
die ) if the the string doesnÕt exist or its count is zero. It should return the new count for that
string.

Theshow method,usedlike$gb->show , shouldprint thecontentsof thegrabbag(key/value
pairs) to standard output.
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Exercises (cont’d)

10-3. Create a class calledTimer . It should deÞne a constructor and a destructor (DESTROY
method). The constructor should initialize a member namedwhen with the value of thetime
operator (which returns the current time in Unix seconds). The constructor should take either
zeroor onearguments.TheoptionalargumentshouldbeastringÒlabelÓfor thatTimer , which
should be stored as a member namedlabel . The destructor should print the number of
seconds elapsed since theTimer  was created to standard error, along with the label, if any.

Write code that uses one or moreTimer  objects, for example:
{

my $timer = new Timer(©TIMER 1©);
sleep 10;

} should say 10 seconds onTIMER 1  when block exits
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Perl Style
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Naming variables and other identifiers

· Lower case is preferred for ordinary scalars, arrays, hashes, and subroutines
my ($foo, @bar, %baz);

· Divide words with underscores (rather than mixed case)
my $castaway_count = 7; more Perl-ish than$castawayCount

· Use uppercase for Þlehandles, dirhandles, and labels
opendir FILES, "/home/professor/" or die "Professor!?!: $!";
LINE: while (<>) { LINE is a loop label

foreach (split) { last LINE if /̂ done$/i }
process_word($_);

}
· Package names should start with upper case (to avoid conßict with pragmas)

· Some people prefer to use mixed case for method names (new is always lower case, though)
$gilligan = new Castaway("Gilligan");
$gilligan->WaveForHelp(3); mixed case method namedWaveForHelp
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Always test return values

· Always test return values, especially fromopen  andopendir

· Display the value of$!  (most recent system error message) when you do
open INPUT, "/home/professor/data.txt" or die "No data: $!";

· Other Þle operators return values thatshould must be tested
$tmp_data = "/tmp/data.txt";
symlink $data, $tmp_data or die "Couldn©t link to $data: $!";
unlink $tmp_data or die "Couldn©t remove $tmp_data: $!";

· Theor  operator works the same as|| , but is preferred because its lower precedence doesnÕt
require parentheses
open INPUT, "/home/professor/data.txt" || die "No data: $!"; WRONGÐwon'tdie
open(INPUT, "/home/professor/data.txt") || die("No data: $!"); RIGHT
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Error handling

· Theunless  statement is handy for more involved error-handling code
unless (open INPUT, "/home/professor/data.txt") {

print STDERR "Sorry, couldn©t open the Professor©s data: $!\n";
clean_up_temp_files();
exit;

}
· Or use blockeval  to handle several possible errors

eval { you can pass some information back in thedie  string
open IN1, $professor_data or die "$professor_data\n";
open IN2, $gilligan_data or die "$gilligan_data\n";

}; don't forget that semicolon aftereval
if ($@) { chop newline off filename in error message

printf STDERR "Couldn©t open %s: %s\n", ($@ =~ /(.*)/), $!;
clean_up_temp_files(); exit;

}
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use strict  and -w

· On production code, alwaysuse strict

· Note thath2xs  does this for you :-)

· When developing, always use-w, especially when developing a module (so the module will run
properly under-w, among other things)

· Do notwrite modulesthatturnon-w, turnonuse diagnostics , or thelikeÑlet theuserdecide!

· You may leave -w in production programs if you like, but you run some risksÑfor example,
correctly running code might begin to emit warnings after a Perl upgrade
% perl5.003 -w -e "print join © ©, qw(; , . :)" works fine
; , . :

% perl5.00403 -w -e "print join © ©, qw(; , . :)" picky about contents ofqw()
Possible attempt to separate words with commas at -e line 1.
; , . :
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Being expressive

· UsestatementmodiÞers(ÒbackwardsconditionalsÓ)to put theinterestingpartsof codeÞrst(or the
mundane parts last), and/or to get rid of noisy punctuation
if ($verbose) { print "days till rescue: $days_left\n" } OK, but ...
print "days till rescue: $days_left\n" if $verbose; better

· DonÕt use&& and||  (or and andor ) gratuitously
$verbose && print "days till rescue: $days_left\n"; kinda weird

· You can useelse  with unless , but donÕt ... if (not condition)  is clearer if you want the
negative clause Þrst
unless (param()) { Eeek! What does "unless  ... else " mean, anyway?

# do something
} else {

# do something else
}
if (not param()) { ... better way to get started
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Parenthesizing

· ItÕs nice that Perl 5 lets you get rid of a lot of parentheses
print join " ", sort grep /e/, keys %hash; keys of%hash containinge

· But you can leave out too many
print "[", join " ", sort grep /e/, keys %hash, "]"; where'd the]  go?
print "[", join(" ", sort grep /e/, keys %hash), "]"; that's better

· Feel free to spread out vertically if it aids comprehension
print

"[",
join(" ", sort grep /e/, keys %hash),

"]";
· Watch out for Þle test operators

$total_size = -s "$file.dir" + -s "$file.pag"; wrong precedence
$total_size = -s("$file.dir") + -s("$file.pag"); may look better, still wrong
$total_size = (-s "$file.dir") + (-s "$file.pag"); CORRECT



145

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

Avoid void grep s

· ItÕs true that$_ can be used to modify the arguments togrep  andmap
grep $_ *= 10, @numbers_that_need_multiplying_by_10;
map { tr/ //d } @strings_to_remove_spaces_from;

· But this is bad style, especially when the result fromgrep  or map is ignored

· Use aforeach  loop insteadÑ$_ is still an alias
foreach (@numbers_that_need_multiplying_by_10) { $_ *= 10 };
foreach (@strings_to_remove_spaces_from) { tr/ //d };

· If you want to make it succinct, spellforeach  asfor
for (@strings_to_remove_spaces_from) { tr/ //d };

· Along the same lines, donÕt use void backticks
t̀ouch $my_filè ; works, but ...
system "touch $my_file"; simpler and to the point
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Formatting Perl code

· Joseph'sLawof CodeIndentation: Theprecisionof codeindentationis directlyproportionalto the
level of author comprehension

· So be consistent (and youÕll fool them all!)

