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What is Design Pattern? 

• Design patterns are typical solutions to commonly 
occurring problems in software design. 

• They are like, pre-made blueprints that can be 
customized to solve a recurring design problem in 
your code. 

• The pattern details and implementation of a 
solution that suits the realities of your own 
program. 

• An analogy to an algorithm is a cooking recipe; 
both have clear steps to achieve a goal. On the 
other hand, a pattern is more like a blueprint. 
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What does the pattern consist of? 

• Intent of the pattern briefly describes both the 
problem and the solution. 

• Motivation further explains the problem and 
the solution the pattern makes possible. 

• Structure of classes shows each part of the 
pattern and how they are related. 

• Code example in one of the popular 
programming languages makes it easier to 
grasp the idea behind the pattern. 
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Classification of patterns 

• Creational patterns provide object creation 
mechanisms that increase flexibility and reuse 
of existing code. 

•  Structural patterns explain how to assemble 
objects and classes into larger structures, while 
keeping the structures flexible and efficient. 

• Behavioral patterns take care of effective 
communication and the assignment of 
responsibilities between objects. 
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Why Should We Learn Patterns? 

• Design patterns are a toolkit of tried and 
tested solutions to common problems in 
software design. 

• It is useful because it teaches how to solve all 
sorts of problems using principles of object-
oriented design. 

• Design patterns define a common language 
that can be used to communicate more 
efficiently within common team members. 
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Creational patterns 

• Creational Patterns provides various object 
creation mechanism, which increase flexibility 
and reuse of existing code. 

– Factory Method 

– Abstract Factory Method 

– Builder 

– Lazy Initialization  

– Object Pool 

– Singleton 
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Factory Method 

• Factory Method is a creational design pattern 

that provides an interface for creating objects 

in a superclass, but allows subclasses to alter 

the type of objects that will be created. 

• It is also known as: Virtual Constructor 
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Problem 

 

Adding a new class to the program isn’t that simple if the rest of the code is already 

coupled to existing classes. 

raktimchakraborty27@gmail.com 9 



Solution 

 

Subclasses can alter the class of objects being returned by the 

factory method. 
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Contd. 

 

All products must follow the same interface. 
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Contd. 

 

As long as all product classes implement a common interface, you can pass their objects 

to the client code without breaking it. 
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Structure 
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Implementation  
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This example illustrates how the Factory Method can be used for creating cross-platform UI 

elements without coupling the client code to concrete UI classes. 



Applicability 

• Use the Factory Method when we don’t know 

beforehand the exact types and dependencies of 

the objects our code should work with. 

– The Factory Method separates product construction 

code from the code that actually uses the product. 

Therefore it’s easier to extend the product construction 

code independently from the rest of the code. 

– For example, to add a new product type to the app, 

we’ll only need to create a new creator subclass and 

override the factory method in it. 
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Contd. 

• Use the Factory Method when we want to provide 
users of our library or framework with a way to 
extend its internal components. 

– Inheritance is probably the easiest way to extend the 
default behavior of a library or framework. But how 
would the framework recognize that the subclass 
should be used instead of a standard component? 

– The solution is to reduce the code that constructs 
components across the framework into a single factory 
method and let anyone override this method in 
addition to extending the component itself. 
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Pros and Cons 

• Avoid tight coupling between the creator and the concrete 
products. 

• Single Responsibility Principle. One can move the product 
creation code into one place in the program, making the 
code easier to support. 

• Open/Closed Principle. One can introduce new types of 
products into the program without breaking existing client 
code. 

• The code may become more complicated since one need to 
introduce a lot of new subclasses to implement the pattern. 
The best case scenario is when one is introducing the 
pattern into an existing hierarchy of creator classes. 
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Abstract Factory 

 

 

Abstract Factory is a creational design pattern 

that lets you produce families of related objects 

without specifying their concrete classes. 
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Problem 

• Imagine that you’re creating a furniture shop simulator. Your code consists 

of classes that represent: 

• 1. A family of related products, say: Chair + Sofa + CoffeeTable . 

• 2. Several variants of this family. For example, products Chair + Sofa + 

CoffeeTable are available in these variants: Modern , Victorian , ArtDeco . 
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Product families and their variants. 



Contd. 

• You need a way to create individual furniture objects so that they match 

other objects of the same family. Customers get quite mad when they 

receive non-matching furniture. 

