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Chapter 1. Introduction

Welcome to Perl Training Australia’s Object Oriented Peairting course. This is a two-day module
in which we will cover object oriented programming conceptBerl.

Course outline

- Obiject oriented refresher

- What are packaged and modules
- How to write packages and modules
- Afirst Perl object

« Using this knowledge

- Passing arguments by name

+ Class methods and variables

- Destructors

+ Inheritance

« Redispatching method calls
 Abstract classes

« Polymorphism

« Using this knowledge

« Operator overloading

Assumed knowledge

This training module assumes the following prior knowledgd skills:

- Thorough understanding of operators and functions, cmmdit constructs, subroutines and basic
regular expressions in Perl.

- Thorough understanding of arrays, scalars and hasheslin Per

- Thorough understanding of references and complex datetstas in Perl.

Module objectives

- Understand basic concepts of object oriented programmifgil.
- Understand how to write and use modules and packages.
- Be able to write basic classes and class methods.

- Understand how and when to write destructor functions.

Perl Training Australia (http://perltraining.com.au/) 1



Chapter 1. Introduction

- Understand inheritance and multiple inheritance and hdwatalle the issues these create.
- Be able to use the NEXT pseudo-class to assist in cases dptaliftheritance.
- Understand polymorphism.

- Understand and be able to overload operators in useful manne

Platform and version details

Perl is a cross-platform computer language which runs sstakly on approximately 30 different
operating systems. However, as each operating systenfasattif this does occasionally impact on
the code you write. Most of what you will learn will work eqlialvell on all operating systems;
your instructor will inform you throughout the course of amgas which differ.

All Perl Training Australia’s Perl training courses uselPgithe most recent major release of the
Perl language. Perl 5 differs significantly from previoussiens of Perl, so you will need a Perl 5
interpreter to use what you have learnt. However, olderfredrams should work fine under Perl 5.

At the time of writing, the most recent stable release of Rerkrsion 5.8.8, however older versions
of Perl 5 are still common. Your instructor will inform you afy features which may not exist in
older versions.

The course notes

These course notes contain material which will guide yoaubh the topics listed above, as well as
appendices containing other useful information.

The following typographical conventions are used in thestes
System commands appeartis typeface
Literal text which you should type in to the command line oit@dappears asionospaced font

Keystrokes which you should type appear like tlEBTER. Combinations of keys appear like this:
CTRL-D

Program listings and other literal listings of what appears on the
screen appear in a monospaced font like this.

Parts of commands or other literal text which should be i@y your own specific values appear
like this

&
Notes and tips appear offset from the text like this.

@Advanced sections are for those who are racing ahead or who already have some knowledge of
the topic at hand. The information contained in these notes is not essential to your
understanding of the topic, but may be of interest to those who want to extend their knowledge.

2 Perl Training Australia (http://perltraining.com.au/)



Chapter 1. Introduction

Readme sections suggest pointers to more information which can be found in the

Programming Perl book, system documentation such as manual pages and websites.
C Caution sections contain details of unexpected behaviour or traps for the unwary.

Other materials

In addition to these notes, it is highly recommend that yotaioba copy of Programming Perl (2nd
or 3rd edition) by Larry Wall, et al., more commonly refertechs "the Camel book". While these
notes have been developed to be useful in their own rightCmel book covers an extensive range
of topics not covered in this course, and discusses the ptscevered in these notes in much more
detail. The Camel Book is considered to be the definitiverezfee book for the Perl programming
language.

The page references in these notes refer t@teditionof the camel book. References to the 2nd
edition will be shown in parentheses.

An essential book on object oriented programming in Perlamizn Conway'’s "Object Oriented
Perl". This book is referenced through-out the text.

Perl Training Australia (http://perltraining.com.au/) 3
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Chapter 2. An object oriented refresher

In this chapter...

In this section we provide a quick refresher or lesson onchagect oriented concepts.

Object orientation in brief

This course does not aim to teach you all aspects of Objeen@d (OO) Programming; if we were
to do that it would leave precious little time to cover theexsp of the language (Perl) we wish to
implement it in. Rather, this course assumes that you ajrkaodw the basics of OO, or are willing
to learn them rather quickly.

Damian Conway wrote in his bodBbject Oriented Per{1999) the following on the essentials of
Object Orientation (used with permission):

You really need to remember only five things to understanded0gnt of the theory of object orientation:

- An objectis anything that provides a way to locate, access, modify,sacure data;

» A classis a description of what data is accessible through a péati&ind of object, and how that data
may be accessed,;

» A methodis the means by which an object’s data is accessed, modifipoessed,;

« Inheritanceis the way in which existing classes of objects can be upgrémprovide additional data or
methods;

« Polymorphisnis the way that distinct objects can respond differenthhieosame message, depending
upon the class to which they belong.

Conway’s book is an excellent and enjoyable read, and a bupfarence for basic object oriented
programming in Perl. In fact, it's so good that we’'ll referitextensively throughout these notes.
After you complete this course you'll find these notes aratiyeenhanced if you have a copy of
Conway’s book to refer to as well.

Best practice regarding object oriented programming with Perl has evolved in the years since
Conway'’s "Object Oriented Perl" book was released. Many of these changes are reflected in
Perl Best Practices (2005) also by Damian Conway.

Objects and methods

Put simply, arobjectis a way of accessing data. The data it allows you to accesssasdly referred
to asattributes The thing that makes attributes special is that they’re@ated exclusively with a
given object.

Now, if that’s all objects are, then we could say that a hasfayaor scalar are objects. However,
while all these things can be turned into objects, they’reohgects in their own right. That's because
one of the cornerstones of object oriented programmingaisatiributes are not accessible to the
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entire program. In fact, you should only access them thra@pgitial subroutines associated with the
object. These subroutines are referred tonashodsand they're usually accessible to anyone who
can use your object.

Methods are very important, as they can be used to restdatélys in which an object’s attributes
can be modified or accessed. A method which sets the datexdorme, might forbid any attempt to
set the date to the 31st of February. Methods are also impdrézause they allow the internal
representation of objects to change. Provided that the Weglling the method remains the same, it
doesn’t matter if an object changes its internal date rgmtasion from seconds from 1st January
1970 (often called "seconds from the epoch” or "Unix timegid), to using three integers
containing the year, month and day.

Objects are so named because there are many analogiesvmoréhbbjects, so an example here
should help make things more clear. Let's consider the hamibihks vending machine.

A drinks machine has a number of attributes; the amount grela§ coins with which to give
change, inventories of the various drinks available, thet obeach drink, the current internal
temperature, whether or not the refrigeration unit is ofiegaand so on. People don’t have direct
access to those attributes, instead they're restrictetéopittons and coin slots on the machine.
Thisinterfaceis designed to ensure that only certain operations may Berpezd so that the
machine maintains a consistent internal state. For exarif@ewners of the drinks machine only
want to dispense a drink if an appropriate amount of moneykas inserted.

The restrictions aren't just in the interest of the machimeiner, some of them are to help the
customer as well. By maintaining a consistent state it'siids to ensure that customers get both the
drink they asked for as well as correct change. Some rastri(like the machine being bolted to

the floor) can stop potentially dangerous operations, lé@pte trying to rock the machine. Other
restrictions help ensure that the internal temperatutmgetan’t be changed and spoil the drinks for
others.

What we’ll now investigate is how we set up the associatidwben an object and its interface and
attributes.

Classes

A classprovides a set of methods which become associated with mydartkind of object. A class
also provides a specification of the attributes to be usedelisitis effectively a blueprint,
describing what the object is to look like and how it will act.

When a program needs an object of a particular type, it calisthis blueprint along with some
information about the initial state of the object (like thbartising to put on the front of the drink
machine, or which drinks it has to start with). The bluep(aiass) makes sure these initial values
are sensible, manufactures the appropriate object, anchssit.

When we call a method on an object (suclyias change ), the class definition is consulted again to
ensure that's a valid method for the object and has beerdoadleectly. If it is, that method is
invoked and does its thing. If itisn’t, then an error or extio@pis usually raised.

A common mistake in object oriented programming is to forget the distinction between objects
and their classes. The class is the description of the object and the object in an instance of the
class. For example the class of humans would describe us as having the attributes such as
arms, hands, legs and heads; and methods such as talk, think, eat, and sit. However each of us
would be an instance of that class, an object. If | can jump it's because humans can jump, if |
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can laugh, it's because humans can laugh. That is, the class defines the methods and attributes
for each object belonging to that class.

Inheritance

Let's say that we want to build a new type of drink vending maehone that not only accepts small
change, but also accepts credit cards as well. We wouldmit teestart from scratch, designing an
entirely new refrigeration unit, cash dispenser, can holted so forth. Instead, we'd start with our
existing blueprint for a standard drinks machine, and mpoitéppropriately to our needs.

The idea of taking an existing class and extending it to addfnactionality is highly encouraged in
object oriented programming. In this case we’d say that ewr drinks machine is derived from, or
inherits the existingdrinksMachine  class. In this case we say that thénksMachine  is theparent
or baseclass, and therinksMachine::Credit is thechild or derivedclass.

Once we've stated thatinksMachine::Credit inherits the behaviour afrinksMachine , we're
free to make changes to extend our new class as we see fit. &opéx we might add gwipe_card
method, and redefinequest_drink  to allow multiple drinks to be purchased in a single
transaction. Except for these changes, our new drinks madperates just like the old one.

Parent and child classes are related byia"relationship. A credit-card drinks machirea drinks
machine, and a grandfather-claska clock. Inheritance extends not just to parents, but to
grandparents and great-grandparents and so on as well.réditoard drinks machinis adrinks
machinds avending machiné amachine. The further up the ancestry we go, the more gesedali
things become.

We should note that there’s a difference betwdsra™ relationships andhas & relationships. A car
has asteering wheel (which may be a class unto itself that inbé&dm a steering device class), but
it is not a steering wheel. A céras aheadlight (or two) but the car is not a headlight. On the other
hand, the car may inherit from the vehicle class and hence s&/ the cais avehicle. It's usually
fairly straight forward to determine which is the corredat®mnship.

&
We’II explain the use of the :: (double-colon) in the next chapter.

Multiple inheritance

Sometimes we’ll want to create a class that requires thevi@inreof two or more different classes,
and we’d like to inherit from both of them. This situation &slled multiple inheritance, and is often
very useful. For example, orinksMachine  class might inherit from both theefrigerator ~ and
VendingMachine ~ classes, gaining the behaviour and capabilities of both.

Multiple inheritance is not without its pitfalls. There mhg cases when method calls become
ambiguous. If | have a person who inherits from boiltkdriver ~ andGolfer , which method
should be used as a requestltge ?

Another problem occurs when a class has two or more parerntwhare a common ancestor class.
Say that botlRefrigerator andvendingMachine both inherit from thevachine class. Should our
DrinksMachine ~ receive thepower_source  attribute twice, or should it be merged together because
they’re both inherited from the same source?
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Figure 2-1. The DrinksMachine inheritance tree

Machine

power_source

Refrigerator Vending Maching

power_source power_source

Drinks Machine

power_source (P)

There are ways to solve all these problems, although diffédamguages take different approaches.
For example, we might require that ambiguous methods benmedgor we could mark (perhaps
arbitrarily) one method to have priority over another. Wa da similar things with attributes. We'll
explain how Perl solves these problems later in the course.

Polymorphism

Polymorphisnis the ability for objects to respond differently to the samessage, depending upon
what type of object they are. For example, members from egittedollowing classesspouse,
YoungerBrother , TotalStranger ~ Or LawEnforcementOfficer , are likely to behave differently when
thehug method is called upon them.

Polymorphism becomes very useful when we have a group décktibjects upon which we want to
perform an operation, but those objects may need to readféneht ways. For example, an
Electriccar  Will need to react differently to BossilFuelCar ~ when asked taccelerate

There are two distinct forms of polymorphism in object otezhprogramminginterfaceand
inheritancepolymorphism. Interface polymorphism is where two or manealated classes provide
the same interface to certain methods. For example bothespaand aeroplanes can fly. Although
sparrows and aeroplanes fly in completely different waywgiimplement our classes in such a way
that the methods have the same arguments and argumentluedere have an example of interface
polymorphism.

Inheritance polymorphism is where a child class inheritthoeés from an ancestor. Hence if the
Machine class, mentioned above, implementadra on method then therinksMachine  class
would inherit that method. If we were to call then_on method on @rinksMachine  object the
DrinksMachine  object would behave as if it were merelyachine object for that method call.

Exercise

Imagine the following situation. Software is to be writtenhtandle information about the aircraft
housed at a particular airport. There are various kindsedehaircraft and these fall into three
categories: personal, elite and passenger. Personalisndiadraft are privately owned and the
airport keeps information about the owner’s name and codetails. Personal aircraft are never
piloted by the airport’s pilots. Elite aircraft also have & R. associated with them. Elite aircraft are
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usually owned by companies but usually use the airportdqiPassenger aircraft are owned by the
airport and have a regular route with predetermined degtimaand only use the airport’s pilots.

All aircrafts have fuel quantities, hanger numbers, a maxmperson carrying capacity as well as
luggage and cargo, a maximum flying distance and several wahees.

1. What classes can you identify in this description?

2. Draw these classes and their relations to each other. @ardgntify any places where
inheritance might be useful?

3. With each class list any methods and attributes you caik tifithat belong to that class.

4. Can we make use of inheritance polymorphism to reduce dogication? Mark any methods
you've included in child classes that can be inherited ialttstom an ancestor class.

Ten rules for when to use OO

This section is based on Dr Damian Conway'’s rules with contargiby Perl Training Australia. To
read Dr Damian Conway’s own commentary, read Chapter 11sdfdwk:Perl Best Practices

You should use OO:

1. When your design is large, or is likely to become large.

2.When data is aggregated into obvious structures, espgdfahiere’s a lot of data in each
aggregate.

A person’s name is often not a good candidate for an objedtrifgsof any length is still only a
single piece of information. If however, you wish to assteiather information with the name,
such as age, address, phone number (enough data for exaiatplet’'d think to use a hash),
then you have a good case for an object.
my %personl = (

name => "Julien Gileson",

age => 42,

address => "42 Halloway St"

3. When types of data form a natural hierarchy that lets us ukeritance.

Inheritance allows us to have a common set of operationgdhmyrall similar objects, while
still allowing specific operations for each specialisedstyfpor example, one may have a class
that tests the functionality on a website, and another tidess a company’s local intra-net.
Both classes share a common base concerning access amdg) dingeb-pages.

4.When operations on data varies on data type.

Many similar types of data have similar operations. For gx@music stored on CD is a
different kind of data than music stored on disk in mp3 or ogpis format. However, although
the details are different for all, all these kinds of musin ba played. An OO model allows
code similar to the following, without needing to be conegtrabout the underlying format:
foreach my $song ($cd_track, $mp3, $ogg) {

$song->play();
}
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5.When it’s likely you'll have to add data types later.

Consider the above example. If our specification says thatave something which will handle
mp3 files and music from CDs, we could code a solution to hathaiee two exact cases.
However, as requirements tend to evolve over time it may imedikely that we’ll need to
handle ogg vorbis, midi, iTunes, and other formats too.

A carefully designed OO model can allow us to accommodatethgure requirements without
significant changes to our application.

.When interactions between data is best shown by operators.

Perl's object model allows operators to be overloaded stthirays work the way you'd like
them to. For example:

$volume += 5;

is traditionally only meaningful if $volume is a number. Hever, with overloadingvolume
can represent the actual state of our speakers, and nuhsatjeatments can directly increase or
decrease the energy output of the speakers.

.When implementation of components is likely to changecefyein the same program.

Object oriented programming assists in data encapsuladticlass should be treated as a black
box by the code which uses it. Defining clear interfaces alltve internals of the class to be
changed as many times as necessary without affecting thefrix project.

Thus if your class implements access to some data in a file tHeedata’s format could change
from being in plain-text, to a flat-file database, to a fulbt@nal database without the rest of the
application needing to change.

8. When the system design is already object-oriented.

.When huge numbers of clients use your code.

In addition to encapsulation, object oriented code engrsanodularisation. By breaking your
project up into separate modules it becomes easier to nraamad re-use. A change to a class
should not change any application code, making bug-fixesraptbvements more
straightforward.

10.When you have a piece of data on which many different opestice applied.

Consider a piece of data representing sound. This soundecariXed, adjusted, run backwards,
have echo effects added and many other kinds of operatignsr&oping it in a Perl object we
can associate these operations with this kind of data. Thétieg code is often easier to read,
understand, and maintain.

11.When the kinds of operations have standard names (cheaegspetc).

The traditional way of handling identical names for opernasion unrelated data is to use the
data type in the subroutine name. For example.

sub process_person { ... }
sub process_payment { ... }
sub process_music { ... }

Objects side-step this issue by associating the operaitbrtine data allowing all of the
subroutines to have the same name, but be in different naaosespSo:

Person::process(); Payment::process(); Music::process 0;
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Chapter summary

- An object is anything that provides a way to locate, accesslifyand secure data.

- Aclass is a description of what data is accessible througdrticplar kind of object and how that
data may be accessed.

- A method is the means by which an object’s data is accessatifiatbor processed.

- Inheritance is the way in which existing classes of objeatstoe upgraded to provide additional
data or methods.

- Multiple inheritance is where a class of objects inherihirmore than one super/parent class.

« Polymorphism is the way that distinct objects can respofifdréntly to the same message
depending upon the class to which they belong.
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In this chapter...

In this chapter we’ll discuss how we can split our code infoesate files. We'll discover Perl’'s
concept of packages, and how we can use them to make our cadeabast and flexible.

Splitting code between files

When writing small, independent programs, the code canllydamcontained within a single file.
However there are two common occurrences where we woulddikave our programs span
multiple files. When working on a large project, often withmgalevelopers, it can be very
convenient to split a program into smaller files, each withae@rspecialised purpose. Alternatively,
we may find ourselves working on many programs that share somenon code base. This code
can be placed into a separate file which can be shared acamgsmprs. This saves us time and effort,
and means that bug-fixes and improvements need to be madmaengingle location.

Require
Perl implements a number of mechanisms for loading code &xternal files. The most simplest of
these is by using thequire  function:

require ‘file.pl’;

Perl is smart enough to make sure that the same file will natdladed twice if it's required through
the same specified name.

# The file is only included once in the following case:
require ‘file.pl’;
require ‘file.pl’;

Required filesnustend with a true value. This is usually achieved by having thal itatement of
the file being:

1

C Conflicts can occur if our included file declares subroutines with the same name as those that
appear in our main program. In most circumstances the subroutine from the included file takes
precedence, and a warning is given.

We will learn how to avoid these conflicts later in this chapter when we discuss the concept of
packages.
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14

C The use of require  has been largely deprecated by the introduction of modules and the use
keyword. If you're writing a code library from scratch we recommend that you create it as a
module. However, require is often found in legacy code and is a useful thing to understand.

Any code in the file (except for subroutines) will be executed immediately when the file is
required. The require  occurs at run-time, this means that Perl will not throw an error due to a
missing file until that statement is reached, and any subroutines inside the file will not be
accessible until after the require

Variables declared with my are not shared between files, they are only visible inside the block or
file where the declaration occurs. To share packages between files we use package variables
which are covered later in this chapter.

The use of modules (which we will learn about later) allows for external files to be loaded at
compile-time, rather than run-time.

Use strict and warnings

Perl pragmas, such asict andwarnings are lexically scoped. Just like variables declared with
my, they last until the end of the enclosing block, file or eval.

This means that you can turn strict and warnings on in one fileowt it influencing other parts of
your program. Thus, if you're dealing with legacy code, tlyenr new libraries, modules and classes
can be strict and warnings compliant even though the oldge ¢onot.

Example

The use ofequire is best shown by example. In the following we specify two filegetings.pl
andprogram.pl . Both are valid Perl programs on their own, although in thisegGreetings.pl
would just declare a variable and a subroutine, and thenAxiive do not intend to execute
Greetings.pl  on its own, it does not need to be made executable, or inclstielaang line.

Our library code, to be included.

# Greetings.pl

# Provides the hello() subroutine, allowing for greetings

# in a variety of languages. English is used as a default
# if no language is provided.

use strict;
use warnings;

use Carp;

my %greeting_in = (

en => "Hello",
‘en-au’ => "G’day",

fr => "Bonjour",

ip => "Konnichiwa",
zh => "Nihao",
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sub hello {
my $language = shift || "en";

my $greeting = $greeting_in{$language}
or croak "Don’t know how to greet in $language";

return $greeting;

Our program code.

#!/usr/bin/perl -w

# program.pl

# Uses the Greetings.pl file to provide another hello() subr outine
use strict;

# Get the contents from Greetings.pl
require "Greetings.pl";

print "English: ", hello("en"), “\n"; # Prints "Hello"
print "Australian: ", hello("en-au"),"\n"; # Prints "G'da y"
FindBin

We can use&indBin to locate the directory of our Perl script. This can then bedud required, to
specify locations of required files stored relative to theaipg.

use FindBin qw($Bin);

# require the example.pl in the same directory as our script
require "$Bin/example.pl’;

# require the other.pl file in the files/ directory
require "$Bin/files/other.pl";

FindBin can also be used to get the basename of the Perl sgsipip( ), a canonical path (with all
links resolved) §realBin ) and the script name plus canonical patRealScript ).

Exercises

1. Create afile callestyTest.pl Define at least two subroutingsiss andfail which print some
amusing output. Make sure that it usett

2. Test that your code compiles by runniperl -c MyTest.pl. (The-c tells Perl to check your
code).

3. Create a simple Perl script which requikggest.pl and calls the functions defined within.

Perl Training Australia (http://perltraining.com.au/) 15



Chapter 3. External Files and Packages

Introduction to packages

16

The primary reason for breaking code into separate filesimpoove maintainability. Smaller files
are easier to work with, can be shared between multiple progrand are suitable for dividing
between members of large teams. However they also haveptiodilems.

When working with a large project, the chances of naming édefincreases. Two entirely different
files may have two different subroutines with the same namwegker it is only the last one loaded
that will be used by Perl. Files from different projects marb-used in new developments, and
these may have considerable name clashes. Multiple filealsammake it difficult to determine
where subroutines are originally declared, which can makeigging difficult.

Perl'spackagesre designed to overcome these problems. Rather than jtisigpeode into separate
files, code can be placed into independent packages, edtitsvitvn namespace. By ensuring that
package names remain unique, we also ensure that all sin@eand variables can remain unique

and easily identifiable.

A single file can contain multiple packages, but conventicteties that each file contains a package
of the same name. This makes it easy to quickly locate the icoal®y given package.

Writing a package in Perl is easy. We simply usefisage keyword to change our current
package. Any code executed from that point until the endettirrent file or block is done so in the
context of the new package.

# By declaring that all our code is in the "Greetings" package
# we can be certain not to step on anyone else’s toes, even if
# they have written a hello() subroutine.

package Greetings;

use strict;
use warnings;

my %greeting_in = (

en => "Hello",
‘en-au’ => "G’day",
fr => "Bonjour",
ip => "Konnichiwa",
zh => "Nihao",

)

sub hello {

my $language = shift || "en";

my $greeting = $greeting_in{$language}
or die "Don’t know how to greet in $language";

return $greeting;

}
1
The package that you're in when the Perl interpreter sthgfofe you specify any package) is called

main . Package declarations use the same rulegabat is, it lasts until the end of the enclosing
block, file, or eval.

Perl convention states that package names (or each partackage name, if it contains many parts)
starts with a capital letter. Packages starting with looase are reserved for pragmas (such as
strict ).

Perl Training Australia (http://perltraining.com.au/)



Chapter 3. External Files and Packages

The scoping operator

Being able to use packages to improve the maintainabiliguofcode is important, but there’s one
important thing we have not yet covered. How do we use subresitvariables, or filehandles from
other packages?

