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This is a series of extracts from Object Oriented Perl, a new book from Manning Publications that will be available in August 1999. For more information on this book, see http://www.manning.com/Conway/.
What is object-oriented Perl?
object-orientedPerl, summaryObject-oriented Perl is a small amount of additional syntax and semantics, added to the existing imperative features of the Perl programming language. Those extras allow regular Perl packages, variables, and subroutines to behave like classes, objects, and methods. 
It's also a small number of special variables, packages and modules, and a large number of new techniques, that together provide inheritance, data encapsulation, operator overloading, automated definition of commonly used methods, generic programming, multiply-dispatched polymorphism, and persistence.
It's an idiosyncratic, no-nonsense, demystified approach to object-oriented programming, with a typically Perlish disregard for accepted rules and conventions. It draws inspiration (and sometimes syntax) from many different object-oriented predecessors, adapting their ideas to its own needs. It reuses and extends the functionality of existing Perl features, and in the process throws an entirely new slant on what they mean.
In other words, it's everything that regular Perl is, only object-oriented.
Using Perl makes object-oriented programming more enjoyable, and using object-oriented programming makes Perl more enjoyable too. Life is too short to endure the cultured bondage-and-discipline of EiffelEiffel programming, or to wrestle the alligators that lurk in the muddy semantics of C++C++. Object-oriented Perl gives you all the power of those languages, with very few of their tribulations. And best of all, like regular Perl, it's fun!


Before we look at object orientation in Perl, let’s talk about what object orientation is in general... 
The essentials of object orientation
You really need to remember only five things to understand 90% of the theory of object orientationobject orientationessentials ofessentials of object orientation: 
•	an object is anything that provides a way to locate, access, modify, and secure data;
•	a class is a description of what data is accessible through a particular kind of object, and how that data may be accessed;
•	a method is the means by which an object's data is accessed, modified, or processed;
•	inheritance is the way in which existing classes of object can be upgraded to provide additional data or methods;
•	polymorphism is the way that distinct objects can respond differently to the same message, depending on the class they belong to;
This section discusses each of these ideas.
Objects
An objectobject is an access mechanismaccess mechanism for data. In most object-oriented languages that means that objectobjectas data containers act as containers for data (or at least, containers for pointers to data). But in the more general sense, anything that provides access to data (a variable, a subroutine, a file handle) may be thought of as an objectobjectas access mechanism.
The various data to which an object provides access are known as its attribute valuesattribute value, and the containers storing those attribute values are called attributesattribute. Attributes are (usually) nothing more than variables that have somehow been exclusively associated with a given object.
Objects are more than just collections of variables however. In most languages, objects have an extra property called encapsulationencapsulation. Encapsulation Encapsulation is an awkward term, because it has two distinct meanings: "bundling things together" and "isolating things from the outside world". In the literature of object orientation both senses of the word have been used at different times. Originally, encapsulation was used in the "bundling" sense, as a synonym for aggregation. More recently, encapsulation has increasingly been used in the "isolation" sense, as a synonym for data hiding. It's in that more modern sense that the term is used hereafter. means that the attributes of an object are not directly accessible to the entire program. Instead, they can only be accessed through certain subroutines that are associated with the object. Those subroutines are called methodsmethods, and they are (usually) universally accessible. This layer of indirection means that methods can be used to limit the ways in which an object's attribute values may be accessed or changed. In other words, an object's attribute values can only be retrieved or modified in the ways permitted by that object's methods.
Let's take a real-world example of an object: an automated teller machineteller machineSee ATM. An ATMATM is an object because it provides (controlled) access to certain attribute values, such as your account balance, or the bank's supply of cash. Some of those attribute values are stored in attributes within the machine itself (i.e. its cash trays), whilst others are stored elsewhere (i.e. in the bank's central accounts computer). From the client's point of view, it doesn't matter where the attribute values actually are, so long as they're accessible via the ATM object.
Access to the ATM's various attributes is restricted by the interfaceinterface of the machine. That is, the various buttons, screens, and slots of the ATM control how encapsulated attribute values (cash, information, etc.) may be accessed. Those restrictions are designed to ensure that the object maintains a consistent internal state and that any external interactions with its attributes are valid and appropriate.
For example, most banks don't use ATMs consisting of a big basket of loose cash and a note pad on which you record exactly how much you took.  Even if the bank could assume that everyone was honest, it couldn't assume that everyone was infalliblehuman fallibility. People would inevitably end up taking (or recording) the wrong amount by mistake, even if no-one did so deliberately. 
The restrictions on access are in the client's interest too. The machine can provide access to attribute values that are private to a particular client (e.g. their account balance) and it shouldn't make that informationinformationhiding available to just anyone. Even if we are pretending that all the ATMs clients are entirely honest, the account information shouldn't be universally available, because eventually someone will access and modify the wrong account data by accident.
In object-oriented programming, an object's methods provide the same kinds of protection for data. The question is: how does an object know which methods to trust?
Classes
Setting up an association between a particular kind of object and a set of trusted subroutines (i.e. methods) is the job of the object's classclass. A class is a formal specification of the attributes of a particular kind of object, and of the methods that may be called to access those attributes.
In other words, a classclassas blueprint is a blueprint for a given kind of object. Every object belonging to a class has an identical interface (a common set of methods that may be called) and implementationimplementation (the actual code defining those methods and the attributes they access). Objects are said to be instancesinstance of the class.
When a program is asked to create an objectobjectcreation of a particular kind, it consults the appropriate class definition (blueprint) to determine how to build such an object. Typically the class definition will specify what attributes the class's objects possess and where those attributes are stored (i.e. inside the object, or remotely through a pointer or reference).
When a particular methodmethodlook-up is called on an object, the program again consults the object's class definition to ensure that the method is "legal" for that object (i.e. the method is part of the object's blueprint), and that the method has been called correctly (i.e. in line with the definition in the class blueprint). 
For example, in software controlling a bank's automated teller network there might be a class called ATM that describes the structure and behaviour of objects that represent individual ATMs. The ATM class might specify that each ATM object has the attributesATMattributes cash_remaining, transaction_list, cards_swallowed, etc., and methodsATMmethods such as start_up(), withdraw_cash(), list_transactions(), restrict_withdrawal(), chew_cards(), close_down().
Thereafter, when an ATM object receives a request to invoke a method called withdraw_cash_without_debiting_account(), it can check the ATM class blue-print and ascertain that the method cannot be called. Alternatively, if the (valid) method close_down() is defined to increment a (non-existent) attribute called downtime, then this coding error can be detected.
Class attributes and methods
So far, we've only considered attributes that are accessed through (i.e. "belong to") an individual object. Such attributes are more formally known as object attributeobjectattributeobject attributes. Likewise, we've only talked about methods that were called on a particular object to manipulate its object attributes. No prizes for guessing that such methods are called object methodobjectmethodobject methods.
Unfortunately, object attributes and methods don't always provide an appropriate mechanism for controlling the data associated with the objects of a particular class. In particular, the attributes of an individual object of a class are not usually suitable for encapsulating data that belongs—collectively—to the complete set of objects of that classclassdata. 
Let's go back to the ATM example for a moment. At the end of each day, the bank will want to know how much money in total has been dispensed from all its ATM machines. Each of those machines will have a record of how much it has dispensed individually, but no machine will have a record of how much all the bank's machines have dispensed collectively. That information is not a property of a particular ATM. Rather, it's a collective property of the entire set of ATMs.
The most obvious solution is to design another kind of machine—an ATM coordinator—that gathers and stores the collective data of the set of ATMs (i.e. total cash dispensed, average number of transactions, funniest hidden video, etc.). We then create exactly one of these coordinator machines and arrange for each of the ATMs to feed data to it. Now we can access the accumulated ATM data through the interface of the coordinator machine.
In object-oriented terms, the design of the coordinator machine is the design of a separate class (say ATM_Coordinator), and the construction of such a machine corresponds to the creation of a single ATM_Coordinator object. This is certainly a viable solution to the problem of collective data, but it is unattractive in several respects. 
For a start, this approach means that every time a class needs to handle collective data, we have to define yet another class and then create a single instance of it. Moreover, we have to be careful not to create more than one instance, to ensure that the collective data is not somehow duplicated or, worse still, fragmented.
Next, we have to provide some mechanism for connecting the collection of "individual" objects of the original class to the single object of the new "collective" class. That, in turn, means that the "collective" object has to be accessible anywhere that any "individual" object might be created. Hence the "collective" object must be globally accessibleglobal accessibility, badness of, which is generally considered a Bad Thing.
For these reasons, most object-oriented languages don't take this "helper class" approach to regulating collective data. Instead, they allow classes to specify a second kind of attribute, one that is "shared" by every object of that class, rather than being "owned" by a single object. Such attributes are, unimaginatively, called class attributeclassattributeclass attributes. 
Of course, to maintain the appropriate protection for this kind of class-wide data  After all, the bank certainly doesn't want devices outside the ATM network accessing its collective ATM records., a class must also provide class methodclassmethodclass methods, through which its class attributes may be safely accessed. A class method differs from an object method in that it is not called on a specific object (because, unlike an object attribute, a class attribute doesn't "belong" to a specific object). Instead, a class method is called on the class itself. This usually means that to call a class method we must specify both the class name and the method name (e.g. invoke the daily_total() method for the class ATM).
In some object-oriented languages, class methods provide strong encapsulationencapsulationstrong of a class's class attributes. In other words, there is no way to access a class attribute, except through the appropriate class method. Other languages offer only weak encapsulationencapsulationweak of class attributes, by making them directly visible to any method of a class (i.e. to a class method or an object method). This means that class attributes may be accessed through individual objects as well. Perl enforces neither of these approaches, but allows us to use either or both. 