· ThereÕsanexamplein man perlstyle , or youcanuseK&R style(or prettymuchany C style),or
invent your own

· Unfortunately, Perl canÕt be parsed by anything other than Perl, so automatic indenting is
sometimes fooled
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Modules and The CPAN
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About the CPAN

· CPAN Ñ Comprehensive Perl Archive Network

· ftp://ftp.perl.org/pub/CPAN/  or http://www.perl.com/CPAN/ , among others

· Perl distributions, modules, man pages, other documentation, scripts, code snippets, ...

· Perl source is in src directory
src/latest.tar.gz symlinkto latest stablerelease
src/devel.tar.gz symlinkto latest developmentversion(in general,stayaway!)

· Perl ports (binaries) are in ports directory
CPAN/ports 13% ls
./              atari/          msdos/          qnx/            win31/
../             beos/           mvs/            riscos/         win32/
README@         guardian/       netware/        sco/            win95@
acorn@          index.html      nt@             tandem@         winNT@
amiga/          lynxos/         os2@            vms/
(etc. . . .)
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More CPAN Contents

· Two Win32 ports: ActiveState and Standard (merged since ~5.005)
doc/FAQs/nt/Perl_for_Win32_FAQ.html Win32 Perl FAQ

· FMTEYEWTK Ñ F ar More Than Everything YouÕve Ever Wanted To Know
doc/FMTEYEWTK/ assorted topical documentation

· Man pages, in many different formats
doc/manual/html/index.html HTML man pages
doc/manual 63% ls
./              4.036/          info@           postscript/     text/
../             html/           pod/            texinfo/

· FAQs (several)
CPAN/doc/FAQs a bunch of FAQs and related stuff live in here

· And, of course, Perl modules!
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Modules in the CPAN

· Modules are organized in several different ways Ñ by authors, category, module

· A useful index is the ÒlongÓ module list
modules/00modlist.long.html fairly lengthy summary of everything currently availble

· The ÒwhoÕs whoÓ of Perl module authors
authors/00whois.html index of contributor names, handles, email, web sites

· To Þndamodulemanually, look throughthelong list andthengo to theÞle... toomuchstuff to go
prowling through manually

· For example, Joseph has a module calledSort::Fields
authors/id/JNH/Sort-Fields-0.90.tar.gz or whatever the current version is

· You can download it by FTP or HTTP and install it ...
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Manually Installing Modules

· So you have a compressed module Þle ...

· Find a place to uncompress and un-tar it
% gunzip Sort-Fields-0.90.tar.gz
% tar xvf Sort-Fields-0.90.tar

· This leaves a directory calledSort-Fields-0.90/ , socd there to continue ...
% cd Sort-Fields-0.90

· Now, assuming you want to install the module in the standard place, create a makeÞle, make the
module, test it, and install it
% perl Makefile.PL creates a makefile
% make build the module in its ÒbuildÓ directory (blib)
% make test run the module's built-in tests
% make install install the module in your designated site library

· Of course, you may not have permission to install in your systemÕs site library, or may not want to
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Installing Modules in a Private Location

· The location where things are installed is determined at the time that you create the makeÞle

· SetLIB=/some/lib/dir  to control where .pm Þles and related stuff goes

· SetPREFIX=/some/other/dir  to control where documentation and other loose ends go
% perl Makefile.PL LIB=/home/joseph/perllib PREFIX=/home/joseph/perl

· Now, when you make install, things go into the directories youÕve speciÞed
% make install
Installing /home/joseph/perllib/./Sort/Fields.pm
Installing /home/joseph/perl/man/man3/./Sort::Fields.3
Writing /home/joseph/perllib/sun4-solaris/auto/Sort/Fields/.packlist
Appending installation info to /home/joseph/perllib/sun4-solaris/perllocal.pod

· You could just setPREFIX=, but that creates a more deeply nested structure ... the module path
would be/home/joseph/perl/lib/site_perl  rather than/home/joseph/perllib

· Now, your scripts need to be able to Þnd your modules ...
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Using Modules in a Private Location

· One easy option: set environment variablePERL5LIB to one or more library paths, separated by
colons
% setenv PERL5LIB /home/joseph/perllib in C shell

· When scripts execute, this (and the corresponding architecture directory) will be prepended to the
include path
% perl -e ©print "@INC"©
/home/joseph/perllib/sun4-solaris /home/joseph/perllib
/usr/local/lib/perl5/sun4-solaris/5.00404 /usr/local/lib/perl5 (etc. . . .)

· Another option: execute your scripts with the-I  ßag
% unsetenv PERL5LIB nothing up my sleeve!
% perl -I/home/joseph/perllib -e ©print "@INC"© same result as above

· You can alsouse lib  inside the script (not the best for portability, though)
use lib qw(/home/joseph/perllib)
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Retrieving and Building Automatically with CPAN.pm

· This manual stuff is useful to know, and sometimes necessary, but you can retrieve, build, and
install automatically with the CPAN module,CPAN.pm

· The CPAN module is part of the standard distribution

· Normally, you invoke it in ÒshellÓ mode
% perl -MCPAN -e shell
cpan shell -- CPAN exploration and modules installation (v1.40)
ReadLine support enabled (if this is installed)

· Unless youÕre the system administrator, though, youÕll need to customize yourCPAN.pm
conÞguration
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Creating a Custom MyConfig.pm

· Creating your own CPAN.pm conÞguration is a little tricky, but not too bad if you do things in the
right order

· The default conÞguration (created whenCPAN.pm was installed or Þrst used) is in your main perl
library, in CPAN/Config.pm

· Copy Config.pm  to $HOME/.cpan/CPAN/MyConfig.pm  (this is hardwired intoCPAN.pm)
cp /usr/local/lib/perl5/CPAN/Config.pm ~/.cpan/CPAN/MyConfig.pm

· Now, runCPAN.pm in shell mode and do ano conf  command to see your current conÞguration
cpan> o conf
CPAN::Config options from /usr/local/lib/perl5/CPAN/Config.pm and /home/joseph/
.
cpan/CPAN/MyConfig.pm:
(... some stuff deleted ...)
    build_cache        10
    build_dir          /usr/local/src/perl5/CPAN/build and lots more...
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Creating a Custom MyConfig.pm  (cont’d)

