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Terms of Use

¥ Thesematerialsareavailablewithout chagefor anyoneto view, download,copy, anddistributefor
individual use. It is recommended thatythoe distriluted as a whole,ub not required.

¥ These materials MANOT be used as an aid to professional instruction or in a commercial
ernvironment without prior permission from the goight holder(s). This includes use by
educational institutions in formal settings (e.g. classroom or video instruction).

¥ ThesematerialsSMAY beusedfor instructionin usergroupsor otherinformal gatheringsaslong as
no fee is chayed bgond that necessary for reproduction and distitim of materials.

¥ Royalty-free licenses for use in educational and inforn@kplace settings arevailable.

¥ Professionainstructorsshouldconsidercross-licensingheir own materialsf they wishto obtaina
royalty-free license to use these materials.

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

¥ This Terms of Use must accompaary distribution of these materialsyen if only a part of the
materials is distribted.
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. Some OadwncedO features of Perl: references, packages, modules, object-oriented programmir
- Data structures and simple applications

- Programming style, deigging, and more

. Presume you & a solid understanding of Perl basics, f@maple, OLearning PerlO
- Oriented tavard Unix, lut often applicable to other platforms

- Module deelopment requires a Unix-kkervironment (makples, etc.)

~

What this course is about
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map

- maptransforms one list into another

. Syntax:

@resutt=map  expression list;

@resultt=map{ code} list;
- The pression (or block) isvaluated once for each element of the list, Bithset to that element
- Result is lastxpression ealuated in block,waluated in list conte

. The results accumulate into a list

@up words=map"\U$ ", @words; uppercase all the elements@fvords
- More succinct than foreach  loop, and can be inlined into arpeession (omap-ped agin)
foreach$_(@words){
push @up_words, \U$ " uppercaseawords the old way
}

o /
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- Some morexamples

printmap"$_: $hashf$ n", sort keys Yohash; print out%hashw/o a loop
- The transform gression can return more than one element
Ydfle_size=map{$_,-s}@fies, construct a hash of filenames and their sizes
- It may be helpful to look at an egailent loop
foreach$_(@files){
push @fles and sizes,$ |, -s; push @fles and sizes, "foo.c", 555 etc.
%/oﬁle_size =@fles and sizes; Uifle size ="foo.c", 555, "bar.c", 1234 etc.

~

map (cont@)

@two_power=map{2*$ }0..10; powers of two
@num = (zero, 'one, two, three', four, five)),
@coconuts =map {"$numf$_]coconut’. (5_=17":'5)}0.5;

("zero coconuts', "one coconut’, “two coconuts', ...)
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map (cont@)

- The transformgression can return @axable number of elements, including zero (the empty list)
@words =map{ spit} @lines; like foreach (@lines) { push @words, spilit}

. Transform gpression iswluated in a list contgNpattern match can produce interesting results

@comments =map FAS* (XY, <;

foreach $line (<){
push @comments, $iine =~ #As*(*Y;
}

@nums =map /(\d+)g, <;
@nums =map /\b\d-+Hb)g, <;

Yoheaders = map /(*?)\s*(*), <;
print"the subject was $headers{OSubjectOn’;

~

a list of# comments
same thing, more verbosely
pushes empty list (do nothing) if no match
all the strings of digits (usindg )

all the "words" that are digits

turn mail headers into a hash

/
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- grep is similar tomapbut used to select elements from a list rather than transform it

- The selectionxpression or block isvaluated in a scalar comxtefor each element in the list, with

- Calledgrep because it can be used to emulate dnep -like functionality:

- In a scalar conid, grep returns the number of elements selected

~

grep

@winners=grep expression list;
@winners=grep{ code} list;

$ set to the current elementNif true, the element is added to the retlua v

@odds=grep$ % 2,1..1000; All odd numbers between 1 and 1000
@text fles=grep-T, <= find the text files

@floppy_hat = grep AbGiligan\/, <; all the lines containing wortGiligan"

$coconuts = grep /coconut, @list; return true (non-zero) count @ist has"coconut"

/
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eval

- Another control structure is tfeval operator

eva{ code}
if (@) {# an error occurred
.. handle error ...

}

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

. Errors can be system errorsdiodiide by zeroONnot OpanicO errorsyéver (seeperldiag
- Errors can also be usentiated errors, via thdie operator

. $@is set to the t& of the error message, or emptyvkeything® OK

$a=0;eval{$a/%a};
pint $@; llegal division by zero at xxx ine 3.

- Nestedeval blocks are supported
. Don®forget the trailing semicolon after tiegal block

)

10
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eval (cont@)

- The block form is useful for catchingaeptions

eval{
open F1, $1 or die "cannot open $1: $I";
open F2, $2 or die "cannot open $2: $I";
&start_processing(); #even die in here is caught
close F1 or die "cannot close $1: $";
close F2 or die "‘cannot dlose $2: $";

}

piint LOG "ermor: $@":
}

. Onlydie errors are trappedNa direekit)  call can bypass asval
. Also has shell-lie Oealuate this string as Perl codeO usageédfal, rarely used)

$a =Cprnnt "helloworld'©; eval $a; prints helloworld

"($@){ if preceding eval didnOt succeed, error message@ in

/

11
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2-1.

2-2.

2-3.

Exercises

Using map, write programs to:
a) return a list of the brst 10 squares
b) put quote marks around the elements of an afoay becomesfoo” |, etc.)

c) create a hash containing a list of bles in the current directory and their corresponding

modibcation times in days (use twble test)
Using grep, write programs to:
a) bnd all the numbers in a list that areisible by 10
b) determine whether a list contains tfaueundef
c) bnd all the bles in the current directory whose blenames cori@in the letter OeO

Write a program to determine what elements tifferent lists hae in common (at an
position). Hint: use a hash ageep .

~

12
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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'\'$ "', gthe quick brown fox);
print "strings = @strings\n'™;

# 2-1¢ - create a hash of fles and mod times (in days)
Y%limes=map{$_,-M}<>;
foreach $ile (sort keys %6times) {
printffle $file is %od days old\n”, $imes{$ };
}

13



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

-

Answers (contd)

2-2. Usinggrep :
# 2-2a- Numbers divisible by 10
@div by 10=grep{$ %10=0}1..30;
print “divisible by 10: @div_by 10",

# 2-2b - determine whether a list contains undef
$has_undef=grep !defined($ ), ©foo®, Shar®©, undef;
print "has undef=$has_undefn’”;

# 2-2c - find flenames in the current directory that don©t contain
#ihe lettere

@no_e=grep Y/, <>

print“no ©e©=@no_e\n",

14
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Answers (contd)

2-3. Elements in common:;

@lstL =(1.10, 15.20)
@is=(5.11, 13, 15, 17);

%in 1=map{$ ,1}@lst1;
@in_both=grep$in_1{$ }, @list2;
print i istl and ist2 = @in_both\n';

15
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Advanced Regular Expessions

16
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Usingm//g

- In a list cont&t, supplying they option to a pattern match returns sucaessiatches all at once

$ ="Theweather started getting rough\n’;

@words =/(\W+)(g; returns('The", \weather","started", "geting", rough’)

@lower words =/(Ja-z|+)/g; skips initial capital T...

@words_again=/[a-zHH)gi; ...unless we ignore case

@fields = (<INPUT> =~ [\S+)lg); read line, grab all non-blanks
. 1t@ a bit like split() in reverseNspecify what yowvant, not what you aréhrowing away

- Multiple memories can result in multiple returalves per match

$ ="Ginger:Grant Thurston:Howel":

@matches =/(Ww+).(W+)/Q; results in('Ginger","Grant", Thurston","Howell")
%last_ name = @maitches; perfect shape to initialize a hash
Ylast_name =/(Ww+).(W+)/g; so we could have done that in one step instead

~

/
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Mor e onm//g

match
$ ="Thetiny ship was tossed\n’;

- In a scalar cont¢, m//g gives true/alse (as usual)ub remembers where it leftfdbr a later

$irst word =$1if/(w+)g; gets first word, but leaves pointer affée

$second_word =$1 if (w+g;

- More typically used in a loop

whie ((w+)g){
print "one word is $1\n";
}

print"$2, $1\1" while "Ginger:Grartt Thurstor:Howel” =~ (W) (+)ig;

so that we now matdiny here

prints Grant, Ginger
Howell, Thurston

~

v
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pos()

. The Ocurrent match positionO for a stringagable viapos() Ngi ves position of the brst

character after the most recent match
$ine ="nota single luxuryAn’,
while ($ine =~ /(\W+)ig) {

}

print"$1 at " pos(@ine), \n"; not at 3,aatb,singe at12,luxury atl9

- Changepos() by using it on left side of assignment
pos($ine) = 10; start matching at character index 10

while (ine =~ [(w+)g){

}

print"$1 at " pos($line), \n'"; le at12,luxury at 19

. pos() defults to$_Na separate position is maintained with each scaddues

~

v
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The\G anchor

- Using\G in a pattern anchors at currgaas() location (or front of string initially)
- Startinganm//g patternwith \G forcesa matchto begin preciselywherethe previousone(for that

variable) left of
$_="No phones, no lights, no motor cann’;

@matches =AG\s(\W+)/(g; result is only("No","phones’) , because comma gets in the way
pos() =index($_,©0)+1; of course, we can set the start point...
@more_matches =AG\s* (\W+)/(g; ...to get more matches (past the comma)

- We@ matching in a list contein this case, spos() is reset (taundef ) afterwardNwe couldn©

just saypos() =pos() + 1

- \G works only with theg option fn//g orslilg )
- \G is also useful with scalan//g ...

~

v
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Failed matches and the suffix

. A failed match resets the match positionNuse additionsuifox to stop this (requires 5.004)

$ ="Ginger.Grant Giligan: Thurston:Howel";
while (/(W+)/g){

$lirst=$1;

it (AG(w+)/gc) {

print"$irst{©s last name is $1\n'" have to escap@after variable name

yelse{
print "$first has no last name\n'
}
}

- Without thec sufbbx, Giligan  causes an inPnite loop

~
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Memory-fr ee paenthese$?:E)

- Regular xpression memory parentheses are usefuhbt alvays appropriate

$ ="Subject re: Getting off this island'”;
($os, $subject) = subject\sHe Y (M)

get subject, minus leading
. Use memory-free parenthef@<¥) , which group bt donGmemorize, instead

(Ssubject) = F"subject\sH?rels ) 2(*); get subject, n@bs

- Memory-free parentheses can also dsdr

$ ="3300 bytes received from island.paradise.comin 11 seconds”

($host) =/(WH\\WH)+; match hostname-like thing

($host) =/(WH?2 AW,

slightlyfaster

~

v
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Non-greedy quantifers

- By default, quantibers in gular xpressions¥{ + ? and{m,n} ) are greedy

$ ="Athree hour tour, three hour tour”;
($tour) = /(three.*tour); $tour ="three hour tour, three hour tour”
($day =$ ) =shoh*/day/g; $day ="A three day"

- Sometimes, you ant the shortest possible match, not the longest
- Append a ? to anquantiber to makit non-greedy (shortest match)

($tour) = /(three *?tour)/; $tour ="three hour tour”
(Sday=3$ )=shbh*o/day/g; $day ="A three day tour, a three day tour"

- ? even works for the ? quantiber
print "Mary Ann Summers' = /(Ann?Y, prints Ann
print"Mary Ann Summers' =~ [(Ann??)/, prints An
print "Mary Ann Summers' = /[(Ann?? Summersy, prints Ann Summers

23



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

-

Applications of non-greediness

- Handy when parsing up to delimiters

$ =©'Glligan"is looking for "The Professor'©;

@quoted =/'(*?)'lg; (©Giligan©, ©The Professor©)
@misquoted =/'(*)'/g; (©Giligan” is looking for "The Professor©)
- In some simple cases, there are greedy altgasati
@also_quoted=/'"T")'"g; (©Giligan©, ©The Professor©)
- But others are hard or basically impossible
@bolded = m#<B>(*?)</B>#Hg; without non-greedy quantifier, would grab longest match
$c_code =~ s{F* A g, replace C comments with a single space

/
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The s and moptions

. Normally, the period in a gex doesniOnatch nevline

- Use thes option form// ors///  to cause period to matchyacharacter

$c_code =~ s{*A Isg; now also nukes comments spanning multiple lines
print Ml (s while <; print stuff followingll , newlines includes

. This RBag is global across the entirgaeNto get just a fav exceptions, us@d\D]  (or

N0-\377] , or some other pattern matching/aar) instead

- Normally, the” and$ anchors mean hgening and ending of string
- Use themoption to cause these to also match before/after intendm@echaracters

$ ="Giligan\nSkippernGingenn';

@matches =\ Gw+)/g; finds onlyGiligan

@matches =/ Gw+)/gm, now finds botlGiligan

andGinger

~

v
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Usings///e

- The substitution replacement string can be a Reriession or block

$ ="I©m your number 1 fan, Giligan!",
sl(\c+)y/$1+1 /e replacesl with 2

slw+)Sixword{$1} || $Lige; _
replace the word if itOs found%sfixword , e.g."thier"=>"their"

. Arbitrarily complicated blocks are permittedNgood place to use matching delimiter§ likor {}

siwHK change all the words using this block of code
my $x=$1, cannot changé&l directly, so use a scratch var
X ="Mr.$X'if $x eq "Giligan'*; thatOMister Gilligan to you!
I*=2f =N+, or multiply by 2
X last expression evaluated is used
Joe; "[©m your number 4 fan, Mr. Giligan!"

- Syntactically ivalid code is caught at compile time

~

v
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Precompiling and interpolating with gr/

- Theqr// operator precompiles a pattern and returns a scalar that can be used in a match, or

interpolated into another pattern

$iind_pat = qrifind_strt; creates a OregexO object and puts $id_pat
while (<){
if (5/$hind_pat/$repl_str/g) { $ines_substituted++} not recompiled each time
pint$ ;
}
. To escape special characters, \GeE orquotemeta() N puts\ in front of non-vord chars
$input="%",
$ind_str="QSnputE"; $ind str is\\W)
$iind_str = quotemeta($inpur); same thing
. Much more than can be discussed here Npleloc perlre and the MRE book

~

/
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Exercises

3-1. Write a program to bnd all the scalariable names l&$foo and$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 lik$foo[$n]  (in which casdoo is an array name)}?int: Use a scalam//gc
match so that you cax&amine the character after the name without losing your place.