• Also, you don’t want to change existing code when adding new products or 

families of products to the program. Furniture vendors update their catalogs 

very often, and you wouldn’t want to change the core code each time it 

happens. 
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A Modern-style sofa doesn’t match Victorian-style chairs. 



Solution 

• The first thing the Abstract Factory pattern suggests is to explicitly declare 

interfaces for each distinct product of the product family (e.g., chair, sofa or 

coffee table). Then you can make all variants of products follow those 

interfaces 
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All variants of the same object must be moved to a single class hierarchy. 



Contd. 
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Each concrete factory corresponds to a specific product variant. 



Contd. 
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The client shouldn’t care about the concrete class of the factory it works with. 



Structure. 
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Contd. 
• Abstract Products declare interfaces for a set of distinct but related 

products which make up a product family. 

• Concrete Products are various implementations of abstract 
products, grouped by variants. Each abstract product (chair/sofa) 
must be implemented in all given variants (Victorian/ Modern). 

• The Abstract Factory interface declares a set of methods for 
creating each of the abstract products. 

• Concrete Factories implement creation methods of the abstract 
factory. Each concrete factory corresponds to a specific variant of 
products and creates only those product variants. 

• Although concrete factories instantiate concrete products, signatures 
of their creation methods must return corresponding abstract 
products. This way the client code that uses a factory doesn’t get 
coupled to the specific variant of the product it gets from a factory. 
The Client can work with any concrete factory/product variant, as 
long as it communicates with their objects via abstract interfaces. 
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Implementation 
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The cross-platform UI classes example. 



Applicability 

 

 

• Use the Abstract Factory when the code needs to work with 

various families of related products, but the developer don’t 

want it to depend on the concrete classes of those products—

they might be unknown beforehand or the developer simply 

want to allow for future extensibility. 
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How to implement? 
• Map out a matrix of distinct product types versus variants of these 

products. 

• Declare abstract product interfaces for all product types. Then make 
all concrete product classes implement these interfaces. 

• Declare the abstract factory interface with a set of creation methods 
for all abstract products. 

•  Implement a set of concrete factory classes, one for each product 
variant. 

• Create factory initialization code somewhere in the app. It should 
instantiate one of the concrete factory classes, depending on the 
application configuration or the current environment. Pass this 
factory object to all classes that construct products. 

• Scan through the code and find all direct calls to product 
constructors. Replace them with calls to the appropriate creation 
method on the factory object. 
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Pros and Cons 

• One can be sure that the products you’re getting from a factory 

are compatible with each other. 

• Avoidance of tight coupling between concrete products and client 

code. 

• Single Responsibility Principle. One can extract the product 

creation code into one place, making the code easier to support. 

• Open/Closed Principle. One can introduce new variants of 

products without breaking existing client code. 

• The code may become more complicated than it should be, since 

a lot of new interfaces and classes are introduced along with the 

pattern. 
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Builder 

 

• Builder is a creational design pattern that lets 

you construct complex objects step by step. 

The pattern allows you to produce different 

types and representations of an object using 

the same construction code. 
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Problem 

 

raktimchakraborty27@gmail.com 31 

You might make the program too complex by creating a subclass for every possible 

configuration of an object. 



Contd. 
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The constructor with lots of parameters has its downside: not all the parameters are needed 

at all times. 



Solution 

 

raktimchakraborty27@gmail.com 33 

The Builder pattern lets you construct complex objects step by step. The Builder doesn’t 

allow other objects to access the product while it’s being built. 



Contd. 
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Different builders execute the same task in various ways. 



Contd. 
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The director knows which building steps to execute to get a working product. 



Structure 
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Contd. 
• The Builder interface declares product construction steps that are common 

to all types of builders. 

• Concrete Builders provide different implementations of the construction 

steps. Concrete builders may produce products that don’t follow the 

common interface. 

• Products are resulting objects. Products constructed by different builders 

don’t have to belong to the same class hierarchy or interface. 

• The Director class defines the order in which to call construction steps, so 

you can create and reuse specific configurations of products. 

• The Client must associate one of the builder objects with the director. 

Usually, it’s done just once, via parameters of the director’s constructor. 

Then the director uses that builder object for all further construction. 

However, there’s an alternative approach for when the client passes the 

builder object to the production method of the director. In this case, you can 

use a different builder each time you produce something with the director. 
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Implementation  
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The example of step-by-step construction of cars and the user guides that fit those car 

models. 