· Next, useo conf  to change the things that need changing Ñ Þrst, the various places where Þles
are downloaded and built
cpan> o conf build_dir /home/joseph/.cpan/build
    build_dir    /home/joseph/.cpan/build
cpan> o conf keep_source_where /home/joseph/.cpan/sources
    keep_source_where    /home/joseph/.cpan/sources

· You should also set yourMakefile.PL  options for a local install
cpan> o conf makepl_arg ©PREFIX=/home/joseph/perletc LIB=/home/joseph/perl©
    makepl_arg    PREFIX=/home/joseph/perletc LIB=/home/joseph/perl

· Then write your changes witho conf commit
cpan> o conf commit
commit: wrote /home/joseph/.cpan/CPAN/MyConfig.pm

· Now, youÕre ready to useCPAN.pm to list, download, build, and install modules
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Handing Modules with CPAN.pm

· You can use thei  command to search for a module by name
cpan> i /fields/
Distribution    JNH/Sort-Fields-0.90.tar.gz
Module          Sort::Fields    (JNH/Sort-Fields-0.90.tar.gz)
Module          fields          (GSAR/perl5.005_02.tar.gz)

· Make a module with themake command
cpan> make Sort::Fields
Going to read /home/joseph/.cpan/sources/authors/01mailrc.txt.gz
CPAN: Compress::Zlib loaded ok and lots more stuff ...

· Test with thetest  command
cpan> test Sort::Fields runs make test

· Install with (what else?) theinstall  command
cpan> install Sort::Fields installs in the directories set in yourmakepl_arg  config

· Use the? command for help, and read the man page
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CPAN.pm — Summary

· CPAN.pm is extraordinarily powerful and versatile

· Can fetch Þles through a variety of protocols Ñ Þle:, http:, ftp:, ?

· Can search for and build most any module in the CPAN (if not, itÕs likely a problem with the way
the module is packaged for distribution)

· Can use a variety of means to retrieve Þles and decompress Þles Ñ for example,Net::FTP  is
preferred for FTP access, but it can also uselynx  or theftp  program

· Invaluable for keeping track of ÒbundlesÓ (lists of installed modules) in case you need to rebuild
your Perl installation

· Command-line interface has GNU readline support, if you install it

· New versionof CPAN.pmcanbedownloaded,built, andactivatedwithout leaving yourCPAN shell
session!

· Also has an extensive programming interface
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Exercises

12-1. Download the most recent version ofSort::Fields  from a CPAN mirror and install it in a
private location by settingLIB=  andPREFIX= as you runMakefile.PL . Write a short
program that demonstrates its use in sorting a Þle containing space-delimited data of some
kind. Seeperldoc Sort::Fields  for some examples and explanation.  (You can give
perldoc theactuallocationof the.pm Þleif it canÕt Þndit otherwise,e.g.perldoc /home/
joseph/perllib/Sort/Fields.pm .)

12-2. Run the CPAN module interactively:
perl -MCPAN -e shell

Useo conf  as described above to set your source and build directories, and your
Makefile.PL LIB  andPREFIX (put quotes around the whole thing, as in the example
above). Useo conf commit  to write the changes to your localMyConfig.pm .

12-3. Use the CPAN shell to install another module locally. Write some code that uses it. For
example, installMath::Fraction  and run the code snippet in the SYNOPSIS.
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Debugging and Profiling
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Activating the debugger

· Turn on the perl debugger withperl -d
#!/usr/local/bin/perl
print "Hello, world! I will now add 2 and 2.\n";
$two_and_two = 2 + 2;
print "My result is: $two_and_two\n";

% perl -d two_and_two
[... stuff omitted ...]
main::(two_and_two:2):  print "Hello, world! I will now add 2 and 2.";
  DB<1>

· You can now single-step through the code with thes command
DB<1> s

Hello, world! I will now add 2 and 2.main::(two_and_two:4):     $two_and_two =
2 + 2;
  DB<1>
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Examining variables and values

· Use thex command to view variables and values
DB<1> x $two_and_two

0  undef
DB<2> s

main::(two_and_two:5):  print "My result is: $two_and_two\n";
DB<2> x $two_and_two

0  4
DB<3> x 3 + 3

0  6
DB<4> x map $_ + 2, 1..3

0  3 Result has 3 elements, indices on the left
1  4
2  5
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Setting breakpoints

· List code using thel  command, orw to list a window around the current line
DB<1> l 3-5

3==>    print "Hello, world! I will now add 2 and 2.\n";
4:      $two_and_two = 2 + 2;
5:      print "My result is: $two_and_two\n";

· Set breakpoints using theb command; execute to a breakpoint withc (continue)
DB<1> b 5 sets breakpoint at start of line 5
DB<2> w

3==>    print "Hello, world! I will now add 2 and 2.";
4:  $two_and_two = 2 + 2; breakpoint shown withb
5:b print "My result is: $two_and_two\n";

DB<2> c
Hello, world! I will now add 2 and 2.
main::(two_and_two:5):  print "My result is: $two_and_two\n";
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Executing Perl code

· Anything that isnÕt recognized as a command will be eval-ed in the debugger
DB<3> print 2 + 2

4
DB<4> print sin(2)

0.909297426825682
· This is usefulall by itself ... juststartthedebuggeronanÒemptyÓprogramanduseit to try outcode

% perl -de 0
main::(-e:1):   0

DB<1> $a = 2

  DB<2>  $b = 2

DB<4> print "a + b is ", $a + $b;
a + b is 4

· Lots more commands (seeman perldebug  or use the debuggerÕs h command)
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use diagnostics

· use diagnostics  for more verbose error messages
#!/usr/local/bin/perl -w
use diagnostics;
@files = <*>;
$first = @files[0]; probably meant to write$files[0]

· Thediagnostics  module fetches the verbose description of an error or warning from the
perldiag  man page
Scalar value @files[0] better written as $files[0] at testit line 4 (#1)