3-2. Modify theprogramfrom Exercisel sothatthe outputis a sortedlist of variablenamesalong
with the line numbers tlyeappear on, fon@ample:

$oar: 5610

$oo:511

Youmaywantto usethe Ocurrenline numberQariable$. , which containgheline numberof
the last line read from input.

3-3. Modify the program from Earcise 2 so that it maintains a hash callesgien. %seen should
keep track of whether axiable has been seen on a particular source lineZdgsen to
eliminate duplicate line numbers from the output (e.dgbbvar: 56 6 6 10 10 ). Hint:
You will have to Orese8bseen every line.

o /
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Exercises (contf)

3-4. Write a program that looks for Gmg() that are all digits, replacing them with a scientibc
notation equialent. Stick to intgersNdon©worry about number containing decimal points

and so on. ér example,"7 stranded castaways" should become somethingdik
*7.000000e+00 stranded castaways" . Hint: use a substitution with tHe option and
sprintf

29
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Answers

3-1. Find scalar ariable names (tavways).
while (<){
push @list, ABwAg; naive way
}
print join "\n", @list, ©C;,

# altemative way
while (<){ watch out for$foobar
while ((\Pw+)ig) { or $nash{Skey} Samray{dindex} , etc.
unless AG[KJge) {
push @list, $1;
}
}

}
prntjon"\n", @lst, ©C,

o /
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Answers (contd)

3-2. Variable names with line numbers.
while (<){
while (/(Sw+)g) {
unless AG[KJge) {
Sine$1} ="$.",
}
} }
foreach $var (sort keys %oline) {
print “$var: Sinefdvarin’;
}

31
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Answers (contd)

3-3. Use%seento eliminate duplicate line numbers.
while (<){

%oseen=|();
whie ((Bw+)g){

unless (AG[HJ/gc or $seen{$1}){

Jinef$1} ="$."
$seenf$l}=1;
}

}

}

foreach $var (sort keys %oline) {
print “$var: Sinefdvarin’;

}

32
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Answers (contd)

3-4. Corvert OintgersO into OscientipcO notation.
while (<){
sha+isprintf*%oe", $&/ge;
}pﬂnt

33
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. Therequire statementoadsa PerllibraryNcompiles andexecuteshe statementsn it atruntime

- The include path iI@INCis searched if the path is relegi
. The Ple that is included must return a trakieNgenerally the last statement is just 1

- If the same library isequire d multiple times it is only>ecuted once
. @INCis determined when Perl is compiledNmodify wiphsh or shift  if necessary
. require  is run-time, so list operator subroutine syntaxn®work (seeuse, later)

~

require

require "example.pl”; execute the statementsexample.pl

#example.pl

print "example.pl loaded\n’; will print whenexamplepl isrequire d
sub example { print "example function\n"} defines subroutinexample (at runtime)
1; return a true value

require "example.pl”; _
example; doesnOt worlexample() and&example() do

/

35



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

4 N

Mor erequire

- An example library
#log.pl - log messagesto afie
open LOG, ">>$0.log"
or die "couldn©t append logfile $0.log: $!"; do this when loaded
sub note { letOsot call this subog
print LOG localtime().": $ [0\’ record timestamp and message
}

1;
- Using it ...
require "log.pl’; @INCincludes""

note('starting’); note is from filelogpl
# ... do some stuff

note(*finishing'”);

- But what if user already hashate() routine? (Answer: packages...)

o /
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Packages a& hamespaces

. Namespaceareneededor modularityNwhenwriting code(suchasallibrary) thatis to beusedas

a part of other programs, you should hide your co@gkiateO ariablesNlest names collide

- Perl packages are namespaces
- The de&ult namespace at thediening of each Ple isain:: (also just: )
. All newly created wriables (gceptmyvariables, which arehid a package) go into the eeidt

package

- To access aariable in another package, prepend the package name writigdes name
$a ="skipper"; create$a in packagemain:
$ioo:a="gligan"; create$a in packagedoo:
print "a = $a, foo:a =$oo::a\n'"; a=skipper, foo::a =giligan

- Use thepackage directive to change the dadlt package
package foo; now default package fso:
print "a.=$a, main::a = $main::a\n’; a=giligan, main::a=skipper

~

/
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- The efect of apackage directive persists until the end of the enclosing block or ble

- Packages pnade a mechanism for data hidingitlslo not enforce it
- Special ariables lilk $_ (andSTDIN, STDOUTSTDERRARGYARGVOUENYVINC, andSIG) are

~

Mor e on FRackages

$a="skipper"; starting in packagenain:
{
package foo;
$a="giligan’; in packagdoo:: until closing brace
}
print "a = $a, foo:a=$oo::a\n'"; a=skipper, foo::a =giligan

always in packagenain::

$ =Omain©,
{packagefoo;$ =©Cioo®; } default package iwo: , but$ _is still in main:;
pint"$_=$ \n", $ =foo

v
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Packages and Sulwutines

- Subroutines use the same package syntax and scoping rules asastdes

{
package Toursts;
subset tour hours{...} define subroutindounsts::set tour_hours
}
Tounsts::set tour_hours(3); call subroutineTounsts::set tour_hours
sub Tounsts::set tour_hours{...} another way to define the subroutine
package Tourists;
set tour_hours(2.5); also callsTounsts::set tour_hours
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Packages andany
- myvariables are not iany package, and hide ysame-named packagarniable
$a — "Skippel"; $main::a
package foo;
$a="giligan"; $foo:a
{
my $a="maryann", this$a is local to this block
prnt “main;;a = $main::a, foo:a=$Hoo:a, a=$an",
} givesmain::a=skipper, foo::a =giligan, a=mary ann

- Sincemyvariables are not in grpackage theare not accessible by name outside of their scope
. A ble is amyscopeNmyvariables can®e accessed by name from deatiént ble

~

v
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4-1.

Exercises

Write amodulecalledMyio.pl  thatdePnedwo functions,Read andWrite . Read() should
read a line from standard input awblite(@args)  should print its ayument(s) to standard
output.Read andWrite  should be part of a p&ege namedWyio . (Please capitaliz@ead
andWrite to avoid confusion with Perlualt-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 implementecewy succinctly

Note: Use syntax lik Myio::Read andMyio::\Write  to callRead andWrite  from your
main program.

~
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4-1. Myio.pl library

#file Myio.pl
package Myio;

sub Read { <STDIN>}
subWrite { pint @ }

1

Answers
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Answers (cont’d)

# Using Myio.pl
require "Myio.pl’;

Myio:White('Do you like espresso better than coffee? ™),
Sanswer = Myio:Read(); # compare with Myio::Read (no parens)
if (Banswer =~ i) {

Myio:White( That©s good. Saves onwater.\n');

else{

Myio:White('More room for a logo on those big cups.\n';
}
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- OPragmaO or OpragmaticO modudestridk
module implements three thfent compile time and run time checks
requires that allariables be declared withy (oruse vars ), or eplicitly

. Thestrict
. use strict vars

use strict vars

qualibPed with a package name
use strict vars;

my $varl,

$varl ="skipper”;

$main:var2 ="giligan";
$var3="mary ann’,

use vars gudvard);
$vard ="ginger";

can modify Per&behsior

~ OKN $varl declared withmy
OK N $var2 has explicit package name
ERROR N$var3 not declared

declare$vard
OK, but this is reallypmain:;var4

/
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use strict refs

- use strict refs disables soft references (soft references are described later)Nwhere strings
are interpreted asaviable names
use strict refs;
$ref="varl";
$Pref ="gligan"; ERROR D soft reference
Hvarl}="giligan"; OK b same asbvarl ="giligan’
H'varl}="giligan", ERROR D soft reference

46



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

-

use strict subs

- use strict subs disables OPerl poetry modeON where identibers with no other interpretatior

are treated as strings
use strict subs;

$varl =testing; ERROR unlesiestng is a declared subroutine

func(last => ©Hinkley®©, first => ©Roy©); OK D allowed to left o=

. Helps eliminate those subtle errorsNwtsat®ong with this code?

$cii] =] + Soff;
@months = (jan, feb, mar, apr, may, jun, jul, aug, sep, oct, nov, dec);

- Why did the program stopavking after September? Becauwse is theoct() function!

- Better way
use strict subs;
@months = gw(jan feb mar apr may jun jul aug sep oct nov dec);
- Also, afteruse strict subs , must use quotesse strict ©blah© , etc.
- To get two, use strict gw(subs vars) , or for all three at once, jugse strict

~

—

/
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Nno

- Theno directve is sort of lile unuse
. Unimports symbols from the module (calls modsiletnport )
- May also turn dffeatures, for gample

use strict;
{
Nno strict ©refso;
| Soof)='Spe’

turn off strictrefs
OK b strictrefs

for this block
deactivated here
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Exercises

5-1. Fix the OerrorsO in the folimg programs so that thavill compile underuse strict
a)
$ired = 205; Hoamey =195
print“fred + bamey =", $ired + $oamey, "\’

b)
while (<){
push @nums, Ao\dH\b/g; create a list of all the numbers found in the input
}

o /
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C)
@days = (Sun, Mon, Tue, Wed, Thu, Fn, Sat);
print “day number: ",
print"day of week is ", $days[<STDIN>], "\n’;
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Answers

5-1. Underuse strict

use strict;

my $ired = 205; my $hamey = 195,
print"fred + bamey =", $fred + $bamey, "\n'";

my @nums,
whie (<){
push @nums, Ao\d-H\b/g;

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

- References are kkpointers in C (ot more like Rascal or Ada)
. A scalar alue that OpointsO to another object (such as scalars, arrays, hashes, and others)
. A reference OkmesO what kind of object it points to, whether scalaay 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 taks some getting used tajtihat®life! (that®Perl!)
- Most useful for creating complalata structures
. Also useful for passing parameters to/from subroutinesNfbcieing, or to modify aguments

o v
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Scalar references

- Create a scalar reference with the backslash operator

~

$ref 10 a=\$a; create a reference to ti$a variable

. OdereferenceO it by putting it iifscalar_ef

${$ref to_a}=35 sets$a to 35

- General rule for dereferencing: &athe \ariable name and replace it with a block returning a

reference of the appropriate typeNscalar in this case
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\_

PEGS — PErl Graphical Structures

- A way of draving Perl data structures

Scalar name Array

- T
W value\ test Z
@test

“fred" $guy -
testin

Hoch T syntax ong

as

stoners / t:\\:g; Stest{2]
_%Stoners

fred 205

barney 195 | $stoners{©barney©}

- For more info, seéttp:/Mww.5sigma.com/perl/pegs/
- Other shapes will be introduced as neces$aryexample ...
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What does a reference look like?

. What®really going on? Here@ namedariable$a and a reference to Bref :

$a="tovey";
Sref=\$a;

ref a >

@& "lovey" $a ${$ref}

- The reference points to thalue of$a, not the wariable itself or its name
- You can hae seeral references to alue

$ref2 =\$a; same a$ef2 =%ref

ref 3
@efz ﬁ
® >

° . "lovey" $a ${Sref} ${$ref2}

- What if you chang&a? What if$a goes out of scope?
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Values and scope

- Changes to aalue are rel3ected in all references to it

$a="ginger", same as{$ref}="ginger"

ref 3
ﬁefz ﬁ
® >

PS - "ginger " | $a ${$ref} ${$ref2}

- Values persist in memory so long as there are references to tteenif, the original ariable has

gone out of scope

{my$a="lovey", $ref=\$a; } $a local to block;$ref has global scope

ref

o | »"lovey " |S{$ref}

- Once all names and references t@® are gone, Perl destsoit and regcles the memory
$ref=undef; now the scalatlovey’ can be destroyed

v
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- You can also takreferences to arraynables

Sarray_ref=\@skipper; $aray ref IS a reference t@dskipper

- De-reference by taking the normal syntax and replacing the identiber with a block returning the
reference
$ Skipper [3]=14; with original syntax as a guide
H$aray_refif3]=14; set$skipper3]  to 14
print @{Farray_ref}; print @skipper
print"@{$aray _ref}", print @skipper , elements separated by spaces
print $$array _ref}; print index of last element @skipper

- Also works with slices:
@slice=@  skipper [2.5]; original syntax as a guide
@slice = @{Saray _ref}j2.5]; compute the slic@skipper|2.5]

~

Array references

v
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Hash references
- You can also takreferences to hashnables
Shref=\%osizes; take reference téosizes
- Construct the dereferencing syntax similarly (replace identiber with block returning reference)
$one_size =$sizes{'gligan'}; original syntax for a guide
$one_size =H$hrefl{'gligan’}; same thing using a reference now
@keys =keys % sizes; original syntax for entire hash access
@keys =keys Yo{href}; and dereferencing version of that
for $key (sort keys Yof$href]) {
Pvalue = ${$hrefl{Skey};
print"$key is $value\n’’;
} dump thésizeshash
- Works with hastslices too!
@fiint_sizes = @ sizes {©skipper®, ©giligancy}; original syntax for guide
@fiint_sizes = @{$href{Cskipper©, SgiliganC; and dereference version

o v
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Dereferencing scalar variables

- ${Pref} is a pretty hsy looking piece of syntax
- If a reference is contained in a scalari&ble, you can omit the braces:

- The only time you can rerae the braces is around a scalanable
- Note that$$a refl2]  (or ${$a_ref}2] ) isnotthe same a${$a_ref[2]}

$s ref scalar referencés ref ; same as{$s ref}
@%a_ref array referenceba ref ; same aga@{$a ref}
$$s _ref=pop @%a_ref, pop from array@%$a ref and store it in scala$bs ref

- This also verks for elements and slices:
$ha refi2] dereferencéa ref and return elemer8; same ash{$a ref}f2]
@%$h_ref{Cskipper©, Cygiliganc} dereferencéh ref and return two-element slice

v
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Dereferencing scalar variables (cont’d)

. $%a ref2] Nsame as${$a_ref}[2] Nis element 2 of an array pointed to Bg ref :

a_ref >

® | T @%a_ref

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

- ${$a_ref[2]} Is a scalar pointed to by element 2 of the a@ay ref :
a_ref
I @a_ref

o— | » ${$a_ref[2]}
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- Subscripting gpressions appear frequently

$$a_reff{$n] elementn of array pointed to b$a ref
H$h ref{OiooC} elementofoo®© of hash pointed to bgh ref

. Instead, use the ceanient OarmO syntaxNthe reference goes on left and subscript on the right
$a_ref->[$n] elementn of array pointed to b$a ref
$h_reF>{CioaC} elementoioo® of hash pointed to bgh ref

- This gves us three ays to say{$a ref}[2]

~

Dereferencing with ->

a_ref >

® " " @%a_ref

$%a_ref[2] ${$a_ref}[2] $a_ref->[2]
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~

Dereferencing with -> (cont’d)

. Arrows can be cascadedNsuppdie ref->[2] contains an array reference

$a_ref->2>1] elementl of array pointed to b$ga ref>2]

- Arrows can be omitted if there are braces/beésko the left and right

$a_ref>{2][1] same as above

a_ref >

¢ T T @%a_ref
T T @{$a_ref->[2]}
® $a_ref->[2][1]

- This certainly beats the brace syntax, which gets ugly

H$ba_reff21] same aspa ref->[2][1]

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

v
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Soft references

. If a string scalar is used kka reference, it becomes a OsoftO reference

$a="howel"; $pa ="thurston’; sets$howel  to "thurston”
- The contents of the string are interpreted as the nameaoiadbhe
print“howell = $howelln’; prints howell =thurston
- This might result from an accidental dereference
$a="howel"; { my $a =\$b; print $a; } prints contents ofb
print $$a; but withmy$a out of scope, now prints contentstbéwel (oops!)