Applicability 

• Use the Builder pattern to get rid of a “telescopic constructor”. 
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Creating such a monster is only possible in languages that support 

method overloading, such as C# or Java. 

• Say you have a constructor with ten optional parameters. Calling such a beast is 

very inconvenient; therefore, you overload the constructor and create several shorter 

versions with fewer parameters. These constructors still refer to the main one, 

passing some default values into any omitted parameters. 

• The Builder pattern lets you build objects step by step, using only those steps that you really 

need. After implementing the pattern, you don’t have to cram dozens of parameters into your 

constructors anymore. 



Contd. 

• Use the Builder pattern when you want your code to be able to create different 

representations of some product (for example, stone and wooden houses) 

– The Builder pattern can be applied when construction of various 

representations of the product involves similar steps that differ only in the 

details. The base builder interface defines all possible construction steps, and 

concrete builders implement these steps to construct particular representations 

of the product. Meanwhile, the director class guides the order of 

construction.uses). 

• Use the Builder to construct Composite trees or other complex objects. 

– The Builder pattern lets you construct products step-by-step. You could 

defer execution of some steps without breaking the final product. You can 

even call steps recursively, which comes in handy when you need to build 

an object tree. A builder doesn’t expose the unfinished product while 

running construction steps. This prevents the client code from fetching an 

incomplete result. 
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Pros and Cons 

• You can construct objects step-by-step, defer construction 

steps or run steps recursively. 

• You can reuse the same construction code when building 

various representations of products. 

• Single Responsibility Principle. You can isolate complex 

construction code from the business logic of the product. 

• The overall complexity of the code increases since the pattern 

requires creating multiple new classes. 
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Lazy Initialization Pattern 

 

• The lazy initialization pattern embodies the 

just-in-time philosophy of data delivery. 

• It delays the construction of values or data 

structures until that data is actually needed. 
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Lazy Initialization Pattern. In: Learn 

Objective-C for Java Developers. Apress 
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Implementation 

• Create a private instance or private static variable that 

will eventually contain the data, but is initialized with 

a placeholder value. 

• Wrap the variable in a property that provides a public 

getter method. 

• In the getter method, test the variable for its 

placeholder value. If it has not been initialized, 

construct it and save the results. Return the newly, or 

previously, constructed data to the sender. 
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Contd. 

 

• An object constructor that creates an object, 

quickly and with minimal memory demands, is 

called a lightweight constructor. 

• The constructor can be lightweight even if the 

object is heavyweight 
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Application 

• The memory or resources required to create or calculate 
the data is excessive and can be deferred. 

• There is a significant possibility that the data will never 
be needed. 

• The prerequisites of the data do not exist, or are not 
available, when an object is instantiated. 

• Lazy initialization is a useful design pattern for both 
global and instance variables. It optimizes performance 
by constructing only the information that’s actually 
needed, and defers optional and ancillary calculations 
to a more appropriate time. 
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Pros & Cons 

• This pattern boosts the application start up time as the 

approach focuses on the necessary application 

objects. 

• The performance of the application may degrade in 

terms of time as there is a need of checking regarding 

loading of an object is needed or not; for this the 

coding has become complicated. 
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Object Pool 

• A pool is a collection of resources (system resources) 

that are kept ready to use. 

• The Object pool design pattern is a creational design 

pattern which uses a pool of initialized objects as 

ready to use. 

• The resources i.e. objects can be allocated and de-

allocated on demand. 
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Why ? 

 

• Object Pool design pattern will be used when 

there are several clients who needs the same 

stateless resource which is expensive to create. 
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Implementation 

• Reusable - Wraps the limited resource, will be shared by 

several clients for a limited amount of time. 

• Client - uses an instance of type Reusable. 

• ReusablePool - manage the reusable objects for use by Clients, 

creating and managing a pool of objects. 
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Contd. 

• When a client asks for a Reusable object, the pool 

performs the following actions: 

– Search for an available Reusable object and if it was found 

it will be returned to the client. 

– If no Reusable object was found then it tries to create a new 

one. If this actions succeeds the new Reusable object will 

be returned to the client. 