(W) You©ve used an array slice (indicated by @) to select a single
element of an array.  Generally it©s better to ask for a scalar value
(indicated by $). The difference is that $foo[&bar] always behaves like
[etc.]
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Dumping with Data::Dumper

· TheData::Dumper  module dumps nested, recursive, and/or circular structures
use Data::Dumper;
@a = 1..3; @b = 4..6; @c = 7..9; here is a nested structure to dump
$obj = { a => \@a, b => \@b, c => \@c };
print Dumper($obj);

· The output is Perl code (edited to Þt here)
$VAR1 = {
          ©a© => [ 1, 2, 3 ],
          ©b© => [ 4, 5, 6 ],

©c© => [ 7, 8, 9 ]
};

· You can also give names to the output variables
Data::Dumper->Dump([$obj], [©$obj©]) $obj  instead of$VAR1 in output now

· Also useful for saving/restoring complex structures (withdo $filename )
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Benchmarking

· TheBenchmark  module makes it easy to compare the relative speed of different pieces of code
use Benchmark;
timethese (1000, { let's benchmark the speed offor  andforeach
    ©for© => q{ for($i = 0; $i < 1000; $i++) { $x++ } },
    ©foreach© => q{ foreach(1..1000) { $x++ } },
});

· Use thetimethese  function to time a collection of code snippetsÑÞrst argument is number of
times to repeat, second argument is a hash ref containing names and code strings

· q{}  quoting (single-quote with matching delimiters) is handy

· The result is a list of times, like the output of the Unixtime  command
% tryme
Benchmark: timing 1000 iterations of for, foreach...
       for: 10 secs ( 9.28 usr  0.00 sys =  9.28 cpu)
   foreach:  6 secs ( 6.03 usr  0.00 sys =  6.03 cpu)
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Profiling code

· PerlÕs proÞler makes it easy to see where your program is spending its time
use LWP::Simple; here's some code to profile
$page = get("http://www.effectiveperl.com");

· To use it, run a program with the-d:DProf  switch (means, usingDProf  as the debugger)
%perl -d:DProf tryme

· This will create a Þle namedtmon.out , which can be analyzed with the programdprofpp
%dprofpp
Total Elapsed Time =    1.15 Seconds
  User+System Time =    1.11 Seconds
Exclusive Times
%Time Seconds     #Calls sec/call Name
 20.7   0.230          1   0.2300 LWP::Simple::_trivial_http_get
 16.2   0.180         20   0.0090 Exporter::export
 12.6   0.140          1   0.1400 IO::Socket::CODE(0x18cf14) [etc.]
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Exercises

13-1. Use theBenchmark  module to compare the relative speed of the following:
@sorted =

sort { -s $b <=> -s $a } @list _of_files; (where@list_of_files  is 20 or more)
vs.
@sorted = map { $_->[0] } Schwartzian Transform version of the above

sort { $b->[0] <=> $a->[0] }
map { [$_, -s $_] }
@list _of_files;

13-2. Readthecontentsof /etc/passwd (or somethingsimilar) into ahashof arraysÑsupposeitÕs
called%passwd. Then$passwd{©joebloe©}[0]  should bejoebloe Õs username,
$passwd{©joebloe©}[1]  should be his password,$passwd{©joebloe©}[2]  should be
his username, and so on. UseData::Dumper  to save the structure to disk (as a text Þle) and
thenreadit backin. Hint: usePerlÕsdo operatorwith aÞlenameargument(somethinglikedo
$file ).
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Odds and Ends
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Manipulating text databases

· Operations on line-oriented text Þles are quite common

· Unix has manyÑ /etc/passwd , /etc/groups , /etc/services  . . .

· Log ÞlesÑhttpd access logs, system logs, etc.

· Sometimes you want to manipulate the contents of a text database, or extract information from it
Joseph        Hall           M   83742       1978-01-08
Tom           Thumb          M   38274       1977-03-27
Susan         Smith          F   93847       1978-11-30
Donna         D©Angelo       F   23243       1977-09-11
John          Jones          M   66637       1978-05-22

· There is no way to Òdelete a lineÓ from a text ÞleÑthe Þle must be read and rewritten

· You can, for example, read through a Þle and print lines matching some criterion
open STUDENTS, "students" or die "Couldn©t open: $!";
while (<STUDENTS>) { ($bdate) = (split)[4]; print if $bdate ge ©1978© }
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Rewriting text databases

· You can read from one Þle and write a transformed version to another
open STUDENTS, "students" or die "Couldn©t open: $!";
open NEW_STUDENTS, ">new_students" or die "Couldn©t write: $!";
while (<STUDENTS>) {
  ($bdate) = (split)[4];
  print NEW_STUDENTS $_ if $bdate ge ©1978©
}

· Perl also has a feature that allows Þles to be rewritten in place

· Set$ Î  to a Þle extension (like ".bak" )

· This changes the way the diamond operator<> works

· EachÞleopenedby thediamondoperatoris renamedusingthe$ Î extension,andstandardoutput
goes to a new version of the Þle
$̂ I = ©.bak©;
while (<>) { print if (split)[4] ge ©1978© }



173

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

In-place editing from the command line

· You can put small Perl programs right in the command line using the-e  switch
perl -e ©print "Hello, world!\n"©

· The-n  switch constructs an implicitwhile (<>)  loop around-e  statements
perl -ne ©print if (split)[4] ge "1978"© students

· This is equivalent to
while (<>) {
  print if (split)[4] ge "1978"
}

· The-i  switch changes$ Î  from the command line

· Combine all of these to edit Þles in-place with a single command!
perl -i.bak -ne ©print if (split)[4] ge "1978"© students

· There are many more command line switchesÑsee theperlrun  man page
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Signals

· Signal handlers are installed into the special%SIG hash
$SIG{INT} = sub { print STDERR "Quit that.\n" };

· In many versions of Perl, signals are not safe -- basically, all versions except 5.8.0+

· In Perl with unsafe signals, signal handlers should do as little as possible -- core dumps canÕt be
eliminated -- but often signal handlers are worth it anyway

· The__WARN__ pseudo-signal is invoked whenwarn  called / warnings are issued
{
  local $SIG{__WARN__} = sub { }; ignore warnings
  printf "No warning: %s\n"; no complaint about uninitialized value
}