- Soft references are generally not desirable (obscure programming errors possible)
- They should nearly atays be disabled withse strictrefs
- Soft references cannot accesg) variables, only ariables in a package

$x ="skipper"; { my $x ="giligan"; y ="X"; print $by; } prints "skipper"

- Theariables created by soft references are not necessaslydentibers
${'<=>"=25; the OspaceshipO variable

~

/
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~

Anonymous arrays

. Sometimes you ant a reference to an arraytllon©need/vant the array to be named
- The anogmous array constructpf returns a reference to awlg-created, unnamed array
- The epression it contains isvaluated in a list cont, and the array is initialized with the result

$a ref=[sortgwdcab)]; return ref to anonymous array with 4 elements

a_ref >

e I @ 5a_ref
©a©

©ho
©cO
©do©

- Similar to what happens when yowha reference to axable that goes out of scope
. Use[] arywhere youuse a scalar (lkthe number 7)Nitnot an array itself
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Anonymous hashes

- You can also heae anoymous hashes
- The anogmous hash constructdf returns a reference to awlg-created, unnamed hash

$h ref={©Gfredo=>205, Chamey©=>195}

h_ref >

return ref to anonymous array with 2 key-value pairs

barney 195

. Use{} arywhere youuse a scalarNi&a reference!
- Anonymous hashes are used to simulate C-style structs and in object-oriented Perl programming

. The contents arevaluated in a list cont and used to initialize the hash

‘—_ %S$h_ref
fred 205

$h_ref->{©barney©}

~

v
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6-1.

6-2.

6-3.

6-4.

~

Write a program that demonstrates creating and using references to the three basic data
typesNscalars, arrays and hashes.

Initialize variablesbskipper , $giligan  , $ginger and$professor  to differentvaluesat
thetop of a program.Promptthe userfor the nameof oneof thosevariablesthenprint outits
value. (Hint: use a soft reference.)

Rewrite the follaving program so that the names of the days of the week are stored in an
anorymous array:

@days = gw(Sun Mon Tue Wed Thu Fi Sat);

print "day number. ",
print "day of week is ", $days[<STDIN>], "\n'";

Rewrite the program in 3. so that it contains both IdiMpday” ) and short'Mon" ) day
names in a structure Bk

@days = ([gMSun Mon Tue)], [owmSunday Monday Tuesday)) );

Allow the user to choose whether the day of the week is printed out in long or short form.

)

Exercises
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Answers

6-1. Reference syntaxxamples ...

#scalar ...

$a=10;

$scalar_ref=\%a;

$$scalar ref+;

print "should now be 11: $a\n'’

#anay ...

$amay ref=[1,2,3,4,5]
$$aray reff2]=30;
print“array: @$array_refin’”;

#hash....

$hash ref={@Joseph© =>Cjoseph©, ©Randalo =>CxisO};
$$hash refORandalc} = ©meryn©;

print "Randal©s usemame is $$hash_refORandaloin’;
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6-2. Soft references
$skipper =205;
$giligan=195;
$ginger=125;
Horofessor = 140;

Answers (cont’d)

print"Which variable (skipper, giligan, ginger or professor)? ",

chop($var =<STDIN>),
Pvar = sNY:

die "l don©t recognize $vann” unless defined $bvar;

print"The value of $var is $Pvann’;

#in case there©s aleadng $
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Answers (cont’d)

6-3. Days of week in angimous array

$days = [gm(Sun Mon Tue Wed Thu Fi Sat));
print "day number: "
print "day of week is ", $$days[<STDIN>], "\n";
6-4. Long and short day names
@days=( .
[ow(Sun Mon Tue Wed Thu Fi Sat)],
[aw(Sunday Monday Tuesday Wednesday Thursday Friday Saturday)]
|6ﬁnt"bng or shortnames?",
$ong=1if<STDIN>=/\j;
print "day number: ",
print "day of week is ", $days[Hong][<STDIN>], "\n'",
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Arrays of arrays

. With references you can create Olists of s@2-d arragsetc.

$xyz[0]=[1,2,3]; element 0 of@xyzis an array ref
$xyz[1]=[4,5,6]; element 1 is another array ref

=,

>
‘7—’* @{$yz [1]} ;
5 $xyZ [1][1] 3
6

. Or initialize all at once

@xyz=([1,2,3],[4,56]),

. Don®confusg] and()

$xyz [0][1]

~
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Creating an array of arrays

- An example: read in a ble containing 3-d points, farmeple

# point data
123
456

open POINTS, "points” or die “couldn©x read points data: $\n'*;
whie (<POINTS>){
nextif Ns*#*%, skip comments
} push @xyz, [ spit ] push @xyz, [1,2, 3]
foreach $pt (@xyz) { for each element a@@xyz ($pt is an array ref)
pﬂnt 'mnt "’ $i_H—1 X= $pt'>[0], y= $pt—>[1]’ Z= $pt'>[2]\nl l;
}

- Arrow is optional between braets in$xyz [0]->[0] but not in$pt ->[0]

v
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Slicing complex data structures with map

- Suppose you ant a list of just the x data (the Prst element in eachyamauns array)

== =
d .
® - 1 i
¢ T 4 2 9
9 5 3
8 6
V4

- You could use a loop

foreach $pt (@xyz) { push @x, $pt>{0]}

- But this is a natural application farap
@x=map{$_->{0]} @xyz,
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Creating complex data structures with map

- You can also go the otheaw

X
1
4
9

—_

y
2
5
8

CJL.)[\)l_\l

Y4
3
6
7

>
4
5
6

T
9
8
7

- Use [ ] inside map toreatenested structures
@x=(1,4,9);
@y=(2,5,8);
@z=(3,6,7);
@xyz=map{[$4$ ] $i$ ] $2$ 1]}0.$#x
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Selecting from complex structures with grep

foreach $pt (@xyz) {
if (Spt->[0] > $pt->{1]) {
} push @x_gt y, $pt;
}

. But it@ simpler to select items usiggp

@x_gt y=grep{$ >{0]>$ 1]} @xyz,
print "first good pointis @{$x_gt V{Op\n™:

- You can combinenapandgrep , for example

@x=map{$ >[0]}grep{$ >(0]>3$ >[1]} @xyz;
@x=map{$ >{0]>$ >{1]? @ >{0): 0} @xyz,

- Suppose we ant@xyzto contain only entries with x coordinate greater thany
- We could do this with a loop

first good pointis 98 7

X coordinates only
another way to do it

/
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o

- Creating a hash of arrays is a lo€ligreating an array of arrays
- For example, reading in a pasevd ble lkeyed by username

Creating a hash of arrays

open PASSWD, "/etc/passwd” or die "couldn©x read passwd file: $\n'”;

while (<KPASSWD>) {
chomp;
my $info = [ spiit//]; make anon array ref out of each line
my $user = $info->[0]; get the username
Ppasswdf$user} = $info; save in%opasswd by element O (username)

}

foreach $user (sort keys Yopasswd) { for each username ...
print "user $user: uid Hpasswd{Suser}[2)], gid PpasswdfPuser}3\n’;

}

/
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info >

- The intermediate product Binfo

T .

Creating a hash of arrays (cont’d)

joseph

2345

is an array ref

$info->[0]

(+gid, etc.)

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

passwd i
joseph ®

merlyn

'—

"~ ©{Spasswd{Ojoseph©}}

T | 10SCPN
merlyn *
* 2345 | $passwd{©joseph©}[2]
1234 100 $passwd{©joseph©}[3]
100

78



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

-

o

- Perl hashes can be used to simulagtr@@t s (records for &cal etc. users)

Scastawayffirst} ="Mary Ann' guotes are optional around identifiers in braces
. You can pass hashes to subroutinastlmt®gonna copit all on the OstackO

%mary ann=(

"ast’ =>"Summers”, "first' =>"Mary Ann'", "id" =>"012-34-5678",
); initialize hash%mary ann
shipwreck@omary _ann); hash%mary ann gets unrolled
sub shipwreck {

my Y%castaway =@ ; arg toshippreck is an unrolled hash

~

Hash refs as struct s

Scastaway{last'} ="Summers”;

my $last = $castaway{last};
my $first = Scastawayffirst);
#..

}

v
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- A better vay is to use references

- Much faster passing a scalar than a whole hash
. You can also pass more than one at a tifloe{@ohash1l, %hash2)  doesnikeep%hashl and

~

Anonymous hashes as struct s

$mary_ann={ guotes are also optional around identifiers to leftsf
last =>"Summers", first=>"Mary Ann", id =>"012-34-5678"
% initialize hash reffmary ann
shipwreck(®mary_ann); now passing just scaldmary ann
sub shipwreck {
my $castaway = shift; arg toshippreck  is a hash ref
my $last = $castaway->{last}; use arrow syntax sincgastaway is a ref
my $irst = $castaway->{first};
#..
}

%hash2 separate, whiléoo(\%hashl, \%chash?) does

v
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Auto-vivification

- Supposescastaway is undef , then

Scastaway->{last} ="Summers”;

. We are usingcastaway like a hash ref,ui it@ not (notyet aryway...)
- Even so, it vorks!

print "Last name = $castaway->{lastin’’; prints Summers

. This isauto-vivibcatiorat workNwhen an undebned scalaalue is used li& a reference, the

appropriate angmMmous object (arrayhash, etc.) is created, and the scalanvisrgihat alue
Before After

CaStaway > CaStaway >
undef $castaway o %$castaway
last ; Summers | $castaway->{last}

~

81



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

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

-

Multiple levels of auto-vivification

- Supposebdata is undef , then

$data->{1]2] ="roy’;

- $data is being used li& a ref to an arrapo we get

data > e — data >
—_—

undef | $data O "N O 3$data
undef
undef |$data->[1]
- Not done yet ..$data->[1] is also used l& an array ref
data >
T ©{$data->[1]}
L Ame undef
undef undef
o "roy " | $data->[1][2]
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- Problem: sort bPlenames by their sizes
- Simple lut inefpcient vay uses sort block

- Inefbcient, because it repeatedly asks$oion each ble as that ble is compared toynagimers
- S0? Sae the result in a 2-d list of lists

. Now we@e done size-determining only once for each bleNsort this list by second sub-element

- And just tract the original Ples an

. And you could do this, ui there®a more compact notation for this...

References and sorting

@resutt=sort{-s$a<=>-s$ } <>

@fles =<>;

@fles and sizes=map{[$ ,s$ ]} @fies;

@sorted fles and _sizes = sort{ $a->[1] <=>$o->[1] } @fles_and_sizes,

@sorted fles=map{$ ->[0]} @sorted fles and sizes;

v
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The ‘‘Schwartzian Transform’

. The OSchartzian FansformO is a niftyay of using references in sorting
- A Schwartzian Tansform is &ort bracleted bymaps

@sorted fles=
map{$_->[0]}
sort{$a->[1] <=>$o->[1]}
22'-0{ [$,s% ]}

. Just read this from back to front, and iii® same as the in@tiual steps!
- You could gen create a secondary sort by ascending name with a small change to sort block

@sorted fles=
map{$_->[0]}
sort{ $a->[1] <=> $b->[1] or $a->[0] cmp $o->[0] }
22'-0{ [$,s$ 1}

/
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The Schwartzian Transform illustrated

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

e B e B0

a.txt o a.txt o b.txt

b.txt ° 1234 ° 567
c. ¢ T — ¢ " —

b.txt a.txt

567 1234
B 0 | B 0 |

C.txt C.txt

2345 2345

map {$_->[0] }

]
b.txt

a.txt
c.txt

~
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Rolling your own Schwartzian Transforms

- For the \ast majority of cases, you only need to changetiwngs ...
- The function that transformsgs goes in the second slot in the secoag
- If the transform function is compledebne it as a subroutine

subabsval{$ [0]<0?-$ [0]:$ [0]}

- Thenmake sureyou areusingthe correctcomparisoroperator(either<=> or cmp), accordingo the

kind of result the transform function yields
@sorted by absval=

map{$ ->[0]}

sort{$a->{1] <=>$p>{1]}

map{[$,  absvald) 1}

@data;
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7-1.

7-2.

7-3.