Perl provides acoping operatom the form of a pair of adjacent colons. The scoping operator
allows us to refer to information inside other packages,iangually pronounced "double-colon".

require "Greetings.pl";

# Greetings in English.
print Greetings::hello("en"),"\n";

# Greetings in Japanese.
print Greetings::hello("jp"),"\n";

# This calls the hello() subroutine in our main package
# (below), printing "Greetings Earthling".
print hello(),"\n";

sub hello {
return "Greetings Earthling";

}

Calling subroutines like this is a perfectly acceptableralative to exporting them into your own
namespace (which we’ll cover later). This makes it veryclelaere the called subroutine is located,
and avoids any possibility of an existing subroutine claghwith that from another package.

Occasionally we may wish to change the value of a variabledtleer package. It should be very
rare that we should need to do this, and it's not recommendedly so unless this is a documented
feature of your package. However, in the case where we dotoealthis, we use the scoping
operator again.

use Carp;
# Turning on $Carp::Verbose makes carp() and croak() provid e
# stack traces, making them identical to cluck() and confess 0.

# This is documented in 'perldoc Carp'.
$Carp::Verbose = 1;

There’s a shorthand for accessing variables and subrauitithemain package, which is to use
double-colon without a package name. This meanssthied  is the same asmain::foo

C When referring to a variable in another package, the sigil (punctuation denoting the variable
type) always goes before the package name. Hence to get to the scalar $bar in the package Foo,
we would write $Foo::bar  and not Foo::$bar

It is not possible to access lexically scoped variables (those created with my) in this way.
Lexically scoped variables can only be accessed from their enclosing block.

Perl Training Australia (http://perltraining.com.au/) 17



Chapter 3. External Files and Packages

Package variables and our

It is not possible to access lexically scoped variabless@twreated witlmy) outside of their

enclosing block. This means that we need another way toecv@aiables to make them globally
accessible. These global variables are cglackage variablesand as their name suggests they live
inside their current package. The preferred way to creatkazge variables, under Perl 5.6.0 and
above, is to declare them with ther statement. Of course, there are alternatives you can uke wit
older version of Perl, which we also show here:

package Carp;
our $VERSION = '1.01%; # Preferred for Perl 5.6.0 and above

# use vars qw/$VERSION/; # Preferred for older versions
# $VERSION = '1.01%;

# $Carp:VERSION = '1.01’; # Acceptable but requires that we then
# always use this full name under strict

In all of the cases above, both our package and external @daacess the variable using
$Carp::VERSION .

Exercises

18

1. Change youmyTest.pl file to include a package nanvgTest .
2. Update your program to call the MyTest functions usingstt@ping operator.

3. Create a package varialseass_MARKISIngour insideMyTest.pl  which defines an appropriate
pass mark.

4. In your Perl script, create a loop which tests 10 randombrarsfor pass or fail with reference
to thesPASS_MARKpackage variable. Print the appropripées orfail  message.

5. Print out the version of thewdmodule installed on your training server. The version nunige
in $Cwd::VERSION . (You will need touse Cwd; first.)

6. Look at the documentation for tlwarp module using th@erldoc Carp command. This is one
of Perl’'s most frequently used modules.

Answers for the above exercises can be founskémcises/answers/MyTest.pl and
exercises/answers/packages.pl

You may receive the following warning during this exercise:

Name "MyTest::PASS_MARK" used only once: possible typo at .

This occurs because perl does not load your external file until the require ~ statement executes at
run-time. However perl generates warnings about possible typos at compile time, before it loads
your required file. We can avoid this by insisting perl load the external file at compile-time.

BEGIN { require 'MyTest.pl’; };

Modules (which we'll discuss next chapter) provide a cleaner and more extensible syntax for
loading code at compile time.

Perl Training Australia (http://perltraining.com.au/)



Chapter 3. External Files and Packages

Chapter summary

- A package is a separate namespace within Perl code.
- Afile can have more than one package defined within it.
- The default package isain .

« We can get to subroutines and variables within packagesihy tlsee double-colon as a scoping
operator for exampleoo::bar()  calls thebar() subroutine from th&oo

- To write a package, just writgackage package_name Where you want the package to start.

- Package declarations last until the end of the enclosingkbfde or eval (or until the next
package statement).

- Package variables can be declared withdiltekeyword. This allows them to be accessed from
inside other packages.

« Therequire keyword can be used to import the contents of other files ferimg program.

- Files which are included usingquire must end with a true value.
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In this chapter...

In this chapter we’ll discuss modules from a user’s stanaipdie’ll find out what a module is, how
they are named, and how to use them in our work. We will alsestigate how to write our own
modules.

Module uses

Perl modules can do just about anything. In general, how#vere are three main uses for modules:

- Changing how the rest of your program is interpreted. Fompla, to enforce good coding
practices (se strict ) or to allow you to write in other languages, such as Lai#a (
Lingua::Romana::Perligata ), or to provide new language featurese( Switch ).

- To provide extra functions to do your worlkssé Carp Oruse Data:Dumper ).

« To make available new classesd HTML:Template Oruse Finance:Quote ) for object oriented
programming.

Sometimes the boundaries are a little blurred. For exartipde,cI module provides both a class and
the option of extra subroutines, depending upon how youioad

What is a module?

A module is a separate file containing Perl source code, whildaded and executed at compile
time. This means that when you write:

use CGl,

Perl looks for a file calle¢Gl.pm (.pm forPerl Modulg, and upon finding it, loads it in and executes
the code inside it, before looking at the rest of your program

Sometimes you need to tell Perl where to look for your Perl modules, especially if some of

them are installed in a non-standard place. Like many things in Perl, There’s More Than One
Way To Do It. Check out perldoc -q library for some of the ways to tell Perl where your modules
are installed.

Sometimes you might choose to pass extra information to thetute when you load it, often this is
to request the module create new subroutines in your nammespa

use CGI gw(:standard);
use File::Copy qw(copy);

Note the use odw() , this is a list of words (in our case, just a single word). pigsssible to pass
many options to a module when you load it. In the case aboveg asking thecGl module for the
:standard  bundle of functions, and thele::copy  module for just theopy subroutine.
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C Each module has a different set of options (if any) that it will accept. You need to check the
documentation of the module you're dealing with to which (if any) are applicable to your needs.

To find out what options exist on any given module read its documentation: perldoc nodul e_nane.

@When compiling your script, Perl first does a full pass over your code looking for use statements.
This means that Perl will load and compile all of your modules - no matter where they appear in
your code - before it starts to compile your code.

If you want to load a module depending on some condition, you can use the if pragma. See
perldoc if for more information.

The double-colon

Sometimes you’'ll see modules with double-colons in themas, likeFinance::Quote
Quantum::Superposition , OrCGl::Fast . The double-colon is a way of grouping similar modules
together, in much the way that we use directories to grougttmg similar files. You can think of
everything before the double-colon as the category thatibdule fits into.

In fact, the file analogy is so true-to-life that when Perlrsbas for a module, it converts all
double-colons to your directory separator and then lookghfat when trying to find the appropriate
file to load. Scrinance::Quote  looks for a file namecduote.pm in a directory calledrinance . That
two modules are in the same category doesn’'t necessarily thaathey’re related in any way. For
exampleFinance:Quote  andFinance::QuoteHist have very similar names, and their maintainers
even enjoy very similar hobbies, they certainly have simikes, but neither package shares any
code in common with the other.

It's perfectly legal to have many double-colon separatormodule names, so
Chicken::Bantam::SoftFeather::Pekin is a perfectly valid module name.

Exercise

1. UsingFile::Copy make a copy of one of your files. If you're eager, ask the uséchnfile to
copy and what to name the copy.

Where does Perl look for modules?

22

Perl searches through a list of directories that were déteanwvhen Perl was compiled. You can see
this list (and all the other options Perl was compiled with) usingperl -V.

The list of directories which Perl searches for modulesdsest in the special variab@INc It's
possible to changeIncso that Perl will search in other directories as well. Thisriportant if you
have installed your own private copy of some modules.

Perl Training Australia (http://perltraining.com.au/)



Chapter 4. Modules

Of course, being Perl, there’s more than one way to change Here are some of the ways to add
to the list of directories insid@INC

- Call Perl with thel command-line switch with the location of the extra diregttr search. This
can be done either in the shebang line, or on the command-mexample:

perl -l/path/tol/libs

« Use thaib pragma in your script to inform Perl of extra directoriest Eample:
use lib "/path/to/libs";

- Setting thePERL5LIB environment variable with a colon-separated list of diveets to search.
Note that if your script is running with taint checks this @aomment variable is ignored.

Sinceuse statements occur before regular Perl code is executed fyimagl@INcdirectly usually
does not have the desired effect.

@You can use the lib pragma with directory paths that don'’t exist. This allows you to have
different include paths for each of your development, testing and deployment environments all
included in your code.

use lib "c:/myperl/projectA/lib";
use lib "/usr/local/bin/projectA/lib";

Finding installed modules

Perl comes with many modules in its standard distributiau ¥an get a list of all of them by doing
aperldoc perlmodlib. The Camel book describes the standard modules in chaptensd332
(chapter 7, 2nd Ed).

Besides from the modules in the standard distribution, you can also see other modules that
were manually installed on your system by using perldoc perllocal . Generally this file only lists
other modules that were installed by hand, or using one of the CPAN installers (more on this
later). Modules installed through your operating system’s packaging system may not appear in
perldoc perllocal .

To find a complete list of modules available on your system, regardless of how they were
installed, read the documentation provided by perldoc -q installed

You can get more information on any module that you have liestdy usingperldoc nodul e_nane.
For exampleperldoc English will give you information about thenglish module. You can also
useperldoc -l nodul e_nane to locate a particular module, apérldoc -m nodul e_nane to view the
source of a module.

Most importantly, there’s a great resource for finding medwdalled theComprehensive Perl
Archive Networkor CPANfor short. The CPAN website (http://www.cpan.org/) prasdnany
ways of finding the modules you're after and browsing theoudnentation on-line. It’s highly
recommended that you become familiar with CPAN’s searctufea, as many common problems
have been solved and placed in CPAN modules.
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Exercise

1. Open a web browser to CPAN’s search site (http://segvah.org/) and spend a few minutes
browsing the categories provided.

2. Perform a search on CPAN for a problem domain of your chéig®u can't think of one,
search orcGl, XMLOr SOAR

Using CPAN modules

CPAN provides more than 15,000 separate and freely avaitabdules. This makes CPAN an
excellent starting point when you wish to find modules to tsellve your particular problem.
However, you should keep in mind that not all CPAN modulescaeated equal. Some are much
better documented and written than others. Some (such astlue bBI) modules have become
de-facto standards, whereas others may not be used by aeyoset the module’s author.

As with any situation when you're using third party code, whould take the time to determine the
suitability of any given module for the task at hand. Howeirealmost all circumstances it's better
to use or extend a suitable module from CPAN rather thandrigrre-invent the wheel.

Many of the popular CPAN modules are pre-packaged for pomgarating systems. In addition,
thecpANmodule that comes with Perl can make the task of finding andllimgy modules from
CPAN much easier.

Most CPAN modules come witReEaDMENd/orNSTALL files which tell you how to install the
modules. This may vary between operating systems. On Umbtanix-like operating systems the
process is usually:

perl Makefile.PL
make

make test
make install

For ActiveState Perl installations (which includes mangisoft Windows machines) the PPM
(Programmer’s Package Manager) can be used. PPM provideplicpl interface for downloading
and installing modules, but not all CPAN modules are avélaia PPM, and not all PPM
distributions are as up-to-date as their CPAN counterparts

On newer versions of ActiveState Perl for Windows, and onetdsions of Strawberry Perl, tlopan
shell works identically as it does under Unix, and will laeaind install an appropriate version of
make if required.

@Some times you may not be able to, or may not wish to, install CPAN modules in their default
path. In this case you can provide a flag to the Makefile.PL  program instructing it on your
preferred top level directory. For example:

perl Makefile.PL PREFIX=/home/sue/perl/ LIB=/home/sue/ perl/lib

If you install your module in a different directory than your other Perl modules you may have to
use the lib pragma, mentioned in the previous section, to tell Perl where to find your files. Once
a module is installed, you can use it just like any other Perl module. The PREFIX directive
specifies the general location for files to be installed, and the LIB directive indicates that all
modules should be kept together, instead of using separate directories for architecture
dependent, core, and other modules.
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Provided you're using a recent release of the CPAN shell, you can configure it to always install
modules in a local directory using the following commands:

o conf makepl_arg "PREFIX=/home/sue/perl LIB=/home/sue/ perl/lib"
o conf commit

For coverage on installing modules on various operating systems read perldoc perimodlib
If you want to distribute your own modules read perldoc perlnewmod

If you need to distribute your code to systems which aren’t guaranteed to have all your

required modules, and which may not even have Perl installed, PAR is the solution. PAR is the
Perl Archiver and allows you to package up your code, all its data files, its modules and Perl
itself if necessary and can be used to create a stand-alone executable. For more information
see the PAR documentation (http://search.cpan.org/perldoc?PAR).

Finding quality CPAN modules

There are a lot of modules on the CPAN, and sometimes deaidiigh module is the best task for a
job can be a little challenging. Luckily, there is a wealthrdbrmation to help you.

Firstly, many CPAN modules have ratings. After doing a seaaay module with a star rating next
to it has reviews about that module that can be viewed. A neodith a large number of high-rating
reviews is an indication of a quality module.

The CPAN Testing Service (http://cpants.perl.org/) maiimt some automatically generated metrics
on common quality indicators such as packaging structast suites, and dependencies.

There are lists of community-recommended modules on batmpeau
(http://perl.net.au/wiki/Recommended_Perl_Modules) the Perl 5 Wiki
(http://www.perlfoundation.org/perl5/index.cgi?resmended_cpan_modules). These include links
to further resources.

Finally, online communities such as PerlMonks (http:Mpenks.org/), or local Perl Mongers
(http://pm.org/) chapters can often provide personal nedecommendations. PerIMonks in
particular has an extensive archive of module discussindgtgorials.

Writing modules

Modules contain regular Perl code, and for most modulesdlsemajority of that code is in
subroutines. Sometimes there are a few statements whi@liga variables and other things before
any of those subroutines are called, and those get execntaddiately. The subroutines get
compiled and tucked away for later use.

Besides from the code that’s loaded and executed, two meadphings happen. Firstly, if the last
statement in the module did not evaluate to true, the Perpdenthrows an exception (usually
halting your program before it even starts). This is so thabaule could indicate that something
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went wrong, although in reality this feature is almost nayv&d. Virtually any Perl module you care
to look at will end with the statement to indicate successful loading.

The other thing that happens when a modulaé is that itsimport  subroutine (if one exists) gets
called with any directives that were specified onike line. This is useful if you want to export
functions or variables to the program that’s using your niedr functional programming but is
almost never used (and very often discouraged) for objéentad programming.

As you've no doubt guessed by now, modules and packagesgitband-in-hand. We know how to
use a module, but what are the rules on writing one? Well, idfpete is this:
A module is a file that contains a package of the same name.

That's it. So if you have a package callede::Fruit::Citrus::Lime , the file would be called
Tree/Fruit/Citrus/Lime.pm , and you would use it withse Tree::Fruit::Citrus::Lime;

A module can contain multiple packages if you desire. So ¢vengh the module is called
Chess::Piece , it might also contain packages foress::Piece::Knight and

Chess::Piece::Bishop . It's usually preferable for each package to have its ownut®atherwise
it can be confusing to your users how they can load a partipalekage.

When writing modules, it's important to make sure that theyaell-named, and even more
importantly that they won't clash with any current or futumedules, particularly those available via
CPAN. If you are writing a module for internal use only, youncdart its name withocal:: ~ which

is reserved for the purpose of avoiding module name clashes.

The best way to get started with writing your own module is to use Module::Starter . Read its

documentation on CPAN (http://search.cpan.org/perldoc?Module::Starter) and our mini-tutorial
in our Perl Tips (http://perltraining.com.au/tips/2008-10-15.html).

You can read more about writing modules in perldoc perimodlib , perldoc perimod , perldoc
perlmodstyle , and a little on pages 554-556 of the Camel book.

To document your modules so that peridoc  can provide information about them, read perldoc
perlpod and perldoc perlpodspec

Use versus require

Perl offers several different ways to include code from olegffito anotheruse is built on top of
require and has the following differences:

- Files which araise d are loaded and executed at compile-time, not run-times fi@ans that all
subroutines, variables, and other structures will exifbteeyour main code executes. It also
means that you will immediately know about any files that edld not load.

- use allows for the import of variables and subroutines from teedupackage into the current one.
This can make programming easier and more concise.

« Files called withuse can take arguments. These arguments can be used to reqerat &mtures
that may be provided by some modules.

Both methods:

« Check for redundant loading, and will skip already loadeskfil

- Raise an exception on failure to find, compile or execute the fi

Perl Training Australia (http://perltraining.com.au/)



Chapter 4. Modules

- Translate: into your systems directory separator.

Where possiblese and Permodulesare preferred ovaequire

Warnings and strict

When your module is used by a script, whether or not it runk wernings depends upon whether
the calling script is running with warnings turned on. Yowm ¢and should) invoke thése warnings
pragma to turn on warnings for your module without changiagnings for the calling script.

Your modules should always use strict.

use strict;
use warnings;

Exercise

This exercise will have you adapt youyTest.pl code to become a module. There’s a list at the end
of this exercise of things to watch out for.

1. Create a directory namediib .
2. Move youmviyTest.pl  file into yourpslib ~ directory and rename it t@yTest.pm .
3. Make sureviyTest.pm useSstrict andwarnings .
4. Test that your module has no syntax errors by runpemn-c MyTest.pm.
5. Change your Perl script from before to uselthe pragma in order to find your moduleuge
lib "p5lib’; )
6. Change your Perl script tge your module. Check that everything still works as you expect

7. Add a print statement to your module (outside any submes)i This should be printed when
the module is loaded. Check that this is so.

Answers can be found ixercises/answers/p5lib/MyTest.pm and
exercises/answers/modules.pl

Things to remember...

The above exercises can be completed without reference foltbwing list. However, if you're
having problems, you may find your answer herein.

- A module is a file that contains a package of the same name.

+ Perl modules must return a true value to indicate succelesfding. (Put; at the end of your
module).

- To use a module stored in a different directory, add thisotiing to the@incarray. (Putse lib
'path/to/modules’’ immediately before yourse MyTest; line.

- To call a subroutine which is inside a module, you can acdesa the double-colon. Eg:
MyModule::test();
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Exporter

Perl modules often make subroutines and variables avaitatihe calling code. Some do this by
default such asile::copy  (which places the subroutinespy andmove directly into the main
namespace) and others do this on request suclsias

Itis generally considered bad form to export things by diefasithey can easily interfere with
symbols already in the main package. In object oriented dasleery rare to need to export
anything, as your object already has access to all of its oaksth

If you really want to know how to export things from your modules, then neaddoc Exporter for
the story. Please don't export things by default unless yaue la very, very good reason.

Writing your own documentation

28

A module is not complete without the documentation. If yoadigodule::Starter to generate
your starting files, much of the scaffolding will have beeritten for you. In either case, it's good to
have an understanding of how it all works.

All of Perl's documentation is written in a format called PI®Id Documentation (POD). POD is
deisnged to be a simple, clean documentation languageedtthsee kinds of instructions.

- Text paragraphs which the formatter can reformat if reglifdis is the default form of
documentation.

- Code paragraphs which the formatter must not reformat.dhessignalled by starting each line
in the paragraph with at least one white space character.

« Command paragraphs. These must start in the first columrrgoegded and followed by a blank
line and start with an equals characte. (
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package My::Module;

use strict;

# Generally your code goes up here. Your POD may be at the botto m

# (as in this example), but you can interleave your POD and you r code

# if you so wish. Interleaving POD and code can make it easier t o keep

# your subroutine documentation up-to-date.

# Any command paragraph (which starts with an equals) causes Perl to
# consider all lines to be POD until it sees the =cut directive

=headl NAME
My::Module - Show an example of Perl documentation.
=headl SYNOPSIS

use My::Module gw(example pirate);

example($foo, $bar);
pirate($yarr, $avast);

=headl DESCRIPTION

This documentation is an example. It shows different headin gs,
code paragraphs, and even lists! Here's a list now:

=over 4
=item
Bullet lists are easy.
sitem
See L<perlpod > to see how to do numbered lists and definition lists.
=back
=headl SUBROUTINES
=head2 example
my $baz = example($foo, $bar);

Each function should have its own heading and a brief descrip tion of what
it does, its arguments and what it returns.

=head2 pirate
my $booty = pirate($yarr, $avast);
It be a fine day for writing subroutine documentation 'pon th e high seas.
=headl AUTHOR
Perl Training Australia
=cut

1
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We can then render the POD part of this file, ugiegldoc just as we did to read Perl’s normal
documentatiorperldoc My/Module.pm:

My::Module(1) User Contributed Perl Documentation My::Mo dule(1)

NAME
My::Module - Show an example of Perl documentation.

SYNOPSIS
use My::Module gw(example pirate);
example($foo, $bar);
pirate($yarr, $avast);
DESCRIPTION
This documentation is an example. It shows different headin gs, code

paragraphs, and even lists! Here's a list now:
o] Bullet lists are easy.
o] See perlpod to see how to do numbered lists and definition i sts.

SUBROUTINES
example

my $baz = example($foo, $bar);

Each function should have its own heading and a brief descrip tion of
what it does, its arguments and what it returns.

pirate
my $booty = pirate($yarr, $avast);

It be a fine day for writing subroutine documentation ’pon th e high
seas.

AUTHOR
Perl Training Australia

perl v5.8.8 2009-03-19 My::Module(1)
To make sure your POD is valid, you can use the podchecker which comes standard with perl.

To learn more about POD command paragraphs read perldoc perlpod and our Perl Tip
(http://perltraining.com.au/tips/2005-04-06.html).
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Chapter summary

- A module is a separate file containing Perl source code.
- We can use modules by writinge modul e_nare; before we want to start using it.

- Perl looks for modules in a list of directories that are deieed when the Perl interpretor is
compiled.

« Module names may contain double-colons)(in their names such @mnance::Quote , these tell
where Perl to look for a module (in this case in thence/ directory.

- Modules can be used for class definitions or as librariesdorrnon code.
« A module can contain multiple packages, but this is oftendiitdea.

« It's often a good idea to put your own modules into thheal namespace.
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In this chapter...

We've just learnt (or been reminded of) some of the basic eptscof Object Oriented programming,
but how do we do that in Perl? It's easier than most peoplékthin

Classes are just packages

To create a class in Perl, just create a package of the san® Ramexample, if we wanted to create
a PlayingCard class, we’d do the following:

package PlayingCard;

That's all there is to it. Mind you, our class is very boringtedoesn’t do anything, but it does exist.
Anything after oupackage line to the end of the file (or until anothgickage line) is placed into
thePlayingCard class.

Methods are just subroutines

Methods are just subroutines that exist within a particclass that can perform operations on
objects of that class. So if we write a subroutine in PayingCard  package, that becomes a
method. Here’s an example:

package PlayingCard; # This sets our class

sub get_suit {
# Code here to return the card’'s suit.

}

This sure has been easy so far. How do we call that method waghst wrote? Well, if you've
used a class likeTML::Template  (or one of many other object oriented modules), you probably
already know. Calling a method is very similar to doing anyastsort of access which involves a
reference, you use the operator:

$object_ref->method(@args); # Access method via object re ference.

Compare this with:

$array_ref->[$index]; # Access array element via array ref erence.
$hash_ref->{"key"}; # Access hash value via hash reference

Note that calling anethodon an object is very similar to accessing data via a referéndhis case
the reference to the object is on the left of the arrow, andtwieawish to access is on the right.