· A __WARN__ hook replaces normal warning processing

· The__DIE__  pseudo-signal is called as a fatal exception is being processed (seeperlvar )

· Probably better to useEND{} , overrideCORE::GLOBAL::die  though (seeperlvar  again)
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Telling time

· Thetime  operator returns the current ÒUnixÓ time (seconds since Midnight GMT Jan 01 1970)
$time = time(); or $time = time  Ð parens not needed
print "the (Unix) time is $time\n"; the (Unix) time is 989624433

· Thelocaltime  andgmtime  operators return human-readable strings in scalar context
$localtime = localtime(time);
$localtime = localtime; default argument is the current time
print "local time is $localtime\n"; local time is Fri May 11 16:43:27 2001
$gmtime = gmtime(time + 3600 * 12);
print "in 12 hours it will be $gmtime GMT\n";

· In list context, they return a broken down time (wday/mon are 0-based)
($sec,$min,$hour,$mday,$mon,$year,$wday,$yday,$isdst) = localtime;

· You can feed this list to POSIXstrftime  (seeperldoc POSIX  andman strftime )
use POSIX ©strftime©;
print strftime "Now is %T\n", localtime; Now is 16:48:55
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Timing

· How long did something take to run?

· Obvious way:
$before = time;
do_this_thing();
$after = time;
printf "This thing took %d seconds, more or less.\n", $after - $before;

· For more precision, use theTime::HiRes  module
use Time::HiRes qw(gettimeofday tv_interval);
$before = [ gettimeofday ]; list context
do_that_thing();
$after = [ gettimeofday ];
printf "That thing took %.4f seconds.\n", tv_interval($before, $after);
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Sleeping

· Thesleep  operator lets you wait for a number of seconds
sleep 10;

· Or use an alarm signal (which is quite possibly how sleep  is implemented) if you want to do
something in the meanwhile
eval {

local $SIG{ALRM} = sub { die "ding!\n" }; install ALRM handler just for this block
  alarm 10;
  hope_this_works();
};
if ($@ eq "ding!\n") {
  print "It didn©t work.\n";
} elsif (@$) {
  die $@;
}

· Thesleep  operator may be implemented like the above, so ÒdonÕt cross the streamsÓ
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Don’t Bogart that CPU

· TheBSD::Resource  module (BSD-style resource control, not necessarily BSD-speciÞc) gives
you some control over what system resources your program is allowed to consume

· Might want to turn off core dumps while youÕre at it
use BSD::Resource;
warn "couldn©t limit core dump\n" unless setrlimit(RLIMIT_CORE, 0, 0);
warn "couldn©t limit CPU time\n" unless setrlimit(RLIMIT_CPU, 5, 5);
1 while 1;

· Process priority can be changed withsetpriority  -- for a normal process, only to a lower
(numerically greater) value

· You can get usage stats fromgetrusage  as a program runs
my ($user, $sys, @rest) = getrusage(RUSAGE_SELF);

· Onsomeoperatingsystems,youcanalsogetresourceconsumption(andperhapsget/setlimits) via
the/proc  pseudo-Þlesystem
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Packing and unpacking binary data

· Thepack  andunpack  operators are the utility knives of ÒbinaryÓ data

· Thepack()  operator takes a format string (likesprintf ) and a list of args and creates a string
$buffer = pack("c s l", 31, 4159, 265359); buffer is seven bytes long

· c, s, l  are signed;C, S, L unsigned;n, N 16/32 bits in network order, and so on

· Whitespace in a format string is ignored

· Key letter followed by number indicates a wider Þeld

· Key letter followed by asterisk means use the Þeld for all remaining values

· To extract data from a packed buffer, useunpack()  with the same format string
($char,$short,$long) = unpack("csl", $buffer);

31 4159 265359
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Packing and unpacking binary data (cont’d)

· More neat tricks

· Hex strings
print pack(©H*©, ©536b6970706572©), "\n"; Skipper
print unpack(©H*©, ©Skipper©), "\n"; 536b6970706572

· (Weird because bothpack  andunpack  generate strings)

· uuencode d strings
print pack(©u*©, ©Ginger Grant©); Õ,1VEN9V5R($=R86YT
print unpack(©u*©, ©,1VEN9V5R($=R86YT©), "\n"; Ginger Grant

· (Weirder still because uuencode goes the ÒoppositeÓ way of hex strings)

· Lots more features - alignment, variable width Þelds, Unicode chars, padding, null-terminated
strings, strings with byte counts, parenthesized groups, comments ....

· Base64 encoding can be handled withMIME::Base64
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Exercises

14-1. Create some sample Òparts catalogÓ data in the following format:
W-01          Widget                 10.00
W-02          Widget Mk 2.           19.95
F-11          Framis Unit            21.99

Columns should be separated by tabs. Write a program that prompts the user to enter a price
then prints out the part numbers and descriptions for all parts costing that much or less.

14-2. Using the data from Exercise 1., write a program that prompts the user to enter a price then
produces a copy of the data Þle that contains only the lines for parts costing that much or less.

14-3. Usinga copyof thedatafrom Exercise1.,write aPerlcommandline thatrewritesthedataÞle
so that it contains only the lines for parts costing less than or equal to some amount. The
command should look something like:

perl -i.bak -ne © put your code here © data_filename
14-4. Write a program that opens a Þle and prints out its Þrst 32 bytes as a hex string (64

characters). Note: you can read a speciÞc number of bytes from using theread  operator.
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Introducing DBI and DBD
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Database Access with DBI and DBD::[driver]

· DBI (Database Interface) and DBD (Database Driver) are a somewhat OS- and
database-independent interface to database functionality

· DBI is a common front end for all supported databases and systems

· There are many different drivers:DBD::mysql , DBD::Pg , DBD::Oracle , DBD::Sybase , etc.