Inheritance
inheritanceIf you're building an extension to your house, or customizing a car, or upgrading your computer, you normally start with an existing blueprint and add on (or replace) certain bits. If your original blueprints are good, it's a waste of time and resources to start from nothing and separately reconstruct nearly the same thing as you already have.
The same thing happens in object-oriented programming. Often you have a class of objects that partially meets your requirements (say a class that represents a truck), and you want to create a new class that exactly meets your needs (say a class that represents a fire-truck).
To produce a class representing fire-trucks, it's not necessary to code that class from scratch, reproducing (or maybe cutting and pasting) the original truck code, and then adding new methods to implement alarms, ladders, hoses, red braces, etc. 
Instead, we can just tell the program that the new FireTruck classFireTruck class is based on (or is derived from or inherits) the existing Truck classTruck class. Then we tell it to add certain extra features (i.e. additional attributes and methods) to the FireTruck class, over and above those it inherited from the Truck class. Any class like FireTruck that inherits attributes and methods from another is called a derived classderived classclassderived or sometimes a child classclasschildchildclass. The class from which it inherits (i.e. Truck in this case) is called its base classclassbasebase class or its parent classclassparentparent class. 
The relationship between a base class and its derived class is called the is-ais-a relationship, because an object of a derived class must necessarily have all the attributes and methods of an object of the base class, and hence it "is a" base-class object for all practical purposes. This idea corresponds to our inherent sense of the hierarchyhierarchyof categories of categories: a fire-truck is‑a truck, an automated teller machine is‑a machine, a hench-personhench-person is‑a person, an unnecessarily long list of analogies is‑a list of analogies.
The is‑a relationship is transitiveis-atransitive, so you can have increasingly general categories over more than two levels: a fire-truck is‑a truck is‑a vehicle is‑a device is‑a thing; a hench-person is‑a person is‑a animal is‑a life-form is‑a thing  In fact, just about any class of object can be traced back to being a "thing". Of course, that doesn't mean we have to represent all those higher levels of categorization in an actual program. The universal "thing-ness" of a fire-truck, an ATM, or a hench-person is probably completely irrelevant to most applications.. 
Note however that the is‑a relationship is not bi-directionalis-anot bi-directional. Though an object of a derived class is always an object of a base class, it's not always (or even usually) true that an object of a base class is‑a object of a derived class. That is, although a fire-truck always is‑a truck, it's not the case that a truck always is‑a fire-truck.
Inheritance and abstraction
Naturally, having created a useful base class like Truck, we are immediately going to derive from it not just a FireTruck class, but also classes representing dump truckstruckother kinds of, tow trucks, pickup trucks, armored cars, cement mixers, delivery vans, etc. Each of these will (separately) inherit the same set of characteristics from the original Truck class, but each will extend or modify those characteristics uniquely. The relationship between the Truck class and its numerous child classes is shown in Figure 1.
Using inheritance means that we only have to specify how a fire-truck or a cement mixer or an armored car differs from a regular truck, rather than constantly needing to restate all the standard features of trucks as well. That makes the code that defines each type of truck shorter (assuming we already have the code for a truck). 
More importantly, it reduces our maintenancemaintenanceinheritance reduces load because any change to the behaviour of the general Truck class (for example, modifying its register() method in response to some change in transport regulations) is automatically propagated to all the specific truck classes (FireTruck, DumpTruck, ArmoredCar, etc.) that inherit from Truck.
In this way, inheritance also provides a way of capturing the abstract relationshipsabstract relationships between specific classes of object within a program. Thus, the class of fire-trucks is a special case of the more general class of trucks, which in turn might be a special case of the very general class of vehicles. The more abstract classes are generalized blueprints that define the common features of a wide range of kinds of objects. The more specialized classes presuppose those common features, and then describe the additional attributes and methods unique to their particular kind of object.
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Figure 1: Inheriting from the Truck class
Inheritance hierarchies
The relative ease with which we can create and maintain new classes by inheriting from existing one will almost certainly encourage us to create more complex chains of inheritanceinheritancecomplex chains. For example, there are many specialized types of fire-trucks: ladders, tankers, pumpers, snorkels, tarmac crash vehicles, etc. Likewise there are many species of dump truck: double bottom, highside end, lowside end, two-axle tractor, three-axle tractor, bob-tail, etc.
We may need individual classes for each of these very specific types of trucks, perhaps because each of them has unique regulations governing their registration and inspection. By deriving such classes from FireTruck and DumpTruck, we might extend the set of class relationships shown in Figure 1 to the hierarchy shown in Figure 2.
Figure 2: Extending the Truck hierarchy
Within such a hierarchy, every class offers all the methods offered by any class above it in the hierarchy. Therefore, objectobjecttreated as base type objects of a particular class can always be treated as if they were objects of some class higher in the inheritance tree. 
For example, both a TankerFireTruck object and a DoubleBottomDumpTruck object may be treated as if they were Truck objects (i.e. you could call their register() method), because both of them can trace their "ancestry" back to the primordial Truck class. However, of the two, only the Tanker object can be treated as a FireTruck object (i.e. you could call its sound_siren() method), because only the Tanker object can trace its ancestry to class FireTruck.
Note that some of the classes in the Truck hierarchy choose to redefineredefinition of inherited methods one or more of the methods they inherit (see the next section for an explanation of why they might want do that). For example, the Semi class redefines the register() method it inherits from class file_2.bin
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Truck. We can distinguish a method that has been (re-)defined in a class, from a method that a class merely inherits from its parent, by listing inherited methods in italics.
Polymorphism
polymorphismIf you've ever gone up to someone in a barpick-up lines, polymorphicbar, polymorphic pick-up lines or club and introduced yourself, you know that people can respond to the very same message ("I'd like to get to know you better") in very different ways. If we were to categorize those ways, we could create several classes of person: ReceptivePerson, IndifferentPerson, ShyPerson, RejectingPerson, RejectingWithExtremePrejudicePerson, JustPlainWeirdPerson.
Turning that around, we can observe that the way in which a particular person will respond to your message depends on the kind of person they are. A ReceptivePerson will respond enthusiastically, a ShyPerson will respond tentatively, and a JustPlainWeirdPerson will probably respond in iambic pentameteriambic pentameter. The original message is always the same; the response depends on the kind of person who receives it.
Language theoristslanguage theorists	…most of whom live at ground-zero in the JustPlainWeirdPerson category… call this type of behaviour polymorphism. When a method is called on a particular object, the actual method that's involved may depend on the class to which the object belongs. For instance, if we call an object's ignite() method, its response will be quite different depending on whether it belongs to the Paper, Rocket, Passion, or FlameWar class.
Randomly calling an identically named method on objects of different classes is not, of course, a recommended programming technique. However, polymorphicpolymorphismusefulness of behaviour does prove extremely useful when there is some explicit relationship between the various classes of objects, or when there is an implicit relationship or a common universal property shared between them. The following subsections discuss each of these cases.
Inheritance polymorphism
polymorphisminheritance polymorphismSuppose we are creating an object-oriented system for tracking the registrationtruckregistration system and inspection of trucks. We'd almost certainly want to use our Truck class (and its many descendents) to implement the parts of the system that represent individual trucks.
Typically, the objects representing the various trucks would be collected in some kind of container, probably a list. Some operations will need to be carried out on individual objects (e.g. register this particular truck, schedule an inspection for that one, etc.), but many tasks will have to be performed on every truck in the system (e.g. send out an annual registration notice for each, print a complete list of recent inspection dates, etc.)
For operations that need to be performed on every truck, the application is likely to walk along the truck list using a loop, calling the appropriate method for each object in turn. For example, the loop might call each object's print_registration_reminder() method. 
The problem is that the actual procedure to be followed by each object may be different, depending on the actual kind of truck the object represents (i.e. the actual class to which it belongs). For instance, the form for registering a semi-trailer may be very different from the one for a fire-truck, or for an armored car. If that's the case, the processing loop will have to determine the class of each object and then branch to perform a separate method call for each distinct class. That's a pain to code, and a bigger pain to re-code every time we add or remove another class of truck.
This situation is the ideal place to use polymorphism. If the ancestral Truck class has a register() method, then we are guaranteed that every derived class also has a register() method (i.e. the one that it inherits from Truck). However, when we specify the various derived classes, we may choose to replace the inherited register() methodmethodreplacement in derived class with one specific to the needs of the derived class. 
Having given each class its own unique register() method, we can then walk the list of objects and simply call register() on each. We're sure each can respond to that method call because at the very least they'll use the register() they inherited from the Truck class. However, if they have a more specialized way of registering themselves, then that more specialized method will be automatically invoked instead. In other words, we can arrange that each object has a register() method, but not necessarily the same register() method.
The result is that, although our loop code is very simple:
for each object in the list…
	call its register() method
the response to those calls is always appropriate to the particular object on which the method is called. Better yet, if we subsequently add a new class derived from Truck, and then put objects of that new class in the list, the old code will continue to work without modification. When the loop encounters an object of the new class, it will simply call that object's new register() method, and execute the new behaviour specified by the object's class definition. If the new class didn't define any new behaviour, the old behaviour inherited from class Truck will be used instead.
This kind of polymorphism is known as inheritance polymorphism, because the objects whose methods are called belong to a hierarchyhierarchyinheritance of classes that are related by inheritance. The presence of the required method in the base class of the hierarchy ensures that objects of any derived class can always respond (if only generically) to a given method call. The ability to redefine individual methods in derived classes allows objects of those classes to respond more specifically to a particular method call, if they so wish.
All object-oriented languages support inheritance polymorphism	But that's rather a circular definition, since most language lawyerslanguage lawyers insist that this form of polymorphism is one of the essential characteristics a language must possess if it's to be considered object-oriented in the first place.; for some, it's the only form of polymorphism they permit. But it certainly isn't the only form that's possible. In fact, there's no need for objects that are treated polymorphically to have any kind of class relationship at all.
Interface polymorphism
interface polymorphismpolymorphisminterface polymorphismThe alternative approach to polymorphism is to allow any object with a suitable method to respond to a call to that method. This is known as interface polymorphism, because the only requirement is that a particular object's interface provide a method of the appropriate name	Statically-typed object-oriented languages (e.g. Java or Ada) usually also require that the argument list passed in the method call be type-compatible with the parameter list specified by the object's method..
For example, since there are probably no actual Truck objects used in the truck registry application, there's no real need for the Truck class at all (at least, as far as the polymorphism in the registration loop is concerned). So long as each object in the list belongs to a class that has a register() method, the loop doesn't really care what their ancestral class was (i.e. whether they are trucks, truckers, trucking companies, or truculents). Provided they can respond to a call on their register() method, the loop proceeds with serene indifference.
Of course, that's a mighty big proviso. With inheritance polymorphism we could be sure that every object in the list did have a register() method (at the very least, the one it inherited from Truck). With interface polymorphism there's no such guarantee. 
Worse still, because the list is almost certainly built at run-timerun-timeobjects and polymorphism, and modified as the program executes, unless we're very careful in setting up the logic of our application, we're not likely to know beforehand whether a particular object in the list can respond to a register() request. In fact, we're unlikely to find out until the application attempts to invoke the object's register() method, and finds that it doesn't have one.
Consequently, languages that allow interface polymorphism must also provide some run-time mechanism for handling cases where an object is unable to provide a requested method. Typically, this involves providing a means of specifying a "fall-back"fall-backfor polymorphism failure subroutine that is called whenever an object cannot respond to a particular method invocation. Alternatively, such languages may have some form of exceptionexceptionfor dispatch failure system, and will trigger a well-defined exception (e.g. "No such method!") if the object cannot respond more appropriately.
Inheritance polymorphism is a special case of interface polymorphism, because a common base class guarantees that objects share a specific inherited method. Hence any language that supports interface polymorphism automatically supports inheritance polymorphism as well. As we shall see, Perl is such a language.


 
In order to understand object-oriented Perl, it's important to have a reasonable grasp of the language's non-object-oriented features. For example, the following extract explains the difference between package variables and lexicals—forever a source of confusion amongst novice Perl programmers...
Package variables
Perl variables come in two "flavours": package variablepackage variablevariablepackages and lexical variables. They look and act much the same, but there are fundamental differences between them.
As the name suggests, each package variable belongs to a package (normally to the current one). Package variables are the ones that most casual Perl programmers use most of the time. They're the standard no-preparation-necessary, ready-to-serve, instant variablesinstant variables that are frequently used in small throw-away programs:
for ($i=0; $i<100; $i++)
{
	$time = localtime();
	print "$i at $time\n";
}
print "last time was: $time\n";
print "last index was: $ i\n";
Here, the variables $time and $i are both package variables. They are created automatically the first time they're referred to, and continue to exist until the end of the program. They belong to the current package (i.e. "main").
Whenever it's necessary to make a package variable's ownership explicit, its "personal" name can be qualified with the name of its package. 
Package variables belonging to packages other than the current package are not accessible unless you use their fully-qualifiedfully-qualifiedpackage variable names name. For example, this code:
package main;

for ($i=0; $i<100; $i++)
{
	$Other_package::time = localtime();
	print "$i at $Other_package::time\n";
}

package Other_package;
print "last time was: $time\n";
print "last index was: $main::i\n";
uses the package variable $time belonging to the package called "Other_package", and the package variable $i belonging to the main package. Within their home packages, they can be referred to directly; elsewhere, you have to give their package name as well.
Note that the package name prefix always comes after the leading symbol. That is, you write $Other_package::time, not Other_package::$time.
Lexical variables
The other type of variable is a lexical variablescoped variablelexical variablevariablelexical. Unlike package variables, lexicals have to be explicitly declared, using the my keywordmy keywordbuilt-in functionsmy:
package main;

my $i;
for ($i=0; $i<100; $i++)
{
	my $time = localtime();
	print "$i at $time\n";
}
Lexical variables differ from package variables in that:
•	They don't belong to any package (so you can't prefix them with a package name).
•	They are only directly accessible within the physical boundaries of the code block or file in which they're declared. Hence in the code above, $time is only accessible to code that is physically located inside the for loop (and not to code that is called during or after that loop).
•	They (usually) cease to exist each time the program leaves the code block in which they were declared. Hence in the code above, the variable $time ceases to exist at the end of each iteration of the for loop (and is recreated at the beginning of the next iteration).
It may help to think of the two types of variables (package and lexical) in the way the Ancient GreekAncient Greek godss thought of their godsgods, Ancient Greek. They had big general-purpose gods like UranusUranus, ZeusZeus, AphroditeAphrodite, and AtroposAtropos, who existed for all time and could appear anywhere without warning. These are analogous to package variables The big Greek gods even came in "packages": $TitansTitans (Ancient Greek gods)::Uranus, $OlympiansOlympians::Zeus, $Olympians::Aphrodite, $FatesFates::Atropos..
Then there were the small, specialized gods like the spirits of trees, or door-steps, or a hearth. They were restricted to a well-defined domain (a tree, a building, the fireplace) and existed only for a specific period (the life of the tree, the occupation of the building, the duration of a fire). These are like lexical variables: localized and transient.
Generally speaking, package variablepackage variableproblems with couplings are fine for very short programs, but cause problems in larger code. This is because they're accessible throughout the program source, which means that changes made at one point in the code can unexpectedly affect the program's behaviour elsewhere. The typical example is something like this:
package Recipe;

sub print_recipesexamples&print_recipes
{
	for ($i=0; $i<@_; $i++)
	{
		print_ingredients($_[$i]);
		print_directions($_[$i]);
	}
}
sub print_ingredients
{
	for ($i=0; $i<$#recipes; $i++)
	{
		print $_[0]‑>{ingredients}[$i], "\n";
	}
}
The problem is that $i is a package variable (since it's not pre-declared as a lexical with a my declaration). That means that the subroutines Recipe::print_recipes and Recipe::print_ingredients both use the same package variable ($Recipe::i) in their respective for loops. So after Recipe::print_ingredients has been called from within Recipe::print_recipe, $Recipe::i will no longer contain the index of the current recipe. Instead, it will contain a number one greater than the number of ingredients of the current recipe (since that's the value left in it by the for loop in Recipe::print_ingredients).
If we'd used lexical variables instead:
package Recipe;

sub print_recipes
{
	for (my $i=0; $i<@_; $i++)
	{
		print_ingredients($_[$i]);
		print_directions($_[$i]);
	}
}
sub print_ingredients
{
	for (my $i=0; $i<@_; $i++)
	{
		print $_[0]‑>{ingredients}[$i], "\n";
	}
}
there would have been no unexpected interaction between the two subroutines An interaction of this kind between subroutines is known as couplingcouplingof package variables, and just as in real life, it can cause no end of difficulties.. Each lexical $i is distinct, unrelated to any other lexical $i (or to the package variable $Recipe::i, for that matter). Most importantly, each is confined to the body of the for loop in which it's declared.
The only problem is that, in Perl, lexical variables and package variables look the same, and since package variables can be conjured into existence just by mentioning them, this similarity can lead to subtle difficulties. For example, if we added an extra statement to the end of the loop timer shown earlier:
package main;

my $i;
for ($i=0; $i<100; $i++)
{
	my $time = localtime();
	print "$i at $time\n";
}
print "last time was: $time\n";
we'd find that the last line printed:
last time was:
That's because the lexical variable $time exists only inside the for loop, so Perl assumes that when we referred to $time outside the loop we meant the (undefined) package variable $main::time. This problem doesn't arise if you always put a use strictusestrict at the start of your code, because use strict requires that all package variables be fully qualified (to avoid just this kind of confusion).



Object-oriented programming in Perl can involve darker mysteries too, such as references, closures modules, and even the enigmatic typeglob...
Typeglobs
Typeglobtypeglobs are amongst the most poorly understood features of Perl (right up there with closures, in fact). But, like closures, they're actually very easy to understand and use, once you unravel their mysterious syntax and their polymorphic behaviour.
Perl maintains separate namespacesnamespaceseparate for different datatypes for each package, and for each type of named construct within a package. Hence within a given package you can have the variables $FILE, @FILE, and %FILE as well as the subroutine &FILE. Best of all, you can use them all at the same time. 
Unlike many other languages, where an identifier must be associated with exactly one thing in the symbol tablesymbol table, in Perl there's no confusion because each identifier has a unique prefix symbol indicating its type. In fact, they all live together in the very same entry of their package's symbol table, as Figure 3 illustrates. 
Each Perl symbol table entry is like a "sampler" box of chocolatesbox of chocolates, symbol table entry like a: you get a slotslotin symbol table entrysymbol tableentry slot holding a referencereference to one scalar, a slot holding a reference to one array, a slot holding a reference to one hash, and a slot holding a reference to one subroutine (as well slots holding references to one filehandlefilehandle, and one formatformat). 
You can access an entire symbol table entry via a special piece of syntax called a typeglob …because it "globs" (generically matches) any type of variable with the correct name.: *symbol_name*typeglob type specifiertype specifiers* (typeglob)*symbol_name typeglob syntaxSee typeglob. For example, to refer to the complete symbol table entry for anything that's called "FILE" (i.e. $FILE, %FILE, &FILE, etc.), we would use the typeglob *FILE. The slots in that symbol table entry would contain a reference to the package scalar variable $FILE, a reference to the package array variable @FILE, a reference to the package subroutine &FILE, etc.
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Figure 3: An entry (typeglob) in a package's symbol table