~

Exercises

Write a program that ales a user to enter w2-dimensional arrays and add them
element-wisd¢o oneanotheyprinting outtheresult.lt is OK to restrictthearrayto a particular
size, say 3x3.

Write a program to sort a list of strings. The sorting order should ignore spacesaifple,
"AEC" should sort after "ABHifit: First write a subroutine that tek a string gument and
returns a cop of it with the spaces renaged. Then use the subroutine in a Sahwian
Transform.)

Given a set of 3-d points stored as an array of arrag$Hg@xyz example:
select points that lie in the Pbrst octant (all coordinates >= 0)

selectpointswhosemagnitudes betweerl and2Nmagnitudeis sqri($x =~ * $x + $y *
Py + $z * $2)

return a list of the magnitudes of all the points
sort the points in order of magnitude (a Sahwan Tansform is optional here)

v
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7-4. Write a program that scans through tele and prints out the number of times that each

~

Exercises (cont’d)

particular vord is follaved by anotheFor example, Ol think | can | think | can©uid yield:
| think 2
lcan?2
think 12
canll

Hint: Store your data in a Ohash of hashesO that loe&sdiknt{$word}{$nextword}

Modify 4. to print out the 5 most frequently encounteredds and the ard that most
frequently follavs each of them.

Hint: In addition to the hash of hashesgk another hash with a total count of eaohdwA
Schwartzian Tansform ishotrequired (nor is it useful) for the sorting operation(s). Instead,
you will need something li&k@most_frequent = (sort { $tota{$b} <=>

Stotal{$a} } keys %count)[0..4];

v
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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" 123n 456\n 789n\n",
foreach (1.3){
print"(row$ ). ",
$a[$ - 1)=|[split Ast/, <STDIN>J;
}

print"\nenter a second 3 x 3 aray\n\n";
foreach (1..3){

print"(row$ ):";

Fo[$ - 1]=|[split As+/, <STDIN>];

foreach $i (0..2){
foreach $ (0..2){
}$C[$I][$] = $a[H[$H] + SofHilH]

}
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Answers (cont’d)

print"\nthe result\n\n’;
foreach (0..2) { print"@{$c[$ T\n*}

7-2. Sort ignoring spaces.
@strings = (©alphabet©, ©a lab coat©, ©alpha®©, ©aardvark©);
sub nospace{
my $str = shif,
$str=1///d;

}$str,

@sorted =
map{$ >[0]}
sort{ $a->[1] cmp $o-=>{1]}
map{[$_, 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]>=0and$ ->[1]>=0and$ >{2|>=0} @pts;
for (@first_oct) { print"@%_\n"};

# Grep for magnitude
submag {
my $pt = shift
Sort($pt>{0] * $pt=>{0] + Spt->{1] * Spt->{1] + Hpt->[2] * Spt->[2));

@magl =grep{mag(® )>=1andmag®® ) <=2} @prs,
# Map to magnitude

@mags=map mag($ ), @pts;
print"@mags\n'’
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# Sort by magnitude
@sorted =
map{$ ->[0]}
sort{ $a->[1] <=>$o->1]}
rcgap{_ [ mag$ |}

pLs,

for (@sorted) { print"@$ \n"};
7-4. Count pairs of wrds.

@words = map spit, <;

$first = shift @words;

while (@words) {

Pword{$hirst{Pwords[Of+;

}$ﬁrst = shit @words;

Answers (cont’d)
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Answers (cont’d)

for $first (sort keys Yoword) {
for $second (sort keys YofPword{irst}) {
}pn'nt "$first $second $word{$irstfSsecondpn’’;

}

7-5. More involved statistics.
@words =map split, <;
Phirst = shift @words;
whie (@words){
$grand_totaH+;
Siotal{$hirst++;
Sword{$iirst{Pmords|Of++;
$iirst = shift @words;
}

93



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

Answers (cont’d)
@most_frequent=(sort{ totak{$o} <=> Sotal{$a} } keys Yoword)[0..4];
foreaéh $ﬁrSt(n%0D most_frequent) {
Second =

son{$/vord{$ﬁrst}{$b} <=> $Nord{$ﬁrst}{$a}}keys Yo{Pword{Hirstl;
$iirst_frequency = $otalf$first}/ $grand_total * 1

print "C$irst© occurs with a frequency of $irst frequency percent\n’,
print

}

" itwas followed by ©$second[0j© $aord{S$irst{$secondOf} tmes\n’;
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Passing references into subroutines

- There are seeral reasons to pass objects to subroutines by reference
- Allows passing seeral arrays/hashes as distinct entities

funcl\@arrayl, \@array?2);
- Theref operator can identify what sort of reference(s)
if (ref$_[0] eq ©ARRAYO){.... ARRAYfor array ref,HASHor hash ref, et cetera

- Allows aguments to be modibed (not just their elements)

- Implement&pop 2() , like kuilt-in pop() but remwes last tw elements and returns them:
($second_to_last, $last) = &pop_2(\@islanders);

subpop_2{
my ($are) =@ _; this should be a reference to the array
my $lirst = pop @{$aref}; note how the subroutine is altering the array
my $second = pop @{$aref};
($second, Hhirst); return them in proper order

}

o /
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More on passing references into subs

- Also works with hashes nicely

nuke _missing(\%sfile_info); calling nuke_missing  on hashlile info
sub nuke missing{ remove entries in a hash corresponding to nonexistent files
my $lile_hash = shift; arg is a hash ref
foreach (keys %o$ile_hash){
delete $lile_hash->{$ }unless €; delete hash element unless key is a valid filename
}

}

. More ebcientNavoids making copies of arrays or hashes

~
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Returning references from subroutines

- Also more dbcient, sometimes, to return a reference
- In general, if the object youamt to return alreadyxests in the subroutine, return a reference to it

sub parse_headers{

my Y%header;

for (@) {
last if NS*W,
my ($field, Svalue) = [(*?)\s*(*V;
Sheader{\ulL$field'} = $value;

}

\Yoheader;

}

$header =parse_headers(@msg);
$irom = $header->{From};
$subject = $header->{Subject};

~

stop when we find a blank line
split RFC 822 type header line
inserts header in canonical form
%header already exists, so return it by reference

assuming@msgontains a message, one line per element

v
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Typeglobs

- A typeglob is a vay of referring to all the things in a package thatehthe same name

- A typeglob is an identiber preceded by

*a typeglob for all objects named
file typeglob for all objects namédiie

- Zero or one each of scalarray hash, subroutine name, bPlehandle, dirhandle, format name
- Drawn in PEGS as a stack of objects under a single name

demo > *demo

"hello" $demo *demo{SCALAR}

I ©demo *demo{ARRAY)

"ginger"
"lovey"

%demo *demo{HASH}
fred 195
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- Typeglobs hae a number of interesting applicationst tve will use them to pass blehandles into

- Assigningatypeglobto atypeglob (*a = *b) makesthenameontheleft analiasfor thenameon

- This technique (and the oafollowing) also vorks for dirhandles

~

Passing filehandles into subroutines

subroutines

the right
sublog msg{
local *LOGF = shift; LOGHs 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!");
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Passing filehandles into subroutines (cont’d)

- Another vay is to pass a reference to a tylpé (globref)

sublog_msg{

my $logf, $msg)=@_;

print $logf localime.”: $msg\n';
}

open LOG, ">>log" or die "couldn©t open logfile’;
log_msg(VLOG, "Hello, world!");

- Yet another \ay is use an OiorefO

open EIE, ">>log" or die "couldn©x open logfile";

log_msg($h, "Hello, world!);

log_msg(*EIE{IO}, "Hello, world!™; the AOO object nameHIE
- Theopen operator can create a reference if used withnalef scalar

$h = undef; $h has to beundef

open $h, ">>log" or die "couldn©x open logfile”; $h is a globref

/
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References to subroutines (coderefs)

- The backslash operator can create references to subroutines

sub hello_to{print"hello, $_[O]\n"}

$hello=\&hello_to; donOt forget the:
- Invoke them by dereferencing as usual
&{$hello}('world"); hello, worid!
&$hello(\world"); hello, world!
$hello>('world"); another (new in 5.004) equivalent syntax
- sub{} creates a reference to an ayraous subroutine
$howdy =sub { print"hello, $_[O]\n"};
Showdy->('world'; hello, world!
- Useful to create indirect operations
$get one=@memory ? sub {pop @memoary } : sub{<STDIN>};
$one =3$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 tenuakp tables or operation tables

Yoops = (

"+'=>sub{$ [0]+$ [1]};

~'=>sub{$ [0]-$ 1]},

"'=>sub{$ [0]*$ [1]},

"I'=>sub{$ [0]/$ [1]},

"I"'=>\&compute binomial, too long to show in this table, defined somewhere else
)

#inputwill look like “17 + 25\n"
($operand_one, $operator, $operand_two) = spiit As+, <STDIN>;
$op_sub =$ops{$operator} || die "missing operator”
Presult=Fop _sub->Soperand_one Soperand _two);
print"result is $resulin’;
- All subs must hee same calling inteae and return types for this t@fk nicely
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Closures

- A closure is an anoymous subroutine that refers txileal variables that go out of scope

{
my $then=time; lexical variables are created witiny()
$since =sub{time - $then}; note presence @hen
}
print “seconds since: ", &$since(), "\’
Sleep 10;

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

- Althoughthenameof thevariable$then hasgoneoutof scopewhen&$since is called,&$since

still has access to italue

- Entering this block agn establishes a webthen , which will be attached to a weclosure
. Only lexical variables are OcapturedONpackagygables still hae outer gistence
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Closures (cont’d)

. More commonlya subroutine will OgenerateO closures and return them

sub checkpoint{
my $then=time;
sub{time - $then};
}
$checkpointl = checkpoint();
Sleep 10;
$checkpoint2 = checkpoint();
print "seconds since checkpointl.: ", &$checkpointl (), "\n'";
print "seconds since checkpoint2: ", &$checkpoint2(), "\n';
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Sharing variables between closures

- Multiple anon subs can share the sameables, bt distinct for each wocation

submake fetch store{
my $var = shif
(sub{$var}, sub {$var = shitt });
}
(Pletchl, $storel) =make fetch store(15);
(Pletch2, $store2) = make fetch _store(30);

initial value

these two subs share oher ...
while these two share a differepvar

~

return two element list of coderefs

&$storel(35);
print &$fetchl; prints 35
&$storel(&Petch?); copy one to the other

/
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Exercises

8-1. Write andtestasubroutinghataccepts blehandlendalist of agumentgo beprintedto that
plehandleNsomething li&Print(\*FILEHANDLE, "this ", "is ", "a ",
“test\n") . Useoneof thetechniqueslescribedn this sectionto passandusethe blehandle.

8-2. Write asubroutinghattakesa hashreferenceasanargumentlit shouldprint outthe key-value
pairs in the hash.

8-3. Write asubroutinecalledp thattakesanoptionalhashreferenceasa brstargument.t should
wrap its aguments withxP></P> tags and print out the contents of the hash as HTML
attributes. (u can test whether something is a reference withetheoperator) For
example:

p(style => "font-family: sexif", align =>"center'}, "testing\n”, "1 2 3\n");

<p style ="font-family: serif" align ="center">

testing the result should look like this
123

</P>

/
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Answers
8-1. Passing blehandle/ioref/whags into a subroutine.
sub PrintStuff {
my $io = shift;
print $io @ _;

PrintStuff *STDOUT{IO}, "This ", "is ", "a ", "test\n";
8-2. Printing out leys 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 brggj@ament.

sub p{
my $hash =ref$_[0] ? shift : {};
print"<p ";
printjoin ", ", 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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BEGINblocks

- Initialization code generally needs to be run early in ¥@e@tion of a program

@dow =gw(Sun Mon Tue Wed Thu Fi Sat);
sub dow({
my $day = shift;
die "invalid day’' if $day < 0 or $day > 6 or $day = int{$day);
} $dowf$day];
. If @dowisn®initialized before&dowis called &dow doesniQvork

- Surround initialization code witBEGIN {} and it will be eecuted as the program is compiled,
that is, before anOnormalO codedwes to &ecute

BEGIN{ @dow=gw(SunMon Tue Wed Thu F Sat) }
. BEGIN blocks can appear swhereNexecuted in order thyeare encountered during compilation

o /
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BEGINblocks

- Initialization code can also createileal variables with global scope (via a form of closure)
BEGIN{

my @dow = gw(Sun Mon Tue Wed Thu Fi Sat); @dovexists within thiS8EGIN block
sub dow{

my $day = shift;
die "invalid day" if $day < 0 or $day > 6;

$Sdowf$day]; @dows a OstaticO variable f&dow
}

}

- Here,@dowis visible only to&dow yet&dow can be called from gmwhere in the program

- BEGINDblocks can be used to nexequire  to compile-time
BEGIN{require "/example.pl' }

- ... kut this is more commonly performed as part aéa (see belw)

o )
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ENDblocks

- Code inside aiNDDblock is eecuted immediately before termination

END { unlink <tmp/$0$$.>}

. Automatically ececuted under normal terminationNrunning ttie end of script,>@cuting an

exit , executing adie

- Notexecuted at a successf®ec operator or an uncaught signal, or some sort of Perl OpanicO
- For signals, set up a null handlarmichwill cause th&NDblocks to trigger

$SIGHUP} = $SIG{INT} = $SIGIQUIT} = $SIG{TERM} = sub { die "signal $_[0]"};

. Multiple ENDblocks are permittedNeecuted in last-in-Prst-out order

~
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Modules

- A Perl module is a special kind of library

- Meant to be incorporated witlse , notrequire

- Filename ends irpm to distinguish it from oldpl libraries

- Uses its wn namespace (package), or multiple namespaces

- Debnes functions and/or other package globals

- Some may be automaticallymorted to user of module; others may kpated on request

- Typically subclasseBxporter

. Can be object-orientedubnot necessarily (subclassiBgporter  doesntthave arything 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 Hile:Basename; bring in default list of routines

$base = basename( lusriocallin/perisHle/Basename.pm’);

- A default list of routines is debned (all three inthis cas#)ybu can use just one

use Hile::Basename gw(dimame); select onlydmame

$dir = dimame($0);

. Even if you donbring it in to your namespace sit€hill accessible via long names
use Fle::Basename (); defines nothing

$dir = File:Basename::dimame($0);

- Pragmas are also implemented witle (covered earlier)

~

/
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Behind the scenes with use
. Theuse directive loads Perl modulesNat compile time
- use Foo qw(bar $haz @bletch) IS equvalent to
BEGIN{
require "Foo.pm”; the pm is added automatically
Foo:import(gw(bar $oaz @bletch)); (actually, itOfoo>Import  ...)
}
. import comes fronExporter  if the module subclasses itNgenerally the case
. Sinceuse is a compile time direate, changing@INCat runtime von®work
unshift @INC, "/myfio/dir”;
use Foo; bad! changes t@INCoccur AFTER attempts to lo&ao
- Eitheruselib  or male the change in BEGIN block
use ibo ©&my/ib/dir©; preferred method
BEGIN { unshift @INC, ©&/my/ib/dir© } older way; makes sense if you cgm&t

~

/
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- h2xs is a handy &y (ortheway) to create a gheton for a module
- For most modulesX is a good start ...