There’'ll usually be many methods available on an objectehheight be some examples with our
PlayingCard  class:

$card->get_suit();
$card->get_value();
$card->swap_with_ace_up_sleeve();
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When a method gets called, it receives a reference to thetalgen which it was invoked as its first
argument. As such, it's common (and recommended) to have ldalthis:

package PlayingCard;
sub get_suit {
my ($self, @args) = @_;
# $self now contains my object reference, and @args any

# arguments that were passed to this method.

# Code to return my suit goes here.

Blessing a referent creates an object

34

A referent for those not familiar with the term, is something that iereed to by aeferenceln Perl,
any type of variable (such as an array, hash or scalar) carbalan object. Hence there’s no real
trick in creating your object, instead the magic comes fraw fou tell Perl to associate an object
with a particular class. We do this Iyessing(that’s Perl-specific terminology) the object-to-be.

To bless an object we use the in-built Perl function whichpyanamedbless . Thebless function
takes two arguments, a reference to the variable to bledsa atring containing the class name into
which the object will be blessed. Here’s an example of how wghtdo this for a member of the
PlayingCard class.

my $card = {
_suit => "spades",
_value => "ace"

b

bless($card,"PlayingCard");

Pretty painless, isn’t it? You need to remember that whilgoags a reference to thiess function,

it's the underlying (in this case anonymous) hash that cegngpt the reference. You'll note that our
hash keys started with underscores, this is a conventiahfosenarking attributes that are intended
to remain private to this class. Note that it doesn’t guaamtrivacy, but merely relies upon
convention.

@Actually, in Perl you can bless anything you can get a reference to. This includes not only the
arrays, hashes and scalars that we’ve just mentioned, but also things you wouldn’t normally
expect, such as subroutines, regular expressions, and typeglobs.

Starting our hash keys with underscores doesn’t guarantee that programs which use this
class won't access our hash directly and forgo any integrity checks our accessor functions may
provide. Even worse, there is nothing in place to prevent the occasion where one part of our
code uses the hash key value with an underscore and another part uses the hash key value
without! We can all too easily end up with two hash keys where we meant only to have one!

If you wish to make it much harder to accidently create extra hash keys, you might be interested
in lockable hashes. These allow you to lock the hash keys so that creation of new keys is not
possible. For further information about these read perldoc Hash::Util .

Perl Training Australia (http://perltraining.com.au/)



Chapter 5. Our first Perl Object

Now that we know how to create an object, and have an exampgienoé likely attributes for it, we
can fill in ourget_suit method above.

package PlayingCard;

sub get_suit {
my ($self) = @_;

return $self->{_suit};

Constructor functions

Now, if you've been thinking that creating a variable, paiing it with data, and then blessing it
every time we want a new object is a lot of hard work, you'd lgiati Most of the advantages of
object oriented programming would be lost if we had to dota# tvork ourselves. What we’d like is
something (preferably in the appropriate class) which caate objects for us. That's commonly
called aconstructor function

In Perl, constructor functions are always called by convention. A standard constructor function
takes some information about the initial state of the objatl returns an appropriately constructed
object.

package PlayingCard;

sub new {
my ($class, $value, $suit) = @_;

# Create an anonymous hashref and naively fill in our
# fields.

my $self = { _value => $value, _suit => $suit };

return bless($self,$class);

# Since bless is often the last thing in a constructor, it
# returns the reference for convenience, so this is the
# same as:

# bless($self, $class);

# return $self;

}

Let's explain briefly how that all works. Our constructor exfs a class as its first argument, and a
card value and suit as its second and third. We create an amoursyhash reference, and populate
that with the values that we've been passed. Having dongwegbless our anonymous hash (via its
reference) into the class that we've been given and retuefeaence to the blessed hash.

That's pretty straightforward, but you might be wonderingywve want aclasspassed to our
constructor function. We already know that we're in th&ingCard  class, why have a class passed
in?

The reason has to do with how constructor functions are lyscalled. Rather than calling the
function directly like this:

my $card = PlayingCard::new("PlayingCard","Ace","Spade s"); # Don't do this
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instead we treat the constructor aslass methogdand call it thus:

my $card = PlayingCard->new("Ace","Spades");

If you've never done object oriented programming beforeygeprobably wondering what a class
method is. Well, the methods we've been calling from objactsproperly known asbject methods
They call a method on an object, and the subroutine whichlkarke call gets the object as its first
argument. A class method, as you've probably guessed, giitsl cipon alass and receives the
class-name as the first argument.

Class methods are methods that are attached to a class laut abject. Constructors are a good
example of these, we want to form an object out of nothing IMdee more of them as we continue
through this course.

Now, that still doesn’t answer why we want to use the classentimat’s been passed to us, rather
than blessing int@layingCard  directly and saving ourselves a little typing.

The reason for that has to do with inheritance. If someon&ldedo use our class as a parent for
their own derived class, then our constructor function woeteive the name of the derived class
when invoked. If we always blessed into thieyingCard  class, then someone wanting to derive a
PlayingCard::UpMySleeve class, would find that our constructor simply wouldn’t wook them (it
would always return a normalayingCard  object).

PlayingCard in full

36

Here’s theplayingCard  class in full.

package PlayingCard; # Our class name
use strict;
use warnings;

# The constructor function (a class method)
sub new {

my ($class, $value, $suit) = @_;

# Create an anonymous hashref and naively fill in our
# fields.

my $self = { _value => $value, _suit => $suit };

return bless($self,$class);

}
# An object method returning the value of this card’s suit
sub get_suit {

my ($self) = @_;

return $self->{_suit};

}

# An object method returning the face value of this card
sub get_value {
my ($self) = @_;

return $self->{_value};

1; # Required if we've written this as a module.
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Exercises

1. Create aoin class in a file calledoin.pm .
2. Create the following methods:

- toss : this function randomly changes the state of the coin to seadhils, as if the coin had
just been tossed up.

- get_state :this function tells us whether the coin is heads up or tglatthe moment.
3. Create a constructor for yoasin class making sure that it ensures that the state is set to
something valid.

4. Write a program thatse s yourcoin class and creates two coins. Make it flip these two coins a
number of times and report on each outcome.

An answer for this can be found #xercises/answers/test_coin.pl

Chapter summary

- Perl objects are variables, a collection of attributes.
+ Methods belong talassesot objects, and are divided into class methods and objettiads.
- To create an object in Perl we need only remember three rules:
. Classes are just packages
Methods are just subroutines

Blessing a referent creates an object

- In Perl objects are always accessed via a reference, olijeciselves are never passed around.
- Calling an object method can be done using the arrow notatobfect_ref->method()

« Constructor functions in Perl are conventionally called() and can be called by writing:
$new_object = O assNane->new() .
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In this chapter...

In this chapter we look at how we can improve our subroutimesmaethods by using named
parameter passing and default arguments. This is usefulibhabject oriented coding and standard
coding, and is best used whenever a subroutine needs to takearguments, or where more than
one argument is optional.

Named parameter passing

We'll use a particular form of parameter passing in theses@nd it's so useful that it deserves a
special mention. It's calledamed parameter passim@nd it usually starts like this:

sub method {
my ($self, %args) = @_;
# ..

}

$self is the object, which you've already heard about. It's#egs that is important. The
arguments for our methods are loaded into a hash for easseofA/e’ll see how it works, and why
it's so good.

Most programming languages, including Perl, pass theurraentshy position So when a function
is called like this:

interests("Paul","Perl","Buffy");

theinterests() function gets its arguments in the same order in which theywassed (in this
case@_is ("Paul","Perl","Buffy") ). For functions which take a few arguments, positional
parameter passing is succinct and effective.

Positional parameter passing is not without its faultsyutito If you wish to have optional
arguments, they can only exist in the end position(s). If ve@tto take extra arguments, they need
to be placed at the end, or we need to change every call to ticéidu in question, or perhaps write a
new function which appropriately rearranges the argumamdsthen calls the original. That's not
particularly elegant. As such, positional passing resalgssubroutine that has a very rigid interface,
it's not possible for us to change it easily. Furthermorgéfneed to pass in a long list of arguments,
it's very easy for a programmer to get the ordering wrong.

Named parameter passing takes an entirely different apprd¥ith named parameters, order does
not matter at all. Instead, each parameter is given a nament@ists() function above would be
called thus:

interests(name => "Paul", language => "Perl", favourite_s how => "Buffy");

That's a lot more keystrokes, but we gain a lot in return.iitisnediately obvious to the reader the
purpose of each parameter, and the programmer doesn’toeechémber the order in which
parameters should be passed. Better yet, it's both flexideeapandable. We can let any parameter
be optional, not just the last ones that we pass, and we canexd@arameters at any time without
the need to change existing code.
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The difference between positional and named parametdratitite named parameters are read into
a hash. Arguments can then be fetched from that hash by name.

interests(name => "Paul", language => "Perl", favourite_s how => "Buffy");

sub interests {
my (%args) = @_;

my $name = $args{name} || "Bob the Builder";
my $language = $argsf{language} || "none that we know";
my $favourite_show = $args{favourite_show} || "the ABC New s";

print "${name}'s primary language is $language.
"$name spends their free time watching $favourite_show\n" ;

Calling a subroutine or method with named parameters does not mean we're passing in an
anonymous hash. We're passing in a list of name => value pairs. If we wanted to pass in an
anonymous hash we’d enclose the name-value pairs in curly braces {§ and receive a hash
reference as one of our arguments in the subroutine.

Some modules handle arguments this way, such as the ccl module, although cGI also accepts
name => value pairsin many cases.

It is important to notice the distinction here.

Default arguments

Using named parameters, it's very easy for us to use defayliserging our hash of arguments with
our hash of arguments, like this:

my %defaults = ( pager => "“/usr/bin/less", editor => "/usr/b infvim" );

sub set_editing_tools {
my (%args) = @_;
# Here we join our arguments with our defaults. Since when
# building a hash it's only the last occurrence of a key that
# matters, our arguments will override our defaults.
%args = (%defaults, %args);

# print out the pager:
print “"The new text pager is: $args{pagerj\n”;

# print out the editor:
print "The new text editor is: $args{editorj\n";

Named parameters and object constructors

In object oriented coding we use named parameters mostgloiject construction. This allows us
to choose reasonable defaults for arguments and savesdip@prmer from having to memorise the
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order for the (possibly numerous) arguments. When we rdachbhapter oimheritance we'll see
why this is doubly useful.

Here’s an example of being able to used named parametergcidygand easily build a
DrinksMachine . This also demonstrates the userafams::validate ~ to check arguments and return
a hash with defaults applied.

package DrinksMachine;

use strict;

use warnings;

use Carp;

use Params::Validate qw(validate :types);

# The default_fields for a drinks machine.

# desired_temperature - best temp for operation, deg. Cel

# drinks - drink flavours

# price - all drinks have the same price, standard decimal

# starting_change - the change we start out with. Represente d by a list
# of the number of coins in following denominations:
# $2, $1, 50c, 20c, 10c, 5c

# so [qw/0 0 50 50 30 10/ makes, 0 x $2, 0 x $1,
# 50 x 50c, 50 x 20c, 30 x 10c, 10 x 5c.

#

# ’location’ is a required field, and has no default.

sub new {
my ($class, %args) = @_;

# The line above is enough to get our named parameters,
# but we're going to use Params::Validate to perform some
# basic input checking and set defaults.

%args = validate(

%args,
{
desired_temperature => { type => SCALAR, default => 4 },
price => { type => SCALAR, default => 1.20 },
starting_change => {
type => ARRAYREF,
default => [ 0, 0, 50, 30, 10 ]
h
drinks => {
type => ARRAYREF,
default =>
[gw(cola orange lemonade squash water)],
h
location => { type => SCALAR 1},
}
)i
return bless(\%args,$class);
}
Exercises

1. Modify yourcoin class so that its constructor uses named parameters radimepositional
parameters.

2. Modify one of your earlier programs to use your changeaCtass.

Perl Training Australia (http://perltraining.com.au/) 41



Chapter 6. Argument Passing

Chapter summary

42

Parameters in Perl are usually passed "by position".

Positional parameter passing makes having independeahaparguments or extra arguments
difficult.

Named parameter passing makes independent optional angmaral extra arguments easy.

To pass named parameters to a subroutine all we have to deeithgi subroutine a list of name,
value pairs when we call it, and to extract the hash f@nm our subroutine.

Named parameter passing allows the programmer and classusal subroutines with
arguments in different orders.

Named parameter passing makes it very easy for us to hanfdieltde especially in constructor
functions.
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We've already seen the start oPayingCard class, and learnt the very basics of object oriented
programming in Perl. Now we’'ll take that knowledge and picctvriting a simple module.

Group Exercises - Planning the Class

An important part of any project is planning. Determiningawfs required of your class and how it
will be required to function before you begin coding can saany hours of frustration later. This
course does not aim to teach you these skills, but it doesrasthat you'll spend some time
thinking and documenting a class before you begin to write it

Let's say that we wish to continue with tirayingCard  class. Games involving cards are extremely
common, and while the rules for each game change, the cardstives usually share a common
set of attributes.

1. What sort of information will our PlayingCard need to st®iThink of any attributes that we
might need to store.

2. What would be the best way to store the attributes whiclvevelst discussed? Remember that
card values have asrdering It would be nice to preserve this so that we can compare tnasca
and see which is the highest.

3. The card gamBve-hundredvhen played with six or more players introduces cards valied
and 12 in each suit, and cards valued 13 in both red suits hwddme below the picture cards in
value™.

Can our PlayingCard class handle this situation? What gbkets? What about games where
aces are high instead of low?

4. What arguments should our constructor function take? eemwve verify that we've been given
valid arguments?

5. What sort of operations would we like to do with our card47ieN of these make sense with
regards to an individual card?

Individual Exercise - Writing the Class

In exercises/lib/PlayingCard.pm you'll find some skeleton code for writingraayingCard ~ class.
Try the following exercises:

1. Improve the PlayingCard class such that its constructdiexisting methods work as decided in
the exercises above.

2. Add any other methods that you and your group decided upon.

3. Create a program thade s your module. Have it generate a deck of cards (without gker
shuffle the deck, and print the first five cards. Usellbeurtil shuffle function for this.

4. What happens if you just try to print the object referenndhbe last exercise (for example,
print $card )? What needs to be done instead to print these in human reddains?
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Practical Exercise - Playing Cards

Practical Usage - The Card Game "War"

Notes

44

There are many variations of the simple card gavae but they all share similar rules. The game is
played by two players, and a 52 card deck is shuffled, and dagkrds dealt half the deck. The
players then draw cards simultaneously, and compare takies. The player holding the highest
value card wins their opponents cards, and these are platedh® bottom of their pile. This
process repeats until only one player has cards remainiigsaleclared the winner.

If the value of the cards are equal, then each player drawthancard and compares it to their
opponent’s. The winner then claims all four cards as theirs.

It's possible for infinite win-lose cycles to occur in thisrga, depending upon the initial card
ordering. As such, you may wish to shuffle the players’ caftés @ach round.

1. Use youmrlayingCard  class to write a program which implements the game of waiolf gre
used to playing with different rules, then you may use thastead of the ones listed above.

An answer for this game can be founde@rcises/answers/war.pl . Make sure you try to solve
the problem before peeking at the answer.

1. Notto mention other fun things such as the Jack of the @#@e colour suit suddenly becomes
a member of the Trumps suit, when a suit is bid Trumps. Or tiedtd two Jacks of the same
colour each have a higher value than all the other cards ofrilnaps suit (except the Joker
which we’ll ignore here). The two Jacks of the opposing cokuits remain in their normal
value positions as immediately less than the appropriate@uards.
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In this chapter...

In this chapter we will discuss class methods and classhlasaWe'll look at some very special
class methods as well as more generalised ones. In addit&ihdiscuss some common uses of
class variables.

What is a class method?

Most of the methods we've discussed so far have been methata¢ call from objects, which are
unsurprisingly calleabject method<Class method®n the other hand, are called directly on
classes, and don't have a single object associated with éheith

We've already seen one instance of a class method, and toatsructor functions. Even though
constructors return a freshly created object, they'reedadlirectly on the class, like this:

my $card = PlayingCard->new(suit=>"diamonds", value=>"] ack");

Notice that we invoke the name of the class in order to usess cleethod, in the same way that we
invoke an object to use an object method. Like the constrathat we've already used, the method
receives the name of the class as its first argument.

Class methods are used for functionality that affects a vhblalss of objects. For example, | might
have a class method that increments the age of all stock imwepntory, or return the number of
times a particular class of object has been created.

An example class method

We've already seen one instance aflass methogdand that'siew, the constructor function. In this
case, we have a class method because there’s no object taipamk However, there are other times
when class methods come in handy as well.

Let’s think back to ouplayingCard  class. Rather than requiring our user to deal have to manuall
create a deck of cards (a very common operation) we coul@warifass method to do it:

package PlayingCard;

sub new_deck {
my ($class) = @_; # This is the class which was invoked.
my @deck;

foreach my $suit (qw/hearts spades diamonds clubs/) {
foreach my $value (2..10, qw/jack queen king ace/) {
push @deck, $class->new( $value, $suit );
}
}

return @deck;
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Notice that we us@class->new(...) rather tharplayingCard->new(...) . By using the first
syntax we invokeew on the class which was used to invoke eew_deck method. This is important
if we inherit from our class later on. We’ll see more about hinheritance works later in this course.

Our class methodouldbe called from an object, since Perl itself does not enfoove & particular
method is invoked. In this case, we would have receivedijectand not a class as our first
argument. However one should pause and give thought whetmext this is meaningful.

It's easy to catch an incorrect call to a class method by usiagf function:

sub new_deck {
my ($class,@args) = @_;

ref($class) and croak "Class method 'new_deck’ called on ob ject";

# o
}

Theref function returns the class of the object passed to it, oefiigiven something other than a
reference. This can also be useful when writtiege constructors, which are intended to make a
copy of the object upon which they are called.

Class variables

We've already covered attributes on objects in some détaifrom time to time we also wish to
have an attribute or variable which is common to all objetis class. We call such a variablelass
variable Class variables easy to create and use in Perl. As you migkte there’s more than one
way to do it.

package PlayingCard;
my $Cards_created = 0;

sub new {
# ..
$Cards_created++;

}

sub card_count {
return $Cards_created;

}

Here we create a lexically scoped variaftrrds_created ~ which tracks the number of times our
constructor function has been used. Since the declaratitnisovariable is in the same scope as the
subroutines which use it, they are able to make use of it. ingtelse cannot, not even with
$PlayingCard::Cards_created , as it's not possible to name a lexical variable outsideso$@ope.
You can think of class variables made in this way as beingapeiif you're familiar with other object
oriented languages.

It's possible to createeally private class variables in this way. For example, here igiabi which
is shared between two methods, but cannot be accessed byhangections of code:
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package PokerGame;

{

# Only subroutines inside this block can use variables
# declared within it.
my $House_min_bet = 0.50; # 50c minimum bet

sub set_house_min {
my ($class, $new_min) = @_;
$House_min_bet = $new_min;

}

sub get_house_min {
return $House_min_bet;
}
}

In the code above, thenly way to get access #House_min_bet is through the two subroutines
defined in the same block as it. Other code, even code in the skass, cannot access the variable
except through these methods.

Package variables and class variables

You may recall from the modules and packages chapter thaagaosariables can be used as globals
throughout our program. If we wish to have a class varialdét¢an be accessed by name from
anywhere in our program, we'd need to declare it as globalitatass. Since a class is just a
package, we create a package variable and use that.

package PlayingCard;

our $Cards_created; # Preferred for Perl 5.6.0 and above.
# use vars qw/$Cards_created/; # Preferred for older versio ns.
# $PlayingCard::Cards_created; # Acceptable, but require s we always

# use the full name under strict.

In all the cases above, both our package and external codeccass the variable using
$PlayingCard::Cards_created . You can think of this like a public variable if you're useddther
object oriented languages.

Exercises

1. Create a class methetht_statistics to yourcoin class. Make this function print out what
percentage of heads and what percentage of tails have comeupow many coin tosses. Add
any class variables that you find you need.

2. Change your coin program to toss the 2 coins 100 times amndtthprint out the statistics using
the class methogtint_statistics

An example answer for this can be foundekarcises/answers/statistics.pl
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Chapter summary

- Class methods are used when we wish to perform an operatiwh afiects all members of a
class, or for which no object exists on which to invoke thehodt

- Class methods in Perl can be invoked from objects as welljldhvee desire.

+ Perl allows us to create class variables which can be aatégseny part of our code, or variables
which are only available within a particular class.

- We can create very private class variables which are onljadla to certain methods within a
class, and not the entire class.
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In this chapter...

We've seen how to bring objects into the world by blessing@prapriate data type. We haven't yet
looked at how objects are destroyed, and that’s the topisisichapter.

Perl’s garbage collection system

To understand how Perl manages variables and objects (whgateally just specially blessed
variables), we need to know a little about Perl's garbagkectibn system. As you've probably been
aware, there’s no need to explicitly allocate or free menmo®erl. When we create a variable, the
memory is allocated automatically. When we assign elenterdsa array or hash, those structures
are extended as needed. When we put data into a scalar, thatgayf that scalar grows as required.
All of this saves on both headaches and programmer time.

What's not immediately obvious is under what circumstariRes frees memory. Perl keeps a
reference counto each data structure, recording how many things pointisoptarticular chunk of
data. When the reference count drops to zero, the garbagetoolimmediately kicks in and the
memory is freed. Here’s an example:

my $greet_ref;

{
my $greeting = "Hello World";
my $farewell = "Goodnight World";

# Add another reference to $greeting.
$greet_ref = \$greeting;

# End of block means that variables created with my
# go out of scope. However, the data in $greeting
# lives on, because there’s still a reference to it.

}

It's possible to trick Perl’s garbage collection into nexgleasing memory if you're using circular
references. For example, the following situation will lea&mory:

{

my ($x, $y);
$x = \$y; # $x refers to $y.
Sy = \$x; # $y refers back to $x.

}

even aftegx andsy go out of scope. An even simpler case is when a variable issaarte to itself.
Since the reference count never drops to zero, these dataustrs will never get collected (although
they’re cleaned up when the perl interpretor shuts downeaéttd of the program).

Consider the case where we wish to model a railroad conmectap. Inside our object we have
references to stations and depots, each of which contd@renees to adjacent stations and depots.
This data is likely to contain many circular references. Wit last reference to our railroad map
disappears, we want to make sure that we break the refergnicefternal representation so that
memory can be correctly freed. One of the ways of doing thik wbjects is using destructor
function
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Destructor functions

Put simply, a destructor function in Perl is called to tidyarpobject that's about to be destroyed, in
the same way that a constructor function sets things up fobgact that is being created.

Most objects don’t require destructor functions, nothipg@al needs to be done when a program
doesn’t need a particul&rayingCard anymore. However, some objectsrequire special

treatment. For example, if | have an object which is conitigla modem or serial terminal, | might
want to make sure that the device gets reset back to a knotenugtan my program finishing with it.
If I have an object which is keeping a cache of informationjgimwant to write that cache to the
disk for speedy access next time. As we've seen above, if @tiodontains circular references in its
data, we want to break those references to make sure thdetreup done by the garbage collector
is complete.

When an object’s reference count hits zero,ttBeTROYNethod (if it exists) is invoked on it, before
that object’s memory is reclaimed. This gives the objectlasechance to clean itself up before
disappearing. TheesTrROYMethod gets the object as its first argument, just like angratbject
method. If nobESTROYMethod exists, then the object's memory is reclaimed asmpeother Perl
variable.

Destructors also get called in a separate phase when thmprigiiar is exiting, before other variables
are cleaned. This is to ensure that destructors which peiifoportant tasks like saving data to disk
get a chance to do so.