· DBI/DBD requires Perl 5 (and the appropriate database software)

· To use DBI in your programs, put ause  directive at the top of your Perl source
use DBI;

· There are other ways to interface with databasesÑfor example, there are customized versions of
Perl 4 and Perl 5 that have client libraries Òbuilt inÓ (oraperl , sybperl )

· For portability, Þrst consider DBI

· ThereÕs usually More Than One Way to do something in DBI

· These slides arenÕt comprehensive Ñ keep the man pages handy to learn more details and/or
alternative ways of doing things
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Connecting to a Database with DBI

· DBI is object-oriented

· If you donÕt know anything about object-oriented programming in Perl, donÕt worryÑjust use the
ÒarrowÓ syntax you see here

· Theconnect  method returns a Òdatabase handleÓ object that represents an active connection to a
database
$dbh = DBI->connect($data_source, $username, $auth);

· $data_source  begins withDBI:: driver-name but otherwise is dependent on the driver usedÑ
see the documentation for the appropriate DBD

· $username is theusernameand$auth is authorizationinformation(oneor bothmightbeundef ,
or even missing)
$dbh = DBI->connect("DBI:mysql:database=test_classdb;host=localhost",
        "joseph", undef) or die $DBI::errstr;

· Also takes an optional fourth parameter which is a hashref of ÒattributesÓ (discussed later)
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A “CSV” Database

· TheDBD::CSV moduleprovidesaninterfaceto text databasesin ÒCommaSeparatedValueÓsyntax

· The requiredSQL::Statement  module provides rudimentary SQL parsing capability

· The requiredText::CSV_XS  module provides an interface for manipulating the contents of CSV
Þles

· ...but mostly you only need to worry aboutDBD::CSV

· A CSV table is a text Þle
LAST,FIRST,USERNAME
Hall,Joseph,joseph
Schwartz,Randal,merlyn
"the Robot",Robbie,bot

· Each line is a row (Þrst line gives column names)

· Columns are delimited with commas (can use a different character)

· Data containing spaces or other special characters is quoted
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Connecting to a CSV Database

· The Þrst (data source) argument for aDBD::CSV connect   can contain attributes
$dbh = DBI->connect("DBI:CSV:f_dir=csv");

· Thef_dir  attribute gives the directory in which the database Þles are located

· The second (username) and third (authorization) arguments are not usedÑpermissions are as for
Þles

· Separate multiple attributes by semicolons
$dbh = DBI->connect("DBI:CSV:f_dir=csv;csv_quote_char=©"); quote with single quote
$dbh = DBI->connect("DBI:CSV:f_dir=csv;csv_sep_char=\\;");

separate with semicolon, which must be escaped with a backslash
· csv_sep_char  is the separator characterÑcomma (, ) by default

· csv_quote_char  is the quoting characterÑdouble quote (" ) by default

· csv_escape_char  is used before ÒspecialÓ characters (like the quoting character)Ñalso double
quote (" ) by default
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DBI Attributes

· There are DBI attributes that are not speciÞc to a particular DBD

· For example, thePrintError  attribute controls whether DBI errors automatically yield warning
messages (defaults to 1 forDBD::CSVÑmore about error handling later)

· TheChopBlanks  attribute controls whether trailing spaces are automatically truncated from
Þxed-lengthCHAR Þelds (defaults to 0 forDBD::CSV)

· These attributes go into a hashref in the optional fourth argument toconnect
$dbh = DBI->connect("DBI:CSV:f_dir=csv", undef, undef, {

PrintError => 0, ChopBlanks  => 1
});

· Defaults for DBI attributes are DBD-speciÞc
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Attributes for Database Handles

· You can also access database handle attributes after a connection has been made
$dbh = DBI->connect("DBI:CSV:f_dir=files");
print "ChopBlanks is ", $dbh->{ChopBlanks} ? "TRUE" : "FALSE", "\n";
print "PrintError is ", $dbh->{PrintError} ? "TRUE" : "FALSE", "\n";

· This should yield something like:
ChopBlanks is FALSE
PrintError is TRUE

· You can change their values (if it makes sense to do so):
$dbh->{PrintError} = 0;

· Some handle attributes exist for all DBDs; others are DBD-speciÞc

· The interpretation of handle attributes differs from DBD to DBD, but usually makes sense

· Check the documentation for more details
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Issuing SQL Commands with do

· DBD::CSV understands a very restricted but still useful subset of SQL

· One way to issue an SQL command is the do method

· The one-argument form ofdo is easiest
$dbh->do("CREATE TABLE MAGIC (NUM INTEGER, WORD CHAR(6))"); after connecting
$dbh->do("INSERT INTO MAGIC VALUES (10, ©plugh©)");

· When a CSV table is created, it is given a Þlename corresponding to the table name

· The above would yield a Þle namedFOO containing:
NUM, WORD
10,plugh

· Strings must be SQL quotedÑyou can use thequote  method for this
($num, $word) = qw(20 don©t);
$dbh->do("INSERT INTO MAGIC VALUES (" .
  $dbh->quote($x) . "," . $dbh->quote($y) . ")");
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Using Placeholders with do

· Usingquote  tends to be ugly

· A better technique is the multiple-argument form ofdo
$dbh->do("INSERT INTO MAGIC VALUES (?, ?)", undef, $num, $word);

· The question marks in the Þrst argument are ÒplaceholdersÓ for values that appear later in thedo
statement

· The second argument (undef  here) is a hashref of attributesÑnot generally used

· Remaining arguments are plugged into the placeholders, and are SQL quoted

· The number of placeholders must match the number of arguments supplied
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Issuing SQL Commands with prepare  and execute

· Another way to issue SQL commands is via a Òstatement handleÓ

· Use theprepare  method to create a statement handle ($insert_row  in this example)
$insert_row = $dbh->prepare("INSERT INTO MAGIC VALUES (?, ?)");

· You can now call theexecute  method on the statement handle
$insert_row->execute(qw(30 plugh));

· This is likedo with placeholders, except that it is more efÞcient if used repeatedly
$insert_row->execute(qw(40 plover));

· Query results go into statement handlesÑread them with variousfetch  andselect  methods
$getnum = $dbh->prepare("SELECT NUM FROM MAGIC WHERE WORD = ?");
$getnum->execute(©plugh©); result of the query is in the$getnum  statement handle
while (@row = $getnum->fetchrow_array) { returns one row of the result at a time
  print "one row of the result is: @row\n";
}