Once the necessary groundwork has been laid, we can finally start to talk about object-oriented programming in Perl...
Three little rules
If you've ever used another object-oriented programming language, or been traumatized by some prior exposure to object orientation, you're probably dreading tackling object orientation in Perl—more syntax, more semantics, more rules, more complexity. On the other hand, if you're entirely new to object orientation, you're likely to be equally nervous about all those unfamiliar concepts, and how you're going to keep them all straight in your head while you learn the specific Perl syntax and semantics. 
Relax!
Object-oriented Perl isn't like that at all. To do real, useful, production-strength, object-oriented programming in Perl you only need to learn about one extra function, one straightforward piece of additional syntax, and three very simple rules The three rules were originally formulated by Larry Wall, and appear in a slightly different form in the perlobj documentation. . three little rulesLet's start with the rules…
Rule 1: To create a class, build a package
packageas class implementationclassimplemented by packageRules1: classes are packagesPerl packagepackagefeatures ofs already have a number of class-like features:
•	They collect related code together;
•	They distinguish that code from unrelated code;
•	They provide a separate namespace within the program, which keeps subroutine names from clashing with those in other packages;
•	They have a name, which can be used to identify data and subroutines defined in the package.
In Perl, those features are sufficient to allow a package to act like a class. 
Suppose we wanted to build an application to track faults in a system. Here's how to declare a class named "BugexamplesBug" in Perl:
package Bug;
That's it! Of course, such a class isn't very interesting or useful, since it has no attributes or behaviour. And that brings us to the second rule…
Rule 2: To create a method, write a subroutine
subroutineas methodmethodimplemented by subroutinerules2: methods are subroutinesMethods are just subroutines that are associated with a particular class. They exist specifically to operate on objects that are instances of that class.
Happily, in Perl a subroutine that is declared in a particular package is associated with that package. So to write a Perl method, we just write a subroutine within the package that is acting as our class.
For example, here's how we provide an object method to print our Bug objects:
package Bug;

sub print_me
{
	# The code needed to print the Bug goes here
}
Again, that's it. The subroutine print_me is now associated with the package Bug, so whenever we treat Bug as a class, Perl automatically treats Bug::print_me as a method.
Calling the Bug::print_me method involves that one extra piece of syntaxsyntaxextra—an extension to the existing Perl "arrow" notation. If you have a reference to an object of class Bug (we'll see how to get such a reference in a moment), you can access any methodmethodcall syntax of that object by using a ‑>‑> operatorextension to method calls symbol, followed by the name of the method. 
For example, if the variable $nextbug holds a reference to a Bug object, you could call Bug::print_me on that object by writing:
package main;

# set $nextbug to refer to a Bug object, somehow, and then…

$nextbug‑>print_me();
Calling a method through an arrow should be very familiar to any C++C++ programmers; for the rest of us, it’s at least consistent with other Perl usages:

$hsh_ref‑>{"key"};	# Access the hash referred to by $hashref
$arr_ref‑>[$index];	# Access the array referred to by $arrayref
$sub_ref‑>(@args);	# Access the sub referred to by $subref
$obj_ref‑>method(@args);	# Access the object referred to by $objref
The only difference with the last case is that the thing referred to by $objref has many ways of being accessed (namely, its various methods). So, when we want to access an objectobjectmany ways of accessing, we have to specify which particular way (i.e. which method) should be used.
Just to be a little more flexible, Perl doesn't actually require that we "hard-codehard-codedmethod name" the method name in the call. It's also possible to specify the methodmethodcall through symbolic reference name as a scalar variable containing a string matching the name (i.e. a symbolic referencesymbolic referenceas method name), or as a scalar variable containing a real referencereferencecalling methods to the subroutine in question. For example, instead of:
$nextbug‑>print_me();
we could write:
$method_name = "print_me";	# i.e. "symbolic reference" to some &print_me
$nextbug‑>$method_name();	# Method call via symbolic reference
or:
$method_ref = \&Bug::print_me;	# i.e. reference to &Bug::print_me
$nextbug‑>$method_ref();	# Method call via hard reference
In practice, the method name is almost always hard-coded.
When a method like Bug::print_me is called, the argumentargumentto method list that it receives begins with the objectinvoking objectobjectinvoking reference through which it was called The object on which the method is called is known as the invoking object, or sometimes the message targetmessagetargetSee invoking method. It is the reference to this object that is passed as the first argument of any method invoked using the ‑> notation., followed by any arguments that were explicitly given to the method. That means that calling Bug::print_me("logfile") is not the same as calling $nextbug‑>print_me("logfile"). In the first case, print_me is treated as a regular subroutinesubroutinedifferences when called as method so the argument list passed to Bug::print_me is equivalent to:
( "logfile" )
In the second case, print_me is treated as a methodmethoddifferences from subroutine so the argument list is equivalent to:
( $objref, "logfile" )
Having a referencereferenceto invoking object to the object passed as the first parameter is vital, because it means that the method then has access to the object on which it's supposed to operate There are similar automatic features in all object-oriented languages. C++C++ member functions have a pointer called this, JavaJava member functions have a reference called this, SmalltalkSmalltalk methods have the self pseudo-object, and PythonPython's methods (like Perl's) receive the invoking object as their first argument.. Hence you'll find that most methodmethodtypical argument handlings in Perl start with something equivalent to this:
package Bug;

sub print_me
{
	my ($self) = shift;
	# The @_ array now stores the explicit argument list passed to &Bug::print_me
	# The rest of the &print_me method uses the data referred to by $self and
	# the explicit arguments (still in @_)
}
or, better still:
package Bug;

sub print_me
{
	my ($self, @args) = @_;
	# The @args array now stores the explicit argument list passed to &Bug::print_me
	# The rest of the &print_me method uses the data referred to by $self and
	# the explicit arguments (now in @args)
}
This second version is better because it provides a lexically scoped copy of the argumentargumentaliasing list (@args). Remember that the @_ array@_ array is "magical" in that changing any element of it actually changes the caller's version of the corresponding argument. Copying argument values to a lexical arraylexicalarray like @args prevents nasty surprises of this kind, as well as improving the internal documentationself documenting codemethod arguments of the subroutine (especially if a more meaningful name than @args is chosen).
The only remaining question is: how do we create the invoking object in the first place?
Rule 3: To create an object, bless a referent
built-in functionsblessbless functionrules3: objects are blessed referentsreferentUnlike other object-oriented languages, Perl doesn't require that an object be a special kind of recordobjectas recordrecord-like data structures-like data structure. In fact, you can use any existing type of Perl variable—a scalarobjectscalar-basedscalaras object, an arrayobjectarray-basedarrayas object, a hashobjecthash-basedhashas object, etc.—as an object in Perl You can also bless other things, such as subroutines, regular expressions, and typeglobs..
Hence, the issue isn't so much how to createobjectcreatingcreationof objects the object (you create them exactly like any other Perl variable), but rather how to tell Perl that such an object belongs to a particular class. That brings us to that one extra built-in Perl function you need to know about. It's called bless, and its only job is to mark a variable as belonging to a particular class. 
The bless function takes two argumentsbless functionarguments: a reference to the variable to be marked, and a string containing the name of the classclassname. It then sets an internal flag on the variable, indicating that it now belongs to the class Actually, the second argument is optional, and defaults to the name of the current package. However, although omitting the second argument may occasionally be convenient, it's never a good idea. Hence it's better to think of both arguments as being (morally) required, even if (legally) they're not..
For example, suppose that $nextbug actually stores a reference to an anonymous hashanonymous hash:

$nextbug =	{
		_id	=>	"00001",
		_type	=>	"fatal",
		_descr	=>	"application does not compile",
	};
To make turn that anonymous hash into an object of class Bug we write:
bless $nextbug, "Bug";
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And, once again, that's it! The anonymous array referred to by $nextbug is now marked as being an object of class Bug. Note that the variable $nextbug itself hasn't been altered in any way (i.e. we didn't bless the referencereferencenot blessed); only the nameless hash it refers to has been marked (i.e. we blessed the referentreferentblessed instead of reference). Figure 4 illustrates where the new class membership flag is set.
Figure 4: What changes when an object is blessed
You can check that the blessing succeeded by applying the built-in ref functionref functionto check object's class to $nextbug. Normally when ref is applied to a reference, it returns the type of that reference. Hence, before $nextbug was blessed, ref($nextbug) would have returned the string 'HASH'. 
Once an object is blessed, ref returns the name of its class instead. So after the blessing, ref($nextbug) will return 'Bug'. Of course the object itself still is a hash, but now it’s a hash that belongs to the Bug class.


Perl classes use object methods to control access to encapsulated data. Typically such methods are named after the object attributes they provide access to. They usually take an optional argument through which new values may be assigned to a particular object attribute. But some attributes shouldn't be publicly writable and, unfortunately, Perl doesn't provide any built-in mechanism to enforce that. You have to resort to Psychology...
Catching attempts to change read-only attributes
changing read-only attributeOf course, because users of a class are often allowed to change some of an object's attributes by passing new values to the appropriate accessor methods, they may well expectuser expections to do the same with all the object's attribute values. This is not always the case and such a misgeneralizationbugsmisgeneralizationmisgeneralization could lead to subtle logical errorerrorlogicals in the program, since accessor methods for "read-only" attributes often simply ignore any extra parameters they are given.
There are several ways to address this potential source of errors. The most obvious solution is to resort to brute forcebrute force, and simply kill any program that attempts to call a "read-only method" with arguments. For example:
package CD::Music;
use strict;
use Carp;
sub read_only
{
	croak "Can't change value of read-only attribute " . (caller 1)[3]
		if @_ > 1;
}
# read-only accessors
sub name	{ &read_only; $_[0]‑>{_name}	}
sub artist	{ &read_only; $_[0]‑>{_artist}	}
sub publisher	{ &read_only; $_[0]‑>{_publisher}	}
sub ISBN	{ &read_only; $_[0]‑>{_ISBN}	}

# read-write accessors
sub last_played
{ 
	my ($self, $when) = @_;
	$self‑>{_played} = $when if @_ > 1;
	$self‑>{_played};
}

sub rating
{ 
	my ($self, $rating) = @_;
	$self‑>{_rating} = $rating if @_ > 1;
	$self‑>{_rating};
}
Here, each read-only access method calls the subroutine CD::Music::read_only, passing its original argument list (by using the "old-style" call syntax—a leading && (subroutine type specifier)in subroutine call and no parentheses). The read_only subroutine&read_only subroutine checks for extra arguments, and throws an informative exceptionexception if it finds any. Note that there will always be at least one argument to any method, namely the object reference through which the method was originally called.
Think of this technique as a form of Pavlovian conditioningPavlovian conditioning for programmerprogrammer, Pavlovian conditioning ofs: every time their code actually attempts to assign to a read-only attribute of your class, their program dies. Bad programmer!
As enjoyable as it may be to mess with people's mindsminds, messing with in this way, this approach does have a drawback; it imposes an extra cost on each attempt to access a read-only attribute. Moreover, it isn't proactiveproactive in preventing users from making this type of mistake; it only trains them not repeat it, after the fact.
Besides, psychology has a much more subtle tool to offer us, in the form of a technique known as affordanceaffordancess The concept of affordances comes from the work of user-interface guru Donald NormanNorman, Donald. His landmark book The Psychology of Everyday Things (later renamed The Design of Everyday Things) is essential reading for anyone who creates interfaces of any kind, including interfaces to classes.. Affordances are features of a user interfaceinterfaceaffordance that make it physically or psychologicallypsychology easier to do the right thing, than to do the wrong thing. For example, good architects don't put handlesdoor handles on unlatched doors that can only be pushed. Instead, they put a flat plate where the handle would otherwise be. Just about the only thing you can do with a plate is to push on it, so the physical structure of the plate helps you to operate the door correctly. In contrast, if you approach a door with a fixed handle, your natural tendency is to pull on it, which usually proves to be the right course of action.
Affordances work well in programming too. In this case, we want to make it psychologically awkward to attempt to change read-only object data. The best way to do that is to avoid raising the expectation that it is even possible in the first place. 
For instance, we could change the names of the read-only methods to "get_…" and separate the two functions of each read-write accessor into distinct "get…" and "set…" methods:
package CD::Music;
use strict;
# read accessors
sub get_name	{ $_[0]‑>{_name}	}
sub get_artist	{ $_[0]‑>{_artist}	}
sub get_publisher	{ $_[0]‑>{_publisher}	}
sub get_ISBN	{ $_[0]‑>{_ISBN}	}
sub get_last_played	{ $_[0]‑>{_publisher}	}
sub get_rating	{ $_[0]‑>{_ISBN}	}

# write accessors
sub set_last_played	{ $_[0]‑>{_played} = $_[1]	}
sub set_rating	{ $_[0]‑>{_rating} = $_[1]	}
Now the user of our class has no incentive to try to pass arguments to the read-only methods, because it doesn't make sense to do so. And because there are no set_name, set_artist, etc., it's obvious that these attributes can't be changed.

Most real object-oriented Perl classes use objects based on blessed hashes. But one of Perl's defining characteristics is flexibilityflexibility, and in keeping with its unofficial motto—"There's more than one way to do it"—you can just as easily use any other Perl data type as the basis for  object. There are at least six alternative ways of implementing a class: basing it on arrays, pseudo-hashes, scalars, anonymous subroutines, precompiled regular expressions, and typeglobs. But before considering some of the alternatives, it's important to explain why hashes aren't always the right choice...
What's wrong with a hash?
HashHashwhy commonly used as objectses are well suited to act as the basis for objects. They can store multiple values of differing types, they give each value a descriptive label, they can be expanded to store additional items at need ...for example, if the class is later inherited by another..., and they can be made hierarchical (by storing references to other anonymous hashes in an entry).
Hashes are usually a good choice for implementing class objects, but they're by no means perfect. For a start, they are a comparatively expensive way to store collections of data, occupying more space than an equivalent array, and providing slower access as well. Often those small overheadsoverheadsof hash access are insignificant, but occasionally (such as when large numbers of objects are involved, or when a much simpler data structure would do just as well) the difference in performance, or in style, matters.
A more serious problem with hashes has to do with an otherwise very convenient feature they possess, called autovivificationbugsautovivification of non-existent attributeshashautovivificationautovivification. Autovivification is the name for what happens when you attempt to access a non-existent entryhash entrynon-existent of a hash. Rather than complaining, Perl just automatically creates the missing hash entry for the key you specified, giving the new entry the value undef.
And that's the problem. If you have a reference to hash-based object (say, $objref), and you're using an attribute such as $objref‑>{_weirdnessweirdness_factor}, then chances are that somewhere in the heat of coding, you'll accidentally write something like $objref‑>{_wierdness_factor}++.
The first time that code is executed, Perl won't complain about the spelling mistakespelling mistake or the fact that it causes your code to access a non-existent entry. Instead it will try to be helpful: autovivifying the new hash entry, then silently converting its undef value to zero, and finally incrementing it to 1. Thereafter you'll spend about a week trying to work out why that increment operator seems to increase the real world's weirdness factor, but not $objref's.