- Produces a template that lookslithe follaving (slightly edited):

~

h2xs

h2xs -X-n Demo creates diDemow/ Demopmand other files in it

package Demo;
use strict;
use vars gw($VERSION @ISA @EXPORT @EXPORT_OK);

require Exporter, this is wheramport comes from
require AutoLoader; for simple cases just delete this line
@ISA = gw(Exporter AutoLoader); you can removAutoLoader from this list too
@EXPORT =qw(); add subroutine names, variables, etc. to be exported by defau
$VERSION = ©0.016; 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!

=headl NAME
Demo - Perl extension for blah blah blah
=headl SYNOPSIS

use Demo;

blah blah blah

... etc ...
=cut

- The Perl compiler recognizes pod direes (lines starting witk) in program source code

/
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pod (cont’d)

- =headl is a level 1 heading=head? is a level 2 heading, etc.

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

. Text is blledNblank lines indicate the end of paragraphs

- Lines bginning with whitespace areetbatim (intended for source code, etc.)

=—headl A Level 1 Heading
averbatim line
another verbatim line
Thisisa
filed paragraph.

=cut

. Pod can be translated into myatifferent formatsNman pages (pod2man), HTML (pod2html),

LaTeX (pod2lat&), etc.

/
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- TheMakefile.PL  created by2xs isveryuseful
- First generate a Malkle

- Now you can hild the module

- You can run the test scrijgst.pl  (after editing it, of course)

- You can install the module (be careful if you share the machine with others)
- You can mak a distrilntion tarble

- For more information, seldakeMaker

Building and distributing modules

perl Makefile.PL
make

make test runtestpl  using the version of the module under development
make install by default, goes to the site library defined when Perl was built

make tardist not Doctor Who, but close

/
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Miscellany about modules

- When writing modulesalwaysstart withh2xs and just bll in the blanks
- Functions andariables that you ant to &port by dehult go in the@EXPORAarray (processed

automatically byExporter )
@EXPORT =gw(funcl func2 $varl @var2);

- Otherariables that can bejgorted go in the@EXPORT _QMray

@EXPORT_OK =qgw(func3 $var3 Yovard),

. Theargumentdo use arenEmysteriousNjustthemodulenameanda list of namego bepassedo

the modulemport  routine

use Demo; import the default list&funcl &unc2 $varl @var2
use Demo gw($varl Yovard); gets onlybvarl Y%ovard
use Demo(); get nothing at all (not even the default)

~

/
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9-1.

Exercises

Useh2xs to create a Odo-nothingO module naXeing . Usemake test  to OtestO it.
(Please don@y to make install )

Usepod2html to create HTML fronNothing.om , and viev it with a bravser if possible.
Also, try reading the documentation wyhrldoc Nothing

~
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Object-oriented Perl

. Perl is object-oriented and fully @zaword compliantO
- Classes, methods, inheritance
- Objects, constructors, destructors

- Object-oriented modules
- Otherfeatureswith anobject-orienteddavor includeoperatoroverloading(via overload pragma,

not cavered here), tiedariables (not ceered here)
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Classes and methods

- A Perl class is a package
. A methodis afunctionintendedo becalledvia methodcall syntaXin otherrespect$t® anormal

function

- There are tw kinds of method call syntax
- One isindirect objectlike blehandle gbrint
new Castaway ©last© => ©Giligan®; Castaway is class namenewis method
shipwreck $giligan $long, Hlat; Sgiligan is instanceshipweck  is method
- The other is tharrow form somevhat like C++

Castaway->new(©ast© => ©Giligan©),
Sgiligan->shipwreck($long, Hlat);

- Both translate into a subroutinesatation, with the class/instance passed as brst parameter

&Castaway..new( Castaway', Olast© => ©Giligan©));
Castaway:shipwreck(@giligan, Slong, Hlat);

~

v
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Objects

package Person;
$obj=bless { Last == ©Howel©, First=>CLovey©};

obj

First Lovey

$obj =bless { Last == ©Howell©, First=>©Lovey© }, ©Person®;

- A Perl object is something (generally a hash) that has been blessed
- Thebless operator taks a reference and blessdsat it points tanto the current class

Person
® H %$obj
Last Howell

$obj->{first}

- The PEGS notation for objects is a rounded corner box containing the class name
- bless takes an optional secondgairment, which is a class name

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

/
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Constructors

- A constructorin 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 =\Yoargs; and then construct a hashref (this will become the object)
bless $self, fpackage; now cause the object to remember that it came ferson
Poelf; and return this newerson

}

package main;

$a=new Person(First=>"Lovey", Last=>"Howel);
$aa = &Person:new('Person”, "First’, "Lovey', "Last’, "Howell’);

. There is nothing special abawgwiNa constructor can ha ary name

~

equivalent

/
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Objects and methods

- Once we hee an instance, we can call instance methods

package Person;
subget first{

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

}
subget last{
my $self = shift
Seel->{"Last};
}
package main;
$irst_name =$a->get first; get first name for the objeta

$irst_ name =&Person:get first($a); equivalent form (mostly)
- Note that Perl Pgured out tHe belonged tdPerson to bnd the methodNthis is what tioiess

is for during an object@onstruction

~

/
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Inheritance

- Perl looks for a packageawnable called@ISA
- @ISAcontains one or more class names (if more than one, multiple inheritance!)

package Castaway;

@ISA =gw(Person);

package main;

$b =new Castaway(Last => ©Howello), First =>©Thurston®©, Ship =>©Minnow©);

- Here,Castaway ::new is not debned, so Perl looks@@astaway ::ISA for additional packages
- Ultimately, the method call translates into:

$b =&Person:new(©Castaway®©),
Last=>CHowell©, First =>©Thurston®©, Ship =>©MInnowo©);

- Note that the packagegument supplied to the constructorGastaway ©, even though we are

using aPerson constructar

- Inheritance also supports theeoriding 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
Ssel->{"Ship'};

}

- and mix and match both direct and inherited methods

print $o->get last, ", ", $o->get first, " lost on ship”, $o->get_ship, "\,

- Note that inheritance avks only with the method call syntax
. Using normal subroutinewocation syntax forces a simple lookup (@ifdre) N no @ISA

$ship=%o->get _ship; succeeds
$ship = &Castaway:.get_ship($b); also succeeds
Plast=$b->get last; suceeds, callingPerson:get last

Plast = &Castaway:.get_last(b); fails... not defined

/
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Still more about inheritance

- Methods in dekied classes carverride those in base classes
- Suppose that, for some bizarre reasorCastaway s should appear to be named Gdlig

sub Castaway:.get first{ ©Giligan©}
sub Castaway:.get last{©©}

- If you call $b->get _first for someCastaway object$b, youd get back©Giligan® every

time nav

. This doesrt@ffect the vay that objects of clagerson or other classes deed fromPerson

behae

- If you don®wantthe methodsearchto startwith the currentclass but wantto startlooking farther

up the inheritance chain, you can add the name of the parent class to the method call

Past = $o->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@s&M
package Actor;
subget_real{ shift:>{Real} }
package TVCastaway;,
@ISA =qgw(Castaway Actor);
package main;

$c =TVCastaway->new(Last => ©Howell©, First=>©Thurston®,
Ship =>©Minnow®©, Real = ©Jim Backus©);
print $c->get first, "©s real nameis ", $c->get real,"\n'*;

- The @ISAtreeis searchedlepth-prstsoin this case pothCastaway andPerson arechecledfor

a method nameget real  before it is found irActor

. Multiple inheritance doesnivolve data in Perl, so it isné3 scary as it is in other languages

(fortunately)

/
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iIsa and can

- There are some methods alreadiftbnto every class

- $obj->isa($class) returns true iffobj is or is derred from $class
print"an actor!" if Sc->isa(©ACtor©);
print"it©s a Person' if TVCastaway->isa(©Person©); also works for classes

- $obj->can($method) returns true iffobj has a callable method with the nasimeethod
somavhere in its inheritance hierargh

- In fact, it returns a code ref to that method
$method =$c->can(©get _firstO); can$c get fist  ?
$irst = $method->(%c) if Smethod; call the method through the code reference

o /
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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 namBP&STROY

package Person;
sub DESTROY {

my $self = shift;
print "destroying CSself->{First} $seff->{Lasion'
}

- Destructors are useful for printing informational messages, cleaning up temporary bles, releasing
system resources (lockbles, semaphores, etc.)

- Destructors can be inherited (calledbdsadobject->DESTROY )
- Cleaning up the object mayioke additional destructors during the destruction

o /
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~

10-1. Create a class namefthum It should use the folleing Ogeneric, inheritableO constructor:

Exercises

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

Create one or more instances of cldebum for example:

my $nothing = new Hohum(a => 100, b =>200, c => 300);

Write some code to print out the contents bfchumobject, both directly and as an object
method.

10-2. Create a class callégrabBag. It should debne a constructor as well as metphods
take_out , andshow. TheGrabBag object should be a hash containing the contents of the
GrabBag Nk eys are the names of the things in the bag, ahtkeg are the quantity of each
thing.

/
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Exercises (cont’d)

The constructorused lile $gb = new GrabBag , should create a neGragBag object. Use
the Ogeneric, inheritableO constructor fromeabo

Theput in  method, used li$gb->put_in(©apple©) , should add a nestring to the
GrabBag, or incrementhe countfor thatstringif it alreadyexistsin the GrabBag object,and
return the count.

Thetake_out method, used l&$count = $gb->take out(©apple©) , should
decrement the count for a particular stri@ggple© in this case), or cause a@dl error (with
die ) if the the string doesn@&ist or its count is zero. It should return thevreount for that
string.

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

10-3. Create a class callddmer . It should debne a constructor and a destruBieE[TROY
method). The constructor should initialize a member nanied with the \alue of thetime
operator (which returns the current time in Unix seconds). The constructor sheudait ek
zeroor oneargumentsTheoptionalargumentshouldbeastringOlabel@r that Timer , which
should be stored as a member nafabel . The destructor should print the number of
seconds elapsed since fhimer was created to standard efralong with the label, if an

Write code that uses one or mdimer objects, for gample:

{
my $imer =new Timer(©TIMER 10)

Sleep 10;

} should say 10 seconds ®IVER 1 when block exits

~

/
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Naming variables and other identifiers

- Lower case is preferred for ordinary scalars, arrays, hashes, and subroutines

my ($oo, @bar, Yobaz);

- Divide words with underscores (rather than edxcase)

my $castaway count=7; more Perl-ish thar$castawayCount

- Use uppercase for blehandles, dirhandles, and labels

opendir FILES, "/homel/professor! or die "Professort?!: $I';

LINE: while (<){ LINE is a loop label

foreach (spiif) { last LINE if /"done$/ }
process word($ );
}

- Package names should start with upper casev@m @onf3ict with pragmas)
- Some people prefer to use mikcase for method name®\W is alvays laver case, though)

$giligan = new Castaway('Giligan”);
$giligan->WaveForHelp(3); mixed case method nam@@veForHelp

/
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Always test return values

- Alwaystest return &lues, especially fromapen andopendir
- Display the alue of$! (most recent system error message) when you do

open INPUT, "home/professor/data.txt" or die "No data: $!";

- Other ble operators returalues thashouldmust be tested

$imp_data ="Amp/data.txt’;
symiink $data, $mp_data or die "CouldnCt ink to $data: $I",
unink $tmp_data or die "CouldnCt remove $mp_data: $";

. Theor operator wrks the same gk , but is preferred because itsMer precedence doesnO

require parentheses

open INPUT, "home/professor/data.txt’ || die "No data: $!'; WRONGDwon'tdie
open(INPUT, ""homefprofessor/daia.txt’) || die('No data: $!"); RIGHT

/
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o

Error handling

- Theunless statement is handy for moresotved errorhandling code

unless (open INPUT, "home/professor/data.txt) {
print STDERR "Sonry, couldn©t open the Professor©s data: $\n';
clean _up _temp files();
exit

}

- Or use blocleval to handle seeral possible errors

eval{ you can pass some information back indiee string
open IN, $professor_data or die "$professor_datain®;
open IN2, $giligan_data or die "$giligan_data\n’;

¥ don't forget that semicolon aftewal

if (5@){ chop newline off filename in error message
printf STDERR "Couldn©t open %es: Yo\, (3@ = /(*))),
clean_up _temp files(); exit;

}

/
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use strict and -w

- On production code, @hysuse strict
- Note thath2xs does this for you :-)
- When deeloping, alvays usew, especially when deloping a module (so the module will run

properly underw, among other things)

. Do notwrite modulesthatturnon-w, turnonuse diagnostics , or thelikeNlet theuserdecide!
. You may lege -w in production programs if you k& tut you run some risksNforxample,

correctly running code might gm to emit varnings after a Perl upgrade

%eri5.00403 -w-e "printjoin © ©, gw(; , . 2)" picky about contents o)
Paossible attempt to separate words with commas at -e line 1.