· More about queries later
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Handling Errors in DBI

· In general, every DBI method returns a false value if an error occurred
$dbh = DBI->connect("DBI:CSV:f_dir=files")
  or die "can©t connect";

· If the PrintError  attribute is on, DBI prints error messages (as warnings) automatically

· Useful for prototyping but not desirable in many real-world applications

· To handle messages yourself, turn off PrintError  and use$DBI::errstr  to get at the error
string
$dbh->{PrintError} = 0;
unless ($dbh = DBI->connect("DBI:CSV:f_dir=files")) {
  die "can©t connect: $DBI::errstr";
}

· Thetrace  method may be extremely helpful when debugging
DBI->trace(2); higher number means more info; 2-3 are generally useful values
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Throwing Exceptions for Errors

· Another error-handling option is theRaiseError  attributeÑif true, DBI errorsdie

· You can trap this with aneval  block

· Useful when dealing with transactions
eval { assumingAutoCommit  is false

$dbh->do("INSERT INTO FOO VALUES(?, ?)", undef, @foo_values);
$dbh->do("INSERT INTO BAR VALUES(?, ?, ?)", undef, @bar_values);

}
if ($@) { $DBI::errstr  in $@ if exception occurred

$dbh->rollback; something went wrong with one of the inserts
} else {

$dbh->commit; everything is OK
}

· Not all databases support transactions (DBD::CSV doesnÕt; MySQL doesnÕt at this time), but you
can use exceptions for other sequences of statements where you want to handle errors together
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Connecting to other databases

· The basic operation ofconnect  is the same among all DBDs, but the details vary considerably
from DBD to DBD

· MySQL for example (or whatever you are currently using)

· MySQL has users and authentication, so you will ordinarily supply a username and password
$dbh = DBI->connect("DBI:mysql:database=test_advent;host=localhost",
     ©joseph©, undef) or die "can©t connect";

· You must always specify a database

· The host, if omitted, defaults tolocalhost

· Username and password default to©© (empty string) if omittedÑfor databases with very lenient
permissions, this may be okay, for example, thetest_*  databases in the default conÞguration of
MySQL

· The above apply to MySQL and not necessarily other databases/DBDs



195

5 Sigma Productions
P.O. Box 6250 ¥ Chandler AZ 85246

(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://www.5sigma.com/

Exercises

15-1. Using DBI calls, load the Òparts catalogÓ text Þle from the earlier set of exercises into a CSV
database, then print out the contents of the catalog.

15-2. Use the database created in Exercise 1 to write a program that prompts the user for the name
of a part, then prints the corresponding description.

15-3. If applicable, modify copies of the above solutions so that they connect to a ÒrealÓ database
(MySQL, PostgreSQL, Oracle, etc.) -- you may not need to change more than theconnect
call
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Combining Perl and C with Inline::C
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Inline::C  - Perl and C the (fairly) easy way

· Perl is written in C

· Has a large and complex API (seeperlapi , perlguts , others)

· Many combinedPerl/C(notÒpurePerlÓ)modulesarewrittenusinganinterfacecalledXS (XSUBs)

· XS is difÞcult to use and understand

· Overkill for cases where you just want to do a little C, without fanfare

· Inline::C  is a much more convenient alternative to XS

· Yes, really.
use Inline C => q{
  int the_answer() { return 42; }
};
print "The answer is: ", the_answer, "\n"; prints42
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Overview

· Inline  (not justInline::C ) lets you mix other types of programming language source with Perl

· (WeÕll stick to C)

· There are several ways to specify your C code

· The string way is an easy way to specify your C code
use Inline C => © your code here©;

· For larger cases, the__C__ way
use Inline C => ©DATA©; or justuse Inline C;
print "The answer is: ", the_answer(), "\n"; can't bind at compile time, need parens
__END__ or __DATA__
__C__
int the_answer() { return 42; }

· There are other ways to specify your code -- seeperldoc Inline
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Simple functions

· Inline scans your C code for function prototypes (ANSI-style function declarations)

· Perl data types are not the same as C data types

· However, many important type conversions are handled auto-magically
use Inline C;
print "Negated: ", negate(42), "\n"; prints -42
print "Divided: ", divide(42, 3.1415), "\n"; prints 13.3694095177463
zip_it("Inline"); prints YOW! Inline
__END__
__C__
int negate(int x) { return -x; }
double divide(double x, double y) { return x / y; }
void zip_it(char *s) { printf("YOW! %s\n", s); }

· These are the standard XSUBs conversions (if you care)
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Perl data types

· You can also use PerlÕs own arcane data types

· Scalars: SV = scalar value (the ÒgenericÓ type), IV = integer value, NV = double, PV = string
(pointer), RV = reference, and others;

· Aggregates: AV = array, HV = hash

· You must use them if you want to do more interesting things like deal with variable length
argument lists

· There are functions in the Perl API to force conversion from SV to IV, SV to NV, and SV to PV
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Perl data types (cont’d)

use Inline C;
print "sum = ", sum(1..10, 3.14159, "2.71828"), "\n"; prints sum = 60.85987
__END__
__C__
double sum(SV *sv, ...) { variable length argument list
  Inline_Stack_Vars; declare some stuff for Perl stack manipulation
  Inline_Stack_Reset; start stack iteration
  double sum; int i;
  for (i = 0; i < Inline_Stack_Items; i++) {
    sum += SvNV(Inline_Stack_Item(i)); SvNV coerces anSV into a double
  }
  return sum;
}
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Performance

· So, isInline::C  faster?
my @values = 1..100000;
sub perl_sum { my $sum; $sum += $_ for @_; $sum; }
use Benchmark;
timethese(1000, {
  sum => sub { sum(@values) },
  perl_sum => sub { perl_sum(@values) },
});

· It can be ...
$ perl inline1.pl
Benchmark: timing 1000 iterations of perl_sum, sum...
  perl_sum: 44 wallclock secs (40.85 usr +  0.07 sys = 40.92 CPU) @ 24.44/s
(n=1000)
       sum:  8 wallclock secs ( 7.35 usr +  0.01 sys =  7.36 CPU) @ 135.87/s
(n=1000)
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Performance and optimization