– If the pool was unable to create a new Reusable, the pool 

will wait until a reusable object will be released 
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Pros & Cons 

• Singleton reusable pool 

• Limited number of resources in the pool 

• Handling situations when creating a new resource fails 

• Synchronization 

• Expired resources(unused but still reserved) 

• Creating the resources might fail and this case should be treated 

carefully. When there is no available resource(because the number is 

limited or creating a new one failed) the client should be notified about 

it. 

• Although the object pool is handling the object instantiation it's main 

purpose is to provide a way for the clients to reuse the objects like they 

are new objects, without being shared and reused. 

raktimchakraborty27@gmail.com, 
www.oodesign.com 

51 



Adapter 
also known as: wrapper 

• Adapter is a structural design pattern that allows 

objects with incompatible interfaces to collaborate 



Problem 

 

We can’t use the analytics library “as is” because it expects the data in a format 

that’s incompatible with our app 
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Solution 

• We can create an adapter. This is a special object that 
converts the interface of one object so that another object 
can understand it. 

• Adapters can not only convert data into various formats but 
can also help objects with different interfaces collaborate. 

• The adapter gets an interface, compatible with one of the 
existing objects. 

• Using this interface, the existing object can safely call the 
adapter’s methods. 

• Upon receiving a call, the adapter passes the request to the 
second object, but in a format and order that the second 
object expects. 
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Contd. 
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Structure 
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Contd. 
• The Client is a class that contains the existing business logic of the program. 

• The Client Interface describes a protocol that other classes must follow to be 

able to collaborate with the client code. 

• The Service is some useful class (usually 3rd-party or legacy). The client can’t 

use this class directly because it has an incompatible interface. 

• The Adapter is a class that’s able to work with both the client and the service: it 

implements the client interface, while wrapping the service object. The adapter 

receives calls from the client via the adapter interface and translates them into 

calls to the wrapped service object in a format it can understand. 

• The client code doesn’t get coupled to the concrete adapter class as long as it 

works with the adapter via the client inter-face. For this, we can introduce new 

types of adapters into the program without breaking the existing client code. 

• This can be useful when the interface of the service class gets changed or 

replaced: you can just create a new adapter class without changing the client 

code. 
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Contd. 

• The Class Adapter doesn’t need to wrap any objects because it 

inherits behaviors from both the client and the service.  

• The adaptation happens within the overridden methods 
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Pseudo code 
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Adapting square pegs to round holes. 



Application 

• The Adapter class is used when we want to use some 

existing class, but its interface isn’t compatible with 

the rest of the code. 

• This pattern is used when we want to reuse several 

existing subclasses that lack some common 

functionality that can’t be added to the superclass. 
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Pros and Cons 

• Single Responsibility Principle. We can separate the interface 

or data conversion code from the primary business logic of the 

program. 

• Open/Closed Principle. We can introduce new types of 

adapters into the program without breaking the existing client 

code, as long as they work with the adapters through the client 

interface. 

• The overall complexity of the code increases because you need 

to introduce a set of new interfaces and classes. Sometimes it’s 

simpler just to change the service class so that it matches the 

rest of your code. 
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Bridge 

Bridge is a structural design pattern that lets you split a large class 

or a set of closely related classes into two separate hierarchies—

abstraction and implementation which can be developed 

independently of each other. 



Problem 
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Number of class combinations grows in geometric progression 



Solution 
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We can prevent the explosion of a class hierarchy by transforming it into several related 

hierarchies. 



Contd. 
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Making even a simple change to a monolithic codebase is pretty hard because we must 

understand the entire thing very well. Making changes to smaller, well-defined modules is 

much easier. 



Contd. 
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One of the ways to structure a cross-platform application. 



Structure 
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Contd. 

• The Abstraction provides high-level control logic. It relies on the 

implementation object to do the actual low-level work. 

• The Implementation declares the interface that’s common for all concrete 

implementations. An abstraction can only communicate with an 

implementation object via methods that are declared here. The abstraction 

may list the same methods as the implementation, but usually the 

abstraction declares some complex behaviors that rely on a wide variety of 

primitive operations declared by the implementation. 

• Concerte Implémentations contain platform-specific code. Refined 

Abstractions provide variants of control logic. Like their parent, they work 

with different implementations via the general implementation interface. 

• Usually, the Client is only interested in working with the abstraction. 

However, it’s the client’s job to link the abstraction object with one of the 

implementation objects. 
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Pseudo code 
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The original class hierarchy is divided into two parts: devices and remote controls. 