%eri5.003 -w-e "printjoin ©©, gw;, . )" works fine

~
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Being expressive

. UsestatemenmodibergObackardsconditionalsOip puttheinterestingpartsof codebrst(or the

mundane parts last), and/or to get rid of noisy punctuation

if (Bverbose) { print "days till rescue: $days _leftin’'} OK, but ...
print"days till rescue: $days _leftn" if Sverbose; better
. Don®use&&and|| (orand andor ) gratuitously
Pverbose && print "days il rescue; $days _leftin'”; kinda weird
. You can uselse with unless , but don®... if (not condition) is clearer if you \ant the
negative clause brst
unless (param()) { Eeek! What doeaihless ...else " mean, anyway?
#do something
yelse{
# do something else
%f(notparam()){... better way to get started

~

/
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Parenthesizing

. 1t@ nice that Perl 5 lets you get rid of a lot of parentheses

printjoin"", sort grep /e/, keys %ohash;

- But you can le@e out too man

print'T", join"", sort grep /e/, keys %ohash, '’
prnt T, join("*", sort grep /e, keys %ohash), T,

- Feel free to spread ouentically if it aids comprehension

print
1 I[I l’
join("", sortgrep /e/, keys Yhash),
T,

- Watch out for ble test operators

Potal size =-s "$lile.dir’ +-s "Hiepag”;
Potal size =-s('Bile.dir) +-s( Sile.pag’);
Potal size = (s "Flile.dir") + (s "$lile.pag’);

~

keys ofhash containinge

where'd the] go?
that's better

wrong precedence
may look better, still wrong
CORRECT

/
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Avoid void grep s

. It@ true tha®_ can be used to modify thegaments tagrep andmap

gep$ *=10, @numbers_that need multiplying by 10;
map{t//[d} @strings to remove_spaces from;

- But this is bad style, especially when the result fgpep or mapis ignored
. Use aforeach loop insteadNs s still an alias

foreach (@numbers_that need muliplying by 10){$ *=10};
foreach (@strings _to_remove_spaces from) {1/ /d};

- If you want to malk it succinct, speforeach asfor

for (@strings_to remove_spaces from) {t//d};

. Along the same lines, ddni8e wid backticks

‘touch$my fike;

system "touch $my fie"; simpler and to the point

works, but ...

/
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Formatting Perl code

- Josephs Law of Codelndentation The precisionof codeindentations directly proportionalto the

level of author comprehension

- So be consistent (and yditi@ol them all!)
. There€anexamplein man peristyle  , or youcanuseK&R style(or prettymuchary C style),or

invent your evn

. Unfortunately Perl cane parsed by athing other than Perl, so automatic indenting is

sometimes fooled

~
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About the CPAN

. CPAN N Comprehensie Perl Archve Network

- ftp:/ftp.perl.org/pub/CPAN/ or http:/mww.perl.com/CPAN/ , among others

- Perl distrilutions, modules, man pages, other documentation, scripts, code snippets, ...
- Perl source is in src directory

srcllatesttar.gz symlinkto latest stablerelease
src/develtar.gz symlinkto latest developmeniersion(in general stayaway!)

- Perl ports (binaries) are in ports directory

CPAN/ports 13%s

/ ala/  msdos/ g/ win31/

J beos/ mvs/ nscos/  win32/
README@  guardian/ netware/  sco/ wino5@
acom@ indexhml nt@ tandem@  WINNT@
amiga/l  ynxos  0s2@ vms/

(etc....)
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More CPAN Contents

- Two Win32 ports: ActveState and Standard (rged since ~5.005)

docFAQsntPer for Win32 FAQhtm

. FMTEYEWTK N Far More Than Esrything You®@e Ewer Wanted © Know
doc/FMTEYEWTK/ assorted topical documentation
- Man pages, in mandifferent formats

doc/manualhtmlindexhtml
doc/manual 63%ls

/4036 info@  postscipl text
J  hml pod  texinfol

- FAQs (seeral)
CPAN/doc/FAQs a bunch of FAQs and related stuff live in here
- And, of course, Perl modules!

~

Win32 Perl FAQ

HTML man pages

/
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Modules in the CPAN

. Modules are @anized in seeral diferent ways N by authors, catgory, module

. A useful inde is the OlongO module list
modules/00modiistlong.html fairly lengthy summary of everything currently availble

. The OwhaAvhoO of Perl module authors

authors/00Owhois.html iIndex of contributor names, handles, email, web

- To bndamodulemanually look throughthelonglist andthengoto theble... too muchstuff to go

prowling through manually

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

- You can dwnload it by FTP or HTTP and install it ...

~

sites

v
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Manually Installing Modules

- So you hae a compressed module ble ...
- Find a place to uncompress and un-tar it

% gunzip Sort-Felds-0.901ar.gz
% tar xvf Sort-Fields-0.90.tar

- This leaves a directory calle8ort-Fields-0.90/ , socd there to continue ...

% cd Sort-Felds-0.90

- Now, assuming you ant to install the module in the standard place, create abfgkmak the

module, test it, and install it

% perl Makefie.PL creates a makefile
% make build the module in its ObuildO 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 @ permission to install in your systestside library or may not want to

/
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- The location where things are installed is determined at the time that you create eéldemak
- SetLIB=/some/lib/dir to control where .pm Ples and relatedfsgjoies
- SetPREFIX=/some/other/dir to control where documentation and other loose ends go

- Now, when you ma install, things go into the directories yeoei€pecibed

- You could just sePREFIX=, but that creates a more deeply nested structure ... the module path

- Now, your scripts need to be able to bnd your modules ...

~

Installing Modules in a Private Location

% perl Makefie.PL LIB=home/josephvperlib PREFIX=home/joseph/jper

% make install

Installing /nome/joseph/peri//SortFHelds.pm

Instaling /homefjosephvperimaniman3//Sort:Felds.3

Whiting /homefjosephvperlii/surd-solaris/auto/SortFelds/ packiist
Appending installation info to /home/joseph/peri/sund-solaris/periiocal.pod

would be/homefjoseph/perl/lib/site_perl rather tharthome/joseph/perllib

/
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- One easy option: set\varonment \ariablePERL5LIB to one or more library paths, separated by

- When scripts xecute, this (and the corresponding architecture directory) will be prepended to the

Justiiocallib/perts/sund-solaris/5.00404 /ustocalli/perS (etc....)

- Another option: recute your scripts with thé [3ag
% unsetenv PERLSLIB nothing up my sleeve!
% perl -lhomefjosephperlib -e Sprint"@INC'© same result as above

- You can alsawse lib  inside the script (not the best for portabjlityough)

~

Using Modules in a Private Location

colons
% setenv PERL5LIB /lhomeljoseph/perlib in C shell

include path

% perl -e Cprint"@INC'©
homefjoseph/perlin/sund-solaris /homeljosephvperlib

use lio gmfhomefjosephvperilib)

/
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Retrieving and Building Automatically with CPAN.pm

- This manual stifis useful to knw, and sometimes necessdmyt you can retriee, luild, and
install automatically with the G¥N module,CPAN.pm

- The CRAN module is part of the standard distriion

- Normally, you invoke it in OshellO mode
% perl -MCPAN -e shell
cpan shell - CPAN exploration and modules installation (v1.40)

ReadLine support enabled (if this is installed)
- Unless you® the system administrafdhough, youtheed to customize yo@PAN.pm
conbguration
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o

~

Creating a Custom MyConfig.pm

- Creating your wn CPAN.pmconpbguration is a little trigk but not too bad if you do things in the

right order

- The de&ult conbguration (created wh€RAN.pmwas installed or brst used) is in your main perl

library, in CPAN/Config.pm

- Copy Config.om to $HOME/.cpan/CPAN/MyConfig.om  (this is hardwired int&€PAN.pmn)

cp fusriiocalli/perS/CPAN/Config.pm ~/.cpanyCPAN/MyConfig.pm

- Now, runCPAN.pmin shell mode and do anconf command to see your current conbPguration

cpan> o conf
CPAN::Config options from /usrlocallipenS/CPAN/Config.pm and /homeljoseph/
cpan/CPANMyConfig.pm:
(... some stuff deleted ...)
buid cache 10
buld dr  /usrlocal/src/perS/CPANDuid and lots more...

/
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Creating a Custom MyConfig.pm (cont’d)

are davnloaded and ualt

cpan>o confbuild_dir lhomelfjoseph/.cpanbuid
build dir /homefjoseph.cpaniuild

cpan>o confkeep source where /homelfjoseplv.cpan/sources
keep source where /homelfjosephv.cpan/sources

- You should also set yoivtakefile.PL  options for a local install

cpan> o conf makepl_arg ©OPREFX=home/joseph/perietc LIB=home/josephper©
makepl arg  PREFIX=homejjoseph/perietc LIB=home/josephvper

- Then write your changes withconf commit

cpan> o conf commit
commit wrote /home/josephy.cpan/'CPAN/MyConfig.pm

- Now, you@® ready to us€PAN.pmto list, davnload, luild, and install modules

~

- Next, useo conf to change the things that need changing N prst, #ous places where bles
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Handing Modules with CPAN.pm

- You can use thie command to search for a module by name

cpan>ifields/

Distribution  INH/Sort-Felds-0.90.tar.gz

Module  Sort:Felds (INH/Sort-Felds-0.901ar.gz)
Module  fields  (GSAR/per5.005 021targz)

- Make a module with thenake command

cpan>make Sort:Felds
Going to read /homeljosephy.cpanvsources/authors/O1mailrc.ixt.gz
CPAN: Compress::Zlib loaded ok

. Test with thaest command

Use the? command for help, and read the man page

and lots more stuff ...

cpan>test Sort:Felds runs make test
- Install with (what else?) thiastall command
cpan> install Sort:Felds installs in the directories set in yourakepl arg  config

/
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CPAN.pm— Summary

- CPAN.pmis extraordinarily paverful and ersatile
. Can fetch bles through anety of protocols N ble:, http:, ftp:, ?
. Can search for andudd most ay module in the CRN (if not, it@ likely a problem with the ay

the module is packaged for distrtinn)

. Can use aariety of means to retve bles and decompress Ples N faample Net:FTP s

preferred for FTP accesyjtit can also uslgnx or theftp program

. Invaluable for keeping track of @indlesO (lists of installed modules) in case you needuiddeb

your Perl installation

- Command-line intedce has GNU readline support, if you install it
- New versionof CPAN.pmcanbedownloadedpuilt, andactivatedwithoutleaving your CPAN shell

session!

- Also has anxdensve programming integice

~

/
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Exercises

12-1. Download the most recenexsion ofSort::Fields from a CRAN mirror and install it in a
private location by settinglB= andPREFIX= as you rurMakefile.PL . Write a short
program that demonstrates its use in sorting a bPle containing space-delimited data of some

\v

kind. Seegoerldoc Sort::Fields for some gamples andxlanation. (¥u can gre
perldoc theactuallocationof the.pm Pleif it can©pbndit otherwiseg.g.perldoc  /home/
joseph/perllib/Sort/Fields.pm )

12-2. Run the CRN module interactiely:
per MCPAN -e shell

Useoconf as described ale to set your source andilal directories, and your
Makefile.PL  LIB andPREFIX (put quotes around the whole thing, as in tkeagle
above). Useo confcommit  to write the changes to your loddyConfig.pom .

12-3. Use the CRN shell to install another module locallvrite some code that uses iarF
example, instalMath::Fraction and run the code snippet in the SYNOPSIS.

o )
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o

Activating the debugger

- Turn on the perl delyger withper-d

#fusriocalbin/per

print "Hello, world! I will now add 2 and 2\n";
$wo and wo=2+2;

print"My resultis: $wo_and_two\n'

Y%perl-dtwo_and two

[... stuff omitted ...]

main::(wo_and two:2): print"Hello, world! I will now add 2 and 2.";
DB<1>

- You can nw single-step through the code with thheommand

DB<1> s
Hello, world! I will now add 2 and 2.main::(iwo_and two4): $wo and two=
2+2;
DB<1>
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. Use thex command to v variables andalues

Examining variables and values

DB<1> x$wo _and two
O undef
DB<2>s
main:(two_and two:5): print"My resultis: $wo_and two\n'
DB<2>x$wo and two
04
DB<3>x3+3
06
DB<4>xmap$ +2,1.3
03 Result has 3 elements, indices on the left
14
25

/
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Setting breakpoints

- List code using thé command, owto list a windev around the current line

DB<1>135
3—> print"Hello, world! will nowadd 2 and 2\n"
4. $wo and \wo=2+2;
5. print"My resultis: $wo _and two\n’,

- Set breakpoints using tilhecommand; eecute to a breakpoint with(continue)

DB<1>b5 sets breakpoint at start of line 5
DB<Z2>w
3—> print"Hello, word! Iwillnowadd2and 2.";
4 $wo and wo=2+2; breakpoint shown with
5b print "My resultis: $wo_and_two\n'
DB<2>c

Hello, world! | will now add 2 and 2.
main:two_and two5): print"My resultis: Swo and two\n'

/

163



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

-

Executing Perl code

. Anything that isn®ecognized as a command will beked in the deligger

DB<3>piint2+2
4

DB<4>print sin()
0.909297426825682

. Thisis usefulall by itself ... just startthe detggeron an Oempty@rogramanduseit to try outcode

Y%per-de 0
main:(<:1): 0
DB<1>$a=2

DB<2> $h=2

DB<4>print"a+bis", $a+3b;
a+bis4

. Lots more commands (semn perldebug  or use the delyger&h command)

/
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use diagnostics
- use diagnostics for more \erbose error messages
#usrlocalbin/per w
use diagnositics;
@fles=<">;
$irst= @fies[O]; probably meant to writ&files[0]

- Thediagnostics module fetches theevbose description of an error oaming from the

peridag man page
Scalar value @files|0] better written as $iles|0] at testit ine 4 (#1)

(W) You©ve used an array slice (indicated by @) to selecta single

element of an array. Generally itSs better to ask for a scalar value

(indicated by $). The difference is that $foo[&bar] always behaves ke
[etc.]
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Dumping with Data::Dumper

use Data::Dumper,

@a=1.3 @b=4.6,@c=7.9;
$obj={a=>\@a,b=>\@b,c=>\@c};
print Dumper($ob));