· Inline::C  isnÕt necessarily noticeably faster though

· If you have lots of arithmetic computations with no intervening Perl, it could be (as in example
above)

· You could also useInline::C  to conserve memory -- Perl data structures are very memory
intensive

· Each Perl SV has overhead, and even storage of integers is inefÞcient

· If youhavea largearray, youcanallocate/access/operateon it with Inline::C andreduceits size
by 10x or more

· Another compelling reason to useInline::C  -- writing an interface to a C library, system call, et
cetera

· There are features for including header Þles, libraries, and so forth

· Seeperldoc Inline , perldoc Inline::C , perldoc Inline::C-Cookbook
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More Techniques and Traps
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Don’t spawn unnecessary processes

· Most things that can be done conveniently with Unix commands can be done conveniently, but
much more efÞciently, in Perl alone

· For example, the current working directory
chomp($cwd = ÁpwdÁ); Spawn a subprocesses to get current working directory
use Cwd;
$cwd = getcwd; Faster, and portable too!

· Checking to see if two Þles are identical
$the_same = not system("diff $file1 $file2 >/dev/null") >> 8; Uh, no...
$the_same = not system(©cmp©, ©-s©, $file1, $file2) >> 8; Better but still slow
use File::Compare;
$the_same = (compare($file1, $file2) == 0); Incredibly much faster

· But donÕt be afraid to use commands where they are more efÞcient and/or straightforward
system ©/bin/rm©, ©-rf©, $dir; Much simpler than the Perl equivalent
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Watch your contexts

· Usually, context justworksout,but therearesomecaseswhereyouhaveto forceascalarcontextÑ
usescalar  for this
@ten_lines = map <STDIN>, 1..10; OopsÐ<STDIN> in list context!
@ten_lines = map scalar(<STDIN>), 1..10; CORRECT

· Be careful with parentheses and themy (or local ) operatorÑparentheses create a list context
my $lines = @text; $lines  gets count of elements in@text
my ($lines) = @text; Hmm ...$lines  gets first element of@text
my ($input) = <STDIN>; WRONGÐ<STDIN> in list context again
my $first, $second = @text; WRONGÐ$second  isn't a my variable,$first  getsundef

· Remember that pattern matches work differently in scalar vs. list context
$match = /([\w.\-]+)/; $match  is true if[\w.-]+  found; contents of parens in$1
($match) = /([\w.\-]+)/; $match  is contents of parens, orundef  if no match

· You can use@{[É]}  or (É)[É]  to force list context
@info = split /,/, (/©(.*?)©/)[0]; split stuff appearing between quotes in$_
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Ten ways Perl programmers mess up their lives

· (10) They keep using Perl 4

· Perl4 is dead.Long livePerl5. If youarethinkingof buyingaCGI programmingbook,makesure
it uses Perl 5. You donÕt want one that usescgi-lib.pl , calls all its subroutines with the
&func() syntax,anddoesnÕt tell youanythingaboutall thewonderfulPerlmodulesthathavebeen
written in the past half decade.

· (9) They confuse list and scalar context

· Remember that operators work differently, sometimes very differently, depending on the context
theyÕre used in.

· For example, ÒBooleanÓ contexts like the condition of a while loop are scalar. while (1..10)
{¼}  means something entirely different thanforeach (1..10) {¼}

· Or the difference betweenmy ($foo) = @bar  andmy $foo = @bar
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Ten ways Perl programmers mess up their lives (cont’d)

· (8) They don’t understand regular expressions

· You canÕt write Perl effectively without understanding and using regular expressions

· (7) They omit (too much) punctuation

· Leaving out semicolons, commas, closing quotes, and/or parentheses can produce very strange
error messages, or sometimes silent misbehavior

· For example, donÕt forget the semicolon after aneval  block or anonymoussub

· DonÕt omit parentheses around arguments of||  (better, useor  instead)

· (6) They don’t read their error messages

· When a program dies, always look at theÞrst error message and/or warning issued

· When you return to the program source code, go to the line number mentioned in the error

· The error in the code is either at or before that lineÑnot after
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Ten ways Perl programmers mess up their lives (cont’d)

· (5) They write fragile programs

· Always check return status fromopen , opendir , and other system calls

· Avoid using relative paths and shell metacharacters in backticks,system /exec , and pipe opens

· Avoid using non-portable code when a module exists to do the same thing portably
(File::Basename , Cwd, etc.)

· (4) They bite off too much at once

· Learn to write two- or three-line programs to test features

· Or useperl -e © insert Perl code here©, or use the debugger as a Perl shell

· (3) They reinvent the wheel

· Have an ordinary CGI or network programming task? ItÕs in the CPAN

· Perl modules have been tested, used, and (usually) thoughtfully designed, too

· You can get a lot done in a half dozen lines of Perl, especially if they just run someone elseÕs code
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Ten ways Perl programmers mess up their lives (cont’d)

· (2) They don’t read the documentation

· Read the Perl man pages, especiallyperlfunc

· Use perldoc to read stuff your man command canÕt see

· Read any (good) Perl books you can Þnd

· (1) They don’t use strict  or -w

· There is very little sympathy for a Perl programmer who has a problem that-w would have caught

· -w is a pain sometimes, but it will catch many, many, many careless errors

· use strict  helps you write better-designed programs

· Okay if you donÕt bother in programs a few lines long, but always use them both otherwiseÑ
especially when embarking on a big new project (deÞnition of ÒbigÓ varies according to skill level
:-)
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Conclusion
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For further information

· Effective Perl Programming (Joseph Hall, with Randal Schwartz, from Addison-Wesley)

· Online documentation:perlref , perlmod , perldsc , perlobj , perltoot , h2xs

· The Perl debugger and thex command (for looking at structures)

· CPAN modulesÑData::Dumper  for saving/restoring complex data structures,LWP (WWW
library) as an example of a nice set of interrelated object-oriented modules, + many others ...

· http://www.effectiveperl.com/  Ñ JosephÕs Effective Perl page

· http://www.stonehenge.com/  Ñ RandalÕs home page, with many examples (see Web
Techniques, Unix Review columns)
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