Applicability 

• Use the Bridge pattern when we want to divide and 

organize a monolithic class that has several variants 

of some functionality (for example, if the class can 

work with various database servers). 

• Use the pattern when we need to extend a class in 

several orthogonal (independent) dimensions. 

• Use the Bridge if you need to be able to switch 

implementations at runtime. 
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Pros and Cons 

• We can create platform-independent classes and apps. 

• The client code works with high-level abstractions. It isn’t 

exposed to the platform details. 

• Open/Closed Principle. We can introduce new abstractions and 

implementations independently from each other. 

• Single Responsibility Principle. We can focus on high-level 

logic in the abstraction and on platform details in the 

implementation. 

• We might make the code more complicated by applying the 

pattern to a highly cohesive class. 
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Flyweight 
Also known as: Cache 

Flyweight is a structural design pattern that lets you fit more 

objects into the available amount of RAM by sharing common 

parts of state between multiple objects instead of keeping all of the 

data in each object. 



Problem 
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Solution 
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Contd. 

raktimchakraborty27@gmail.com         
Design Patterns: Elements of Reusable 

Object-Oriented Software 
75 



Contd. 
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Structure 
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Pseudo code 
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Applicability 

 

• Use the Flyweight pattern only when the program 

must support a huge number of objects which barely 

fit into available RAM. 
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Pros and Cons 

• You can save lots of RAM, assuming your program has 

tons of similar objects. 

• You might be trading RAM over CPU cycles when some 

of the context data needs to be recalculated each time 

somebody calls a flyweight method. 

• The code becomes much more complicated. New team 

members will always be wondering why the state of an 

entity was separated in such a way. 
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Composite 
Also known as: Object Tree 

Composite is a structural design pattern which allows to 

compose objects into tree structures and then work with these 

structures as if they were individual objects. 



Problem 
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An order might comprise various products, packaged in boxes, which are packaged in bigger 

boxes and so on. The whole structure looks like an upside down tree. 



Solution 
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The Composite pattern allows to run a behavior recursively over all components of an 

object tree. 



Structure 
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Contd. 

• The Component interface describes operations that are common to 

both simple and complex elements of the tree. 

•  The Leaf is a basic element of a tree that doesn’t have sub-elements. 

Usually, leaf components end up doing most of the real work, since 

they don’t have anyone to delegate the work to. 

• The Container (aka composite) is an element that has sub-elements: 

leaves or other containers. A container doesn’t know the concrete 

classes of its children. It works with all sub-elements only via the 

component interface. Upon receiving a request, a container delegates 

the work to its sub-elements, processes intermediate results and then 

returns the final result to the client. 

• The Client works with all elements through the component interface. 

As a result, the client can work in the same way with both simple or 

complex elements of the tree. 
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Pseudo code 
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The geometric shapes editor example. 



Applicability 

 

• Use the Composite pattern when we have to 

implement a tree-like object structure. 

• Use the pattern when we want the client code to treat 

both simple and complex elements uniformly. 
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Pros and Cons 

• We can work with complex tree structures more conveniently: 

use polymorphism and recursion as advantage. 

• Open/Closed Principle. We can introduce new element types 

into the app without breaking the existing code, which now 

works with the object tree. 

• It might be difficult to provide a common interface for classes 

whose functionality differs too much. In certain scenarios, 

there is a need of overgeneralization of  the component 

interface, making it harder to comprehend. 
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Chain of 

Responsibility 
Also known as: CoR, Chain of Command 

Chain of Responsibility is a behavioral design pattern that allows 

to pass requests along a chain of handlers. Upon receiving a 

request, each handler decides either to process the request or to 

pass it to the next handler in the chain. 



Problem 
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The request must pass a series of checks before the ordering system itself can handle it. 



Contd. 
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The bigger the code grew, the messier it became. 



Solution 
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Handlers are lined up one by one, forming a chain. 



Contd. 
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A chain can be formed from a branch of an object tree. 



Structure 
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Contd. 

• The Handler declares the interface, common for all concrete handlers. It 
usually contains just a single method for handling requests, but sometimes 
it may also have another method for setting the next handler on the chain. 

• The Base Handler is an optional class where we can put the boiler plate 
code that’s common to all handler classes. Usually, this class defines a field 
for storing a reference to the next handler. Clients can build a chain by 
passing a handler to the constructor or setter of the previous handler. The 
class may also implement the default handling behavior: it can pass 
execution to the next handler after checking for its existence. 