One of those six alternate ways of implementing a class makes use of a feature only recently added to Perl–the pseudo-hash. The standard documentation on the feature is still rather terse, so the following explanation may be useful...
Blessing a pseudo-hash
pseudo-hashNeither a hash nor an array seems to provide the ideal basis for a Perl object. Hash entries are accessed by comprehensible keys, but hashes are big and slow. Arrays are compact and fast, but the use of integer indices can lead to obscure code. And both approaches are prone to autovivification-induced bugs. Ideally, we'd like the best of both worlds—fast access, compact storage, readable tags, and no autovivification. 
A pseudo-what???
As of Perl release 5.005, that wish has been granted, in the form of a new (and experimental Hence, if you're currently using a later version of Perl, you may need to check in the perlrefperlref documentation to see whether the details presented in this section are still correct.) data structure called a pseudo-hash, which is really just an arrayarraypretending to be hashSee pseudo-hash reference that’s pretending to be a hash reference. 
To maintain the pretense, the array that's actually being referred to must have a reference to a real hash as its first element. That real hash is used to mapmappingkeys to indices key names onto array indices. In other words, a pseudo-hash has a structurestructureof pseudo-hashes like that shown in Figure 5, and is declared like this:
my $pseudo_hash = [ {a=>1,b=>2,c=>3}, "val a", "val b", "val c" ];
Such an array can still be accessed as an array, by specifying a numerical index in square brackets:
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$pseudo_hash‑>[1];
Figure 5: The structure of a pseudo-hash
But it can also be accessed as if it were a hash, by using one of the specified keys in curly braces:
$pseudo_hash‑>{"a"};
Whenever Perl encounters an array reference that is being used as a hash reference in this way, it translates the expression to something equivalent to the following:
$pseudo_hash‑>[$pseudo_hash‑>[0]‑>{"a"}];
In other words, it first retrieves the hash reference stored in element zero of the array ($pseudo_hash‑>[0]). It then uses that hash to look up the index corresponding to the specified key ($pseudo_hash‑>[0]‑>{"a"}), and finally it uses that index to access the appropriate element in the original array ($pseudo_hash‑>[$pseudo_hash‑>[0]‑>{"a"}]). 
Limitations of a pseudo-hash
If the first element of a pseudo-hashpseudo-hashlimitations array isn't a hash reference:
my $pseudo_hash = [ "not a hash ref", "val a", "val b", "val c" ];

# and later…

$pseudo_hash‑>{"a"};
then the program throws an exception with the message: can't coerce array into hash. If the first element is a hash reference, but the corresponding hash doesn't contain the given key:
my $pseudo_hash = [ {a=>1,b=>2,c=>3}, "val a", "val b", "val c" ];

# and later…

$pseudo_hash‑>{"z"};
then the program throws an exception with the message: no such array field The reason it refers to a "field" instead of an "entry" will become clear in a moment.. In other words, unlike a real hash, pseudo-hash entries aren't autovivifyingautovivificationand pseudo-hashes; they don't spring into existence the first time you attempt to access them. 
You can add new entries to a pseudo-hashpseudo-hashadding entries, but it's a two-step procedure. First you add a new key-to-index mapping:
$pseudo_hash‑>[0]‑>{"z"} = @{$pseudo_hash}; 
which maps the key "z" on to the first unused index in the pseudo-hash array. After that, you can access the new entry directly, to assign it a value:
$pseudo_hash‑>{"z"} = "value z";
Of course, if your stomach is strong enough, you can do those two steps in a single statement:
$pseudo_hash‑>[$pseudo_hash‑>[0]{"z"} = @{$pseudo_hash}] = "value z";
Advantages of a pseudo-hash
The awkwardness of having to "manually" add new keys to a pseudo-hash is actually a useful property, because it helps to prevent hard-to-detect bugsbugsspelling errors that can easily find their way into classes built on ordinary hashes. Consider the Transceiver classTransceiver class defined in Figure 6. The class provides sentinel methodssentinel methods (start_transmit and end_transmit, start_receive and end_receive) that may be used to ensure that transmission and reception do not overlap.

package Transceiver;
$VERSION = 1.00;
use strict;

sub new
{
	my $class = ref($_[0])||$_[0];
	my $self = { receive=>0, transmit=>0 };
	bless $self, $class;
}

sub start_transmit
{
	my ($self) = @_;
	++$self‑>{transmit} unless $self‑>{recieve};
	return $self‑>{transmit};
}

sub end_transmit
{
	my ($self) = @_;
	--$self‑>{transmit};
}

sub start_receive
{
	my ($self) = @_;
	++$self‑>{receive} unless $self‑>{transmit};
	return $self‑>{receive};
}

sub end_receive
{
	my ($self) = @_;
	--$self‑>{receive};
}
Figure 6: A simple hash-based transceiver class
The problemspelling mistake is that the Transceiver::transmit method has accidentally been coded to check the status of the hash entry $self‑>{recieve} (instead of $self‑>{receive}). The first time it does so, this non-existent entryentrynon-existent will produce a value of undef. Hence the unless test will never fail and transmission will always be allowed, no matter what the current state of reception is.
If we had implemented Transceiver objects as pseudo-hashes instead:

package TransceiverexamplesTransceiver;
use strict;

sub Transceiver::new
{
	my $class = ref($_[0])||$_[0];
	my $self = [ {receive=>1, transmit=>2} ];
	$self‑>{transmit} = 0;
	$self‑>{receive} = 0;
	bless $self, $class;
}

# etc. as before
then the first time Transceiver::transmit was called, we would get an exception indicating: No such array field…, which would eventually lead us to the misspelled key.



Another unusual, but interesting choice of datatype for building classes is the scalar variable. Scalars can only hold a single value, which would seem like a serious limitation for an object. But sometimes less is more....
Blessing a scalar
BlessingscalarsYou almost never see a Perl class that is based on a blessed scalarscalaras object value. Although there are several good reasons for that, a scalar can occasionally prove to be the best choice for implementing an object. 
The main reason that a scalar so rarely forms the basis of a Perl class, is that classes so rarely store only a single piece of information. One of the main reasons for building a class is to bind together a set of related attribute values and then provide controlled access to them. If the data is really only a single datumsingle datum, then building an object-oriented shell around it usually seems like serious overkilloverkill.
In Perl we can't even use the excuse that data ought to be encapsulated, since Perl's encapsulation is almost entirely voluntary. If we have blessed a scalar and are passing around a reference to it (as $sref), there's absolutely nothing to prevent any part of the program completely ignoring the lovely controlled object-oriented interface we provided, and just manipulating the underlying scalar directly:
$$sref = undef;	# Bwah-ha-ha-ha!!!
What's more, in those few cases where an object does only possess a single value, it's just as easy to go with a more familiar hash-basedhashvs scalar objects implementation, using only a single entry. Allocating an entire hash to store a single value may be considerably less efficientefficiencyhash vs scalar objects (both in terms of memory usage and access speed), but it has the advantagesadvantagesof hash-based objects of:
•	Familiarityfamiliarity to the implementer. The selection of a hash as the underlying object representation is often the automatic choice, and frequently not even a conscious one. 
•	Familiarity to others. A better reason for choosing a hash when a scalar would suffice, is that the hash-based implementation is also likely to be far more familiar to anyone else attempting to understand or modify the code.
•	Readabilityreadabilityof code. If nothing else, storing the single value as a hash entry means that the value has to be given a meaningful key, which ought to improve the code's readability.
•	Extensibilityhashextensibility in subclasses. After all, a class can never be sure that an internal representation sufficient to its own needs will serve derived classes equally well.
An object-oriented password
passwordobject-orientedDespite all those factors against the practice, there's nothing immoral or illegal about blessing a scalar. In most cases, it's even slimming "Reads faster, less memory!". For example,  \* MERGEFORMAT Figure 7 illustrates the simple case of a class that implements an encryptedencryption password as a single scalar string. 

package Password;
$VERSION = 1.00;
use strict;
my @salt = ("A".."Z","a".."z","0".."9","/",".");

sub new
{
	my ($class, $cleartext) = @_;
	my $salt = $salt[rand @salt].$salt[rand @salt];
	my $pw = crypt($cleartext,$salt);
	return bless \$pw, ref($class)||$class;
}
sub verify
{
	my ($self, $candidate) = @_;
	my $salt = substr($$self,0,2);
	return crypt($candidate,$salt) eq $$self;
}
Figure 7: A scalar-based password class
The only tricky part about using scalarsanonymous scalarcreating as objects is how to create one in the first place. Unlike arrays and hashes, scalars are not provided with a special syntax for creating anonymous instances. There's no syntax corresponding to […] (which creates anonymous arrays), or to {…} (which creates anonymous hashes). Instead, we have to hijack a lexical variablelexical variableas anonymous scalar (e.g. $pw in the PasswordexamplesPassword constructor).
The constructor takes a text string as its argument, randomly creates a "saltsalt" value The crypt function implements a family of related one-way encryption schemes. The actual scheme crypt uses is determined by a two-character "salt" string that is passed as its second argument., encrypts the string with a call to the in-built crypt functioncrypt functionbuilt-in functionscrypt, assigns the encrypted version to a lexical variable $pw, and then blesses $pw into the class. 
The important point to understand is that, even though $pw is a lexical, it does not cease to exist at the end of the call to Password::new. That's because bless returns a reference to $pw and that reference is then returned as the result of new. 
Assuming that the reference is immediately assigned to a variable in some outer scope:
my $password = Password‑>new("fermat");
then the number of "live" referencesreference counting to the scalar remains greater than zero, and the lexical scalar escapes destruction at the end of the scope in which it was declared.
The verify method is equally straightforward. It encrypts the candidate string and compares the result to the password string (i.e. to the invoking object itself). This process takes advantage of the fact that the first two letters of a crypt'ed string are identical to the "salt" with which the original call to crypt was seasoned.
Note that accessing the object's data is slightly different when the objectobjectscalar-based, differences accessing is a scalar. We can't use the arrow‑> operatornot used for scalar references notation to access an entry or an element (as we do with references to hashes or arrays). With a scalar-based object, we need to explicitly dereferencedereferencing scalars the scalar reference. Thus the single value stored in the object referred to by $self, is always accessed as $$self.
The class could be used like so:
use Password;

print "Enter password: ";
my $password = Password‑>new(scalar <>);

# and later…

while (<>)
{
	last if $password‑>verify($_);
	print "Sorry. Try again: ";
}
It could reasonably be argued that the use of object orientation in this implementation is needlessly ostentatiousostentation. However, good software engineeringsoftware engineering practice would suggest that the mechanics of password creation and verification should be encapsulated in subroutines. Suppose, for example, that we later decide that the crypt algorithm is insufficiently secure, and that MD5MD5 or PGPPGP or SHASHA must be used instead? Clearly, we don't want raw calls to crypt spread throughout the code, to be hunted down and changed one at a time.



Class inheritance can be very complicated in some object-oriented languages, but Perl strips the concept back to a surprisingly simple idea: that inheritance tells an object where to look next...
How Perl handles inheritance
Perl's approach to inheritance is typically low-key and uncomplicated. Packages that are acting as classes simply announce their "allegiance" to some other class, and dynamically inherit all its methods. Perl also provides some standard methods that all classes inherit, and a small dose of syntactic sugarsyntactic sugar to make rewriting inherited methods easier. Let's start with the pledge of allegiancepledge of allegiance…
The @ISA array
A class informs Perl that it wishes to inherit from another class by adding the name of that other class to its @ISA@ISA package variable. For example, the class PerlGuruexamplesPerlGuru could specify that it wishes to inherit from class PerlHacker as follows:
package PerlGuru;
@ISA = ( "PerlHacker" );
And that's it. From that point on, whenever Perl needs to determine if PerlGuru has any inherited methodmethodinheriteds, it checks the contents of the array @PerlGuru::ISA. Any package whose name appears in that array is considered to be a parent classparent class of PerlGuru. Of course, since it's an array, we can have many class names in @PerlGuru::ISA, allowing the class to inherit methods from more than one parent:
package PerlGuru;
@ISA = qw( PerlHacker LanguageMaestro Educator PunMeister );
And, of course, if those four parent classes also inherited from other classes:
package PerlHacker;
@ISA = qw( Programmer Obfuscator );

package PunMeister;
@ISA = qw( Writer Humorist OneSickPuppy );
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then PerlGuru would also inherit methods from those "grandparents". All this inheritance creates the hierarchyinheritancehierarchyhierarchyinheritance shown in Figure 8.
Figure 8: PerlGuru's inheritance hierarchy
What inheritance means in Perl
Inheritance in Perl is a much more casual affair than in other object-oriented languages. In essence, inheritanceinheritancemeaning of means nothing more than: if you can't find the method requested in an object's blessed class, look for it in the classes that blessed class inherits from. 
In other words, if we callmethodcalled under inheritancecalling methodsunder inheritance:
my $guru = PerlGuru‑>new();