Writing a destructor is easy. Let’s pretend our object has@biuffer as one of its attributes. Before
the object is destroyed we wish to break the circle of refezen

Figure 9-1. Object has a ring buffer

$self

_ring_buffer

next

V \next
next /ext

next

To do this all we have to do is remove a single link from theleir@Ve can do this with a destructor
like the following:
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sub DESTROY {
my ($self) = @_;

# Break one of the references in our ring-buffer, so that
# it will be cleaned up properly.

delete($self->{_ring_buffer}->{next});

# Okay, the Perl garbage collector will take care of the
# rest. Bye!

}

Destructor functions are free to do whatever they like @ltfh you should have a good reason if
you do anything other than the required cleanup that's depge®emember that destructors are
called are not only called during the normal running of yororggam, but also when your program is
exiting. Assumptions about database connections, open difel the like may not be valid.

Exercises

1. Write a destructor function for ttayingCard ~ class. Have it print a messagedtDERR
whenever a card is discarded.

2. Run one of your previous scripts that makes use obthyngCard s and observe its behaviour.
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Other uses for destructors

Destructors have a lot of use outside of simple clean-uptrDeters can be used to cleanly close
connections to servers or clients, or a convenient placegmformation about an object’s usage.
More importantly, destructors are a convenient placgetialisean object, that is, to turn it into a
form suitable for storage and later retrieval.

The example below demonstrates a class which usesathe::FileCache = module to create objects
which are persistent across processes.

# Naive persistent object class. This assumes that only one

# process will be using an object at any given time. No locking
# or checking is done to ensure that double-update or race

# conditions are avoided.

package Persistent;

use Cache::FileCache; # Could be any Cache::Cache module

our $Cache = Cache::FileCache->new();

# If the argument "name" is passed, and the object already exi sts
# in our cache, we skip all initialisation and retrieve the ob ject
# directly.
sub new {

my ($class, %args) = @_;

my $this;

# Grab our object from the cache, if it exists.
if ($args{name}) {
$this = $Cache->get($args{name});
return $this if $this;
}

# Otherwise, proceed with regular initialisation.
$this = bless({},$class);

$this->_init(%args);

return $this;

}

# Insert the object into our cache before releasing its memor y.
sub DESTROY {

my $this = shift;

$Cache->set($this->name,$this);

}

It's now possible for us to inherit from theersistent  class, and provided we use the inherited
constructor and providermme argument during creation, our objects will be made pernsisteross
processes.

Group exercises

1. Thepersistent  class has a problem when multiple processes may wish to esathe object
at the same time. What solutions may exist to solve this praBl

2. Thepersistent  class has other problems, in addition to those mentiondtkiptevious
exercise. What are these problems? How may they be solved?
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Weak references

An alternative to using destructors for memory managensgiatinstead make use of Penligak
referencesystem. A weak reference is not considered when examinaefierence count for an
object, and does not prevent that object from being relebg&terl’s garbage collection system.

Weakening a reference is achieved by usibgar::Util 's weaken() function, and can be tested
for by using thesweak() function from the same module.

use Scalar::Util gw(weaken);
my $greet_ref;

{
my $greeting = "Hello World\n";

$greet_ref = \$greetings; # $greet_ref starts a strong refe rence.

weaken($greet_ref); # S$greet_ref is now a weak reference.

}

# $greeting is cleaned-up, and $greet_ref set to undef,
# as no strong reference exist to it.

Weak references are ideal when two objects have a relatpnstih each other, but only one is
likely to be referenced from the main program. As an analaggr has an engine, and that engine
needs to be connected to numerous parts of the car. This i$epexample of a circular reference,
which each object (car and engine) needing to be able to sitltesther. By making sure that the
engine has a weak reference to the car, we can ensure thaigine és destroyed when the car is
destroyed, without any extra programming required.

Chapter summary

- Destructor functions are called upon an object when theeate count to that object has dropped
to zero.

- Destructors allow us to clean up after our object, so if ojectcontrols a modem it might set it
to a known state before leaving, or if our object is the lassiole reference to a loop of other
objects, it might break the loop so that those objects canksdestroyed.

- Destructors can be used for other things that need to occoireben object is destroyed, such as
logging of statistics dealing with that object, or serialgsthe object for later use.

- Under most situations, explicit destructor functions aserequired.
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In this chapter...

One of the great virtues of object oriented programmingésatility to easily take existing objects
and extend them to meet new requirements. The primary meathteve this is vienheritance
which is discussed in this chapter.

So what is inheritance in Perl?

If you've used another object oriented language, you'rdabdy already quite familiar with the idea
of inheritance. Even if you haven't, you've probably gragpige idea by now. Inheritance is a way of
extending the functionality of a class bigrivinga more specific sub-class from it.

Let’s take people, for example. There are lots of differéasses of people, we might have

Gardeners , ChessPlayers , Cyclists , and so on. A person may be all of these classes at once, but
each of them provides a very different set of behaviours. W8menething is a member of two or
more classes at once, we call thisiltiple inheritance

In addition to there being many different types of peoplesalasses will be more specialised than
others. For example,ReriTrainer IS aTrainer IS aTeacher . SO aPerlTrainer IS a special type of
Trainer , which in turn is a special type akacher . This means that BerlTrainer ~ can do

everything that arainer can do, as well as a few tricks of their own.

Inheritance in Perl is a much more relaxed affair than irthede in other programming languages.
In fact, inheritance in Perl is nothing more than a way of fyetwy where to look for methods.
That's worth repeating, because those with object orieaexperience from other languages may be
surprisedInheritance in Perl is nothing more than a way of specifyirgeve to look for methods.
That's it, end of story, nothing more to see here. Move aldegse.

Attributes do not get inherited. Ancestral constructors destructors do not get called.
Compile-time consistency checks on interfaces or abstnatitods do not happen. Actually, that's
not completely fair. None of those things happen unlesswantthem to happen. Having a choice
is a powerful (and sometimes dangerous) thing, but in Perttoice is yours to make.

Since the only thing out-of-the-box inheritance affectsisthod calls, we’ll discuss that before
going any further.

Method dispatch

More information about the message dispatch mechanism is explained in Conway’s book,

pages 169-171.

The process of finding which method to call is knowmasthod dispatchand different
programming languages will handle it in different ways.|Ravks for methods using a depth-first,
left-to-right search of the tree of ancestors.
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The ancestors of a class are found by looking at@r&array. Since this is a package variable, this
is one of the few times when yalo notwant to useny. Instead, you should declare the variable with
theour keyword (in 5.6.0 and above), or using tise vars pragma (in any version of Perl).

Alternately we can avoid manually altering t@esAarray by using thease pragma. This pragma
also ensures that the appropriate module is loaded; whidnigething that editingisadoes not.

These options are best demonstrated with an example.lltsadly quite simple.

package PerlTrainer;
our @ISA = (Trainer Geek); # Syntax only valid in >= 5.6.0

package Trainer;
use vars gw(@ISA); # Portable across all versions of Perl 5.

@ISA = qw(Teacher Writer);

package Geek;
use base qw(Programmer Strategist CaffeineAddict); # >= 5. 6.0 again

Figure 10-1. The PerlTrainer inheritance tree

Teacher Writer Programmer Strategist Caffeine Addict
* review() * review() * reviuew()/
Trainer Geek
Perl Trainer

When a method call is made (sayiew ) on an object in theeriTrainer  class, the classes are
searched in the following order:

¢ PerlTrainer
« Trainer
« Teacher

o Writer

+ Geek
Programmer
. Strategist

- CaffeineAddict

until the method is found.

As soon as the method is found (in this case, atrtaeher class), it's called immediately, and
cached so that Perl doesn’t need to go through all that harkl again. It's important to note here
that you always end up with the first available method in tlierfeost inheritance chain. Conway
aptly refers to this as the "left-most ancestor wins".
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Directed dispatch

There will be times (and we’ll see some later this chaptea) ¥e want to start the dispatch
mechanism at a particular place in the class tree. In thessage use a special syntax for method
calls, like this:

$trainer->Teacher::instruct(@args);

This directs Perl's method dispatcher to begin looking faiistruct  method in thereacher class
and calls this on thetrainer ~ object. If the method isn’t found on theacher class, then the parent
classes ofeacher will be searched, and so on. If neither theacher class nor any of its ancestors
have annstruct ~ method this will cause a run-time error.

Directed dispatch allows us to call tikeek review method as follows:

$trainer->Geek::review(@args);
Since theseek class does not implement its owsview method the dispatch mechanism would
traverse the inheritance tree of theek class and find therogrammer:review ~ method and call that.

Using this notation, it's actually possible to specify asslaf which your object is not a member.
This mainly has uses in invokingseudo-classesvhich have particular side-effects. We'll see more
on this next chapter.

Dispatch via subroutine reference

There’s a third way of invoking methods in Perl, and thati®dily with a subroutine reference. It's
possible to get a reference to a subroutine in a few ways x@mmele \&foo gives us a reference to
the subroutine namedo ). Given such a reference, it can be called as a method diredthout
involving the method dispatcher at all. This is very fast:

my $subref = \&Strategist::review;
$trainer->$subref(@args);

Similar to the directed dispatch above, it's possible tb rm&thods that don’t exist on the object in
this fashion. We’'ll see some uses for this notation later bemwe examine thean() universal
method.

C Be careful, the following line of code:

my $subref = \&Strategist::review();

calls the strategist::review subroutine, and then takes a reference from what it returns. When
making subroutine references, we have to make sure that we do not include parentheses.

Exercises

1. You can find the source for threriTrainer  and related classes in
exercises/lib/PerlTrainer.pm . Write a small script taise thePeriTrainer  class, create a
PerlTrainer ~ oObject, and call theeview method on it. Which class’ method gets called?
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2. Invoke theeview method but direct the dispatcher to start looking indlek class. Which
class’ method gets called this time?

3. Obtain a reference to the thwiew method in thestrategist ~ class by usingny $subref =
\&Strategist::review . Use it to call the method directly on yoBériTrainer  object.

Constructors and inheritance

You'll remember that we mentioned that attributes do notigfe¢rited in Perl, nor does every
constructor get called when an object is created. This fer@ifit to most other object oriented
languages.

In Perl, a constructor is just another class method, extegilirns a newly blessed object. When we
call PeriTrainer->new() , Perl does the left-most inheritance search, and callsr$tgdind only the
first) constructor that it finds. With our example abovediiTrainer  had no constructor, but

Trainer did, then that would be called.

It's here that we finally see why it's so important to bless hjeot into the class that was passed as
the constructor’s first argument. When we calliTrainer->new() we want aPerlTrainer  Object,
and this is what the constructor is passed, even if it'stthiger ~ Or CaffeineAddict ~ constructor

that eventually gets called.

What we haven't yet discussed is how to ensure all constrsigiet the chance to properly initialise
an object. Sure, therainer  constructor will correctly initialise attributes fesurses_taught ~ and
notes_revised , but is unlikely to even know abotlood_caffeine_level

In Perl, the most common solution is to separate the objaustructiorfrom the object
initialisation. This all happens internal to the class, of course. We doarttwisers writing code like
this:

my $trainer = PerlTrainer->new;
$trainer->init(hame => "Paul Fenwick");

That would just be asking for trouble. Rather, the constnutinction should call the initialisation
function itself.

So, what'’s the big deal about splitting creation from idisiation? Why bother in the first place if the
user doesn’t see nor care about it? Let’s take the followkag®ple:

package PerlTrainer;
our @ISA = gqw(Trainer Geek);

# Constructor method. Just creates the hash and then passes
# the work off to the initialiser method.

sub new {
my ($class, @args) = @_;
my $self = {};

bless($self,$class);
$self->_init(@args);

return $self;
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# Initialiser method, does all the hard work.
sub _init {
my ($self, %args) = @_;

# Initialise the object for all of our base classes.
$self->Trainer::_init(%args);
$self->Geek::_init(%args);

# Class-specific initialisation.
$self->{_perl_courses} = $args{courses} || [I;

# Return the initialised object.
return $self;

}

Our _init  function first calls theinit  functions on its base classes, and then does its own
class-specific initialisation. In this way, all the clasges a chance to do whatever work is needed on
the newly created object. If we had called constructor mithwe would get back many different
objects, when we only want to be working with one.

Universal methods

We'll return to initialisers shortly, but first we’ll intragce two very special methods that exist on all
objects. Those methods ase() andcan() .

The isa() method

As we've seen, the ancestry of an object can be very long anadvied, and sometimes it can be
rather tricky to determine if an object has inherited fronedain class. Looking at an objectssA
array is a naive approach, and doesn't let us examine gragaligar great-grandparents.

As you can imagine, checking all the way up the class hiegeicfar from trivial. Luckily for us,
there’s auniversal methodalledisa() , which we can use to determine if an objeset member of a
particular class.

my $trainer = PerlTrainer->new(name => "Paul Fenwick");

print "Paul is a geek.\n" if $trainer->isa("Geek");
print "Paul is a hairdresser.\n" if $trainer->isa("HairDr esser");

Assuming the hierarchy for theeriTrainer  class that we discussed before, this will print that Paul
is a geek, but not mention hairdressers at alll.

isa() can also be called as a regular function. The main applicatiohis is when we have a scalar
that may not even be an object. Calling a method on a reguddairs@sults in an exception from
Perl, whereas callingNIVERSAL::isa() ~ with an unblessed scalar does not. Two arguments (the
scalar and the class) must be passeshtp when used in this way.

print "This thing is a $class\n" if UNIVERSAL::isa($thing, $class);

C Theisa() method caches its return values, so if you change inheritance of a class that has
objects in existence that you've already called isa() on, then you might get unexpected results.
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Of course, if you're changing the inheritance of classes at run-time, you should be expecting the
unexpected.

Theisa() method can be found in more detail on pages 178-179 of Conway’s book.

The can() method

The other universal method that we’'ll talk aboutas() , which tells us whether or not a particular
objectcancall the method supplied.

A common use oéan is to call a method only if it exists. For example, an objeagintihave a
display method that prints its contents in a human readable formerGavlist of objects we want to
print, we could do this:

foreach my $obj (@list) {
if ($obj->can("display")) {
$obj->display;
} else {
print $obj;
}
}

Or, more concisely:

foreach my $obj (@list) {
$obj->can("display") ? $obj->display : print $obyj;
}

Thecan method has more uses than you think. It's particularly udefoause it returns a reference
to the method if it exists. This makes it handy if you need dipalar functionality but you're not
certain what it may be called on the object you're dealindywit the example below, we search
through a series of likely methods for converting our objetd a string of suitable form for saving
in a file or handing to another process.
# Convert our object into a string for storage.
my $freezer = $obj->can("freeze") Il

$obj->can("store") Il

$obj->can("serialise) ||

$obj->can("serialize") ||

die "Cannot serialise object\n”;

my $frozen_obj = $obj->$freezer();

Of course we could use Data::Dumper to serialise our object. Data::Dumper stringifies perl

data structures suitable for printing or "eval"ing later. You can learn more about Data::Dumper by
checking out perldoc Data::Dumper .
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Problems with initialisers

Separating constructors from initialisers to allow all thesses in an inheritance hierarchy to
initialise the object is extremely useful. However it is mgthout traps for the unwary. We cover
these next.

Initialisers and diamond inheritance

Let's take ourrerlTrainer ~ example again and extend it a little.P&rTrainer  isn’t just any sort of
Programmer , they’re aPerlHacker

Figure 10-2. Adding PerlHacker to the inheritance tree

Teacher Writer Programmer Strategist CaffeineAddict
Trainer PerlHacker Geek
Perl Trainer

Here we have two classesdek andPerlHacker ) that share a common ancestrogrammer ). This
can cause some interesting problems, particularly at bbjeation time. Using the techniques that
we've just discussed, ttgogrammer::_init function would be called twice whenreriTrainer s
created. Thisnightbe okay, but what if theinit  function keeps a record of how many
Programmers get created? AerlTrainer  would end up getting counted twice! Fortunately,
provided we are using hashes for our objects, a solutiorosecht hand:

package Programmer;

sub _init {
my ($self, %args) = @_;
return if $self->{_init}{Programmer}++;

# remainder of initialisation...

}

The first time this is calledsself->{_init}{Programmer} does not exist, so the initialisation is run.
The post-increment operator+) ensures that the attribute gets created and set to a tue. Vidie

next time (if there is a next time) the initialisation is eal| we can tell that we're experiencing a sort
of inheriteddeja vy and skip the initialisation that we've already performed.

Indeed, this code can be generalised even further to proteselves against mistyping our own
package name (which can happen if you're dealing with longeslike
Person::Employee:: Technical::SysAdmin::UNIX::FreeBS D), like this:

sub _init {
my ($self, %args) = @_;

my $PACKAGE = _ PACKAGE_ ;
return if $self->{ init{$PACKAGE}++;
# ..
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_ PACKAGE__is a magic symbol that always evaluates to the current pacleaml is generally
preferable to writing the package name itself. This is patérly the case if your code is likely to be
cut’'n’pasted, or if the package name might change, or if3i#m in the morning with an important
client demonstration the next day.

In the example above we copy the value 0fACKAGE__to a variable and use that in our hash
lookup. This is because of Perl’s rules about hash keys,iwdags that bare words in hash lookups
arealwaysassumed to be strings. We don’t want Perl to look up the ligtreng _ PACKAGE__in the
hash but rather the result of evaluatingPACKAGE_first.

Damian Conway has an example on page 175 of his book which also illustrates this point.

Changing parents

It's possible that during the course of your class’ develeptnyou might end up inheriting from a
few new classes, or dropping off some old ones. For examptayi last section we added
PerlHacker ~as a parent for oureriTrainer  class.

Previously, when calling parent initialisers, we needelistoour parent classdsice Once in our
@IsAarray, and once in oumnit ~ function. That's not a good thing, because as changes are thad
two lists might get out of sync. We could end up calling aniatiger on an unrelated class, or forget
to call one on a parent class.

Perl provides a specigkeudo-claseamedsuPER which signals to Perl’'s dispatch mechanism to
look for the first available method above our current clasd,cll that:

Let's take the following example:

package PerlHacker;
our @ISA = gw(Programmer);

sub _init {
my ($self, %args) = @_;

# Call my parent's _init function.
$self->SUPER::_init(%args);

# Class-specific initialisation.
$self->{_perlmonks_level} = $args{pm_level} || 4;
$self->{_modules_maintained} = $args{modules} || [I;

return $self;

}

Notice that we're using named parameter passing in this.cus is especially useful in inherited
situations as we can use values from the parameters thatedeanel pass the rest to our parent
constructors in case they can use them.

Note that usingguPERhere acts differently than just an aliasfi@grammer . If a class has more than
one parentsuPERWiIll search all of them in the regular depth-first, left-ight fashion, until it finds
the required method (or throws an exception if none can bedpu

Unfortunatelysuperonly calls the first method it finds. So for any class that usekiphe
inheritance, and wishes to call initialisers on all of itsgyets,SUPERjuSt isn’t suitable.
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One way to get around this is to ignaePERentirely, and walk ou@IisAarray, and determine when
we should be calling the method in question...

sub _init {
my ($self, %args) = @_;

# Call my parents’ _init functions.

foreach my $parent (@ISA) {
my $parent_init = $parent->can("_init");
$self->$parent_init(%args) if $parent_init;

}

# Class-specific initialisation.
$self->{_perlmonks_level} = $args{pm_level} || 4;
$self->{_modules_maintained} = $args{modules} || [I;

return $self;

}

That code needs a bit of explaining. You'll recall tibgsrent->can("_init") checks to see if the
given parent (or one dfs parents) can handle a call tmit , and if so, returns a reference to that
method. We then call that method directly (us#sgif->$parent_init(%args) ). Calling a method

directly with a subroutine reference is very fast, and meemdgon’t need to fire up the dispatcher a
second time (once faan() and a second time for the method call itself). This also has th
advantage that if a given branch of the ancestor tree ddeavn& an init  function for whatever
reason, we don't try to call it.

If you find the above is hard to grasp, or think that it's an adudtiof effort to do whatshouldbe a
very simple thing, then you're right. And there is a betteywsnich involves firing up the dispatcher
mechanism where it left off. We'll talk about that next.

The supPERpackage is discussed in further detail in Conway's book on pages 183 and 184.

& e
What is a pseudo-class?

A pseudo-class is a class which cannot instantiate an object, and which should not be inherited.
Rather, it exists so that it can be invoked for its side-effects. One use of pseudo-classes is to
control the dispatch mechanism. We’ve seen the supeRpseudo-class, but there are others such
as NexTand EVERYwhich we’ll be covering shortly.
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The PerlTrainer class in full

Here’s how all we've learnt so far fits together:

package PerlTrainer;
use base qw(Trainer PerlHacker Geek);

# Constructor method. Just creates the hash and then passes
# the work off to the initialiser method.

sub new {
my ($class, @args) = @_;
my $self = {};

bless($self,$class);
$self->_init(@args);

return $self;

}

# Initialiser method, does all the hard work.
sub _init {
my ($self, %args) = @_;

# Protect against multiple inheritance
my $PACKAGE = _ PACKAGE__;
return if $self->{ init{$PACKAGE}++;

# Initialise the object for all of our base classes.
foreach my $parent (@ISA) {
my $parent_init = $parent->can("_init");
$self->$parent_init(%args) if $parent_init;

}

# Class-specific initialisation.
$self->{_perl_courses} = $args{courses} || [I;

# Return the initialised object.
return $self;

Exercises

1. Derive aCoin:Weighted  class from thecoin class. These coins behave as regatar s,
however heads comes up 80% of the time instead of 50%. Fordunit,worry if your statistics
don’t work with the new class.

2. Create a second coin program which createsra object and aoin::Weighted ~ Object.
a. Useisa to check whether they are bathin s.
b. Useisa to check whether they are bathin::weighted ~ s.
An answer for this can be found #xercises/answers/isa.pl

c. Are the results as you expect?

3. Add the following functions to youtoin::Weighted ~ class:
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a.set_weight which sets the amount of favour the coin shows to heads.

b. get_weight which returns the current value of favour the coin shows tdise

4. Create 10 each afin coins andcoin:Weighted  coin and put them into an array. Randomise
the array using the following code:

use List::Util gqw(shuffle);

@array = shuffle @array;
and then walk over it setting the weight of each of the Coirighited coins to 90%.

Use thecan() method to ensure you don’t callt_weight on acoin coin and then use the
returned subroutine reference to call the function.

An answer for this can be found &xercises/answers/can.pl

5. Since we can now set the value of @sin::weighted ~ coin’s weight you will have had to make
a decision as to how that weight is initially set. Pull thigialisation that you've done out into
an_init function and change youin constructor function to callinit  on the object if that
method exists.

6. Yourcoin:Weighted  class should no longer need to have a separate construntticio.
Remove this if you've created one.

7. Modify your statistics coin program to create awn coin and oneoin::Weighted ~ coin
(instead of Zoin coins). Run it and check that the statistics match what ypeetx

Chapter summary

- Inheritance (in Perl) is nothing more than a way of specidyirhere to look for methods.

- When looking for a method called on our object that that dijees not define, Perl will do a
depth-first, left-to-right search of the tree of ancestors.

- We can instruct Perl where to start its search by qualifyingeghod with a parent (or other) class
name, for examp|$trainer->Teacher::review()

- To ensure that our code is easy to inherit from we ought to dandtialisation for our object
inside a separate initialise function. This is calied by convention.

- Theisa() method automatically exists on all objects and allows useteninine whether that
object is a member of a particular class.

- Thecan() method also automatically exists on all objects and allosviouwdetermine whether that
object can call a given method.

- If we want to call each of our parent constructors for our obyee can loop through ou®IsA
array.

- The SUPER pseudo-class tells Perl to look for the first abkalenethod above our current class
and call that.
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In this chapter...