- The output is Perl code (edited to bt here)

SVARL ={
CaO=> 1, 2, 3]
©b©=>[4,5,6],
©©=>(7,8,9]
¥

- You can also ge names to the outpuanables

Data::Dumper->Dump([$obj], [©$obic))

- Also useful for saeing/restoring compbe structures (wittdo $filename

- TheData::Dumper module dumps nested, recwesiand/or circular structures

)

~

here is a nested structure to dump

$obj instead offVARLin output now

/
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Benchmarking
- TheBenchmark module maks it easy to compare the relatspeed of diérent pieces of code
use Benchmark;
timethese (1000, { let's benchmark the speedfaf andforeach

©for© => off for($i = 0; $i < 1000; $i++) { $x++1},
©foreach©=> o foreach(L..1000) { $x++1},
)

. Use theimethese ~ function to time a collection of code snippetsNbrsjuanent is number of

times to repeat, secondgament is a hash ref containing names and code strings

- of} quoting (single-quote with matching delimiters) is handy
- The result is a list of times, kkthe output of the Unitme command

Ydryme
Benchmark: iming 1000 iterations of for, foreach...
for: 10 secs (9.28 usr 0.00sys= 9.28 cpu)
foreach: 6secs (6.03usr 0.00sys= 6.03cpu)

~
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Profiling code

. Perl® probler mads it easy to see where your program is spending its time

use LWP::Simple; here's some code to profile
Hpage = get("hitp:/Awwv.effectivepen.com’);

- To use it, run a program with thk&DProf  switch (means, usingProf as the delgger)

% perl -d:DProftryme

- This will create a Ple namdwhon.out , which can be analyzed with the progrdpnofpp

% dprofpp
Total Elapsed Time = 1.15 Seconds

User+System Time = 1.11 Seconds

Exclusive Times

%Time Seconds  #Calls sec/call Name

20.7 0230 1 0.2300LWP:Simple:;_tnvial hiip get

162 0180 20 0.0090 Exporter-.export

126 0140 1 0.1400I0:Socket:CODE(0x18cf14) [etc.]

~
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Exercises

13-1. Use theBenchmark module to compare the relaispeed of the foll@ing:
@sorted =
sot{-s$h<=>-s$a}@list_of fies; (Where@iist_of files is 20 or more)

VS.
@sorted=map{$ >0} Schwartzian Transform version of the above

sort{$0->{0] <= $a>[0]}
map{[$_s$ 1}
@list_of files;

13-2. Reacdthecontentof fetc/passwd  (or somethingsimilar)into ahashof arraysNsuppos@&@
called%passwd. Then$passwd{©joebloeC}0] should bgoebloe @ username,
$passwd{©joebloeC}1] should be his pas&nd, $passwd{©joebloeC}2] should be
his username, and so on. WB&a::Dumper to sae the structure to disk (as xtéle) and
thenreadit backin. Hint: usePerl®do operatowith a Plenamergument(somethindik e do

Shile ).

o )
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Manipulating text databases

- Operations on line-orientedxtebles are quite common

. Unix has magN /etc/passwd , fetc/groups |, /etc/services

. Log PlesNhttpd access logs, system logs, etc.

- Sometimes you ant to manipulate the contents of &t t@atabase, oxéract information from it

Joseph  Hall M 83742 19780108
Tom Thumb M 38274 19770327
Susan Smih  F 93347 197811-30
Donna DOAngelo F 23243 19770911
John  Jones M 66637 19780522

. There is no wy to Odelete a lineO fromx teleNthe ble must be read anourétten
- You can, for gample, read through a Ple and print lines matching some criterion

open STUDENTS, "students” or die "Couldn©xt open: $!";
whie (<STUDENTS>) { ($bdate) = (spiit)[4]; print if Sodate ge ©19780 }
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Rewriting text databases

- You can read from one Ple and write a transfornsgdion to another
open STUDENTS, "students” or die "Couldn©xt open: $!";
open NEW_STUDENTS, ">new_students" or die "Couldn©t wite: $";
while (<STUDENTS>){
($odate) = (spit)[4;
printNEW_STUDENTS $ _ if $bdate ge ©1978©
}

- Perl also has a feature that allobles to be weritten in place
- Set$M to a ble rtension (lilke".bak" )
- This changes theay the diamond operater works

- Eachbleopenedy thediamondoperatoiis renamedisingthe $" extensionandstandardutput
goes to a ne version of the ble
N =Cbako;
while (<) { printif (spiit)|4] ge ©19780}

o /
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In-place editing from the command line

- You can put small Perl programs right in the command line using tewitch

perl -e ©print "Hello, world\n'©

- The-n switch constructs an implicrhile (<>) loop arounde statements

perl -ne Cprint if (spif4] ge 19780 students

- This is eqwalent to

while (<){
print if (Spiit)4] ge "1978"
}

- The-i switch change$" from the command line
- Combine all of these to edit bles in-place with a single command!

perl 4 bak -ne Cprint if (spitf4] ge "1978 © students

. There are manmore command line switchesNsee therlrun  man page
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- Signal handlers are installed into the spei§lGhash

- In mary versions of Perl, signals are not safe -- basicallywersions gcept 5.8.0+
. In Perl with unsafe signals, signal handlers should do as little as possible -- core duirips canO

- The__WARN__pseudo-signal is voked whenwarn called / varnings are issued

- A __WARN__hook replaces normalasning processing
- The__DIE _ pseudo-signal is called asadl exception is being processed (g@gvar )
- Probably better to udeND{}, override CORE::GLOBAL:.die though (se@erlvar again)

~

Signals
$SIG{INT}=sub { print STDERR "Quit that\n" };

eliminated -- Int often signal handlers areowth it aryway

{
local $SIG{__ WARN __}=sub{}; ignore warnings
printf“No waming: %es\n’; no complaint about uninitialized value

}

/
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Telling time
. Thetime operator returns the current OUnixO time (seconds since Midnight GMT Jan 01 1970
$time =time(); or $ime =time b parens not needed
print "the (Unix) time is $ime\n”; the (UniX) ime is 989624433

- Thelocaltime  andgmtime operators return human-readable strings in scalarxdonte

- In list context, they return a brokn davn time (wday/mon are 0-based)

- You can feed this list to POSEfiftme  (seeperldoc POSIX andman striime )

~

)

Flocaltime = localime(ime);

$localtime = localtime; default argument is the current time
print"local time is Hocaltime\n'; local ime is Fi May 11 16:43:27 2001

$gmtime = gmtime(time + 3600 * 12);

print'in 12 hours itwill be $gmtime GMT\'"

($sec$min,$hour,$mday.$mon $year,Swday Syday Sisdst) = localime;

use POSIX Csirfime®;,
print strfime "Now is % T\n", localtime; Now s 16:48:55

/
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Timing

- How long did something takto run?
- Obvious way:

$before =time;

do_this_thing();

Safter =time;

printf " This thing took %od seconds, more or less.\n', $affter - $oefore;

- For more precision, use tAgme::HiRes module

use Time::HiRes gw(gettimeofday tv_interval);

$hefore = [ gettimeofday |;

do_that_thing();

Safter = [ gettimeofday |;

printf ' That thing took %6.4f seconds.\n", tv_interval($before, $after);

list context

/
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Sleeping

- Thesleep operator lets you art for a number of seconds

Sleep 10;

- Or use an alarm signal (which is quite possiblyiseep is implemented) if you ant to do

something in the meanwhile
eval{

local $SIGIALRM} = sub { die "ding\n"}; install ALRMhandler just for this block
alam 10;

hope_this works();
}.

(5@ eq dngh)
print "t didn©twork \n'
el (@81

die $@;

)

. Thesleep operator may be implementeddikhe abwe, so Odon€yoss the streamsO

/
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- TheBSD::Resource module (BSD-style resource control, not necessarily BSD-spec&s) gi

. Might want to turn df core dumps while you&at it

- Process priority can be changed waétpriority -- for a normal process, only to amver
- You can get usage stats frgetrusage as a program runs

- Onsomeoperatingsystemsyou canalsogetresourceconsumptior(andperhapget/setimits) via

~

Don’t Bogart that CPU

you some controlwer what system resources your program isaabbto consume

use BSD::Resource;

wam "couldn©X limit core dump\n” unless setdmit(RLIMIT_CORE, 0, 0);
wam "couldn©X limit CPU time\n' unless setrimit(RLIMIT_CPU, 5, 5);
1whie 1;

(numerically greater)alue

my (user, $sys, @rest) = getrusage(RUSAGE_SELF);

the/proc pseudo-blesystem

/
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Packing and unpacking binary data

$buffer = pack('cs I, 31, 4159, 265359);

. Thepack andunpack operators are the utility kvés of ObinaryO data

- Thepack() operator taks a format string (liksprintf ) and a list of ays and creates a string

~

buffer is seven bytes long

\
31 4159

\
265359

($char,$short,Slong) = unpack('csl”, Souffer);

- C,S,| are signedC, S, L unsignedn, N16/32 bits in netark order and so on
- Whitespace in a format string is ignored
- Key letter folloved by number indicates a wider beld
- Key letter follaved by asterisk means use the beld for all remairahges

- To extract data from a paekl huffer, useunpack() with the same format string
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~

Packing and unpacking binary data (cont’d)

- More neat tricks

- Hex strings
print pack(©H*O, ©536069707065720), "\’ Skipper
print unpack(©H*©, ©Skipper©), "\’ 536b6970706572

- (Weird because botback andunpack generate strings)
- uuencode d strings

print pack(©u*©, ©Ginger Grant©); O,1VEN9VER($=R86YT
print unpack(©u*©, ©,1VENIVER($=R86YTO), "\n’; Ginger Grant

. (Weirder still because uuencode goes the Ooppositeaf e strings)
- Lots more features - alignmenganable width belds, Unicode chars, padding, null-terminated

strings, strings with byte counts, parenthesized groups, comments ....

- Base64 encoding can be handled WlME::Base64

/
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~

Exercises

14-1. Create some sample Oparts catalogO data in thérfglformat:
W01  Widget 10.00
W02  WidgetMk 2. 19.95
F11  FramisUnit 2199

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

14-2. Using the data from Eexcise 1., write a program that prompts the user to enter a price then
produces a copof the data ble that contains only the lines for parts costing that much or les

14-3. Usinga copyof thedatafrom Exercisel., write a Perlcommandine thatrewritesthedatable
so that it contains only the lines for parts costing less than or equal to some amount. The
command should look somethingdik

perlH1bak ne© put your code here © data_flename
14-4. Write a program that opens a Ple and prints out its brst 32 bytesjastare (64
characters). Note: you can read a specibc number of bytes from usiegdtheperator

/
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Introducing DBI and DBD
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Database Access with DBI and DBD::[driver]

- DBI (Database Inteaice) and DBD (Database ber) are a sonwhat OS- and

database-independent inex€ to database functionality

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

- There are mandifferent drvers:DBD::mysqgl , DBD::Pg , DBD::Oracle , DBD::Sybase , etc.
- DBI/DBD requires Perl 5 (and the appropriate database ajw

- To use DBI in your programs, putiae directive at the top of your Perl source

use DB,

. There are other ays to interfice with databasesNfoxample, there are customizeersions of

Perl 4 and Perl 5 that Yaclient libraries Qfilt inO oraperl , sybperl )

- For portability brst consider DBI
. There®usually More Than One &Y to do something in DBI
. These slides aren€é@mprehensie N keep the man pages handy to learn more details and/or

alternatve ways of doing things

/
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Connecting to a Database with DBI

- DBI is object-oriented
- If you don©know arything about object-oriented programming in Perl, tom@yNjust use the

OarrO syntax you see here

. Theconnect method returns a Odatabase handleO object that represents aomtiction to a

database
$dbh = DBI-=>connect($data_source, $usemame, $auth);

. $data_source  begins withDBI:: driver-namebut otherwise is dependent on thevdriusedN

see the documentation for the appropriate DBD

- $username is theusernamend$auth is authorizatiorinformation(oneor bothmightbeundef

or even missing)
$dbh = DBI-=>connect('DBI:mysgldatabase=test _classdb;host=ocalhost’,
"joseph’”, undef) or die $DBI::errstr;

. Also takes an optional fourth parameter which is a hashref of Q&8 (discussed later)

~

/
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4 N

A “CSV” Database

. TheDBD::CSV moduleprovidesaninterfaceto text databasem OComm&eparate®/alueGyntax
- The requiredsQL::Statement  module preides rudimentary SQL parsing capability

- The requiredlext::CSV_XS module preides an intedice for manipulating the contents of CSV
ples

- ...but mostly you only need toawry aboutDBD::CSV

- A CSV table is a tda ble

LAST,FIRST,USERNAME
Hall Josephjoseph
Schwartz,Randal,mertyn
"the Robot' Robbie,bot

- Each line is a i@ (Prst line gies column names)
- Columns are delimited with commas (can use femdiht character)
- Data containing spaces or other special characters is quoted
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- The brst (data source)gament for e&DBD::CSV connect can contain attrites

- Thef dir attribute gves the directory in which the database bles are located
. The second (username) and third (authorizaticg)raents are not usedNpermissions are as for

- Separate multiple attribes by semicolons

. csv_sep _char s the separator characterNcomma by defult
. csv_quote_char  is the quoting characterNdouble quotd py defult
. csv_escape_char is used before OspecialO characteestfigx quoting character)Nalso double

~

Connecting to a CSV Database
$dbh =DBl->connect('DBI:CSV{ dir=csV);
ples
$dbh = DBI->connect('DBI:CSVf dir=csv,csv_quote _char=0)), guote with single quote

$dbh =DBIl=>connect('DBI:CSV{ dir=csvicsv_sep char=\');
separate with semicolon, which must be escaped with a backslas

quote () by detwlt

sh

/
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DBI Attributes

- There are DBI attrilstes that are not specibc to a particular DBD
- For example, thePrintError attribute controls whether DBI errors automatically yielarming

messages (dafilts to 1 foDBD::CSVNmore about error handling later)

- TheChopBlanks attribute controls whether trailing spaces are automatically truncated from

pxed-lengthCHARPelds (dedults to 0 foiDBD::CSV)

- These attribtes go into a hashref in the optional fourtiuanent taconnect

$dbh = DBI-=>connect('DBI:.CSV{ dir=csv", undef, undef, {
PrintEmor =>0, ChopBlanks =>1
D

- Defaults for DBI attrilutes are DBD-specibc

~
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Attributes for Database Handles

. You can also access database handle @aiskafter a connection has been made

$abh = DBI->connect(DBICSV dir=fles’;
print"ChopBlanks s ", $abh->{ChopBlanks} ?"TRUE" : "FALSE", "\n";
print"PrintEnor is ", $doh->{PrintEmort 2" TRUE": "FALSE", "\n':

- This should yield something kk

ChopBlanks is FALSE
PrintEmor is TRUE

- You can change theialues (if it maks sense to do so):

$dbh->{PrintErmon = 0;

- Some handle attnilies aist for all DBDs; others are DBD-specibc
- The interpretation of handle attutes difers from DBD to DBD, bt usually maks sense
- Check the documentation for more details
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o

Issuing SQL. Commands with do

- DBD::CSV understands aevy restricted bt still useful subset of SQL
- One way to issue an SQL command is the do method
- The one-agument form ofdo is easiest

~

$dbh->do('CREATE TABLE MAGIC (NUM INTEGER, WORD CHAR(6))"); after connecting

$abh->do('INSERT INTO MAGIC VALUES (10, ©plugh©)");

- When a CSV table is created, it isgn a Plename corresponding to the table name
- The ab@e would yield a ble namedOCOcontaining:

NUMWORD
10,plugh

. Strings must be SQL quotedNyou can usednete method for this

($num, $word) = w20 donCx);
$dbh->do('INSERT INTO MAGIC VALUES (".