# and later…

my $question = <>;
print $guru‑>answer($question);
then, if class PerlGuru doesn't provide a PerlGuru::answer method, Perl starts trying the various parent classes (as specified by the current value of the @PerlGuru::ISA array). The parents are searched in a depth-first recursiverecursivesearch for methods sequence Sean M. BurkeBurke, Sean M.'s Class::ISA moduleClass::ISA module (available from the CPAN) allows you to extract the exact sequence in which a class's parent's are searched, as a list of class names., so Perl would look for one of the following (in this order):
•	&PerlGuru::answer (look in the actual class of  $guru),
•	&PerlHacker::answer (look in the class specified by the first entry in the variable @PerlGuru::ISA),
•	&Programmer::answer (look in the class specified by the first entry in the variable @PerlHacker::ISA)
•	&Obfuscator::answer (look in the class specified by the second entry in the variable @PerlHacker::ISA),
•	&LanguageMaestro::answer (look in the class specified by the second entry in the variable @PerlGuru::ISA),
•	&Educator::answer (look in the class specified by the third entry in the variable @PerlGuru::ISA),
•	&PunMeister::answer (look in the class specified by the fourth entry in the variable @PerlGuru::ISA),
•	&Writer::answer (look in the class specified by the first entry in the variable @PunMeister::ISA),
•	&Humorist::answer (look in the class specified by the second entry in the variable in @PunMeister::ISA),
•	&OneSickPuppy::answer (look in the class specified by the third entry in the variable @PunMeister::ISA).
 If any of these methods is defined, the search terminates at once and that method is immediately called	Note that, when looking in a parent class, Perl checks the left-most parentinheritanceleft-most parentleft-most parent first, and then checks the left-most parent of that class, and the left-most parent of that class etc. Hence, if a class's left-most great-great-great-grandparent has a method of the right name (e.g. answer) then that method will be called, even if another of the object's direct parents also has a suitable method. In other words, you don't necessarily get the method that is "closest" up the inheritance hierarchy; you get the method that was inherited through the left-most inheritance chain. This is known as "left-most ancestor wins".. This process of searching for the right method to call is known as method dispatchmethoddispatchdispatchof methods.
If you're used to the complicated inheritance semanticssemanticsof inheritance in some other object-oriented language, it's important to realize that inheritance in Perl is merely a way of specifying where else to look for a method, and nothing else! There is no direct inheritance of attributeattribute inheritance ofs (unless you arrange for it), nor any hierarchical calling of constructorconstructorhierarchical callss or destructordestructorhierarchical callss (unless you explicitly write those methods that way), nor any compile-timecompile-timechecking of interface consistency checks of the interface or implementation of derived classes. 
This process of finding the correct method to call also explains why Perl ignores any prototypeprototypeignored for methods associated with a method, and why you can't use prototypes to constrain the number of arguments given to a method. The prototype check occurs when the code is being compiled, but at that point the compiler has no idea which of the many potential answer subroutines will actually be called (since it will depend on the contents of the various @ISA arrays at the time the method is actually called). So the compiler has no way of determining which subroutine's prototype to check the argument list against.
Where the call goes
The exact semanticssemanticsof method call of where (and in what order) Perl looks for a method are relatively straightforward, but warrant a brief discussion. The rulesrulesfor method dispatch for handling a call such as $obj‑>method() can be summarizedsummaryof method dispatch process as follows:
	1.	If the class into which $obj's referent is blessed (say MyClass) has a subroutine method, call that.
	2.	Otherwise, if MyClass has an @ISA array, step through each parent class in that array and apply steps 1 and 2 to it (i.e. recursively search in depth-firstdepth-firstsearching inheritance hierarchy, left-to-rightleft-to-right search of inheritance hierarchy order up the hierarchy). If a suitable method subroutine is found in any package in the hierarchy, call that.
	3.	Otherwise, if the UNIVERSALUNIVERSAL class has a subroutine method, call that.
	4.	Otherwise, if MyClass has an AUTOLOAD&AUTOLOAD method, call that.
	5.	Otherwise, if one of the ancestral classes of $obj's referent (once again searched in depth-first, left-to-right order) has an AUTOLOAD method, call that.
	6.	Otherwise, if the UNIVERSAL class has an AUTOLOAD method, call that.
	7.	Otherwise, give up and throw an exception: Can't locate object method "method" via package "MyClass".
Once a suitable methodmethodcaching has been found for an object of a particular class, a reference to it is cachedcachingof methods within the class. Thereafter, any subsequent call to the same method through objects of the same class doesn't need to repeat the search. Instead, it uses the cached reference to go directly to the appropriate method. 
If the class's @ISA array (or that of any of its ancestors) is modified, or if new methods are defined somewhere in the hierarchy, then the cached method may no longer be correct. In such cases, the cache is automatically cleared and the next method call simply does a new search (and, of course, re-caches the resulting subroutine reference). 



The biggest hurdle that most budding object-oriented programmers face is coming to grips with polymorphism. But Perl removes the mystery (and the misery) with its straightforward and pragmatic approach...
Polymorphism in Perl
Those of us who hate having injectionsinjections usually appreciate when our doctordoctor says: "Okay, I'll count to 3: …1…2…<jab!>…3", and the nastiness is over before it begins. 
Guess what.
If you've been apprehensive about this section—either because you've heard polymorphismpolymorphismin Perl is "difficult", or because you've had trouble with it in other languages—you can relax. The nastiness is over. If you've read this far, you've already seen everything you need to know about polymorphism. Whilst some object-oriented languages have special syntaxes and a long list of rules, constraints, and conditions on the use of polymorphic methods, as you'll have realized by now, Perl has a different attitude.
In Perl, every methodmethodpolymorphic of every class is (potentially) polymorphic, as a direct consequence of the way that methods are automatically dispatchmethod dispatchimplying polymorphismed up the class hierarchy. There's no special syntax, no requirement for type-compatibilitytype-compatibility of method arguments, no need for inheritance relationshipsinheritancerelationships between classes. Just define your method, redefine it in any derived classes that need to act differently, and without even knowing it you're polymorphizing.
Interface polymorphism
Suppose we have an object reference (say, $datum) and we call a method (say, print_me) on it:
foreach my $datum ( @data )
{
	$datum‑>print_me();
}
 The method dispatch mechanism determines the class of the invoking object (i.e. of $datum), and then looks in the corresponding package for a method of the appropriate name (i.e. print_me). Provided the object belongs to a class with a method named print_me, the method call succeeds and some action is taken. That action depends on the class of the invoking object, even though the call syntax is always the same. 
The elements in the @data array might have been blessed into completely unrelated classes:
my @data =	(
		GIF_Image‑>new(file=>"camelopard.gif", format=>"interlaced"),
		XML::File‑>new("./lamasery.xml"),
		PGP_Coded‑>new("Software is *not* a munition!"),
		HTTP::Get‑>new("http://www.perl.org/news.html"),
		Signature‑>new(),
	);
but the same method call (i.e. $datum‑>print_me()) handles them all appropriately, so long as each object's class's interface provides a print_me method. That's known as interface polymorphisminterface polymorphismpolymorphisminterface polymorphism.
Inheritance polymorphism
Of course, the dispatch mechanism also has a fall-back strategymethod dispatchfall-back strategyfall-backstrategy if the class of the invoking object doesn't provide a matching method. As explained earlier, it immediately searches through the object's ancestor classes, trying to find an inherited method with the correct name.
This means that if the object belongs to a class that inherits a method named print_me, the method call succeeds and some action is taken. Once again, that action depends on the class of the invoking object (or more accurately, on the "genealogygenealogy" of that class), even though the call syntax is still always the same. That's known as inheritance polymorphismpolymorphisminheritance polymorphisminheritance polymorphism.



Like some other object-oriented languages, Perl has a mechanism that allows class designers to redefine the behaviour of its standard arithmetic, logical, and other operators. Some software engineering purists decry such facilities, but there are good reasons for wanting them... 
The problem
One aspect of object-oriented programming that seems to turn some people away is the need to call methodscalling methodsannoying need to on objects, rather than manipulating the objects directdirectmanipulation of objectsly. It's not so much the efficiencycodeefficiency of so many function calls (although that can be a concern too); it's the sheer ugliness of the codecodeugliness they produce. 
Take Mark BiggarBiggar, Mark's standard Math::BigFloat moduleMath::BigFloat module for example Not that there's anything inherently wrong with the Math::BigFloat package! On the contrary, it's well-implemented and very useful. We're just going to use it inappropriately in order to make a point about method-based operations in general.. Math::BigFloat objects store floating point numbersfloating-pointnumbers as character strings, and provide a range of methods for manipulating those string representations: fneg to negate them, fadd to add them, fmul to multiply them, etc.
We could use those methods to work out some calculation involving large numberslargenumbers, such as the expected difference in per-capita gross domestic product between China and the USAChina GDP, China vs USA in 1998 US$25,814.89, in case you actually needed to know.. Given the most recent available statistics (i.e. for 1997):
%China = 
(
	pop	=> Math::BigFloat‑>new("1 221 591 778"),	# people
	gdp	=> Math::BigFloat‑>new("3 390 000 000 000"),	# US dollars
	pop_incr	=> Math::BigFloat‑>new("1.0093"),	# annual % change
	gdp_incr	=> Math::BigFloat‑>new("1.097"),	# annual % change
);

%USA = 
(
	pop	=> Math::BigFloat‑>new("267 954 764"),	# people
	gdp	=> Math::BigFloat‑>new("7 610 000 000 000"),	# US dollars
	pop_incr	=> Math::BigFloat‑>new("1.0087"),	# annual % change
	gdp_incr	=> Math::BigFloat‑>new("1.024"),	# annual % change
);
the following calculation is required:

$diff =	Math::BigFloat‑>new((Math::BigFloat‑>new((Math::BigFloat‑>
new((Math::BigFloat‑>new($China{gdp}‑>fmul($China{gdp_incr}))
)‑>fdiv(Math::BigFloat‑>new($China{pop}‑>fmul($China{pop_incr}
)))))‑>fsub(Math::BigFloat‑>new((Math::BigFloat‑>new($USA{gdp}
‑>fmul($USA{gdp_incr})))‑>fdiv(Math::BigFloat‑>new($USA{pop}‑>
fmul($USA{pop_incr})))))))‑>fabs());
Yuck. Even breaking up the computation doesn't help the readabilityreadability much:
$cpop	= Math::BigFloat‑>new( $China{pop}‑>fmul($China{pop_incr})	);
$cgdp	= Math::BigFloat‑>new( $China{gdp}‑>fmul($China{gdp_incr})	);
$upop	= Math::BigFloat‑>new( $USA{pop}‑>fmul($USA{pop_incr})	);
$ugdp	= Math::BigFloat‑>new( $USA{gdp}‑>fmul($USA{gdp_incr})	);
$cgdp_pc	= Math::BigFloat‑>new( $cgdp‑>fdiv($cpop)	);
$ugdp_pc	= Math::BigFloat‑>new( $ugdp‑>fdiv($upop)	);
$sdiff	= Math::BigFloat‑>new( $cgdb_pc‑>fsub($ugdb_pc)	);
$diff	= Math::BigFloat‑>new( $sdiff‑>fabs()	);
The standard method-based object-oriented interfaceinterfacemethod-based just doesn't work here, because the numerous method calls swamp the meaning of the code in a sea of arrows, parenthesesparentheses, excessive, and constructors. What we'd really like to be able to write is something like:
$diff =
	abs(	($China{gdp} * $China{gdp_incr}) / ($China{pop} * $China{pop_incr})
		- ($USA{gdp} * $USA{gdp_incr}) / ($USA{pop} * $USA{pop_incr}) );
which is at least decipherable by normal humans.
To make that possible, we have to be able to change the meaning of operations (such as $cpop * $cpop_incr, or $cgdp_pc - $ugdp_pc, or abs($sdiff)) on objects of a given class. Fortunately, Perl provides a simple mechanism to do exactly that.
Changing the way a Perl's in-built operators behave when applied to a user-defined type is known as operator overloadingoverloadingoperatorsoperator overloading. By overloading them, operators can be given new semanticssemanticsof operators when applied to objects of a specific class. For example, given:
$six = Math::BigFloat‑>new("6");
$seven = Math::BigFloat‑>new("7");
$forty_two = $six * $seven;
to evaluate the last statement Perl might attempt to multiply the integer representations of the two referencebugs multiplying referencesreferencemultiplications stored in $six and $seven (i.e. the internal memory addresses of the two Math::BigFloat objects). That's unlikely to produce the desired result. 
However, by overloading the multiplication operator, we could arrange for the multiplication of any two Math::BigFloat objects to produce a new Math::BigFloat object containing the correct value The Math::BigFloat module actually does overload the basic arithmetic operators in this way, so operations on Math::BigFloat objects do work as expected..
Perl's operator overloading mechanism
Ilya ZakharevichZakharevich, Ilya's overload.pm moduleoverload.pm module, which comes with the standard Perl distribution, provides access to Perl's built-in mechanism for overloading operators. To overload operators for a given class, you useuseoverload the module, passing the use statement a list of operator/implementation pairs:
package Math::BigFloat;

use overload	"*"	=> \&fmul, 
	"+"	=> "fadd",
	"neg"	=> sub { Math::BigInt‑>new($_[0]‑>fneg()) };
Each pair consists of a keyword (which specifies the operator that is to be overloaded) and a subroutine referencesubroutine referenceas operator implementation (which specifies a subroutine that is to be performed when the specified operator is encountered). 
The keywordkeywords for operator overloading must be one from the list shown in Table 1. These are the only operators that may be overloaded. Note that simple assignmentassignmentnon-overloadability of isn't one of them.

Category 
Operators/
Keywords
Notes
Arithmetic 
"+" "-" "*" "/" "%" "**" "x" "."

"neg"
"neg" implements unary negation. There is no overloading for unary identity (i.e. +$obj).
Bitwise 
"<<" ">>"
"&" "|" "^"

"~"
"^" is bitwise exclusive OR, not exponentiationexponentiation.
Assignment
"+=" "-=" "*=" "/=" "%=" "**=" "<<=" ">>=" "x=" ".="

"++" "--"
"++" and "--" are mutatorsmutator and their handler is expected to actually change the value of its first argument (e.g. $_[0]‑>{val}++ for "++"). Handlers for other assignment operators may alter the first argument, but there's little point since the argument is always assigned the return value.
Comparison
"<" "<=" ">" ">=" "==" "!=" "<=>"
"lt" "le" "gt" "ge" "eq" "ne" "cmp"
All other operators may be automatically generated from the "<=><=> operator" and "cmp" operators.
Built-in functions 
"atan2"

"cos" "sin" "exp" "abs" "log" "sqrt"
These override the equivalent built-in function for a specific class only.
Conversions 
q{""} "0+" "bool"
Automatically called when the context requires a string, number, or boolean.
Pseudo-operators
"nomethod" "fallback" "="
"=" does not overload the assignment operation.
Table 1: Overloadable operators in Perl
The subroutine reference may either be a reference to a named subroutine, or a symbolic referencesymbolic referenceto operator implementation (i.e. the name of the subroutine), or a reference to an anonymous subroutineanonymous subroutineas operator implementation. Note that all three alternatives may be used in the same use overload statement.
The implementation subroutineimplementation subroutine is called any time a reference to an object of the corresponding class (in the above examples, Math::BigFloat) is an operand of corresponding operator. If the operation was specified as a subroutine reference, then it's called as a non-method subroutine. If it is specified as a symbolic reference (i.e. a name), then it is called as a method. 
In other words, if $six and $seven store Math::BigFloat objects, and multiplication, addition and negation are overloaded as shown above, the following series of operations:
$six * $seven;
$six + $seven;
-$six;
is automatically translated to:
Math::BigFloat::fmul($six,$seven,"");
$six‑>fadd($seven,"");
(sub { Math::BigInt‑>new($_[0]‑>fneg()) })‑>($six,undef,"");
Regardless of how it is invoked, each implementation subroutine is called with three argumentargumentto overloaded operators:
•	The first operand of the operation,
•	The second operand of the operation (or undef if the operation is unary, as for fneg above),
•	A flagflagindicating reversed operands indicating whether the operands were reversed.
The flag is needed because—as in all other object methods—the first argument must be a reference to an object of the appropriate class (i.e. in this case a reference to a Math::BigFloat). If Perl detects an operation such as:
6 + $seven;
it obviously can't translate that to:
6‑>fadd($seven,"");	# huh?
so it translates it to:
$seven‑>fadd(6,1);
and sets the third argument to a true value, to indicate that the arguments had to be reversed Notice that in all the earlier examples, this argument was an empty string (i.e. false), since the first operand was always a Math::BigNum and so the arguments didn't need to be reversed. 
Hence, for operations where the order of the operands matters (e.g. for subtraction or division), it's common to see implementation subroutines implemented like this:
sub subtract
{
	my ($op1, $op2, $reversed) = @_;
	($op2,$op1) = ($op1,$op2) if $reversed;
	# then perform $op1 - $op2 as appropriate
}

use overload "-" => \&subtract;
It's important to bear in mind that problems may arise if both operands of a binary operator are references to objects. If the object's classes have both overloaded the operator, it's the overloading in the first operand's class that is invoked. In such cases it may be necessary to resort to multiple dispatch techniques to ensure that the appropriate subroutine is invoked regardless of the order of operands.