In thepPerlTrainer ~ example in the previous chapter, we demonstrated how FEspstch
mechanism might find the methedliew . In this chapter we look at what happens if it finds the
wrong one.

Pass it on please

What happens if a number of ancestors have the method thst’b¢en requested, and we end up
calling the wrong one? For example:

my $person = Perl|Trainer->new(name => "Paul Fenwick");

# Get our person to review some Perl code.
$person->review(language => "Perl",program=>"hello.pl ");

Let's suppose that all of thesacher , Writer , Programmer andsStrategist ~ ancestors provide a
review method. In this case, the method framacher will alwaysbe called, due to the "left-most
ancestor wins" rule. It’s fairly obvious that we wanted thethod fromprogrammer , but Perl has no
way of knowing that.

Figure 11-1. Classes providing the review method

Teacher Writer Programmer Strategist CaffeineAddict
* review() * review() * review() * review()
Trainer PerlHacker Geek
Perl Trainer

Now, we could explicitly tell Perl which method we meant, hyadjfying it with a classname:

$person->Programmer::review(language => "Perl", progra

m => "hello.pl");

But as a user of the class we shouldn’t need to know nor caretib@nheritance structure of a

PerlTrainer

is. In fact, it would be very bad if we did this, sineeriTrainer

might change at

some point to provide a much more appropriate method thaort@énherited fronProgrammer .

In cases like this, when a class receives a method call trebé@ously meant for someone else, or

when we want to see what other members of the hierarchy nfigik,tthere’s a way to drop back
into the message dispatch mechanism and call the next matbiog. We need to use a special
module to do this, and that module is unsurprisingly caNegT.
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package Teacher;
use NEXT;

sub review {
my ($this, %args) = @_;

unless ($args{assignment} or $args{exam}) {
# Gosh darn, the method dispatcher gave us the call
# that was meant for someone else. Throw it back.

return $this->NEXT::review(%args);

}

# Review our literature here.

}

TheNeExTmodule defines paseudo-claswhich allows message dispatch to continue on where it left
off. In the case of ouperiTrainer ~ example, the dispatch mechanism would trek back down the
Trainer branch of the ancestor-tree, and uptireer class, which also defines@iew method,
which is then called.

Thewriter class can also choose to re-invoke the method dispatcheawdther call via theexT
pseudo-class. In this case, the dispatcher would backtoatle Trainer class again, down even
further toperiTrainer ~ and then up througberlHacker  t0 Programmer .

If Programmer USeSNEXTto pass on the method, we backtrack down toRtr&rainer  class again,
and then back up terogrammer asecondime via theGeek class.

Hmm, that makes sense in a way, but isn't what we want in thisn@ny other) situations. Luckily,
NExThas a way for us to specify that we should skip over methodstbae already seen:

return $this->NEXT::DISTINCT::review(%args);

If we useNEXT:DISTINCT then the redispatch mechanism would skip overrifagrammer class
(which it had already seen before), and land the call intcstfagegist  class.

You should always use NEXT:DISTINCT unless you're sure that you want parent methods that
are multiply-inherited to be called multiple times.

Exercises

1. Change youperiTrainer ~ classes from yousxercises/lib to superficially distinguish
between review calls. For exampleacher s may expect both "student" and "paper" as
arguments, whereagiters s my expect "novel", or "book", or "whole_lifes_work", anal @n.
UseNEXTin each class to make sure that inappropriate calls are ¢ghasse

2. Write a script that uses threriTrainer ~ classes and makes calls to review various things. Check
that the call is getting through to the appropriate class.

3. What happens if you call the review method with argumedrdsnone of the parent classes
expect?
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Optional redispatch

So, what happens ftrategist ~ decides to fire up the redispatcher and send the call on it® way
There’s no class aftetrategist ~ which can handle a call teview . Does Perl throw an exception
or something?

No. It goes away. Since nobody wants the method call, Perhgas for it to return the undefined
value (or the empty list, in list context) and silently leaveat that.

Isn’t that bad? We asked the dispatcher to pass the methaohdirit just ignored it? You're going to
tell me that's a feature, right? Yup, that's most certainfeature.

You see, one of the best uses of iEexTpseudo-class is in initialisers and destructors, where we
want to call our parent(s) methods and then add a little bdtwfown work. If our parents don’t have
the methods to call, we want to ignore that and continueerdttan bail out.

So, we can replace the rather ugly:
# Call my parents’ _init functions.
foreach my $parent (@ISA) {
$parent_init = $parent->can("_init");

$this->$parent_init(%args) if $parent_init;
}

with the much more elegant:
$this->NEXT::DISTINCT::_init(%args);

Not only is that shorter, itsnuchmore clear about what's needed. It also avoids the probléms o
initialisers being called twice in the case of multiple inkence. In destructors it's just as easy:

sub DESTROY {
my ($this) = @_;

# Do my own clean-up here.
$this->NEXT::DISTINCT::DESTROY;
}

It's difficult to recommendiexTenough for this sort of work.

You can read more about the NEXTpseudo-class by using perldoc NEXT .

Mandatory redispatch

Back to our original example, with theview method. Here we want to pass on the method call, but
if nobody else is willing to take it we want to complain loudaving the code below failing silently
is probably not acceptable.

my $trainer = PerlTrainer->new(name => "Paul Fenwick",
drinks => [qw/coffee tea cola/]);

$trainer->review(quilt => $quilt_pattern);
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PerlTrainer s usually know nothing about quilting so rather than this method call fall into a hole
and disappear, we'd like it to throw an exception that it dottldo the required task. Enter
NEXT:ACTUAL.

NEXT::ACTUAL works identically toNEXT, except that it throws an exception if we try redispatching
when no further methods exist to try the call against.

Let’s see it in action:

package Writer;
use NEXT;

sub review {
my ($this, %args) = @_;

unless ($args{book} or $args{notes} or $args{article}) {
# Gosh darn, the method dispatcher gave us the call

# that was meant for someone else. Throw it back.

return $this->NEXT::ACTUAL::review(%args);
}

# Review our literature here.

}
And yes, it's possible (and recommended) to use BieT::ACTUAL andNEXT::DISTINCT together:

package Writer;
use NEXT;

sub review {
my ($this, %args) = @_;

unless ($args{book} or $args{notes} or $args{article}) {
# Gosh darn, the method dispatcher gave us the call

# that was meant for someone else. Throw it back.

return $this->NEXT::DISTINCT::ACTUAL::review(%args);
}

# Review our literature here.

}

NEXT:ACTUAL:DISTINCT works exactly the same a&XT::DISTINCT::ACTUAL .

Exercises

1. Add mandatory dispatch to your review methods. What happew if you call theeview
method with arguments that none of the parent classes épect

Problems with NEXT

UnfortunatelyNEXTisn't the solution to all our problems. The most common isgue will
experience witlNExTis when you're working with third-party classes. Properragien of NEXT
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relies upon each method (particularly constructors/desirs) invokingNExTat the appropriate
point. If you're inheriting from a third-party class thatekn't do this, then you have a problem.

If you're only inheriting from a single&lexrignorant class, then making that your rightmost ancestor
may solve your problem, as there will be no requirement fty tty and re-dispatch any method call
outside of its own inheritance tree.

Another issue that arises willEXTis that in the case of diamond-inheritance, it's possibte fo
initialisers to be called such that a child class completémlisation before its parent.

More recent versions of theexTmodule provide a new pseudo-class to overcome these preplem
calledevery We'll cover this new pseudo-class in the next section.

Using EVERY to call all methods

TheNExTpseudo-class is most useful when we want methods to havéilitg to redispatch a
method call. However it has some shortcoming when we wislséatifor initialisation and
destructors where we wish to process methods in a strictrdrefore child’ or 'child before
parent’ order.

In order to accommodate these situations, Perl has\tirypseudo-class, for when we wish to call
every method in a class hierarchy, rather than just the mextewerydoes not use the 'leftmost
ancestor’ routine ofiexTor the in-built Perl dispatch mechanism. InsteagRryworks on a
breadth-first search. Let's see an example usingPetmrainer ~ class:

Figure 11-2. The PerlTrainer hierarchy

Teacher Writer Programmer Strategist CaffeineAddict
Trainer PerlHacker Geek
Perl Trainer

UsingEVERYwould result in classes being called in the following order:

e PerlTrainer

* Trainer

* PerlHacker

* Geek

* Teacher

e Writer

* Programmer
« Strategist

« CaffeineAddict
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Of particular note is thateek is called beforerogrammer , even thouglProgrammer appears ‘first’
in thePerlTrainer  inheritance hierarchgveRyguarantees that all child classes will be called
before their parents.

Ensuring that child classes are called before parents ysusaful for destructor methods, where
usually the derived class needs to do tidy-up before itsiarélowever what of the case of
constructors, where we want parent classes to do initiadiséirst? For this, we use the
EVERY:LAST pseudo-class.

EVERY:LAST will call every method in a given inheritance hierarchy, outhe reverse order to
EVERY As such, parents are guaranteed to be called before thigircthsses.

Using EVERY and EVERY:.LAST in practice

72

When using\NExT, each method either begins or ends with a call to the nextadethowever when
USINgEVERYaNdEVERY::LAST, a single call executes all the methods in a given hierarssguch,
the use oEVERYandEVERY::LAST requires a different, and often simpler, approach to cading

Constructors

Let's consider the humble constructor. In our constructasisually want to ensure that all of our
parent classes do their initialisation first before we doawn. This allows us to overwrite values
that our parents have set rather than the other way arourathieve this our constructor will often
look like this:

sub new {
my ($class,@args) = @_;
my S$this = bless({},$class);
$this->_init(@args); # Call my _init method.
return $this;

}

sub _init {
my ($this, %args) = @_;
# Initialise my parents
$this->SUPER::_init(%args); # or walk through @ISA

# Perform my initialisation here.

}

Unfortunately, in the case of diamond inheritance, thisro@an that a parent is initialised twice,
once for each child. UsingexT::DISTINCT doesn'’t help either as it can result in a child class doing
its initialisation prior to one of its parents.

When usingeVERY::LAST only a single call is made, from the constructor itself:
use NEXT;

sub new {
my ($class,@args) = @_;
my S$this = bless({},Sclass);
$this->EVERY::LAST::_init(@args); # Call every _init

return $this;
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sub _init {
my ($this, %args) = @_;

# No need to call my parents.

# Perform my initialisation here.

}

The call toEVERY::LAST guarantees that everynit  method will be called, starting with the parent
classes and then moving to the children. No child class wiltdlled before all of its parents are
called, and each method will only be called once.

Destructors

In our destructors we usually want to ensure that the childsgs’ destructors are called prior to
their parents. This allows the child class to write out tlehianges to the database before the parent
disconnects, for example.

When we call a method via tlevErRYpseudo-classes this method is called on each parent class as
well as the current class, if it exists. As a result, in thevjmes example, we were able to call the

_init method for our class without having to explicitly specifyHtowever this means that we don’t
want to call oupESTROYNethod via a call t&VERY::DESTROYaS this would result in OUPESTROY
method calling itself (and its parents) in an infinitely resive loop.

The easiest way to solve this issue is simply to have a simdieritedbEsTrROYNethod, which
dispatches the call to methods that do all the hard work, & la different name:

use NEXT,;

sub DESTROY {
my ($this) = @_;
$this->EVERY::_destroy;
}

sub _destroy {
my ($this) = @_;
# All the real clean-up occurs here.

}

Each parent class now defines its owdastroy method (if required) instead ofmEESTROYNethod.
ThebesTrOYMethod is defined in a single class and ensures thadeltoy methods are called
appropriately.

Exercises

1. Modify yourexercises/lib/PerITrainer.pm so that theperlTrainer  class has aall_test
which callsEVERY::test

2. Write a program which instantiate®eriTrainer ~ object and calls itsall_test ~ method.

3. Either modify yourall_test ~ method to us&VERY::LAST or add an additional method which
calls everytest method in reverse.

4. Call this method on yowreriTrainer  object.
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Chapter summary

- Perl’s redispatcher always calls the first method it find$efrequested name, in its depth-first,
left-to-right search.

- If we wish to ask Perl to find the next method by that name we sanEXT.
- If we want to insist that Perl find another method or die we cs#NEXT::ACTUAL.

- If we want to avoid calling a function twice due to diamondénitance we can use
NEXT::DISTINCT .

- UnfortunatelyNexTdoesn'’t solve all of our problems with multiple inheritarioderl

« EVERYprovides a way of calling a number of methods in one go. It cveres the problems
associated witthnexTwhen dealing with constructors and destructors.

Notes

1. Actually, someperiTrainer s know quite a bit about quilting. See this PerIMonks node
(http://perlmonks.org/index.pl?node_id=72270) fort tkowledge put to good use.
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In this chapter

This chapter discusses abstract classes, where theyfitd asd how to create them.

Abstracting

Sometimes you’ll encounter a situation where it's advaatag for many different objects to share a
similar behaviour, but this common behaviour does not dutsta proper object in itself. In this
case, we want abstract classes. These classes can beeidfrenin, but not instantiated into objects.

Let’s take an example to demonstrate. You should all be familith the game of chess. All the
pieces share common attributes, such as their colour artibposnd common behaviours like
being able to move and take. However there’s no such thinggaseric chess piece. We can write
an abstract chess piece class like this:

package Games::Chess::Piece;
use Carp;
use NEXT;

# can_move, can_take, and get_name must be over-ridden by th e
# child class.

sub can_move { croak "Abstract method called"; }
sub can_take { croak "Abstract method called"; }
sub get_name { croak "Abstract method called"; }

# Both move() and take() will need to be updated when we unders tand
# how our pieces fit together on the board. Currently they're unaware
# of other pieces.

sub move {
my $this = shift;
my $location = shift;
unless ($this->can_move($location)) {
croak "Cannot move ".$this->get_name()." to $location”;
}

$this->set_location($location);

}

sub take {
my $this = shift;
my $location = shift;

# We need a check here to ensure an opposing piece is in the
# location specified.

unless ($this->can_take($location)) {
croak $this->get_name()." cannot take piece at $location” ;
}

$this->set_location($location);

# Do whatever is needed to make the opposing piece disappear.
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sub get_location { return $_[0]->{ location}; }
sub get_position { return $_[0]->get_location(); }
sub get_colour  { return $_[0]->{_colour}; }

# For our American friends...
sub get_color { return $_[0]->get_colour(); }

# set_location is incomplete. It does not check that its
# argument is meaningful.

sub set_location {
my ($this, $location) = @_;
$this->{_location} = $location;

}
sub new {
my ($class, @args) = @_;
my $this = {};
bless($this,$class);
$this->EVERY::LAST::_init(@args);
return $this;
}
# The _init function does specific initialisation for this c lass.
sub _init {
my ($this, %args) = @_;
# Naively assign colour and location attributes.
# These should be checked for validity.
$this->{_colour} = S$args{colour} || $args{color};
$this->set_location( $args{location} || $args{position )
return $this;
}

Now, let’s look at that in more detail, shall we? The first threethods the class defines;_move ,
can_take andget_name simply return errors. That doesn’t seem like a particuladgful thing to do
when someone tries to move a piece, is it? The reason we d@thike comments suggest) is that
these methods are place holders for child classes to oeemitti something more useful.

Such place holders are callatistract methodsn our case, every chess piece has different rules on
moving and taking, so while we want to make sure these metixids we also want to make sure
they're defined properly for the piece at hand. When we havass that we want others to inherit,
but shouldn’t be used to create objects in its own right, wiitcan abstract class
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Now, let’s derive a class from this abstract one that we'veaaly built.
use Games::Chess::Piece;

package Games::Chess::Piece::Rook;

our @ISA = qw(Games::Chess::Piece);

# Check to see if the piece can move to a particular location.
# This doesn’t currently check for intervening pieces.
sub can_move {

my ($this,$newloc) = @_;

my $oldloc = $this->get_location;

# Rooks can move along files (columns, for non-chess players )...
return 1 if (substr($oldloc,0,1) eq substr($newloc,0,1)) ;

# ..and rows.
return 1 if (substr($oldloc,1,1) eq substr($newloc,1,1)) ;

return O;

}

# Rooks take the same way that they move. Only pawns have odd
# behaviour here. Note this doesn’t check to ensure we're tak ing
# a piece of the opposite colour.

sub can_take {
my ($this,@args) = @_;
return $this->can_move(@args);

}

sub get_name { return "Rook" };

As you can see, we only needed to definectiemove , can_take andget_name methods to build
ourselves a rook class. The creation of the piece and comamatiéns to check its location and
colour have been handled for us by the parent.

You may have noticed that we found the rook’s location byieglthis->get_location , rather

than accessing it directly witthis->{_location} . Why was that? Surely it’s faster to fetch the
value directly from the hash, rather than going through éhottall. Well, it is, but there’s a price to
pay for it. As long as we call thget_location =~ method, the internals of how that information is
stored can change, and provided the method returns the séoneation we don’t need to worry
about it. Imagine if we wanted to store the location packéal énsingle byte for more compact
storage -- we'd need to update each and every gi¢aaights, rooks, kings, queens, pawns and
bishops) and change every instance where we accessed dfiefao instead unpack that byte into
an appropriate form. Object oriented methodology doessitgxist to protect the users of a class, it
exists to protect the writers of a class as well.

The Class::Virtual and Class::Virtually::Abstract classes can be used to automate the

creation of virtual methods.

You can read more about these classes using perldoc Class::Virtual and perldoc
Class::Virtually::Abstract

Now that we have all these chess pieces to play with, we camdo our next topic, which is
polymorphism
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@We can force a class to be abstract by not providing a constructor method for that class (either
directly or indirectly). Note that this is not the same as not providing initialisation, since that may
be essential. If no constructor method exists for a class then a user of the class must explicitly
bless their object into the class themselves. Hopefully they’ll think about that first.

In our example, we do provide a constructor, as it saves us needing to write a constructor for
each child class. The primary purpose of an abstract class is to provide useful functionality to
any classes that inherit it.

Group Exercise

1. Earlier we described airplane modelling. Of the classesdefined which were abstract? Which
methods were abstract?

Chapter summary

- Abstract classes are usually set up to ensure that thedt claisses definitely have a particular
interface.

- Abstract methods ought to be overridden by each child cksd pad things should happen if they
are not).

Notes

1. Chess purists will no doubt complain that pawns are pamatgyieces. However you shouldn’t
change your code just because a chess purist tells you to.
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In this chapter...

As we discussed in the introductigmlymorphismis the ability for objects to react differently to the
same message, depending upon their class. There are mamcEswhere polymorphism is useful.
For example, we may be managing a fleet of vehicles, and thetfmprint when requested to
print_registration_form is likely to be different for a motor-bike compared to a tawek.

Using polymorphism

Let's take our chess pieces that were introduced in the hesgiter, as they are an excellent example
of where polymorphic behaviour is useful. When we try to mayeece, we want to be told if that
move is valid or not, and the way in which a piece can move sdr@m piece to piece. Rather than
having to use different methods depending upon the piecewealing with, §an_move_bishop()
can_move_rook() , etc) we can use the same method call, and trust the piecetbt@dight thing.

Let's see an example:

use Games::Chess::Piece::Rook;
use Games::Chess::Piece::Bishop;

my $rook = Games::Chess::Piece::Rook->new( colour=>"whi te" location=>"al");
my $bishop = Games::Chess::Piece::Bishop->new(colour=> "black",location=>"h1");

my @pieces = ($rook, $bishop);

foreach my $piece (@pieces) {
print "The " $piece->get_name()," at ", $piece->get_loca tion();
if ($piece->can_move("a5")) {
print " can move to a5\n"
} else {
print " cannot move to a5\n";

}
}

That's a somewhat contrived example, but it shows off polgghsm very well. There are three
separate places where polymorphic behaviour was ggsede->get_name()

$piece->get_location() , andspiece->can_move() . If you think they look just like regular method
calls, then you're absolutely right.

Inheritance vs interface polymorphism

Broadly speaking, there are two main types of polymorphiAthat we've seen so far is an example
of inheritance polymorphisnAll of our chess pieces share a common ancestor, and so wetkab
they all share a common set of methods (sucteascation() andcan_move() ) which that
ancestor class defines.

What happens if we want polymorphic behaviour with objeletg ton’t share anything in common?
This is an instance dhterface polymorphisnOur objects aren't related, but they all share some
common interface which allows them to be treated in a polyhizrway.
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Sometimes it's important to know if an object has a particaiathod. To do this, you'll want to cast
your mind back to thean() universal method, which exists on all objects.

# Check if our object can refresh itself on the screen.

if ($obj->can("refresh")) {
$obj->refresh;
} else {
# Refresh the object manually....

}

In Perl, there’s no requirement that your classes declégiahce to a particular interface
specification to be polymorphic, it just has to declare therapriate method that it's expected to
provide.

Adding default methods and the UNIVERSAL class

Sometimes it would be nice to have a method exist for all ofatajects, and perhaps for some
objects we didn’t write. We can (and should) write these mé¢hinto our classes, but we may not be
able to change the sources of classes we don’'t own. Fortyriateus, all objects inherit from the
UNIVERSALclass. Which is why we are able to call the universal methagds@ndisa on them.

This means that we can add default methods tatheeRsALclass, if necessary, and be confident
that all objects will now have access to that method. For gtam

sub UNIVERSAL::to_string

{
return $_[0];

# or if we've used Data::Dumper
# return Dumper($_[0]);

# print out my object types all my objects
foreach my $object ($gardener, $pitchfork, $shovel, $car, $cat, $dog)

{
print $object->to_string();

}

If the object has its owr_string  method then that will be called in preference to thevERSAL
method. If it does not, we can feel certain that we won'’t ree@iny run-time errors, as the
UNIVERSALmMethod will be used instead.

C Considerable thought needs to be given before creating uNniIVERSALMethods. These affect all
classes, including those that you did not write. Before writing any uNIVERSALmMethod, one should
seriously consider if an alternative and more encapsulated approach may exist.

More on inheritance polymorphism

The most common form of polymorphism is via inheritance, tnmislwarrants a little further
discussion as Perl’'s approach may differ from other objeented languages that you've used in the
past.
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In Perl, when a method is called upon an object, it is alwagpatched according to the class to
which the object belongs, not the class of the current suleurhis means that if you have a
Chess::Piece::Bishop object, thersbishop->get_name()  will always start searching in the
Chess::Piece::Bishop class.

There are some object oriented languages (such as C++) wh&rme instances the object is
treated as being in one of its base classes, regardlessaatital type. If you want this behaviour in
Perl you can have it:

$bishop->Chess::Piece::get_name()

Using the directed method syntax above (which was cover#tkichapter onheritancg, we start
the dispatch in thehess::Piece  class (which in this case will almost certainly generate an
exception about invoking an abstract method).

Exercises

1. Write a script that creates bothpayingCard  object and aoin object. In your script define a
UNIVERSAL to_string  subroutine which usesata::Dumper  to print out the content of that
object. Call this subroutine on both objects.

2. Add a separate_string  subroutine irPlayingCard ~ which prints out the card’s value and suit.
Callto_string  on both objects and see what happens.

3. Add ato_string  subroutine ircoin which prints out the coin’s current state. Callstring  on
both objects and see what happens. These are instancesréddetpolymorphism.

Chapter summary

- Polymorphism is the term for different classes behavingffieidnt ways when given the same
message.

- Inheritance polymorphism is where a set of classes haveathe sterface because they all share
a common ancestor.

- Interface polymorphism is where a set of classes have the s#arface because they have agreed
to.
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In this chapter...

Although it is possible to write Object Oriented code in Paslwe've seen it can be a little laboured.
Moose provides a solution to this by stealing ideas from @ard other object oriented languages
and is rapidly becoming the de-facto standard for OO in Réiik chapter shows many of the
powerful features of using Moose for Object Oriented pragrang in Perl.

What is Moose?