• Concrete Handlers contain the actual code for processing requests. Upon 
receiving a request, each handler must decide whether to process it and, 
additionally, whether to pass it along the chain. Handlers are usually self-
contained and immutable, accepting all necessary data just once via the 
constructor. 

• The Client may compose chains just once or compose them dynamically, 
depending on the application’s logic. Note that a request can be sent to any 
handler in the chain—it doesn’t have to be the first one. 
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Pseudo code 
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The GUI classes are built 

with the Composite 

pattern. Each element is 

linked to its container 

element. At any point, 

you can build a chain of 

elements that starts with 

the element itself and 

goes through all of its 

container elements. 



Contd. 
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That’s how a help request traverses GUI objects. 



Applicability 

• Use the Chain of Responsibility pattern when 

program is expected to process different kinds of 

requests in various ways, but the exact types of 

requests and their sequences are unknown 

beforehand. 

• Use the pattern when it’s essential to execute several 

handlers in a particular order. 

• Use the CoR pattern when the set of handlers and 

their order are supposed to change at runtime. 
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Pros and Cons 

• It can be controlled the order of request handling. 

• Single Responsibility Principle. It can decouple 

classes that invoke operations from classes that 

perform operations. 

• Open/Closed Principle. We can introduce new 

handlers into the app without breaking the existing 

client code. 

• Some requests may end up unhandled. 
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Command 
Also known as: Action, Transaction 

Command is a behavioral design pattern that turns a request into a 

stand-alone object that contains all information about the request. This 

transformation allows to parameterize methods with different requests, 

delay or queue a request’s execution, and support undoable operations. 



Problem 
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All buttons of the app are derived from the same class 



Contd. 
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Lots of button subclasses. What can go wrong? 



Contd. 
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Several classes implement the same functionality. 



Solution 
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The GUI objects may access the business logic objects directly. 



Contd. 
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Accessing the business logic layer via a command. 



Contd. 
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The GUI objects delegate the work to commands. 



Structure 
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Contd. 
• The Sender class (aka invoker) is responsible for initiating requests. This class must have a 

field for storing a reference to a command object. The sender triggers that command instead 

of sending the request directly to the receiver. Note that the sender isn’t responsible for 

creating the command object. Usually, it gets a pre-created command from the client via the 

constructor. 

• The Command interface usually declares just a single method for executing the command. 

• Concrete Commands implement various kinds of requests. A concrete command isn’t 

supposed to perform the work on its own, but rather to pass the call to one of the business 

logic objects. However, for the sake of simplifying the code, these classes can be merged. 

Parameters required to execute a method on a receiving object can be declared as fields in the 

concrete command. You can make command objects immutable by only allowing the 

initialization of these fields via the constructor. 

• The Receiver class contains some business logic. Almost any object may act as a receiver. 

Most commands only handle the details of how a request is passed to the receiver, while the 

receiver itself does the actual work. 

• The Client creates and configures concrete command objects. The client must pass all of the 

request parameters, including a receiver instance, into the command’s constructor. After that, 

the resulting command may be associated with one or multiple senders. 
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Pseudo code 

raktimchakraborty27@gmail.com         
Design Patterns: Elements of Reusable 

Object-Oriented Software 
109 

Undoable operations in a text editor. 



Applicability 

• Use the Command pattern when we are willing to 

parameterize objects with operations. 

• Use the Command pattern when we are willing to 

queue operations, schedule their execution, or execute 

them remotely. 

• Use the Command pattern when we are willing to 

implement reversible operations. 
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Pros and Cons 

• Single Responsibility Principle. We can decouple classes 
that invoke operations from classes that perform these 
operations. 

• Open/Closed Principle. We can introduce new commands 
into the app without breaking existing client code. 

• We can implement undo/redo. 

• We can implement deferred execution of operations. 

• We can assemble a set of simple commands into a complex 
one. 

• The code may become more complicated since we are 
introducing a whole new layer between senders and 
receivers. 
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Iterator 

Iterator is a behavioral design pattern that allows to traverse 

elements of a collection without exposing its underlying 

representation (list, stack, tree, etc.). 
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Problem 

Various types of collections. 
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Contd. 