$dbh->quote(®X) . "," . $dbh->guote(®y) . ")),
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4 N

Using Placeholders with do

- Usingquote tends to be ugly

- A better technique is the multiplegarment form oflo
$dbh->do('INSERT INTO MAGIC VALUES (?, ?)", undef, $num, $word);

. The question marks in the bPrsggament are OplaceholdersO &ues that appear later in the
statement

. The second gument (ndef here) is a hashref of atttitesNnot generally used
- Remaining aguments are plugged into the placeholders, and are SQL quoted
- The number of placeholders must match the numbegahsnts supplied
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Issuing SQL. Commands with prepare and execute

. Another vay to issue SQL commands is via a Ostatement handleO
- Use theprepare method to create a statement hanfliesért row  in this kample)

$insert_row =$dbh->prepare('INSERT INTO MAGIC VALUES (?, ?)");

- You can nw call theexecute method on the statement handle

$insert_row->execute(qw(30 plugh));

- This is like do with placeholders,xeept that it is more bftient if used repeatedly

$insert_row->execute(qw(40 plover));

. Query results go into statement handlesNread them vétiousfetch  andselect

$getnum = $dbh->prepare("SELECT NUM FROM MAGIC WHERE WORD =?");

$getnum->execute(©plugh©);

while (@row = $getnum->fetchrow_array){
print "one row of the result is: @rowAn'

}

- More about queries later

methods

result of the query is in tHigetnum statement handle
returns one row of the result at a time

/

191



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

-

Handling Errors in DBI

- In general, eery DBI method returns alse \alue if an error occurred

$dbh = DBI->connect('DBI.CSV _dir=files’)
or die "can©t connect™;

string

$dbh->{PrintError} =0;

unless ($dbh = DBI->connect('DBI.CSVi _dir=files)){
die "can©t connect $DBI::enrstr’;

}

- Thetrace method may bextremely helpful when delgging
DBI->trace(2); higher number means more info; 2-3 are generally useful value:s

- If the PrintError attribute is on, DBI prints error messages (asmngs) automatically
- Useful for prototyping bt not desirable in mareal-world applications
- To handle messages yourself, turhRrfntError and usesDBI::errstr

to get at the error

UJ

/
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. Another errothandling option is th®aiseError  attributeNif true, DBI errorsdie
- You can trap this with agval block
- Useful when dealing with transactions

. Not all databases support transactiddB)::CSV doesnOMySQL doesn@it this time), bt you

~

Throwing Exceptions for Errors

eval{ assumingdutoCommit is false
$dbh->do('INSERT INTO FOO VALUES(?, ?)", undef, @foo_values);
$dbh->do('INSERT INTO BAR VALUES(?, ?, ?)", undef, @bar_values);

}
if (5@){ $DBI:errsir in $@if exception occurred
$dbh->rolback; something went wrong with one of the inserts
telse{
$dbh->commit; everything is OK
}

can usexceptions for other sequences of statements where goutwhandle errors together

/

193



5 Sigma Productions

P.O. Box 6250 ¥ Chandler AZ 85246
(602) 999-4658 mobile ¥ joseph@5sigma.com ¥ http://Bsigma.com/

-

Connecting to other databases

- The basic operation @bnnect is the same among all DBDgjtlihe details ary considerably

from DBD to DBD

- MySQL for example (or whateer you are currently using)
- MySQL has users and authentication, so you will ordinarily supply a username andrgassw

$dbh = DBI->connect('DBI:mysgl.database=test adventhost=localhost’,
©j0seph©, undef) or die “‘canCt connect’,

- You must alays specify a database
- The host, if omitted, datilts tolocalhost

. Username and pasevd defwult to©©(empty string) if omittedNfor databases witleny lenient

permissions, this may be okdgr example, thdest * databases in the @eflt conbguration of
MySQL

- The abwee apply to MySQL and not necessarily other databases/DBDs

~

/
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~

15-1. Using DBI calls, load the Oparts catalog®hte from the earlier set okercises into a CSV
database, then print out the contents of the catalog.

15-2. Use the database created ireExse 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 al@solutions so that tiieonnect to a OrealO database
(MySQL, PostgreSQL, Oracle, etc.) -- you may not need to change more tltanribet
call

Exercises
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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 lage and compbe API (seeperlapi , perlguts , others)

. Many combinedPerl/C(not OpuréerlOmodulesarewritten usinganinterfacecalledXS (XSUBS)
- XS is difrcult to use and understand

- Overkill for cases where you justant to do a little C, withouhfare

- Inline::C is @ much more ceenient alternate to XS

- Yes, really

use Iniine C=>¢f
intthe_answer(){ retum 42; }

¥
print"The answeris: ", the_answer, "\n"; prints42

~
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use InineC=© your code herg;
- For lamger cases, the C__ way
use Inline C=>CDATAGC; or justuselnine C;
print"The answer is. ", the_answer(), "\n'"; can't bind at compile time, need parens
__END or DATA
C

- There are other &ys to specify your code -- sperldoc Inline

~

Overview

- Inline  (not justinline::C ) lets you mix other types of programming language source with Per
. (We® stick to C)

- There are seeral ways to specify your C code

- The string vay is an easy &y to specify your C code

ﬁihe__answero {reum42;}

/
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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, mary important type corersions are handled auto-magically

use Iniine C;
print "Negated: ", negate(42), "\n'"; prints 42
print"Divided: ", dvide(42, 3.1415),"\n", prints 13.3694095177463
zip_it("Inline"); prints YOW! Iniine
__END__

C

HneEateGnt X){retum-x; }
double divide(double x, double y) { retum x/y; }
void zip_it{char *s){ printf("YOW! %s\n”, s); }

- These are the standard XSUBsaensions (if you care)
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Perl data types

. You can also use Pexl@vn arcane data types
. Scalars: SV = scalamaiue (the OgenericO type), IV =gate\alue, NV = double, PV = string

(pointer), R/ = reference, and others;

- Aggregates: A/ = array HV = hash
- You must use them if youamt to do more interesting thingsdikleal with ariable length

argument lists

- There are functions in the Perl API to forcewnsion from SV to IYSV to NV and SV to PV

~
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4 N

Perl data types (cont’d)
use Iniine 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
Inine_Stack Reset; start stack iteration
double sum; inti;
for (=0;i<Inline_Stack ltems; H+){
sum+=SvNV(Inline_Stack tem(p); SWNVcoerces arsVinto a double
}
retum sum;
}

o )
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Performance

- S0, isInline::C faster?

my @values = 1..100000;
subperl_sum{my $sum; $sum+=$_for @_; $sum; }
use Benchmark;
timethese(1000, {
sum =>sub {sum(@values) },
perl_sum=>sub{perl_sum(@values)},
D

- It can be ...

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

- Inline::C isn®necessarilynoticeably &ster though
- If you have lots of arithmetic computations with no intemng Perl, it could be (as ixample

above)

- You could also uskline::C to consere memory -- Perl data structures aegyvmemory

intensve

- Each Perl SV hasverhead, andwen storage of inggers is indbcient
- If youhave alargearray you canallocate/access/operada it with Inline::C andreducats size

by 10x or more

- Another compelling reason to ulsine::C -- writing an interéce to a C librarysystem call, et

cetera

- There are features for including header Ples, 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 geniently with Unix commands can be doneamiently but

much more d¥ciently in Perl alone

- For example, the currentaevking directory

chomp($owd = ApwdA); Spawn a subprocesses to get current working directory
use Cwd;
$owd =getond; Faster, and portable too!
- Checking to see if tavbles are identical
$the same = not system("diiff $fle1 $file2 >/devinull’) >> 8; Uh, no...
$the same = not system(©cmp®©, ©-50), $ilel, Hie2) >> §; Better but still slow
use File::Compare;
$the_same = (compare($ilel, $ie2) —0); Incredibly much faster
. But don€be afraid to use commands whereythee more éfcient and/or straightforavd
system ©binm©, ©+f©, $dir; Much simpler than the Perl equivalent

~

/
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. Usually, context justworksout, but therearesomecasesvhereyou have to forcea scalarcontextN

@ten_lines=map <STDIN>, 1..10; Oopsb<STDIN> in list context!
@ten_lines =map scalar(<STDIN>), 1..10; CORRECT
. Be careful with parentheses and theg(or local ) operatorNparentheses create a list cahte
my $lines = @text; $ines gets count of elements @text
my ($lines) = @text; Hmm ..$ines gets first element @@text
my ($input) =<STDIN>; WRONGHB<STDIN> in list context again
my $irst, $second = @text; WRONG#B$Bsecond isn't amyvariable,$first  getsundef
- Remember that pattern matchesrkvdifferently in scalar vs. list conte
$match =/QWw\HY; $match is true iffw-f  found; contents of parens $i
(Smatch) =W\ HY, $maich is contents of parens, ondef if no match

- You can us@{[E]} or(E)[E] to force list contet

~

Watch your contexts

usescalar for this

@info =spilit//, ([S(*?YSN)[0]; split stuff appearing between quotessin

/
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Ten ways Perl programmers mess up their lives

- (10) They keep using Perl 4
- Perl4is dead.Longlive Perl5. If youarethinking of buyinga CGI programmingoook, make sure

it uses Perl 5. du donﬁNan'[None that usesgi-lib.pl , calls all its subroutines with the
&func() syntax,anddoesntQell youarythingaboutall thewonderfulPerimoduleghathave been
written in the past half decade.

- (9) They confuse list and scalar context
- Remember that operator®oik differently, sometimes ery differently, depending on the comxte

they®@e used in.

- For example, OBooleanO coitelike the condition of a while loop are scatahile (1..10)

{¥44 means something entirely fdifent tharforeach (1..10) {4}

- Or the diference betweemy ($foo) = @bar andmy $foo = @bar

~
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- (8) They don’t understand regular expressions

. You canfwrite Perl efectively without understanding and usinguar expressions

- (7) They omit (too much) punctuation

- Leaving out semicolons, commas, closing quotes, and/or parentheses can pesystauge

. For example, dont@orget the semicolon after @val block or anogmoussub

- Don®omit parentheses aroundyaments of| (better useor instead)

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

- When a program dies,vedys look at thérst error message and/oaming 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 lineNnot after

~

Ten ways Perl programmers mess up their lives (cont’d)

error messages, or sometimes silent misiieha

/
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Ten ways Perl programmers mess up their lives (cont’d)

- (5) They write fragile programs

- Always check return status fraspen, opendir , and other system calls

- Avoid using relatie paths and shell metacharacters in backtsstem /exec , and pipe opens
- Avoid using non-portable code when a modulists to do the same thing portably

(File::Basename , Cwd etc.)

- (4) They bite off too much at once

- Learn to write tw- or three-line programs to test features

- Oruseperl-e© insert Perl code her@ or use the delgger as a Perl shell

- (3) They reinvent the wheel

. Have an ordinary CGI or netwk programming task? & the CRN

- Perl modules ha been tested, used, and (usually) thoughtfully designed, too

. You can get a lot done in a half dozen lines of Perl, especiallyyijulerun someone else€dde

~

)
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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, especiadijfunc

. Use perldoc to read sfufour man command carg@e

- Read ap (good) Perl books you can bnd

- (1) They don’t use strict or -w

- There is ery little sympatly for a Perl programmer who has a problem twatvould hare caught
- -W is a pain sometimesubit will catch mawg, mary, mary careless errors

- use strict helps you write bettedlesigned programs

. Okay if you donitbother in programs avelines long, it always use them both otherwiseN

especially when embarking on a bigwngroject (debnition of Obig@ries according to skill el
-)

)
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-

For further information

- Effective Ferl Programming(Joseph Hall, with Randal Schwz, from Addison-\Wsley)
- Online documentatiorperlref  , perimod , perldsc , perlobj , peritoot , h2xs
- The Perl debgger and th& command (for looking at structures)

. CPAN modulesNData::Dumper  for saving/restoring compbedata structures, WP(WWW
library) as an xample of a nice set of interrelated object-oriented modules, ¥ othars ...

- http:/mww.effectiveperl.com/ N Joseph®Efective Perl page
- http:/mww.stonehenge.com/ N Randal® home page, with mgrexamples (see @b

Techniques, Unix Reew columns)
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