Moose is acompleteobject system for Perl 5. It provides a simple and consisgntiax for attribute
declaration, object construction and inheritance, withlbe need to understand how those things are
implemented. Furthermore, Moose allows you to separategbef your data from its underlying
representation, thus you need not know whether Moose ig asirash, array or something else in
which to store your data. This allows the programmer to faou%what" the code is doing, rather
than "how".

One chapter alone cannot hope to cover the full extent of what Moose has to offer. Other
resources to return to are:

» The Moose is Flying (part 1) by Randal Schwartz
http://www.stonehenge.com/merlyn/LinuxMag/col94.html

« The Moose is Flying (part 2) by Randal Schwartz
http://www.stonehenge.com/merlyn/LinuxMag/col95.html

« Moose Manual http://search.cpan.org/perldoc?Moose::Manual

» Moose Cookbook http://search.cpan.org/perldoc?Moose::Cookbook

The basics

Using Moose gives us more easy accessors, clever claskss, types and coercions and loads of
other cool stuff. However the rules we learned from our filgeot still apply.

A class is just a package
To create a class in Perl we create the package and usedbemodule:

package PlayingCard;
use Moose;

# we now have a Moose-based class
1
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That's it! Moose also turns ostrict  andwarnings  for us, so we don’t have to do that ourselves,
although nothing bad happens if we turn them on explicitly.

Classes in Moose can be used straight away, as it estabdistoesstructor for us automatically.
Admittedly our class isn’t very useful yet, but we can stitate simple objects if desired:

use PlayingCard;

my $card = PlayingCard->new(); # works!

If you need your constructor to do more than just create an object with the given attributes
then Moose provides some handy construction hooks: BUILDARGSand BUILD. To read more about
these read Moose::Manual::Construction

Methods are just subroutines
Just as in regular OO Perl, we add subroutines to our classlér to define object methods:

package PlayingCard;
use Moose;

sub show_card {

my $self = shift;

}

1

We then call them on our object, just as we did before:
use PlayingCard;

my $card = PlayingCard->new(); # works!

# Print out the card’'s value
print $card->show_card();

Attributes, basic types and accessors

84

One of the huge improvements that Moose provides is an eassteaight-forward way to handle
accessors. We declare these with an English-like syntadmuse handles everything else.

# Create our class (this also creates our constructor)
package PlayingCard;
use Moose;

# Add the suit attribute

has ’'suit’ => (
is => ro, # Once card is created, suit won't change
isa => 'Str, # Suits will be strings
required => 1, # This attribute must be defined
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# Add the value attribute

has ‘'value’ => (
is => ro, # Once card is created, value won't change
isa => 'Str, # Values will be strings
required => 1, # This attribute must be defined

):

# Returns the card name
sub show_card {
my $self = shift;

return $self->value() . " of " . $self->suit();
}
no Moose; # turn off Moose-specific scaffolding
1

Once we have created these, we now have our full PlayingGgedto We can make a whole bunch
of cards, show their values, put them in a deck or whatever:

use PlayingCard;

my $cardl = PlayingCard->new(
value => "ace",
suit => "hearts",

)

my $card2 = PlayingCard->new(
value => "king",
suit => "spades",

)

print $card1->show_card();
print $card2->show_card();

# trying to change a value is not allowed
$card1->suit("diamonds"); # ERROR

Read-write or read-only

When we declare an attribute weustspecify whether whetherig read-only fo ) or read-write

(rw). Failing to do this will not cause a warning, but will resinltthe attribute not being usable
which is a hard bug to track down. An attribute which is reatiy@an only be set when the object is
created, while attributes which are read-write may havi ttadue changed as required.

has ’'suit’ => (
# Suit is read-only
is => ro,
isa => 'Str’,

):

In the case of our card, it doesn’'t make sense for a card togehgither its suit or its value after
creation time. However, in a game where cards can be face{fag® down, it does make sense for
these to change:
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has ‘visible’ => (

# visible is read-write
is  => "rw,
isa => 'Bool’,

C Don’t forget to specify whether your attribute is read-only or read-write.

Types

Moose provides a number of basic attribute types which weusarfor our class attributes. These
form a simple hierarchy, where any more specialised typelmeaysed in the place of a more
generalised type (for example you can use an integer (Istg&u of a number (Num) and either can
be used where a string is expected. You can see this hierbycleadingperldoc

Moose::Util:: TypeConstraints and it is also reproduced below:

Any
Item
Bool
Maybe[‘a]
Undef
Defined
Value
Str
Num
Int
ClassName
RoleName
Ref
ScalarRef
ArrayRef[‘a]
HashRef['a]
CodeRef
RegexpRef
GlobRef
FileHandle
Object

Any type followed by a type parametgs] can be parameterised. Thus you can write:

ArrayRef[Int] # an array of integers
HashRef[CodeRef] # a hash of str to CODE ref mappings
Maybe[Str] # value may be a string, may be undefined

You can also create your own types and constraints, which Weaver later.

C These are not a strong typing system for Perl 5. These are constraints to ensure that attributes
for Moose-based objects contain what you expect them to.
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Accessors

Once you have declared your attributes in your class, yoanaatically receive accessor functions
for them. These are named by the attribute name and if yaulnat is marked as read-writev()
then you can use them to change the value as well:

my $card = PlayingCard->new(
value => "two",
suit => "clubs",
decoration => "flowers",

)
print $card->suit(); # prints “clubs";

$card->decoration("money"); # decoration is now money

You can tell Moose to name your accessors differently if yaunty

has 'decoration’ => (
is => rw’,
isa => 'Str,
reader => ’'get_decoration’,
writer => ’'set_decoration’,

)
Then later we call these as required:

$card->set_decoration("money"); # decoration is now mone y
print $card->get_decoration(); # prints "money"

Moose will still check the type constraints and run any teggwith methods named like this.

BUILDARGS and BUILD

For many objects, we would like to run code when an objectaéated. This may be to attach to a
resource, run validation checks, or merely fill in some dalagiefaults. Moose allows us to do this
by defining our owrBUILDARGSandBUILD methods.

TheBuILDARGSMethod, if defined, is executé@forethe object is constructed. It's useful for
tweaking our arguments before they hit Moose. One very comuse of8UILDARGSIS to support
object construction with a non-hash syntax. For examplanag allow our playing cards to be
constructed with a single argument (eg: 'Kh’ for the king e&nts).

around BUILDARGS => sub {
my ($orig, $class, @args) = @_;

# $orig is Moose's (or our parent's) BUILDARGS
# subroutine. This allows us chain together
# classes that all do their own argument handling.

if ( @args == 1 and ! ref $args[0] ) {

# If we only have one argument, and it's not a
# reference, then extract our card information.

my ($value, $suit) = $args[0] =~ /M(\w)(\w)$/;
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return $class->orig(
value => $value,
suit  => $suit,

}

else {
return $class->$orig(@args);
}
h

The use of theround keyword is explaind more fully later in this chapter.

TheBuIiLD method is called immediately after an object is construdtisdoften useful to perform
extra validation steps, connect to a database, open a filtherwise do work that needs to occur at
object construction. For example, in the gamé&ohtoon tens are removed from the deck.

package PlayingCard::Pontoon;
use Moose,;
extends 'PlayingCard’;

sub BUILD {
my ($self) = @_;

if ($self->value eq 'T’) {
die "Tens are not allowed in Pontoon\n";
}
}

There is no need to call parentaliLb methods; in fact, it's a grave mistake to do so. Moose ensures
that allBuiLD methods are called. ParentaliLD methods are guaranteed to be called before their
children.

Exercise

Implement the Coin class from earlier in Moose. You shoully oeed to make minor changes to the
script which uses that class.

Smarter types and coercions

88

Our existingrPlayingCard  class in Moose doesn’t do any sort of validation of the cartlswalue.
While we could write our own code to manually validate theaski@s, a much more flexible
approach is to define our own types for Moose.

use Moose::Util::TypeConstraints;

my %String_to_suit = (
s => s,
spades => 's’,
spade =>'s’,
h =>"'h,
hearts => 'h’,
heart => 'h’,
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):

my %String_to_value = (
(map {Ic($) => $_} (2.9, gw(T J Q K A) ) ),

10 = T,
jack => "7,
queen => 'Q’,
king => 'K,
ace = A,

)

subtype ’'Suit’
=> as 'Str’
=> where { /[hdcs])/ };

subtype ’'CardValue’
=> as 'Str
=> where { /"[2-9AKQJT]$/ };

coerce 'Suit’
=> from 'Str’
=> via { $String_to_suit{lc $_} };

coerce 'CardValue’
=> from 'Str’
=> via { $String_to_valuef{lc $_} }

The above code can be placed into any file, provided it is usét®any attributes that depend upon
it. In the case of oupPlayingCard  class, it could go into the same file as the class definiti@ffits

For a more complex project, where types may be used by mailtipkses, it's best to put type
definitions into a separate file ansk it from the classes that need them.

package PlayingCard;

use Moose;
use CardTypes;

has ’'suit’ => (

is => 'ro,
isa => 'Suit’,
required => 1,
coerce = 1,

has 'value’ => (

is => 'ro,

isa => 'CardValue’,
required => 1,

coerce =1

);
no Moose;
1;

Thecoerce parameter is required to tell Moose that it's okay to coeromfa compatible type.
Without this, Moose won't try to turn our strings infoit S andCardvalue S.
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Exercise

Update yourcoin class to provide its own type constraints for which side is up

Inheritance

In regular Perl, inheritance is handled by either manipndgthe @1sAarray directly; or by using the
base pragma. Moose abstracts those issues away witbxth@ls keyword.

For example, consider the following inheritance tree:

Trainer
PerlTrainer

We can create ourrainer class as follows:

package Trainer;

use Moose;

has 'name’ => (is => 'rw', isa => 'Str’, required => 1 );
has ’'subject’ => (is => 'rw’, isa => 'Str’, required => 1 );
no Moose;

1

Inheriting from that is pretty easy:

package PerlTrainer;
use Moose;
extends 'Trainer’;

no Moose;
1;

C The extends keyword will load the class if needed, however it will also overwrite any previous
inheritance information. Thus for multiple inheritance one must specify all parent classes in the
one call to extends . For example:

extends 'Trainer’, 'Geek’;

At this point our two classes are effectively identical. HeaTrainer  class automatically gets the
two attributes frontrainer . To make things more interesting, let's adghaew method:

package PerlTrainer;
use Moose;
extends 'Trainer’;

sub review_results {
my ($self, $material) = @_;

if  ( $material =~ /Perl/ ) {
return "Awesome stuff!";

}
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elsif( $material =~ /PERL/ ) {
return "An abomination!";

}
else {
return "Could be good, dunno.";
}
}
no Moose;
1

Now, we can call that from within our parent class:

package Trainer;

use Moose;
has 'name’ => (is => 'rw’, isa => 'Str’, required => 1 );
has ’subject’ => (is => 'rw’, isa => 'Str’, required => 1 );

sub review {
my ($self, $material) = @_;

return $self->name() . " replies: "
$self->review_results($material);
}
no Moose;
1;

What if there isn't aeview_results method? We should add an abstract method toreather
class just in case:

sub review_results {
my ($self) = @_;

# Moose gives us confess (like Carp’s confess) to complain
return confess $self. " needs to be able to review materials!

}
Now we can create PerlTrainers and review materials:

my $trainer = PerlTrainer->new( name => ’'Paul’, subject => ’ Perl’ );

say S$trainer->review('Programming Perl, 3rd Ed’);

While this is a traditional solution, it's not necessarilg@od one, as we can still create abstract

objects. A much better solution is to usdes which we will learn about next.

In the previous example, oueacher class is essentially an abstract class. We don'’t reallythte

create areacher object at any point, instead we intend to add classes tosepteach type of
trainer we might have. In Moose this becomes a candidaterfea

A role never has any instances, but exists to give functityna one or more classes. To declare a

role in Moose, weaise Moose::Role . Otherwise, the code is almost identical:

package Trainer;
use Moose::Role;
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has 'name’ => (is => 'rw’, isa => 'Str’, required => 1 );
has ’subject’ => (is => 'rw’, isa => 'Str’, required => 1 );

sub review {
my ($self, $material) = @_;

return $self->name(), " replies: ",
$self->review_results($material);

}

# replace review_results sub with a requires statement:
requires ’review_results’;

no Moose::Role;
1

By replacing the abstract method with a requirementihatw_results exists in the classes
which use this role, we can tell abmpile timewhether the method is going to be missing rather than
waiting until runtime when the abstract subroutine getkedal

To use a role, rather than extending another class, weitisénstead ofxtends :

package PerlTrainer;
use Moose;
with 'Trainer’;

sub review_results {
my ($self, $material) = @_;

if  ( $material =~ /Perl/ ) {
return "Awesome stuff!";

}
elsif( $material =~ /PERL/ ) {

return "An abomination!";

}
else {
return "Could be good, dunno.";
}
}
no Moose;
1

Roles as a conceptual framework

Roles work well whenever it makes more sense to say our othjexsa particular behaviour rather
than itis aparticular thing. This is handy because a number of vergdfit kinds of things may all
have certain similar behaviours. For example, coffee atallwathdo caffiene, but so does
caffienated soap and caffienated lollies If we wanted to sgmrieall of these, it would make sense to
just have acaffientated  role which each of thes#, and let coffee and cola alegtend the

Beverage class if it exists.

package Coffee;
extends 'Beverage’;
with "Caffeine’;

package Cola;
extends 'Beverage’;
with 'Caffeine’;
with "Carbonated’;
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package Caffeinated::Soap;
extends 'Soap’;
with "Caffeine’;

Once you've wrapped your mind around the idea of roles, yoauwkhfind that roles make object
oriented programming much easier. In fact, it's not unusmake Moose project which have
practically discarded inheritance in favour of compogjtinles, as they avoid awkward abstract
classes, and provide valuable compile-time checking.

Method modifiers: before, after and around

One of Moose’s features is the easy ability to extend exjstiethods using the new keywords
before ,after andaround . These avoid cumbersome walking of the inheritance treagiisas
allowing roles to modify existing methods.

Usingbefore allows us to inject code before the role method is cak&er, allows us to inject
code after the role method is called ameind allows us to do both. This is useful if we want to
emit debugging information, log something to a file, pre+opdile, change_or any of many
things. In the following case we can demonstrate how thegathielp us provide some extra
debugging information

# Logger.pm
package Logger;
use Moose::Role;

sub log {
my ($self, $th, $message) = @_;

print {$fh} $message;
}

no Moose::Role;
1
W

# Logger/Debug.pm
package Logger::Debug;
use Moose;

with ’Logger’;

before ’log’ => sub {
print STDERR "About to log\n";
h
after 'log’ => sub {
print STDERR "Finished logging\n";
h
around ’log’ => sub {
my $next = shift;
my $self = shift;

print STDERR " Around the call to log\n";
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# Pass in a handle to STDERR instead
# Pass in our own message:
$self->$next( \ *STDERR, " Inside log\n" );

print STDERR "  Still around the call to log\n";
h

no Moose;
1
Now if we use this in our program:

#!/usr/bin/perl -w
use strict;

use warnings;

use autodie;

use Logger::Debug;

open (my $fh, ">", "/tmp/lodfile.txt");

Logger::Debug->new->log($fh, "test\n");

we will get:

About to log

Around the call to log
Inside log

Still around the call to log

Finished logging

As you can see, first amgfore modifiers are called, then amyound modifiers (which should
themselves call the desired method but may not) and thetyfiha@lafter modifiers.

In this example ouground call supplants the original arguments passed to log andadstreates its
own. This is useful for debugging and testing, but obviouslyuseful as a general rule.

C before , after and around are Moose methods which take two arguments; the name of the
method they are modifying and a subroutine reference containing the modification. As such it is
important to remember to complete each method call with a semi-colon.

# Wrong, missing final semi-colon (syntax error)
before ’log’ => sub { print "before"; }

# Correct
before ’log’ => sub { print "before"; };

Method resolution order (MRO)

In standard Perl 5 OO, methods are resolved using the rulghhdeft-most-ancestor wins. Thus the
first method found in a depth-first search through your olgddétrarchy will be the only method
called unless it is using theextmodule to pass the request back to the dispatcher.
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One problem with this rule is that in some circumstancessstlaethod may be called before its
subclass has had an attempt. For example if we have the foljadiamond inheritance:

Programmer
/\
PerlHacker Geek
\
PerlTrainer

Then our methods will be resolves as: Perl|Trainer, Perlea¢kogrammer, Geek.

We may however, want to ensure that all subclass methodstied before their superclass and thus
have these methods called as: Perl|Trainer, PerlHackek, Beggrammer.

C3 Method Resolution and Moose

Themro pragma (0MRO::Compat for Perl 5.6 and 5.8) allows you to choose which method remwiu
order you would prefer. You can choose between Perl’s defdepth-first-searchifs ) and C3 €3).

C3 always preserves local precedence ordering. Thus irkdrae above, C3 ordering gives us the
latter choice, where all subclass methods are called b#fenesuperclass.

Moose uses C3 method ordering by default.

For more information on C3 and MRO choices, read perldoc mro  for Perl 5.10 and above or

perldoc MRO:Compat for Perls 5.6 and 5.8.

Passing things on

Themro pragma (but notRO::Compat ) provides three useful methods in a similar vein toNiE&T
module.

next::method
Calls the next method of the same name in the C3 MRO. Throwseepéon if there are no
more methods of that name.

next::can

Returns a code reference to the next method in the C3 MRO»fstundef otherwise.

maybe::next::method

Combinesext:method  andnext:can  to ensure that the method is only called if it exists.
Similar to writing:
$self->next::method(@_) if $self->next::can;

We can use use these methods from within our Moose classésadang as we have Perl 5.10 or
above).

# PerlTrainer.pm

package Programmer;
use Moose;
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sub review {
my $self = shift;
print "Programmmer review\n";
$self->maybe::next::method(@_);
}

no Moose;

package PerlHacker;
use Moose;
extends 'Programmer’;

sub review {
my $self = shift;
print "PerlHacker review\n";
$self->maybe::next::method(@_);
}

no Moose;

package Geek;
use Moose;
extends 'Programmer’;

sub review {
my $self = shift;
print "Geek review\n";
$self->maybe::next::method(@_);
}

no Moose;
package PerlTrainer;
use Moose;
extends ’'PerlHacker’, 'Geek’;
sub review {
my $self = shift;
print "PerlTrainer review\n";

$self->maybe::next::method(@_);
}

no Moose;

1

and in our calling code:
use PerlTrainer;
PerlTrainer->new()->review();
This gives us:

PerlTrainer review
PerlHacker review

Geek review
Programmer review

as expected. If we were certain that our inheritance tredfiwalsed, we may have used
next:method  instead ofnaybe::next::method

For Perl 5.10 and later, the usemb is preferred overeXT.
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Chapter summary

- Moose is a complete object system for Perl 5.

- Perl's basic OO rules still apply. To create a class, we jigsite a package. To create a method,
we create a subroutine.

- Moose automatically creates constructors for our classes.

- To create an attribute, we use thed method. We must remember to specify whether each
attribute is read-only or read-write.

- Moose automatically creates get accessors for each aétribu

- Moose comes with a range of basic types which attributes higland other types can be created.
« We useextends to denote inheritance.

- Roles provide a useful alternative to a complex inheritdree We usa&ith to denote role usage.

« before ,around andafter allow us to add modifiers to methods.

+ Moose uses C3 method resolution order by default. This ireaeld by the use of thero pragma
on Perl 5.10+ an®MR0O::Compat for Perl 5.6 - 5.8.

« On Perl 5.10+ we can useo’s dispatch methods to pass method calls around correctly.
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Chapter 15. Practical Exercise - the Game of
Chess

Required reading

The game of chess has simple and easy-to-understand ritlesugh the strategy involved in the
game can be quite complex, it is possible to learn the bakés with only a few minutes of reading.
We’re going to use this game as the basis of a number of pahetiercises using our Object
Oriented Perl knowledge.

The basic rules of chess are explained very clearly on theieedf the US Chess Federation, in
their "Let’s Play Chess" (http://www.uschess.org/begnsfietsplay.php) primer. At the very least
you will need to know the names of the pieces and how they nsavtgke a few minutes to read
over this information now.

For these exercises, we will uatgebraic notatiorto denote the location of the pieces on the board.
Algebraic notation assigns every file (column) a number betva andh, and every rank (row) a
number between 1 and 8. A good introduction to algebraictimotaan be found on the US Chess
Federation’s "How to Read and Write Chess" (http://wwwhess.org/beginners/read/) page. You
may wish to take a moment to read it now.

We'll actually be using a simplified version of algebraicatain for these exercises. Rather than
writing a shorthand involving just the piece and final loocat{eg, Bc4 - Bishop to c4), we’'ll instead
just list both the starting and ending squares for the moyggfec4 - the piece at f1 moves to c4).

Group Questions

In this exercise we will create a number of related classatsitiplement a set of chess pieces. We
would like our pieces to be able to know their name, coloud, position. We’d also like our chess
pieces to be able to tell if they can move to, or take a pieca particular square.

1. Chess pieces have a co-ordinate in two dimensions,rheifrank) andcolumn(file). Discuss
the best way to store this information.

2. There will be some behaviour which is common to all chesses. For example, we should be
able to ask any piece for its colour or location. Discuss wihethods we might want common to
all chess pieces. In what way might we guarantee that thed®ueexist on all pieces?

Determine what these methods will be called, what arguntaetsll take and in which order.

3. Consider further methods that will make the chess piea#s msable. For example, rather than
justget_name to get a piece’s name, would it be useful to also have a mettdchweports a
piece’s name, colour, and location?

4. There are six different types of chess pieces (rooks htsjdpishops, kings, queens and pawns).
We’'ll be implementing these pieces as part of the remainkegaises. Volunteer to implement
at least one of these pieces for the group. We’'ll make sutestlgyone in the group will be
working on at least one piece.
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Individual Exercises

You may do this section in pairs if you desire.

1. Create &hess::Piece  abstract class, and make sure that it implements all thealinhethods
that were decided upon in the group exercises above. Ydnetrmay provide you with a
starting point. Verify the class doesn’t generate any srwdren run withperl -wc Piece.pm

2. Create ahess::Piece::Rook  , or one of the pieces you volunteered to create for the group.
Make sure it inherits fronthess::Piece . Use thechess-tester.pl program that your trainer
will supply to test that the piece can be created, moved, @played.

3. Update thehess-tester.pl program to create two or more different types of pieces, ahd |
the user take turns in moving them about the board.

Group Discussion

1. Are there any problems with how the pieces currently bef&Vhy is this? How might they be
solved?

2. Let’s say that we createGhess::Board class, that implements a chess board which can have
pieces. What sort of relationships need to exist betweepidees and the board? Does this
solve any of the problems we've discovered above?
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In this chapter...

In this chapter we will briefly discuss Perl’s operator owading mechanism, and how we can use it
improve code readability and extend the usefulness of thyee create.

This topic is covered in much greater detail in Chapter 10 of Damian Conway’s book (Object
Oriented Perl), or by using perldoc overload .

What is operator overloading?
Operator overloading is the process of taking standardragtic, comparison, and other operators,
and changing their behaviour to act differently based uperobjects they are dealing with.

Operator overloading has the potential to make programsteasad and write, and provide concise
and intuitive ways of manipulating objects. For exampleyéfhad a class which represented
numbers in Roman Numerals, it would make perfect sense tblee¢@perform all the regular
arithmetic operations on those objects.

On the other hand, operator overloading can turn your prognéo an incomprehensible minefield
of obscure errors and unexpected problems. Overloadiisg that we can write:

if ($card eq "hearts")

rather than:

if ($card->get_suit eq "hearts")

may seem quite intuitive, but overloadiag to mean "cut once shuffled" is certainly not.