Of course, just because the operator overloading facility is sometimes useful, doesn't mean it should always be used...
The use and abuse of operators
operatoruse and abuse ofThe operator overloading mechanism gives you a powerful mechanism with which you can alter the normal behaviour of expressions and conversions involving any new class you create. The question is: should you?
Clearly, there are cases when overloading certain operations makes perfect sense, especially if you're creating a class to represent something that has a well-defined algebraalgebra (such as large integers, or complex numberscomplex numbers, or vectorsvectors, or matricesmatrices). As illustrated by the GDP calculation at the start of this section, an appropriate set of operators can greatly improve the usability of such classes and the readability of the code that uses them.
Likewise, it's often useful to overload the stringificationstringification conversion for a class. For example:
package CD::Music;

use overload

	q{""}  =>  sub { qq("$_[0]‑>{name}" by $_[0]‑>{artist}) };

That way, if someone writes:
my $cd = CD::Music‑>new(@messiah_data);

# and later…

print $cd, "\n";
they get something useful like:
"Messiah" by George Frideric HandelHandel, George
rather than something merely accurate like:
CD::Music=HASH(0x1001c3e0)
Then there are cases where the "appropriateness" of specific overloadings is less certain. Consider a class implementing three-dimensional vectors, such as might be found in a graphics packagegraphics package:


$view_dir = Vector‑>new(x=>100,y=>0,z=>-50);
$move_dir = Vector‑>new(x=>20,y=>20,z=>0);

$motion_normal	= $view_dir x $move_dir;
$motion_angle	= $view_dir * $move_dir;
Clearly for such a class "xx operator" is an appropriate operator for the cross-productcross-product operation, but is "**multiplication operator" the right choice for the dot-productdot-product? It certainly conveys the multiplicative nature of the operation, and it looks somewhat like a dot (albeit a big, hairybighairy dot one), but would the actual "dot" operator (i.e. ".. operator") be a better choice? That operator already has a strong association with concatenation in regular Perl, but a vector algebraist might well find:
$motion_angle = $view_dir . $move_dir;
more "intuitiveintuitive operations". Or perhaps not. It certainly won't be intuitive when the "dot" operatorbugs overloading the . operator is called to concatenate two string-interpolated variables (e.g. "$vector1$vector2") and produces their dot-product instead. And what would such mathematicians then make of the "^^ operator" operator? Would they expect:
$unit_view_dir = ^$view_dir; 
to create a unit vectorunit vector? How will they react when it produces a syntax error instead?
The problem is that, having provided some overloaded operators for a class, we have also set up an expectationexpectationaffordancespsychology in the mind of the users of that class. Because objects of the class can sometimes be used in the "natural" way, clients may expect that such objects can always be used that way. That will probably not be the case, so it's vital to document where the metaphor breaks downmetaphor, breaking down.
Sometimes operator overloading is used purely to provide coding expediencycodeexpediencyexpediency, rather than to promote clarityclarity. For example, suppose we created a database classexamplesdatabase class that was entirely operator-driven:
use OpDBM;

my $db = OpDBM‑>new($dbfile);

$db += [item=>"oatmeal",	category=>"breakfast"];
$db += [item=>"marmalade",	category=>"breakfast"];
$db += [item=>"potatoes",	category=>"dinner"];

my $relation = sqrt( ~$db * [category=>"breakfast"] );

print "$_‑>{item}\n" while ($relation++);
The dozen or so people on the planet who are well-versed in abstract database theory, may rejoice in the decision to overload "+=" to handle insertions, "~" for database normalization, "*" to perform selections, "++" to iterate a set of records, and sqrt to implement the "Sort, Quashing Repeated Tuples" operation:
package OpDBM;
use overload
	'+='	=> sub { $_[0]‑>insert_tuple( @{$_[1]} ) },
	'~'	=> sub { $_[0]‑>normalize() },
	'*'	=> sub {	if ($_[2])	{ $_[1]‑>insert_tuple( @{$_[0]} ) }
			else 	{ $_[0]‑>insert_tuple( @{$_[1]} ) } };

package OpDBM::Relation;
use overload
	'++'	=> sub { $_[0]‑>next() },
	'sqrt'	=> sub { $_[0]‑>sort_quash_reps() };
To database theoreticians, the resulting code may be obvious, intuitive, and even elegant. But it's also likely to make the task of developing and maintainingmaintenance such code very much harder for the rest of us.
So when should you overload? Clearly it's a least partially a "religious issue"religious issue, so there's no correct answer Or perhaps: '…so there are nothing but "correct" answers, most of which are mutually exclusive'.. As a general rule of thumbrulesof thumb, overloading the algebraic operators for a class is appropriate when the same operators are used in the normal (non-programming) notationnotational similarity for whatever the class represents. Numerical and other mathematical classes are the usual candidates here.
Overloading conversion operations is also often a good idea, as it allows objects to act in standard ways the programmers may expect, especially when they are stringifiedstringification. Comparison operators are another reasonable candidate for overloading in most cases, provided the values represented by objects have an obvious ordering.
A few operators are sufficiently generalized in their meaning (e.g. "+=+= operator" meaning "add to") that they can reasonably be overloaded in almost any suitable context. Code like:
$db += [item=>"oatmeal", category=>"breakfast"];
or:
$dictionary += "algebraist";
or:
$process_group += $new_process;
will probably be readily intelligiblecodeintelligible to almost any programmer.
Apart from that, it's probably best to use operator overloading sparingly, the way an expert chefchef uses saltsalt. Without it, your creations may be bland and indigestible, but using it indiscriminately or too often will only raise your clients' blood pressureblood pressure. 



Encapsulationencapsulation is one of the cornerstones of object orientation, but it's the area in which Perl's support for object-oriented programming is weakest. Many would argue that enforced encapsulationenforced encapsulation is against Perl's philosophy of freedom and flexibilityflexibility in programming. But there are situations when too much freedom becomes a trap, and too much flexibility makes it hard to build solid code... 
The perils of trust
trust, perils ofIn practice, the lack of an in-built encapsulation mechanism rarely seems to be a problem in Perl. Most Perl programmers build classes out of standard hashhashas objectes, and they and the users of their classes get by quite happily with the principle of "encapsulation by good mannersencapsulation"by good manners"". The lack of formal encapsulation doesn't matter because everybody plays nicely, keeps off the grass, and respects the "official" interface of objects. Those who don't play by the rules, and directly access a method or attribute that is supposed to be private, get what they deserve (i.e. either better performance or a nasty surprise).
The only problem is, this convivial arrangement doesn't scalecodescaling problemsbugsconventions not scaling well very well. Leaving your front door open may be fine in a small townsmall town, but it's madness in the big citybigcity. Likewise, informal mechanismsinformal mechanisms that are suitable for a few hundred lines of code written by a single programmer, don't work nearly as well when the code is tens of thousands of lines long and developed by a teamteam-based code development. Even if you could trust the entire team to maintain sufficient programming disciplinediscipline to respect the notional encapsulation of attributes (a dubious proposition), accidentsaccidents and mistakesmistakesSee bugs happen, especially in rarely-usedcoderarely-used parts of the system that only ever get used when demonstrating to important clientsimportant clients. 
Moreover, deliberate decisions to circumvent the rules (usually taken in the heat of hacking, out of lazinessLaziness, or for efficiencyefficiency) are often inadequately documenteddocumentationinadequate, leading to problems later in the development cycle. For example, consider a (notionally) "private" attribute of an object, which for efficiency reasons is accessed directly in an obscure part of a system.  If the implementationimplementationchanges to of the object's class changes, that attribute may cease to exist. 
In a more static language, this would generate an error message to be generated when next the external code attempts to access the now non-existent attribute.  However, Perl's autovivificationbugsautovivification of non-existent attributesautovivification of hash entries may well "resurrect" the former attribute whenever it is accessed, so the now-incorrect access proceeds silently. Bugs such as this can be painfully difficult to diagnosedebugging and track down, especially if the original programmer has moved on by the time the problem is discovered.


Fortunately Perl's very flexibility can be turned against itself, to provide several different ways of building objects that do respect the encapsulation imposed by their classes. Here's one approach that also demonstrates an interesting application of scalar-based objects...
Encapsulation via scalars
An interesting, but less well-known approach to encapsulationencapsulationvia scalars uses scalarscalaras object-based objects to implement a technique called the flyweight patternflyweight pattern. In the flyweight pattern, objects don't carry around their own information, so that information can't be accessed directly via the object. Instead, flyweight objectobjectas indexs merely serve as an index into a shared table of values, stored within the class itself. For example, an object might be an integer that indexes into some table of values stored as a class attribute.
Flyweight objects are most frequently used in object-oriented languages that passpass by value objects around by value, because flyweight objects remain extremely small (no matter how much data they "contain"), and hence are cheap to pass around. Because Perl objects are invariably accessed via references, this advantage is not significant. 
However, the flyweight pattern still has something to offer in Perl, because it provides a simple mechanism for preventing direct access to object attributes, thereby enforcing encapsulationencapsulationenforced. As a bonus, it also provides a means of easily keeping tracktracking objects of every object in a class. 
Name, rank, and serial number
Figure 9 shows a flyweight implementation of the SoldierexamplesSoldier class. The entire class is contained in a pair of curly braces, to ensure that any lexical variables declared within their scope are not directly accessible outside that scopescope. Not surprisingly then, the first thing the class does is declare some lexical variablelexical variables. 
package Soldier;
$VERSION = 2.00;
use strict;

{
	# Table storing references to hashes containing object data
	my @_soldiers;

	# Allowable attributes and their default values
	my %_fields = (name=>'???', rank=>'???', serial_num=>-1);

	# Constructor adds object data to table and blessed a scalar
	# storing the index of that data

	sub new
	{
		my ($class, %args) = @_;
		my $dataref = {%_fields};
		foreach my $field ( keys %_fields )
		{
			$dataref‑>{$field} = $args{$field}
				if defined $args{$field};
		}
		push @_soldiers, $dataref;
		my $object = $#_soldiers; 
		bless \$object, $class;
	}
	# These methods provide the only means of accessing object attributes
	# (note that only rank can be changed)

	sub get_name	{ return $_soldiers[${$_[0]}]‑>{name} } 
	sub get_rank	{ return $_soldiers[${$_[0]}]‑>{rank} } 
	sub get_serial_num	{ return $_soldiers[${$_[0]}]‑>{serial_num} } 

	sub set_rank
	{
		my ($indexref, $newrank) = @_;
		$_soldiers[$$indexref]‑>{rank} = $newrank
	}
	# This class method provides an iterator over every object

	my $_cursor = -1;
	sub each 
	{
		my $nextindex = ++$_cursor;
		if ($nextindex < @_soldiers)
		{
			return bless \$nextindex, ref($_[0])||$_[0];
		}
		else
		{
			$_cursor = -1;
			return undef;
		}
	} 
}
Figure 9: The Soldier class implemented via scalars
The lexical array @_soldiers is used to store the data for each object. That data is directly accessible to the methods declared within the curly braces, but nowhere else. This restriction will eventually provide the desired encapsulation of object data.
The lexical hash %_fields performs the dual function of recording (in its keys) the names of valid attributes of a Soldier object, and storing (in its values) the default values for those attributes. 
The constructor begins like most others we've seen so far, by creating a new anonymous hashanonymous hash and initializing it with the default attribute values for the class. It then loops over the valid fields of the class, overwriting those default values with any corresponding argument that was passed to the constructor. 
At this point a typical constructor would bless and return the reference in $objref, thereby making the anonymous hash into the new object. Instead, Soldier::new pushes the hash onto the end of the encapsulated @_soldiers array, and blesses a scalar storing the index of that newly added arrayarray indexas object element instead.
Thus a constructorconstructorfor flyweight objects call such as:
my $grunt = Soldier‑>new(	name => "Smith, J.",
	rank => "private",
	serial_num => 149162536);
leaves $grunt with a reference to a scalar (i.e. to the index of the data), rather than a reference to a hash (i.e. to the data itself).  Figure 10 illustrates the process.
Theoretically, the effect is the same, since we have the index and know which array it refers to, so we can still find the actual data. In practice, however, there's an important difference. Outside the curly braces surrounding the class, the @_soldiers array is inaccessible, so even though we have the index for the object's data, we can't access that data directly.
Controlled access
Instead, it's up to the accessoraccessor methods of the class to provide the required access. Since they are all defined within the encapsulating curly braces, they do have access to @_soldiers, and so they can dereference the blessed index (i.e. ${$_[0]}), index into the array to get a reference to the appropriate hash data ($_soldiers[${$_[0]}]), and then access the correct field of that data using the arrow notation ($_soldiers[${$_[0]}]‑>{name}).
Note that the implementation shown in Figure 9 doesn't provide "write" accessors for a Soldier's name or serial number. This provides real data security, since without the accessors there is no way of modifying these attributes, once they are set. 
We could try to impose a new method on the class:
package main;
use Soldiers;

my $general = Soldier‑>new(	name => "Caesar, G.JCaesar, Gaius Julius.",
	rank => "Prodictator",
	serial_num => "MMXLVIII");

# Oops, that serial number was out by one.
# Strange, there's no method to change it.
# Oh well, let's just add one ourselves…
Figure sub Soldiers::set_serial_num { $_soldiers[${$_[0]}]‑>{serial_num} = $_[1] }

# …and use it…

$general‑>set_serial_num("MMXLIX");
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 Figure 10:  Construction of a Soldier object
but that wouldn't circumvent encapsulation. Although the new method will be in the class's namespacenamespace (and hence, callable through its objects), it won't be in the lexical scope of the original encapsulating curly braces, so it won't have access to the lexical @_soldiers array. 
It's worth noting that Perl will visit a satisfying form of Instant JusticeInstant Justice on the author of this code. Since the code doesn't use strict, Perl will conclude that the @_soldiers array being modified in Soldier::set_serial_num is the package variable @main::_soldiers. Thus, the code will execute without complaint, yet mysteriously failbugspackage variables vs lexicals to update any soldier's serial number, leading to happy hours of fruitless debuggingdebugging. 
Roll call
The other advantage of a scalar-based object representation like this is that the class itself has direct and continuing accessaccessto every object of a class to the data of every object blessed into it. That makes it very easy to provide class methods to iterate that data.