Perl allows you to overload a great many things, includinggh that you may not expect, like
constants. This chapter will show you how to overload a fempde operators. It is not a complete
guide to operator overloading.

Overloading stringification

The most useful operator to overload is Pestisngificationoperator, commonly written ag"}
(or more perversely as "\"\""). This isn’t a real operator pe, rather it's an operation that is
performed whenever your object gets used in a string corgagh as being used as a hash-key,
being printed, being concatenated, or having a string coisgragq, le , ge, etc) operator applied.

Without overloading the stringification operator, Perlet§ are just plain ugly (and unhelpful!)
when they're printed. For example, one of our chess-pieteswprinted might produce this:

Chess::Piece::Bishop=HASH(0x80f62ac)

While it's correct that we have an object of the specified tyel it is built upon a hash, that's not
particularly useful to most mortals. Wouldn't it be bettkinistead it would print:
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black bishop at e3

We can do all this (and more) using Pedi@rioad pragma. Here’s how:
package Chess::Piece;

# Overloading is inherited, so we only need to define this on
# our base, abstract Chess::Piece.

use overload (
q{"} => "as_string",

):

sub as_string {
my ($this) = @_;

return join(" ", $this->colour, $this->name, "at", $this- >|ocation);

}

Theoverload pragma takes a list of directives, in the form of operator method pairs. You will
have noticed that we wrote the method name as a string. Sperator overloading is inherited by
subclasses, specifying the name as a string indicates lithBeit should search the class hierarchy
for an appropriate method. If we specified the method as asitihe reference, that subroutine
would be invoked directly.

In our example above, whenever we used the chess-piecerasga(stcluding when printed,
concatenated, or used as a hash-key}sitsring method would be called, and the result of that
used as the string.

Inheritance and overloading

There are two ways to provide Perl with methods that are usedérloads. If a string is passed to
theoverload pragma, then Perl looks for a method with that name, stadimtpe child class and
working a leftmost-ancestor wins fashion. This is the prefé way to specify overloads, as it means
that a child overriding a parent method does so for both eegarid operator-overloaded calls to that
method.

It is also possible to provide Perl withsaibroutine referenct the code to be executed for an
overloaded operator. Because this is a code referenceydinad pragma cannot tell if it refers to
a normal method or an otherwise anonymous subroutine. Buét & this is that if child classes
want to override the method called for these operators, riingst invoke theverload pragma again.

Where possible, it's recommended that methods to be usex/értoaded operators always be
passed byiame as this provides the most consistent and useful funciigrtalchild classes.

If a method is overloaded in several ancestors then the irtalitance rules work and the left-most
ancestor wins.
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# Package to manage all of my different pet types
package Pet;

# Overload stringification and !
use overload (
q("™)  => "as_string",
q(++)  => \&praise_pet, # Subroutine reference!

):

# Simplistic constructor
sub new {
return bless {name=> $_[1]}, shift;

}

# Used for stringification (default method)
sub as_string {
my $self = shift;

my $string = "$self->{name} is my pet. *;
if($self->{praise}) {
$string .= "I have praised $self->{name} $self->{praise} "
"times today.";
}
return $string;

}

# Used for ++ (always used!)
sub praise_pet {
my $self = shift;
$self->{praise}++;
return;

}

#
# Special case of pets, a dog class
package Pet::Dog;

our @ISA = qw(Pet); # We inherit from Pet.

# Define our own stringify method
sub as_string {
my $self = shift;

my $string = "$self->{name} is my dog! ";
if($self->{praise}) {
$string .= "I have praised my dog $self->{name} ".
"$self->{praise} times today!";
}

return $string;

}

# Dogs earn double praise!

sub praise_pet {
my $self = shift;
$self->{praise} += 2; # Good dog!
return;

-
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#!/usr/bin/perl

# Use my Pet classes;
use strict;

use warnings;

use Pet;

use Pet::Dog;

# Define a generic pet, Sally
my $sally = Pet->new("Sally");

print "$sally\n";
# Sally is my pet.

$sally++;
print "$sally\n";
# Sally is my pet. | have praised Sally 1 times today.

# Define a dog, Fido.
my $dog = Pet::Dog->new("Fido");

print "$dog\n";
# prints Fido is my dog!

$dog++;
print "$dog\n";
# Fido is my dog! | have praised my dog Fido 1 times today!

Exercises

1. Add an overloadeg(™} method to youPlayingCard class. Have this print out the card’s
value and suit.

2. Create a deck of cards and use this new overload to prirtheward objects without explicitly
calling the subroutine.

Overloading comparison operators

104

The conversion operators (sucha@s} above) are invoked with only a single argument, being the
object that requires conversion. Most operators, howewverhinary operators with two operands,
both of which are passed to the required method when thatpkat operator is used.

In fact, the method receives three arguments -- the obpsdf,ithe second operand, and whether or
not the object and operand were reversed. The last argumeeeded because methods always
receive their object first, and we need to be able to distsigbetween:

if ($obj < 2){ ..}
and
if (2 < $obj) { ... }

which obviously have very different meanings.
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The subroutine which handles the overloaded method is ¢éxgéa return a value that is appropriate
to the operator in question. In the case of simple compang@nators, this is just a simple true/false
value. In the case of the=> andcmp operators, it is expected to be 1, 0, or -1, depending updweif t
first operand is greater than equal to, or less than the sexmerdnd respectively.

Let’s look at overloading the=> operator for ouPlayingCard ~ class.

package PlayingCard;
use Carp;
use overload (
a{"} => "as_string",
=" => "compare”
)
sub compare {
my ($this, $that, $reversed) = @_;

unless (UNIVERSAL:isa($that, "PlayingCard") {
croak("Attempt to compare card to non-card");

}
($this,$that) = ($that,$this) if $reversed,;

return ($this->{value} <=> $that->{value});

}

As you can see, writing an overload method for a comparisenaipr isn’'t that hard. However,
there are dot of comparisons in Perl (fourteen, to be exact), and writimgedhod for every one gets
very tedious very quickly. Luckily for us, there’s a betteayv

Magic auto-generation

In order to save us from the tiresome job of writing a very éangimber of methods which do
essentially the same thing, theerload pragma can arrange to do much of the hard work for us. It
does this through a process calledgic auto-generatio(yes, that's the technical term).

How it works is quite simple. If | overload a particular openatheoverioad pragma will figure out
whether it can derive any other operators from that, and dbrequired. Since the:=> operator
can be used to determine if two objects are greater thantHessor equal to each other, it can be
used to magically auto-generate all other numeric compiasi§, >=, ==, etc). The same holds for
cmp and string comparisons.

So, let's assume that we overloaded te- operator in therlayingCard  class above. We can now
write code that looks like this:

#!/usr/bin/perl -w

use strict;

use PlayingCard;

use List::Util gqw/shuffle/;

# Assume we've implemented the deck class method, to return a full
# deck of cards.

my @deck = PlayingCard->deck();

# Shuffle...
@deck = shuffle @deck;

# Deal one card each...
my $my_card = pop(@deck);
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my $your_card = pop(@deck);

# And compare...
if ($my_card > $your_card) {
print "I win\n";
} elsif ($my_card < $your_card) {
print "I lose.\n";
} else {
print "We draw. Isn’'t that nice?\n";

}

Exercise

1. Overload thex=> operator for youpPlayingCard  object.

2. Revisit yourwar program and make use of this new overload.

Overloading using attributes

An alternate way of declaring which subroutines are resiptefor overloaded operators is by using
the Attribute::Overload module. This allows you to defirgdtributeson subroutines to indicate
they are to be used for overloaded operations.

use Attribute::Overload;

sub as_string : Overload("™) {

my ($this) = @_;

return join(" ", $this->colour,$this->name,"at", $this- >|ocation);
}
When usingattribute::Overload there are a few things to remember:

- The operator name is not quoted or escaped in any way. Youdshoite these as:

sub add : Overload(+) { ... }
sub string : Overload(™) { ... }

« TheAttribute::Overload module associates a specific subroutine (not a subroutine naith
an overloaded operator. Inherited classes need to explietlare which methods are responsible
for overloaded operations, otherwise those in the paressaill be used. This behaviour is the
same as using subroutine references withotle@oad pragma.

Exercises

1. Declare youro_string  subroutine on youcoin class to have an Overload attribute for ™.
2. Create and printaoin object.

3. Create and print @oin::Weighted  oObject.
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4. Provide a separate string  subroutine overload for yowoin::weighted ~ class. Create a
Coin coin and acoin:Weighted ~ coin and print them both.

Chapter summary

- Operators can be overloaded to increase (or decreasepibdity and intuitiveness of our code.

- We can overload the stringification operatgr¢ ) to change how our object behaves when it is
printed or used as a string.

- We can overload comparison operators to change the way hvatijects are compared. We can
change other operators to change how our objects behavieén@tcumstances too.

« Theoverload pragma willauto-magically generateverload methods for us when possible. This
saves us from having to tediously code them all ourselves.

« TheAttribute::Overload module can be used to place overload declarations on thestires
that handle the overloaded operations, rather than with ygeudeclarations.
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In this chapter...

We all know that handling errors is important, and the masgfiently seen way of handling errors in
Perl is to deal with them in the code where they occur. Anodipgroach adopted by many modern
languages, including Perl, is to make usexteptionswhich allow for errors to be handled in a
separate block of code. Proper use of exceptions can impathereadability and correctness of
code. In this chapter, we examine exceptions in Perl.

What is an exception?

The Free Online Dictionary of Computing (http://wombatdo.ac.uk/foldoc/) defines an exception
as"an error condition that changes the normal flow of controbiprogram'. Exceptions aréhrown
by the underlying operating system or language (eg, whémgip write to a closed file, or dividing
by zero), or they can be thrown by modules or code to indidetestomething exceptional has
happened.

An important aspect of an exception is that it carchaghtand handled. This may involve rolling
back a transaction, attempting to perform the operatiorffardnt way, ignoring the exception, or
printing an error to the user. Uncaught exceptions will ik program entirely.

Throwing exceptions in Perl

You may have been throwing exceptions in Perl for years, aeth lnnaware that you have been
doing so. The following familiar code throws an exceptiorewtthe file cannot be opened:

open(FILE,"< $filename") or die "Cannot open $filename - $! \n";

Thedie throws an exception. In most programs these exception& aeerght, and so your program
dies with an error.

Catching exceptions in Perl

Most people are surprised when they learn ttathin Perl is spelle@val . Any exception (using
die ) that’s thrown inside aaval doesn't kill the program, instead it gets placed into thecsgde
variables@

Perl has two very differerdval constructs, commonly referred to sising evalandblock eva)
depending upon the argument which they accept.

String evaltakes a string, parses it (and re-parses it every timeweis executed), and executes
the resulting code. It's most commonly used for delayingipay and execution of code until
run-time. Because the string irs&ring evalgets re-parsed every time the statement is executed,
there’s a perception that allal constructs are slow. However this is not the case Wiitick eval
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Theblock evalconstruct takes a block, which is parsed at the same timeeaotte surrounding it,
and executed within the same context as the surrounding tamemes with no performance
penalty, and is used exclusively for exception handlingef¢éean example:

eval {
my $result = $customer- >credit_card- >bill($amount);
do_something_with($result);

}; # Don't forget that semi-colon!

if (@) {
# Oh dear, it didn't succeed.

}

In the case that something calis or otherwise generates a fatal error, the execution of callle w
stop ands@will be set. In the example above, this would include thewinstance whergcustomer
or the result of any of the chained methods called@istomer were undefined, in addition to
exceptions generated from those methods.

Inspection o@can be done to determine exactly what sort of exception oeduln the case of a
regulardie this will contain a string. However it is also possible to digh anobject which can
make exception handling much cleaner. We'll be discusgiiggtopic in greater detail later in this
chapter.

Having Perl throw more exceptions

110

One of the reasons for using the exception-based paradignfrise the programmer from having to
do error checking at every stage of an operation. Being abledp an operation in asval and then
test to see if the operation as a whole has failed can resmitith cleaner and maintainable code
than testing each element individually.

By convention, most Perl functions and modules indicatersripy using return values, rather than
throwing an exception. This means we still have to checkfadlup functions returns and throw the

exceptions ourselves; however this checking of every stépatls many of the advantages of using
exceptions to begin with. However, there is a way to changksRehaviour.

From version 5.10.1, Perl comes standard withathedie module which makes all Perl’s built-ins
throw exceptions on failure. These changes are lexicatiped.autodie can be downloaded from
the CPAN for Perl 5.8.0 and above.

use autodie;

# Failed calls to open and close will now throw exceptions
open(my $fh, " <", $flename); # No need for 'or die...’
while ( <$fh >) {

print;
}

close($th); # No need for 'or die’ here, either.

It's also possible to promote Perl’s in-built warnings ietwors. This means that we can generate
exceptions from performing an unwise operation like usingiadefined value as if it were defined,
or reading/writing to a closed filehandle.
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eval {
use warnings FATAL => qw(all);
print "Give me a number\n";
my $num = <STDIN>;
my $num2 = $num + 10;
print "$num + 10 = $num2\n";
h
if ($@) {
warn "Input handling failed - $@";
}

Using both Perl'svarnings andautodie modules in conjunction can allow us to more cleanly use
exception-based code.

You can learn more about having perl built-ins generate exceptions by reading perldoc

autodie and perldoc perllexwarn

Real-world examples of exceptions

Most people don't really begin to appreciate exceptiond threy realise that there areal modules
out there, which handle exceptions very well, and which ‘tleaysingevery day TheDsl module is
just one of these.

ThebBl module is used to access databases. Almost everyone whealedhéo interface with a
database in Perl has usesl. If you haven't, then don’t worry, the following still contes valuable
lessons and examples, and therel&eaygood chance you'll end up usirmgl sometime during your
Perl programming career.

When usingpBl, a lot of time is spent checking to ensure things are stilyokéd we connect to the
database? Did we authenticate? Was that last SQL stateraertfferrors? Did we get back
error-free results? Is the database still there? Large ata@f programming time and readability is
spent checking for errors. Here’s an example:

# Connect to the database, or die.
my $dbh = DBI->connect($dsn,$user,$pass,{AutoCommit => 0 D
or die $DBI::errstr;

# Start a transaction, or die.
$dbh->begin_work or die $dbh->errstr;

# Prepare some SQL, or die.
my $sth = $dbh->prepare($SQL) or die $dbh->errstr;

# Execute the SQL with some bind values, or die.
$sth->execute($customer,$purchase,$number) or die $dbh ->errstr;

# Pull out some rows...
while (my $row = $sth->fetchrow_hashref) {
# Process each row here.

}

# ... or die (if there was a problem in retrieving rows).
$DBl::err and die $dbh->errstr;
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# Commit our transaction, or die.
$dbh->commit or die $dbh->errstr;

For every operation involvingsl we're manually checking for errors. Some of the more obscure
checks (like checking the value sbBI::err  after a fetch loop have finished) are easy to forget.

HoweverpBl also has a mode whereby it throws exceptions upon errohgrtitan meekly
returning a false value. This not only improves readabititit also removes the problem of forgetful
programmers not checking their return values.

# Connect to the database, using RaiseError to throw excepti ons.
my $dbh = DBI->connect(

$dsn,$user,$pass,

{AutoCommit => 0, RaiseError => 1,

PrintError => 0, ShowErrorStatement => 1}

)

$dbh->begin_work;
my $sth = $dbh->prepare($SQL);
$sth->execute($customer,$purchase,$number);

# Pull out some rows....
while (my $row = $sth->fetchrow_hashref) {
# Process each row here.

}

$dbh->commit;

It's worth noting what some of the options we've passed tgtolo DBI->connect  are doing:

« AutoCommit => 0 states that we should not automatically commit every staténT his only
works on databases that allow transactions.

« RaiseError => 1  states that any error from DBI should be turned into an exeepind thrown.
It's the reason why we don't have die "..." scattered throughout our code.

« PrintError => 0 prevents errors from being printed usingn . An error will result in an
exception which will be displayed if not caught. If the extiep is caught, we may wish to decide
for ourselves if it should generate a warning.

« ShowErrorStatement => 1 means that any exception (or warning) will also contain tQ& hat
generated the error. This wonderful option takes most ofltective work out of trying to debug
whichbit of SQL is being naughty, and is highly recommended.

As can be seen, having tibel module throw exceptions when required simplifies our
error-handling. In this example, we're simply dying with @mor if anything goes wrong, witbsi
automatically arranging for our transactions to be rolkedk in case of error. In many applications
involving DBI, that's the correct thing to do.

However, we can also use the same code when we wish to hanails. dret’s take the example of a
database import. We may have a number of records we wish tortrimpo a database, and some of
them may fail. Rather than aborting the entire process, \ikeédo note which of these failed, and
continue on.
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my $dbh = DBI->connect(
$dsn,$user,$pass,
{AutoCommit => 0, RaiseError => 1,
PrintError => 0, ShowErrorStatement => 1}

)

my $sth = $dbh->prepare($SOME_SQL_INSERT_CODE);
my $sth2 = $dbh->prepare($SQL_FOR_SECOND_TABLE);

while (my $record = <RECORDS) {
eval {
my ($fields1, $fields2) = process_record($record);
$dbh->begin_work;
$sth->execute(@%$fieldsl);
$sth2->execute(@$fields2);
$dbh->commit;

I8

# Error-handling.
if (my $error = $@) {
eval { $dbh->rollback; }; # Rollback current transaction.

if ($error =~ /execute failed:/) {
# Hmm, looks like our record had bad data.
# We'll log that, and continue onwards.
log_record($record);

} else {
# Some other kind of error? We don't
# know how to deal with these, so we'll
# re-throw the exception.
die $error

}

}

The above code allows us to process a large number of redmds;out and log the ones which fall,
and can easily be expanded to include extra code that magefsrate exceptions.

Try::Tiny

Yuval Kogman's excellentry::Tiny  module not only provides extra syntactic sugar for handling
exceptions, but also fixes many of the issues commonly atsaolcivith Perl’s exception handling
mechanisms.

UsingTry::Tiny  in your programs is easy, and the use ofithe andcatch statements is quite
intuitive:

use Try:Tiny;

my $CONFIG = "Config.txt";

try {
use autodie;
open(my $fh,'<’,.$CONFIG);
while ( <$fh >) {
process($ );
}
}
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catch {
warn "Caught error: $ ";

5

One can also usetg without a correspondingatch to ignore exceptions in a given block.

For a more heavyweight and featureful exception handling system, look at the TryCatch

module available from the CPAN.

Chapter summary

114

- Exceptions allow us to handle errors in the code where theyroc
- An exception is an error condition that changes the normal dibcontrol in a program.

- Exceptions can be caught and handled, or ignored. Uncaxgepgons can kill the program
entirely.

- Thedie function can be used to throw a simple exception.
+ In Perl exceptions are caught by using & construct.
« Using Perl'sautodie pragma allows Perl’s built-ins to throw exceptions.

- Some modules, such asl! allow the programmer to utilise exceptions very well to detnd
handle errors.

« TheTry:Tiny module provides both a nicer syntax for exception handksgyell as also
solving many edge-cases that can arise.
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What you've learnt

Now you've completed Perl Training Australia’s Object Ortied Perl module, you should be
confident in your knowledge of the following fields:

- Obiject orientation.

- What packages and modules are.

« How to write packages and modules.

- How to write Perl objects.

- How to write constructors, init functions and destructamsyfour objects.

- How your class can inherit from other classes.

- How you can redispatch method calls that come to your claisgamntionally.
- What polymorphism s, and how easy it is in Perl.

- How to overload operators.

Where to now?

To further extend your knowledge of Perl, you may like to:

- Work through any material not included during the course
- Visit the websites in our "Further Reading" section (below)

+ Follow some of the URLSs given throughout these course netgecially the ones marked
"Readme"

- Join a Perl user group such as Perl Mongers (http://www.m@f).o
- Join an on-line Perl community such as PerIMonks (http:#uyerimonks.org/)
- Extend your knowledge with further Perl Training Austrat@urses such as:

« CGI Programming with Perl

. Perl Security

. Database Programming with Perl

Information about these courses can be found on Perl Tgairstralia’s website
(http://www.perltraining.com.au/).
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Further reading

Books

- Damian ConwayQbject Oriented PerIManning, 2000. ISBN 1-884777-79-1

- Tom Christiansen and Nathan Torkingtdie Perl CookbogkO’Reilly and Associates, 1998.
ISBN 1-56592-243-3.

- Joseph N. Hall and Randal L. SchwakEffective Perl ProgrammingAddison-Wesley, 1997.
ISBN 0-20141-975-0.

Online

- Perl Training Australia (http://perltraining.com.au/)

- The Australian Perl Portal (http://perl.net.au/)

« The Perl homepage (http://www.perl.com/)

- Perl Mongers Perl user groups (http://www.pm.org/)

« PerlBuzz news (http://perlbuzz.com/)

« PerlMonks online community (http://www.perlmonks.org/)
« Perl 5 wiki (http://www.perlfoundation.org/perl5)

« Comprehensive Perl Archive Network (http://www.cpan)org
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In this chapter...

The de-facto choice for Perl objects has been to use blesstdb. A hash makes it easy to both add
new attributes and access existing ones. Unfortunatédyetise of access is also one of the greatest
problems with a hash-based structure. In this chapter waér an alternative Perl object structure
known as annside-out object

Problems with blessed hashes

In a perfect world everyone would obey the rules and only bselbcumented interface for each
class. Unfortunately, the world isn’t always perfect. Maybdeveloper will bypass the interface to
try and squeeze some extra performance out of their codeb®Miney usedata::Dumper  to inspect
your object and wrote their code to extract attributes witteverreading your documentation.

When you change your object’s implementation, any codetijiadsses your documented interface
will break. Of course, the miscreant developer who wrotebthe code was fired years ago for not
conforming to coding guidelines, but it@ur changes that just caused the system to break. Even if
you can convince your boss that it isn’t your fault, it wilillsbe your job to make things work.

The other problem with using hashes comes down to simplegtgphical errors. Let's pretend that
one of your attributes isddress , but somewhere in your code you make an accidental typo,
forgetting a 'd":adress :

sub get_address {
my ($this) = @_;
return $this->{address};

}

sub set_address {

my ($this, $value) = @_;

$this->{adress} = $value; # Oops!
}

The above code doesn'’t result in a warning. Perl is perféctypy to add a new element to our hash,
but since nothing else refers to the key it will never be usesljlting in a difficult to find bug.

Wouldn't it be great if we could haveompile-timechecking of attributes, rather than relying upon
run-time checks and the correctness of developers?sttie-out objectswe can.

@ This was the primary problem that pseudo-hashes were designed to avoid. Unfortunately
pseudo-hashes slowed everything down, so they were removed.

What is an inside-out object?

Inside-out objects are known by many names, including figeobjects and inverted indices.
Rather than storing all of our attributes inside our sindigeot, we instead have a single hash for
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each attribute, and our object has an entry in each hash ollbeiing example demonstrates the
differences in structure:

# Traditional hash-based objects.

$personl = { firstname => "Paul", surname => "Fenwick" }, # Ob ject 1
$person2 = { firstname => "Jacinta", surname => "Richardson "}, # Object 2
$person3 = { firstname => "Damian”, surname => "Conway" }, # O bject 3

# Inside-out objects.

# Object 1 # Object 2 # Object 3
%firstname = ( 12345 => "Paul", 23456 => "Jacinta", 34567 => " Damian" );
%surname = ( 12345 => "Fenwick", 23456 => "Richardson”, 3456 7 => "Conway" );

Error checking

Inside-out objects provide excellent error checking, bseaf we make a mistake in writing an
attribute name we receive an eraircompile time

use strict;
use Class::Std;

my %address;
# ..

sub set_address {
my ($this, $value) = @_;
$adress{ident $this} = $value; # Oops!

}

# Trying to compile the above code results in an error:
# Global symbol "%adress" requires explicit package name at

Automatic attribute checking is a big improvement in preirgmwhat is otherwise a very common
and frustrating bug. However the benefits don'’t stop thergde-out objects provide much better
encapsulation than regular hash based objects.

Strong encapsulation

An inside-out object contains none of its own data; instéélhas been moved into a series of
hashes that are stored inside the class. By ensuring theslecared lexically (usingy
%attribute ) we can be sure that nothing outside of the class is able &sadbese attributes.

Strong encapsulation means that a misguided developdrimgrdss our interface and access
attributes directly. There’s simply no way that externalecan access those attributes. They're
simply not in scope.

Attribute access

We connect our attributes to our object by using a unique&ice we're trying to ensure object
integrity, our ideal key would be fixed and unchangeable &mheobject. The simplest solution
would be to give each object a sequential number upon géoe@atd mark it as read-only.
Unfortunately this would make it very easy for external ctmlguess possible key values and break
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encapsulation. Ideally we want our key to be hard to fake. €ahation is to use a module such as
Data:UUID which generates globally unique identifiers. Another issalise that every Perl variable
already comes with something unique and verifiable -- its orgraddress.

ThesScalar::Util module provides us with thefaddr  function, which returns the memory
address pointed to by a given reference. Thes::Std  module, which we will be examining
shortly, provides exactly the same function narisest (since the memory address is used as an
identifier for the object).

Inside-out playing cards

We now have enough information to build ourselves our verg owside-out object. Let's see our
PlayingCard turned inside-out:

package PlayingCard;

use strict;

use warnings;

use Scalar::Util qw/refaddr/;

# Using an enclosing block ensures that the attributes decla red
# are =+only * accessible inside the same block. This is only really
# necessary for files with more than one class defined in them

{
my %suit_of;
my %rank_of;
#
sub new {
my ($class, @args) = @_;
#
# This strange looking line produces an
# anonymous blessed scalar.
#
my $this = bless \do{my $anon_scalar}, $class;
#
return $this->EVERY::LAST::_init(@args);
}
sub _init {
my ($this, $rank, $suit) = @_;
#
# Attributes are stored in their respective
# hashes. We should also be checking that
# $suit and $rank contain acceptable values.
#
$suit_of{refaddr $this} = $suit;
$rank_of{refaddr $this} = S$rank;
#
return $this;
#
}
#
sub get_suit {
my ($this) = @_;
return $suit_of{refaddr $this};
}
#
sub get_rank {
my ($this) = @_;
return $rank_of{refaddr $this}
}
}
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\do{my $anon_scalar}

One of the strangest lines in our code cont&ingny $anon_scalar} . This odd construct simply
declares a lexical variable using. The name of our scalar is irrelevant, since it immediatelggy
out of scope at the end of the block. Normally this would serritléss, but the enclosing {
block returns the last statement evaluated, in our casedhlhbly created scalar. By taking a
reference to this scalar (using the backslash operatogaalar avoids destruction and lives on
without a name.

Note that our scalar itself is completely empty, it doesoitt@in anything, and we never use its
contents. It exists simply to be blessed into the apprapakss, and for our own code to use its
memory address for attribute lookups.

Exercise

1. Write an address entry clagsiress.pm ) using inside-out-objects. The constructor will be
called as follows:

my $address = Address->new(

surname  => $surname,
firstname => $firstname,
street => $street_address,
postal => $post_address,
phone => $phone,

)
If the post address is not set, it should be given the same eathe street address. A starter is
available inexercises/lib/Address.pm );

2. Run theexercisesllister.pl program to ensure that your class works as expected.

An answer can be found Bxercises/answers/lib/Address.pm

A problem with inside-out objects

Inside-out objects compare favourably with regular olgje€they scale better in terms of memory
usage, and with minor modifications can be tuned to provieée éxster performance, albeit with the
loss of some integrity benefits. However you're unlikely tioe these benefits unless it's absolutely
critical that your application needs to run very fast or vemall. So what's the catch?

Think about what happens when an object is destroyed. Wiglgalar hash-based object the only
reference to the object’s attributes is lost with the obijesetf, and Perl handles the clean-up for us.
When we have an inside-out object, nothing cleans up thibuatids when the object is destroyed.
Instead, we have to write our ovmeESTROYMethod. We also need to worry about making sure our
parent and siblinpesTROYMethods are called as well. If we don't, then our objects bk
memory, and that’s bad.

For ourplayingCard  we would need to add the following, or code like it:
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use NEXT,;

sub DESTROY {
my ($this) = @_;
$this->EVERY::_destroy;
}

sub _destroy {
my ($this) = @_;
delete $suit_of{ident $this};
delete $rank_of{ident $this};

}

All our derived classes will need to write their owtestroy method to clean up any additional
attributes that have been defined.

Inheritance and attributes

An additional advantage of inside-out objects is that eda$scas its own private area in which to
store attributes. This means that derived classes dortttoagorry about clashes with parents or
siblings, and vice-versa. It also makes it possible, altinquossibly unwise, for derived classes to
have attributes of the same name, but with different valseséthing which is impossible for
standard hash-based objects).

If we do decide to use attributes of the same name in more thaiclass in our inheritance tree, we
need to think about how we will ensure that each class getsatrect value during construction and
initialisation. The best way to do this depends on our im@etation, and will be discussed further
in the next chapter.

Inside-out objects do not avoid the problems associateadmitltiple methods in the inheritance tree
having the same names. Fortunately, we camgs&in such situations, just as we do with standard
hash-based inheritance.

Helper modules

The basic structure of any inside-out object is essentibilysame, just as the basic structure for
hash-based objects is essentially the same. As such a noffthélder modules have been created
to remove the repetitive code and make it quicker for youda striting the real code. Two
particularly good modules for inside-out objects are:

¢ Class::Std
¢ Object:InsideOut

We will talk more about the first of these in the next chapter.
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Chapter Summary

- Blessed hashes haweak encapsulatigrallowing for the potential that external code will bypass
your interface and access attributes directly.

- Blessed hashes have an additional problem where a typo isheltakup can result in a silent
error. These bugs can be difficult to catch.

- Inside-out objects providgtrong encapsulatiohy using lexically scoped hashes. No data is
stored inside the object proper.

- By using lexical hashes inside-out objects provide comiites attribute checking.
- Inside-out objects require the creationoEsTROYNethods to avoid memory leaks.

- Inside-out objects can allow parent or sibling classes te ladtributes with the same name but
distinct values. However correctly initialising theseiatites may be challenging.

« Both thecClass::Std  andoObject::InsideOut modules are excellent helpers for creating your
own inside-out objects.
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In this chapter...

Building a new class is often a repetitive exercise. We nesahatructor that somehow produces an
object; for inside-out objects we need a destructor to cleeags up; for almost all classes we'll
need accessors to get and set various attributes. For tkefazlasses, much of this code is going to
be practically identical, with simply a few labels changedeéhand there.

Theclass:Sstd  module provides a way to avoid a lot of the boring and repetitiork in producing
a new class. It provides default constructors, destrucadicavs for auto-generation of accessors, and
provides a convenient way of tagging attributes. This abiaptll cover these aspects ofass::Std

Using Class::Std

When usingClass:Std  we can choose to use as much or as little functionality asetsémbwever
all such classes need to start by loadings::Std

package PlayingCard;
use Class::Std;

Theuse definitionmustbe under the package line, @ass::std  exports extra functions into the
current package.

Obiject creation

We can create a new object just like we create any other object

my $card = PlayingCard->new({ suit => "spades", rank => "ace "W

Notice here that we're passing a hash reference rathertisangmed parameters. This is a
requirement otlass::Std

Defining Attributes

Almost all objects will have attributes, and when workindmwinside-out objects (which
Class:Std  supports) each attribute will have its own separate hash:

package PlayingCard;
use Class::Std;

my %suit_of :ATTR;
my %rank_of :ATTR;

Note that we've used the special tagTR to indicate these hashes are used for storing attributes.
One advantage of this approach is thass::Std ~ will now automatically tidy up the data in these
hashes when an object is destroyed.

If we're declaring a lot of attributes, then we can use:fitTa@rs tag like this:
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my (
%name_of,
%address_of,
%age_of,
%favourite_food_of,
) :ATTRS;

Object construction

We've already covered why it's a good idea to separate obgatstruction from initialisation. The
Class:Std  module provides a standatielv method that handles construction, meaning we avoid
having to remember the strange syntax for creating an anougiscalar. Theew method also
arranges for all initialisation routines to be called intbparent and sibling classes, meaning we
don’t need to worry about usingexTto set this up manually.

The default initialisation routine called kpfass::Std  's new method is calle@uiLD. TheBUILD
method is passed the object, the identifier, and a referertbe targument list. Our new PlayingCard
now looks like this:

package PlayingCard;
use Class::Std;

my %suit_of :ATTR;
my %rank_of :ATTR;

sub BUILD {
my ($self, $ident, $args_ref) = @_;
$suit_of{$ident} = $args_ref->{suit};
$rank_of{$ident} = $args_ref->{rank};
}

Class:Std  actually calls asecondnitialisation routine calle&TARTIf it exists. The difference
between the two is th&#TARTIS called after any automatic attribute initialisation ha®n finished,
whereasuILD is called before hand. To help remember the order, remerhbgfitst you have to
BUILD the object (such as a car), before you saaRTit.

It's perfectly appropriate for a class to have bethLD andsTARTmMethods.

Automatic accessors

Writing accessors for our objects can be dull. For our plggard we could write the following:

sub get_suit {

my ($this) = @_;

return $suit_of{ident $this};
}

sub get_rank {

my ($this) = @_;

return $rank_of{ident $this};
}

sub set_suit {
my ($this, $suit) = @_;
suit_offident $this} = $suit;
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sub set_rank {
my ($this, $rank) = @_;
$rank_of{ident $this} = $rank;
}

However this rapidly gets tedious. All accessors are in ##re same form, and if we have many

attributes we wish to access, then writing all these acessggis very boring very quickly.

Luckily, we can us&lass::Std  to provide us with automatic accessors. Now we don't needriiew

any accessors at all! Let's see how.

Read accessors

To create an automatic read accessor we simply pagss aoption to theATTR tag when declaring

our attribute:

package PlayingCard;
use Class::Std;

my %suit_of :ATTR( :get<suit> ); # Builds get_suit()
my %rank_of :ATTR( :get<rank> ); # Builds get_rank()

Read accessors generated vatiss:Std  always begin withget_ .

Write accessors

For a simple attribute that can be set freely to any value,ameuse theset option of:ATTRS that

allowscClass::Std  to create an automatic write accessor. For example:

package PlayingCard;
use Class::Std;

# Builds get_suit(), set_suit()
my %suit_of :ATTR( :get<suit> :set<suit> );

# Builds get_rank(), set_rank()
my %rank_of :ATTR( :get<rank> :set<rank> );

Write accessors generated withss::Std  always begin withset_ .

Automatic initialisation

For a simple class where attributes are stored without ary$walidity checking Class::Std
be used to provide automatic initialisation as well. Thials done by adding thait_arg
argument to theaTTR tag:

package PlayingCard;
use Class::Std;

my %suit_of :ATTR( :get<suit> :set<suit> :init_arg<suit> );
my %rank_of :ATTR( :get<rank> :set<rank> :init_arg<rank> );

# No 'BUILD’ required at all!
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The code above will look foguit andrank parameters being passecdtay, and will use them
automatically for attribute initialisation. If these dlpintes are not provided at construction time then
Class:std  will throw an exception that required parameters have nehtset.

If we want to, we can use bothit arg s andBuiLD. TheBUILD method is invoked before
automatic initialisation occurs, which allows us to vatelaur arguments are correct. If we find the
arguments are not correct we can throw an exception or revdefaults. We can also useILD for
initialisation of more complex attributes, while leaviniytal initialisation to:init_arg

-name

Writing :ATTR( :get<attr> :set<attr> :init_arg<attr> ) for each attribute can get a little
repetitive. As a result there’s a short cut! If we wish to usthtautomatic accessors and the
automatic initialiser for an attribute, we can instead :43&R( :name<attr> )

package PlayingCard;
use Class::Std;

my %suit_of :ATTR( :name<suit> );
my %rank_of :ATTR( :name<rank> );

# Still no 'BUILD’ required!

Default values

Regardless of whether or not we use automatic or manualis#tion, we can specify a default
value for a particular attribute by using thiefault  switch:

package PlayingCard;
use Class::Std;

# Our default suit is spades.

my %suit_of :ATTR( :name<suit> :default<spades> );

Note that only literal strings and numbers can be used asii®tdues. This is a limitation in Perl's
attribute handling, and not a limitation @ass::std . If you want to use more complex defaults,
then you may choose to not use thefault , :name Or:init_arg  switches; calculate and set your
defaults inBUILD or STARTInstead.

Summary of :ATTR options

126

Table B-1. Summary of :ATTR options

Option Description

linit_arg<key> Automatically initialise this attribute the
argument specified.

.defaultcvalue> Use the default value specified for this attribute.
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Option Description

‘get<name> Automatically create a read accessor, prefixe
with get_ . For example, :geflavour> produceg
an accessor named get_flavour().

L

'sekname> Automatically create a write accessor, prefixed
with set_ .
‘name<name> Shorthand for setting :init_arg, :get, and :set all at
once.
Exercise

1. Create a new class calleddress2.pm in your exercises/lib directory.
2. Create attribute hashes and any further code necessary.

(Hint, you'll probably need to declare:@efault  value for the postal field and set this to the
street value in &TARTblock.

3. Change thexercises/lister.pl program to use your new Address2 class, and to construct
the object properly.

Object destruction

Provided we have made use of thgTRr tag to indicate our attributes, objects built withss::Std

do not require any special destructors to free attributésoOrse, sometimes we’ll want to write our
destructors for other reasons, such as to correctly relg@&siternal resources such as file, database,
or network connections.

Class:Std  will automatically call thebeEmoLisHmethod (if it exists) before an object is destroyed.
This occurs for all classes in the object hierarchy, stgntith the child classes, and walking up to
the parents. This avoids the extra work of needing toneserfrom our destructors.

DEMOLISHIs called before any attributes are removed, so they cdmusét within thebEmoLISH
method.

package PlayingCard;
use Class::Std;

my %suit_of :ATTR( :name<suit> );
my %rank_of :ATTR( :name<rank> );

# Our example start method simply prints a note to

# notify us of object creation. We show how our

# START method is also passed $ident and $args, even
# though in this example we don't use them.

sub START {

my ($this,$ident,$args) = @_;
print "Created card: " $this->as_string,"\n";
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# Returns our card as a string. Eg, "ace of spades"
sub as_string {

my ($this) = @_;

return join(" ",$this->get_rank,"of",$this->get_suit)

-

Our demolish code is called at object destruction,

before attributes have been cleared. Here we just

print a simple message noting object destruction.

Clearing of attributes is done automatically by Class::St d.
We also show that this method is passed ident as its second
argument, even though we don't use it in this example.

HH R O H R

sub DEMOLISH {
my ($self, $ident) = @_;
print "Discarded card: ", $self->as_string;

Debugging features

One of the difficulties that can be encountered when usirigénrsut objects is that not all common
debugging techniques work like we would expect. A commorudging practice is to use
Data:Dumper  to display the contents of an object; however with an ingideebject this method
provides no information whatsoever.

Class:Std  automatically provides abumPmethod that returns a string representation of the object,
and is suitable for where we would normally cadta::bumper for debugging. It should be noted
that_bumronly displays attributes that have been explicitly tagg&t wkTTR flags.

Using_bumris generally not suitable for object serialisation. Thecipleclass::Std::Storable
module can be used to implement serialisable inside-oeittd]

Method traits (overloads)

128

Class:Std  provides a simple way to describe the behaviour of our objebien they are treated as
particular types, including both basic types (string, ntimpd®oolean) and as references. For
example, we can indicate that casr string  method should be used whenever our object is used as
a string:
# Returns our card as a string. Eg, "ace of spades”
sub as_string :STRINGIFY {

my ($this) = @_;

return join(" ", $this->get_rank,"of",$this->get_suit) ;

}

# Later, in our main code...

my $card = PlayingCard->new({ suit => "spades", rank => "ace "3
print "I have the $card\n";

It does not make sense to nominate more than one method tetdarghese types. Any of the
following flags can be added to a method to indicate it shoaldded for a particular type
overloading operation.
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Table B-2. Type overloading flags

Option Description

:STRINGIFY Use this method when object is treated as a
string.

:NUMERIFY Use this method when object is treated as a
number.

:BOOLIFY Use this method when object is tested as true or
false.

:SCALARIFY Use this method when object is treated as a scalar
reference.

:ARRAYIFY Use this method when object is treated as an array
reference.

:HASHIFY Use this method when object is treated as a hash
reference.

:GLOBIFY Use this method when object is treated as a glob
reference.

:CODIFY Use this method when object is treated as a code
reference.

An example of when you might find it useful to use the HASHIFittis where your object
essentially represents a list of parameters and valueswbig intend to pass to something like
HTML:Template Of HTML:FilllnForm . In these cases, it would be nice to be able to pass the object
as if it were a hasto the appropriate method:

$template->params( %$object );

Fortunately we can write a method to allow our inside out cfdje do the right thing when treated as
above.

# Returns reference to a hash-based representation of our ob ject.

sub as_hash : HASHIFY {
my ($this) = @_;

return {
rank => $this->get_rank,
suit => $this->get_suit,

Issues with Class::Std

Class:Std  is a powerful tool to ensure proper encapsulation with Pajeats. However, it is not
without its drawbacks. In order to ensure constructors @strdctors are called correctly,
Class:Std  assumes that all parent classes alsoarge::std . If this is an issue the similarly
featuredobject::InsideOut module may be a better choice.

Another common complaint aboalass::std  is more a complaint against inside-out objects in
general. A common debugging strategy with Perl objects issébata::Dumper  to print the object
out. With inside out objects, the result of this is often af form:
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$VARL = bless( do{\(my $o = undef)}, 'Address’ );

which is much less useful than the result with traditionathbased structures. This can be
overcome by using theoumpmethod provided bylass::Std

Chapter Summary

130

Class::Std provides a way to avoid a lot of the repetitivekwoiproducing a new class.
Class::Std requires that we pass in a hash reference of ampgers and values.
Class::Std marks our attribute hashes WAttTR.

TheBulLD method is called to allow any changes to the incoming pararmence the object has
been created, it is called before all automatic initialezat

ThesTARTmMethod is called after automatic initialisation has ocedrr

Class::Std will automatically generate read and write ssoes as well as perform automatic
initialisation if requested. Thaame<> attribute allows us to set all three.

Default values (strings and numbers) can be set for eadhud#rusing thedefault<>  attribute.

Class::Std automatically cleans up the entries in thebatgihashes upon object destruction.
Should further work be done, this can be done indheioLIsHmethod.

To print the contents of a Class::Std object in a similar wajpata::Dumper would, use theump
method.

Method traits can be added to methods to provide overloadeiar object. For example, the
method with theuUMERIFYtrait is called when the object is treated as a number.

Class::Std assumes all classes in the inheritance higrasehClass::Std.
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#!/usr/bin/perl
# Copyright (c) Marcus Post, <marcus@marcuspost.com>
# # # #

$_=q,my(@f|@c|x$_=q.my(@f|@c|x$_=q.my(@f|@c|x$_=q.my(@f| @c|x$_=q.my(@f|@c|x$
@w);@a=@f=<DAT%@w); @a=@f=<DAT%@w); @a=@f=<DAT%@Ww); @a=@f=<DAT%@w); @a=@f=<DAT% @
A>;seek(DATA|0!A>;seek(DAT|00!A>;sek((DAT|00!A>;sek((DT|000!A>;sek((DT|000!A
[0); @c=<DATA>;Y|0);@c=<DAA>;;Y|0);c=<<DAA>;;Y|0);c=<<AA>;;;Y|0);c=<<AA>;;;Y|
until(($_ pop(zuntll(($ pop((zuntl(($$_pop((zuntl(($_pop((zzuntl(($_pop((zzu
@c))=~"_I{}Q@c))=~" ){};;Q@c)=~/"" ){};;Q@c)=~/" ){};;;Q@c)=~" ){};;;Q@
unshlft(@a|$_)xunsh|ft(@|$_))xun5|ft((@|$_))xun5|ft(@|$_)))xun3|ft(@|$_)))xu
;for(1..3){pri%;forl..3){pri%;forl..3){pri%%;forl..3{pri%%%;forl..3{pri%%%:;f
nt(shift(@c));!nt(hift(@c));!nt(hift(@c));;!Int(hift(@));;;!nt(hift(@));;;'nt
Yor(@f){my($sYHr(@f){my($sYHr(@N){my($$sY}Ir(@f){m($$ssYHr(@F){m($$ssY}f
);split//;$_=sz);split//$_=ssz);slit///$_=ssz);slit//$_=sss2);slit//$_=SSSZ)
hift(@c);$_=~sQhift(@c);_=~ssQhif(@c));_=~ssQhif(@c))_=~sssQhif(@c))_=~sssQh
1({15) *N1/xI(L15}).ALIXICASY) NLIXI(CABH))ALIXI(AS))ALXI

;@w=split//;fo%; @w=split/;foo%; @wspliit/;foo%; @wspliit;fooo%; @wspliit;fo00%:;
r(@_){$w[$s+15!r(@_{$w[$s+15!r(@_{$w[$s+15!!r(@_{$w[$315!!!r(@_{$w[$515!!!r(
=-$_T=(($w[$sleY-$_=((Sw[BsleY-$_=(($w[PSs]leeY-$_=((Sw[SleceY-$_=(($W[$]leeeY-$
“[M)?dw[$zg™)?" . Sw[Szg ™) 2" Swl[$zg ™) ?".  SwwSszg ™) 2" SwwSszg"
s]);$s++:}or(Qs]);$s++;for((Qs])$s+++;for((Qs])$s+++;fr(((Qs])$s+++:fr(((Qs
1..75){unless(x1..75){uness((x1..5){uuness((x1..5){uunes(((x1..5){uunes(((x1
SW[$_Ine”){$wosw[$_Ine ) {$wwosw[ Inee’){$wwosw Inee’){$wwrosw| nee’){$wwr$
[$_1=$wW[(S_-1)![$_]=Sw[(_—11)[$_=Sww[(_—11)![$_=Sww[(_-11)![$_=$ww[(_-11)!
|;Bprint(oinY];}printjooinY];}prrintjooinY]; }prrintooinnY];}prrintooinnY]

'"'|@w) prlnt"\z""|@w) prlnt"\z""|@w) prlnt"\z""|@w) plnt"\zz""|@w) pint"\zz"
n";}print@a;,;#n";}print@a;.;#n";}print@a;.;#n";}prin@a;.;;#n";}prin@a,;.;;#n

yIZY\%x!, QU [ZY\1%x!. QLAY [ZY\1%x!. QU#y |2 Y\%x. QL #yl[ZY\I%x. Oy
S{Q-*\n}[]g:#<>s{Q-*\n}[]g;#<>S{Q-*\n}[]g;#<>S{Q-*\n}[]g;#<>S{Q-*\n}l]g;#<>s
eval:#EndFini'$eval;#EndFini!$eval:#EndFini!$eval;#EndFini!$eval:#EndFini!$e

DATA
The Perl code on the cover was written by Marcus Post. It geesstereograms based upon the
information provided in itdATAsegment (not shown on the front cover due to space). The tettpu
the script is not only a stereogram, but is also a valid Pedam that is capable of creating new
stereograms.

A discussion of the code where it was originally posted cafobad on PerIMonks
(http://perlmonks.org/index.pl?node_id=118799). Mimfermation about Marcus Post and his work
can be found on his website (http://www.marcuspost.com/).
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