The Soldier class demonstrates this by providing an iteratoriteratorfor objects of a class method (Soldier::each), which steps through the indices of the @_soldiers array, returning a blessed version of each index (i.e. a Soldier object). The method can be used like this:
while (my $soldier = Soldier‑>each)
{
	printf "name: %s\nrank: %s\n s/n: %d\n\n",
		$soldier‑>get_name(),
		$soldier‑>get_rank(),
		$soldier‑>get_serial_num();
}
By the way, as elegant as it might look, don’t be tempted to write:
while (my $soldier = each Soldier) {…}
hoping that this is one of the few places where the "indirect objectsyntaxindirect objectindirect object syntax" syntax will work. It isn’t. Instead, Perl will assume you wanted to use the built-in each function to iterate the package hash %Soldier, and just forgot the "%" prefix. Once again, use strict will prevent Perl from helping you cut your own throatthroat, cutting your own like this.



Generic programming is an important tool in the object-oriented armory. But Perl's support for closures, dynamic typing of variables, and run-time code evaluation makes explicit generic mechanisms largely irrelevant...
Why Perl doesn't need special generic mechanisms
GenericityThe ability to specify generic codecodestructural patterns structures, independent of the details of class type, is an important component of most object-oriented languages. Anyone who has ever had to rewrite the List class to cater for various different types of elements (List_of_CDs, List_of_Soldiers, List_of_Bugs, List_of_List_of_BigInts, etc.) knows that generic typegenerictypes and subroutinegenericsubroutinesubroutinegenerics are a powerful means of reducing code duplication, and simplifying maintenancemaintenance. In fact, some would contend that genericity is more important than hierarchical abstractiongenericityvs abstractionabstractionvs genericity in this respect.
Surprisingly, then, Perl offers no explicit built-in mechanism for creating generic classes or generic subroutines …except, perhaps, the AUTOLOAD&AUTOLOADas generic method mechanism, which could be viewed as a run-time generic method that reproduces the functionality, and to some extent the internal structure, of the specific methods it replaces.. There are no "templatetemplates", no "metaclassmetaclasses", no "parametric typetypeparameterics", no "class generatorclassgenerators". The reason is simple: they aren't needed.
Explicit mechanisms for specifying generic structures are usually found in languages with static typing (i.e. where the type of each object is determined—and fixed—during compilation). Such languages need a way of separating the generic form of a data structure from the type-specific implementation of that data structure, for a given set of classes (usually called its type parameterstypeparameters).
In other words, such languages need a way of indicating a place-holderplace-holderin generic code for a type, so that it's possible to specify something general like: 
"Let L be a list of objects of type <whatever>. To insert a new element E (also of type <whatever>), for each object O already in the L, use a subroutine S to compare O and E. The first time the comparison is false, insert E before O in the list, and set the current element pointer to the newly inserted element."
Then the compiler can fill in the place-holders with actual types, usually with the assistance of some additional syntax to bind specified types to the place-holder <whatever>.
Perl's type systemtypesystem, Perl's is completely different from this. Perl objects don't have statically-associated class types; objects can be reblessed at any time. Perl variables don't have static types either; they can store objects blessed into any class (or into no class at all). So in Perl, we can get away with specifying a generic list insertion as follows:
"Let L be a list of objects (of any type, as usual). To insert a new element E (of any type), for each object O already in the L, use a subroutine S to compare O and E. The first time the comparison is false, insert E before O in the list, and set the current element pointer to the newly inserted element."
Or, in actual Perl code:
sub ListexamplesList::insert
{
	my ($L, $E, $S) = @_;
	my $index;
	for ($index=0; $index < @{$L‑>{elements}}; $index++)
	{
		my $O = $L‑>{elements}‑>[$index];
		last unless $S‑>($O, $E);
	}
	splice @{$L‑>{elements}}, $index, 0, $E;
	$L‑>{current} = $index;
}
The dynamic typingdynamic typingvs genericity of Perl variables means that there is no need for place-holders, since any scalar variable will happily hold a reference to an object of any class, and arguments of any type(s) may be passed to any subroutine.
Of course, there's a price to pay. The earlier statically-typed version has access to more information (namely the type of object the list is supposed to store). With this information, it can pick up errors at compile-timedebuggingdynamic typing vs compile-time checking (e.g. attempting to insert an object E of the wrong type, or using the wrong comparison subroutine). In the Perl version, these problems would not surface until the code is actually executed (and perhaps not even then).
Another reason why Perl has no need for explicit genericity is Perl's excellent range of built-in datatypes. As the above code example illustrates, Perl's powerful arrayarrayalready generics, hashhashalready generices, references to data and subroutines, etc., are already generic, in that they are capable of storing (or referring to) any Perl data-type. Thus, when implementing the insertion subroutine for our generic list class, we can just use a regular Perl array as the basis of the class, confident that it will be able to store whatever kind of objects we choose to store.



Of course, there's always more than one way to do things in Perl, so it's not hard to whip up a proper generic class when you need it...
Using specific mechanisms anyway
Yet another reason why Perl doesn't need explicit genericity is that it provides other powerful mechanisms that can achieve the same effects. Closureclosureas generic subroutines, for example, are a general means of binding specific data (and hence data-types) into a generic subroutine. The eval functionbuilt-in functionseval eval functionas code generator provides an even more powerful code-generation mechanism, allowing us to build an entire class, using interpolated variables in a string as place-holders. This section explains both of these techniques.
Closures as generic methods
One problem with the generic List::insert code shown above is that the user has to pass a reference to some comparison subroutine (which is accessed via $S) each time they wish to do an insertion. That's tedious and unnecessary.
A better solution would be to provide a method that generatescoderun-time generationgenerationcode variants of the List::insert method, with the appropriate comparison subroutine "hard-wired" in. For example, we could write:
sub List::generate_insert
{
	my ($class, $S) = @_;
	return sub
	{
		my ($L, $E) = @_;
		my $index;
		for ($index=0; $index < @{$L‑>{elements}}; $index++)
		{
			my $O = $L‑>{elements}[$index];
			last unless $S‑>($O, $E);
		}
		splice @{$L‑>{elements}}, $index, 0, $E;
	}
}
List::generate_insert takes a single argument, which is a referencesubroutine referencereferenceto subroutine to a subroutine. It then creates and returns a new anonymous subroutineanonymous subroutine that is functionally identical to List::insert, except that it no longer requires a third ($S) argument. Instead, the lexical variable $S, which was created in the first line of  List::generate_insert, is used. It is still in scope when the anonymous subroutine is created, so it's okay to use it within that subroutine. And because the subroutine uses it, it survives the end of the call to List::generate_insert.
Of course, to make it usable, we still have to associate the newly created anonymous subroutine with the insert method of a specific class. If, for example, we wanted List_of_Employee::insert to use the anonymous subroutine we could simply assign the result of the call to List::generate_insert to the appropriate typeglobtypeglobassignment:
*List_of_Employee::insert = List‑>generate_insert(\&List_of_Employee::_compare);
We passed List::generate_insert a reference to the subroutine List_of_Employee::_compare, so that the new class's insert method used its own _compare. This approach gives us some flexibilityflexibility in deciding which comparison subroutine is used by which insert. For instance we might want to ensure the same sortingsorting order for both general employees and management level staff:
*List_of_Manager::insert = List‑>generate_insert(\&List_of_Employee::_compare);
On the other hand, this might be a coding errorbugswrong comparison subroutine (and a difficult one to detect, at that). If each specific list class's insert should always use the same class's _compare, we could rewrite the List::generate_insert method to produce a safer generator methodmethodgenerator: 
sub List::generate_insert_for
{
	my ($class, $newclass) = @_;
	no strict "refs";
	my $S = \&{"${newclass}::_compare"};
	*{"${newclass}::insert"}  = sub
	{
		my ($L, $E) = @_;
		my $index;
		for ($index=0; $index < @{$L‑>{elements}}; $index++)
		{
			my $O = $L‑>{elements}[$index];
			last unless $S‑>($O, $E);
		}
		splice @{$L‑>{elements}}, $index, 0, $E;
	}
}
Instead of a reference to the comparison function, this version takes the name of the new class as its argument. It then uses that class name to build the name of the appropriate comparison subroutine (i.e. "${newclass}::_compare"). That name is used as a symbolic referencesymbolic reference to the subroutine itself (&{"${newclass}::_compare"}), which is converted via a leading backslash (\&{"${newclass}::_compare"}) to a normal reference. The anonymous subroutine is then constructed exactly as before, but now it is automatically assigned it to the correct typeglobtypeglobassignment, which is also accessed via a symbolic reference (*{"${newclass}::insert"}).
So now, to create a suitable List_of_Manager::insert method, we write:
List‑>generate_insert_for("List_of_Employee");
This same approach could easily be extended to generate the other necessary methods for a list classgeneric classclassgeneric:
List‑>generate_first_for("List_of_Employee");
List‑>generate_next_for("List_of_Employee");
List‑>generate_insert_for("List_of_Employee");
List‑>generate_delete_for("List_of_Employee");
and, better still, aggregated into a single subroutine:
sub List::generate_methods_for
{
	my ($class, $newclass) = @_;
	List‑>generate_first_for($newclass);
	List‑>generate_next_for($newclass);
	List‑>generate_insert_for($newclass);
	List‑>generate_delete_for($newclass);
}
Even better, that subroutine could be called List::import instead of List::generate_methods_for. Remember that import&import is automatically called whenever a module is use'd, so we could put the various generic method generators of class List into a List.pm module, and then create list classes whenever they are needed like so:
use List "List_of_Employee";
use List "List_of_Tasks";
use List "ClientList";
# etc.
Of course, we'd need to declare the various _compare subroutines in BEGIN blockBEGIN blocks to makes sure each is available when each new list type is use'd into existence during compilation:
BEGIN
{
	sub List_of_Employee::_compare
	{
		return $_[0]‑>{ID} < $_[1]‑>{ID}
	}
}
use List "List_of_Employee";
Otherwise, there would be no way to create the necessary reference to it within List::generate_insert_for. 
Alternatively, we could go back to passing the comparison subroutine explicitly (as a second argument to List::generate_insert_for):
sub List::generate_insert_for
{
	my ($class, $newclass, $S) = @_;
	no strict "refs";
	*{"${newclass}::insert"}  = sub
	{
		my ($L, $E) = @_;
		my $index;
		for ($index=0; $index < @{$L‑>{elements}}; $index++)
		{
			my $O = $L‑>{elements}[$index];
			last unless $S‑>($O, $E);
		}
		splice @{$L‑>{elements}}, $index, 0, $E;
	}
}
modify List::import accordingly:
sub List::import
{
	my ($class, $newclass, $comparison_sub) = @_;
	List‑>generate_first_for($newclass);
	List‑>generate_next_for($newclass);
	List‑>generate_insert_for($newclass,$comparison_sub);
	List‑>generate_delete_for($newclass);
}
and then create entire classes in a single line:
use List "List_Employee", sub {$_[0]‑>{ID} < $_[1]‑>{ID}};
use List "Manager::List", sub {$_[0]‑>{revenue} > $_[1]‑>{revenue}};

# and later…

my $minions = List_Employee‑>new();
my $masters = Manager::List‑>new();
Figure 11 shows the complete generic List class, as it would be specified in the List.pm module.
The same approach could be adapted to any generic class that required specific subroutine references, or class name strings, or other class-specific data to be interpolated into some place-holder within the generic code. The values to be interpolatedinterpolationcode generation would be passed as arguments to use, and would be distributed to the appropriate generator subroutines by the generic class's import method.
eval'ing generic classes 
There are two main drawbacks to the approach described in the previous section. Firstly, invoking the comparison subroutine through a reference (i.e. $S) is relatively slowspeedof subroutine calls via references, which is unfortunate in a fundamental data structure like a list. Secondly, the use of the various generate_… methods, each with an embedded anonymous subroutine representing a single generic method, fragmentsfragmentation of generic class the generic classgeneric classfragmentation of and makes it more difficult to understand and maintain.
Both problems can be overcome at once by changing the way the individual subroutines are generated. Instead of creating an anonymous subroutine and assigning it into a typeglob, we could use an evaleval functionas code generatorbuilt-in functionseval to convert a block of text (containing the specification of the generic class) into actual Perl code. Figure 12 shows the generic List class from Figure 11 modified in this way.
The _replace subroutine takes a reference to an anonymous hash as its first argument and a string as its second. The hash specifies a series of substitutions to perform on the string. Each key of the hash is a literal pattern, each value is the corresponding replacement text.
The List::import subroutine does effectively the same job as the previous version, but in a very different way. It first extracts the name of the new class and the code for that class's _compare subroutine from the argument list. 
Then, if necessary, it reads in the "template" for the List class that is specified after the __DATA____DATA__ token, and stores it in the package lexical variable $code. This read will only be performed the very first time a use List is issued in a program, after which the text is cachedcachingof generic code template in $code. 


package List;
$VERSION = 1.00;

sub List::import {
	my ($class, $newclass, $comparison_sub) = @_;
	List‑>generate_new_for($newclass);
	List‑>generate_first_for($newclass);
	List‑>generate_next_for($newclass);
	List‑>generate_insert_for($newclass,$comparison_sub);
	List‑>generate_delete_for($newclass);
}

sub List::generate_new_for {
	my ($class, $newclass) = @_;
	*{"${newclass}::new"} = sub {
		my ($class, @data) = @_;
		bless	{ current	=>	0, data	=>	[@data], }, ref($class)||$class;
	}
}

sub List::generate_first_for {
	my ($class, $newclass) = @_;
	*{"${newclass}::first"} = sub {
		my ($self) = @_;
		return \$self‑>{data}[$self‑>{current}]
			if ($self‑>{current}=0) < @{$self‑>{data}};
	}
}

sub List::generate_next_for {
	my ($class, $newclass) = @_;
	*{"${newclass}::next"} = sub {
		my ($self) = @_;
		return \$self‑>{data}[$self‑>{current}]
			if (++$self‑>{current}) < @{$self‑>{data}};
	}
}

sub List::generate_insert_for {
	my ($class, $newclass, $compare) = @_;
	*{"${newclass}::insert"} = sub {
		my ($self, $newelem) = @_;
		my $index;
		for ($index=0; $index < @{$self‑>{data}}; $index++) {
			my $nextelem = $self‑>{data}[$index];
			last unless $compare‑>($nextelem, $newelem);
		}
		splice @{$self‑>{data}}, $index, 0, $newelem;
		$self‑>{current} = $index;
	}
}

sub List::generate_delete_for {
	my ($class, $newclass) = @_;
	*{"${newclass}::delete"} = sub {
		my ($self) = @_;
		splice @{$self‑>{data}}, $self‑>{current}, 1;
	}
}
1;	# to ensure the "use" succeeds
Figure 11: The List module
package List;
$VERSION = 2.00;
use strict;
 
sub _replace {
	my ($substitute, $text) = @_;
	$text =~ s/\Q$_/$substitute‑>{$_}/g foreach (keys %$substitute);
	return $text;
}

my $code;
sub import {
	my ($class, $newclass, $compare) = @_;
	unless (defined $code) { local $/; $code = <DATA> }
	eval _replace {'<<CLASS>>'=>$newclass, '<<COMPARE>>'=>$compare} => $code;
}
1;	# to ensure the "use" succeeds

__DATA__
package <<CLASS>>;

sub new {
	my ($class, @data) = @_;
	bless { current => 0, data => [@data] }, ref($class)||$class;
}

sub compare { <<COMPARE>> }

sub first {
	my ($self) = @_;
	return \($self‑>{data}[$self‑>{current}])
		if ($self‑>{current}=0) < @{$self‑>{data}};
}

sub next {
	my ($self) = @_;
	return \($self‑>{data}[$self‑>{current}])
		if (++$self‑>{current}) < @{$self‑>{data}};
}

sub insert {
	my ($self, $newelem) = @_;
	my $index;
	for ($index=0; $index < @{$self‑>{data}}; $index++) {
		my $nextelem = $self‑>{data}[$index];
		last unless compare($nextelem, $newelem);
	}
	splice @{$self‑>{data}}, $index, 0, $newelem;
	$self‑>{current} = $index;
}

sub delete {
	my ($self) = @_;
	splice @{$self‑>{data}}, $self‑>{current}, 1;
}
Figure 12: The List module using eval
To generate the specific code needed we could also have used a "here documenthere document", or an interpolation module such as InterpolationInterpolation module or Text::TemplateText::Template module …both by Mark-Jason DominusDominus, Mark-Jason, and available from the CPAN…, or even the standard sprintf functionsprintf functionbuilt-in functionssprintf. However reading from <DATA> allows us to cleanly distinguish between the actual code implementing the List.pm module (everything before __DATA__), and the code template it uses (everything after __DATA__).
The template code is passed through _replace to put the new class's name and the comparison code into the appropriate place-holders. Once these slots have been filled in, the (now-specific) code is eval'ed into the current program.
The remainder of the file consists of the code template for the generic list class. Note that the entire class is laid out together—with the place-holdersplace-holderin generic code <<CLASS>> and <<COMPARE>> for the generic bits—making the structure, function, and level of genericity of the class much clearer. 
This version of the List class is used in much the same "one-line" manner as the previous one—the only difference is that the comparison code is now specified as a string (in single quotes to avoid the embarrassment of premature interpolationpremature interpolation):
use List "List_Employee", '$_[0]‑>{ID} < $_[1]‑>{ID}';
use List "Manager::List", '$_[0]‑>{revenue} > $_[1]‑>{revenue}';

# and later…

my $minions = List_Employee‑>new();
my $masters = Manager::List‑>new();
Once again, the technique can be easily adapted to generate generic classes for any purpose and with any number of place-holders.



Many people come to Perl on the rebound from a bad experience with some other object-oriented language. With a little guidance, the transition can be surprisingly painless. Here, for example, is object-oriented Perl from a C++ perspective...
Perl and C++
For better or worse, to much of the programming world C++C++ is object-oriented programming. Devised by Bjarne StroustrupStroustrup, Bjarne at the Bell Research Laboratories in the early 80's as an object-oriented successor to the C programming languageC (programming language), C++ has undergone perhaps the most public and collaborative evolution of any programming language, culminating in the recent ANSI C++ standard.
Like Perl, C++ is a hybrid language with object-oriented features layered over an original imperative language. Syntactically and semantically, its non-object-oriented components are almost completely backwards compatible with the C programming language, whilst its object-oriented features draw most heavily on SimulaSimula.
Objects
C++ objectobjectin other languagess are structured regions of memory that store one or more typed data members. In other words, every object is a record of various fields. In Perl, objects may also be record-like structures (i.e. hashes), but they may also be arrays, scalar variables, subroutine references, or a any other Perl datatype. 
C++ objects may be stored directly in statically-typed variables, or dynamically created and accessed via typed pointers or references. Perl objects may similarly be variables or unnamed values, and are always accessed via references A Perl reference is semantically closer to a C++ pointer than to a C++ referencereferencein other languages. In Perl, references are not automatically dereferenced as they are in C++, nor must they be permanently bound to a given variable. stored in dynamically-typed variables. Unlike C++, in Perl there is no need for a manual deallocation mechanism like delete, since all objects in Perl are automatically garbage-collectedgarbage-collectionin other languages.
C++ also permits the definition of "static" data members that are (conceptually) shared by all objects of a given class. Perl has no equivalent construct, but it is easy to set up such shared attributes using lexical variables of appropriately restricted scope.
C++ objects are created either by static declaration or by dynamic allocation using the new operator. Perl objects are almost always created dynamically, in a method that is often called new.
Classes
A classclassin other languages in C++ is a specification of the data and function members (i.e. methods) possessed by a particular kind of object. Classes in Perl also define the methodmethodin other languagess of a type of object, but do not normally directly specify the attributes possessed by such objects Although there are various modules that make it possible to declaratively specify a class's attributes.. Attributeattributein other languages specification is typically arranged by the constructor method (e.g. new).
In C++, a class specifies a local namespacenamespacein other languages in which data and function members exist, but C++ also has a separate higher-level namespace mechanism with which two or more classes can be grouped.  Perl's package construct does double-duty as both a namespace and a class specification mechanism, so there is no such ability to construct hierarchical namespaces.
Perl provides better resources for run-time type information than does C++. Whereas a C++ program is restricted to the data provided by the standard typeid function, and limited to using dynamic casts to verify class compatibility, Perl allows almost every aspect of a class's structure and capabilities to be interrogated at run-time: class name via the ref function, hierarchical relationships via the UNIVERSAL::isa subroutine, and method compatibility via the UNIVERSAL::can subroutine.
Perl does not directly support genericgenericityin other languages classes such as those provided by C++ templates. In practice this presents very few problems because the combination of Perl's closure mechanism, interface polymorphism, and dynamic-typing makes generic types largely unnecessary. 
Methods
C++ and Perl are both hybrid languages that allow code to be executed in "stand-alone" subroutinesubroutinein other languagess as well as methods. 
In C++, a class's function members are declared as part of the class specification and may be defined at the same point or anywhere else, provided the appropriate class qualifier is used (i.e. ClassName::functionName). Perl is even more liberal in this respect: a class method may be declared and defined anywhere, provided it is suitably qualified (using the same qualification syntax as C++).
Every C++ member function has a specific signaturesignaturein other languages determined by its name and the number and types of arguments it takes. C++ methods may be overloaded, may have default argument values, and may also pass arbitrary arguments (using the "…" specifier). Perl methods have no static checking of parameter types, and Perl unifies the many "variable argument list" mechanisms of C++ by simply passing arguments as an actual variable-length list. There is no signature-based method selection (like C++ overloading), but the effect can be achieved using multimethod techniques.
C++ member functions are called on an object or object reference using the "dot" operator (varOrRef.method(args)). Methods may also be invoked through a pointer using the "arrow" operator (ptr‑>method(args)). In Perl, methods are always invoked through a reference to an object, using the arrow operator ($ref‑>method(args)). Unlike C++, in Perl if the method takes no arguments, the trailing parentheses indicating a subroutine call may be omitted.
C++ allows pointers or references to member functions to be used to call those functions on specific objects using the ptr‑>*funcptr() syntax. Perl allows references to methods to be used in the same way, using the $ref‑>$methodRef() notation. Unlike C++, Perl also allows methods to be called "by name", by storing a suitable character string—rather than a reference—in the $methodRef variable.
In both languages a method may act like a procedure or a function, depending on whether it chooses to return a value. Both languages provide a return statement to specify such return valuereturn valuein other languagess. However, unlike C++, where a member function that does not return a value must have a return type of void, Perl methods do not require (nor allow) any form of return-type specification.
C++ provides the special constant this within each member function, which is a pointer to the object on which the method was called. In Perl, a reference to the invoking object is instead passed as the first argument to the call. It is typically extracted from the argument list and stored in a variable called $self.
Both C++ and Perl allow class methods to be defined within a class. In C++, such member functions are defined with the static qualifier and are called using the syntax ClassName::method(args). In Perl, such methods are defined like all other methods, and differ only in that they expect the class name—rather than an object reference—as their first argument. They are called using the syntax ClassName‑>method(args).
Both languages also support the definition of class-specific versions of the standard set of operators (i.e. operator overloading), and as in C++, overloaded operators in Perl may either be regular subroutines or specific object methods.
Constructors and destructors
destructorin other languagesconstructorin other languagesC++ classes typically provide a special member function (with the same name as the class itself) that may be used to initialize objects when they are created. Perl has no comparable in-built initialization mechanism. Instead, a regular class method (typically called new) is used to both create and initialize objects.
C++ also provides for destructor functions, which are automatically called on an object just before it goes out of scope or is otherwise deallocated.  Perl also allows for destructor methods to be defined using the special method name DESTROY.
Encapsulation
encapsulationin other languagesEvery data and function member of a C++ class has some associated "accessibility" – publicpublic attributein other languages, protectedprotected attributein other languages, or privateprivate attributein other languages – which determines the scopes from which it can be directly accessed. Perl has no equivalent concept, and does not enforce any form of encapsulation on attributes or methods of objects. There are, however, several programming techniques that permit both attributes and methods to be appropriately restricted in accessibility.
Inheritance
inheritancein other languagesBoth C++ and Perl support optional multiple inheritancemultiple inheritancein other languages of superclasses, but in quite different ways. In C++, the classes from which a given class inherits are determined at compile-time by the class definition. The classes that a given Perl package inherits are determined at run-time by the contents of that package's @ISA array.
A subclass in C++ does not have access to the private data and function members of its superclasses …except in the highly unusual case where the derived class is also a friend of the base class.. Because the attributes and methods of a Perl class are entirely unencapsulated, there is no equivalent restriction in Perl. Likewise Perl does not support access variations along the lines of C++'s protected or private inheritance.
Perl does not have a mechanism corresponding to virtual inheritance in C++, nor does it need one, since object attributes are determined dynamically by constructors, rather than statically by class definitions. In practice, the commonest forms of class implementation all provide implicit virtual inheritance of attributes …mainly as a consequence of the uniqueness of keys in the hashes on which most classes are based..
Unlike C++, Perl classes all implicitly inherit from a single common class called UNIVERSAL.
Polymorphism
polymorphismin other languagesIn C++, methodmethodin other languagess are implicitly non-polymorphic unless they are specifically marked as being virtual. All Perl methods are implicitly polymorphic and there is no way to mark them as non-polymorphic. Unlike C++, in Perl any method may be redefined in any derived class.
C++ polymorphism is controlled by class hierarchies, because virtual functions are called through typed pointers or references. In Perl, all variables are dynamically typed, and so may store a reference to any class of object at any time. Thus, Perl provides the more general form of polymorphism—interface polymorphism—in which any object (regardless of its class hierarchy membership) may respond to any method call for which it has a suitably named method.
C++ allows base classclass methodin other languages member functions to be accessed from derived class member functions, even if the derived class redefines the function in question. This access is achieved by fully qualifying the nested function call with the name of the desired ancestral class. Perl has the same mechanism. However, Perl also provides a special "pseudo-class" called SUPER that may be used to delegate a method dispatch to an unspecified ancestral class (i.e. whichever one actually provides the inherited method).
Perl has no method abstraction construct corresponding to C++'s pure virtual member function declaration. Instead, in keeping with Perl's dynamically-typed nature and run-time checking philosophy, if an abstract method is required, a normal method is specified and made to immediately throw an exception.
Comparative syntax
syntaxof other languages, comparativeTable 2 shows a translation into Perl of the fundamental object-oriented features of C++.

Construct
C++
Perl
Comment
// Comment to EOL
/* Delimited comment */
# comment from '#' to eol
Assignment
variable = value;
$variable = value;
Temporary variable
className variable = init;
my $variable = init;
Class definition
class className
{ specification };
package className;
specification
Class derivation
class subclassName
	: superclassName(s)
{ specification };
package subclassName;
@ISA = qw( superclassName(s) );
specification
Attribute specification
class className
{
	type memberName;
};
bless
	{ memberName=>type‑>new() }, 	className;
Class attribute specification
class className
{
	static type memberName;
};
type className::memberName
	=init;
package className;
{ 
	my $var = type‑>new(init);
	sub fieldName 
	{ $var = $_[1] if @_>1; $var}
}
Object instantiation
ptr = new className (args);
$ref = className‑>new(args);
Table 2: Selected comparative syntax for C++ and object-oriented Perl



Construct
C++
Perl
Method definition
class className
{
	returnType methodName(args)
	{
		statements
		return returnValue;
	}
}
package className;

sub methodName
{
	my @args = @_;
	statements;
	return returnValue;
}
Polymorphic method definition
virtual returnType methodName(args)
{
	statements
	return returnValue;
}
sub methodName
{
	my @args = @_;
	statements;
	return returnValue;
}
Abstract method definition
virtual returnType methodName()
		= 0;
sub methodName
	{ die "Abstract method" }
Constructor definition
className(args)
{
	statements
}
sub new
{
	my ($classname,@args) = @_;
	my $self =
		bless {}, $classname;
	statements;
	return $self;
}
Destructor definition
~className()
{
	statements
}
sub DESTROY
{
	statements
}
Method invocation
objref.methodName(args);
objptr‑>methodName(args);
$objref‑>methodName(args);
Indirect method invocation
retType (class::*methptr)(args)
	= class::methodName;
objref.*methptr(args);
objptr‑>*methptr(args);
$methref = \&class::methodName;
$methsymref = "methodName";
$ref‑>$methref(args);
$ref‑>$methsymref(args);
Class method invocation
className::methodName();
className‑>methodName();
Access to message target
this
my ($self) = @_
Access to superclass method
this‑>superclass::methodName();
$self‑>SUPER::methodName();
Class type identification
classDescriptor =
	typeid(object);
$className
	= ref($object);
Exception handlers
try { statements }
catch { handler }
unless (eval { statements; 1 })
	{ handler }
Raising an exception
throw exceptionType(args);
die "exceptionText";
Table 2: Selected comparative syntax for C++ and object-oriented Perl (continued)
v