The same collection can be traversed in several different ways. 
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Solution 
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Iterators implement various traversal algorithms. Several iterator objects can traverse the 

same collection at the same time. 



Structure 
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Contd. 
• The Iterator interface declares the operations required for traversing a collection: 

fetching the next element, retrieving the current position, restarting iteration, etc. 

• Concrete Iterators implement specific algorithms for traversing a collection. The 

iterator object should track the traversal progress on its own. This allows several 

iterators to traverse the same collection independently of each other. 

• The Collection interface declares one or multiple methods for getting iterators 

compatible with the collection. Note that the return type of the methods must be 

declared as the iterator interface so that the concrete collections can return various 

kinds of iterators. 

• Concrete Collections return new instances of a particular concrete iterator class 

each time the client requests one. You might be wondering, where’s the rest of the 

collection’s code? Don’t worry, it should be in the same class. It’s just that these 

details aren’t crucial to the actual pattern, so we’re omitting them. 

• The Client works with both collections and iterators via their interfaces. This way 

the client isn’t coupled to concrete classes, allowing you to use various collections 

and iterators with the same client code. 
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Pseudo code 
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Example of iterating over social profiles. 



Applicability 

• Use the Iterator pattern when the collection has a complex data 

structure under the hood, but you want to hide its complexity 

from clients (either for convenience or security reasons). 

• Use the pattern to reduce duplication of the traversal code 

across the application. 

• Use the Iterator when we need that our code to be able to 

traverse different data structures or when types of these 

structures are unknown beforehand. 
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Pros and Cons 

• Single Responsibility Principle. We can clean up the client code and 
the collections by extracting bulky traversal algorithms into separate 
classes. 

• Open/Closed Principle. We can implement new types of collections 
and iterators and pass them to existing code without breaking 
anything. 

• We can iterate over the same collection in parallel because each 
iterator object contains its own iteration state. 

• For the same reason, we can delay an iteration and continue it when 
needed. 

• Applying the pattern can be an overkill if the app only works with 
simple collections. 

• Using an iterator may be less efficient than going through elements 
of some specialized collections directly. 
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Observer 
Also known as: Event-Subscriber, Listener 

Observer is a behavioral design pattern that lets you define a 

subscription mechanism to notify multiple objects about any events 

that happen to the object they’re observing. 



Problem 
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Visiting the store vs. sending spam 



Solution 
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A subscription mechanism lets individual objects subscribe to event notifications. 



Contd. 
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Publisher notifies subscribers by calling the specific notification method on their 

objects. 



Structure 
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Contd. 
• The Publisher issues events of interest to other objects. These events occur when the 

publisher changes its state or executes some behaviors. Publishers contain a subscription 

infrastructure that lets new subscribers join and current subscribers leave the list. 

• When a new event happens, the publisher goes over the subscription list and calls the 

notification method declared in the subscriber interface on each subscriber object. 

• The Subscriber interface declares the notification interface. In most cases, it consists of 

a single update method. The method may have several parameters that let the publisher 

pass some event details along with the update. 

• Concrete Subscribers perform some actions in response to notifications issued by the 

publisher. All of these classes must implement the same interface so the publisher isn’t 

coupled to concrete classes. 

• Usually, subscribers need some contextual information to handle the update correctly. 

For this reason, publishers often pass some context data as arguments of the notification 

method. The publisher can pass itself as an argument, letting subscriber fetch any 

required data directly. 

• The Client creates publisher and subscriber objects separately and then registers 

subscribers for publisher updates. 
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Pseudo code 
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Notifying objects about events that happen to other objects. 



Applicability 

• Use the Observer pattern when changes to the state of 

one object may require changing other objects, and 

the actual set of objects is unknown beforehand or 

changes dynamically. 

• Use the pattern when some objects in your app must 

observe others, but only for a limited time or in 

specific cases. 
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Pros and Cons 

• Open/Closed Principle. You can introduce new 

subscriber classes without having to change the 

publisher’s code (and vice versa if there’s a publisher 

interface). 

• You can establish relations between objects at 

runtime. 

• Subscribers are notified in random order. 
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Strategy 

Strategy is a behavioral design pattern that lets you define a family of 

algorithms, put each of them into a separate class, and make their 

objects interchangeable. 



Problem 
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The code of the navigator became bloated. 



Solution 
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Route planning strategies. 



Structure 
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Contd. 

• The Context maintains a reference to one of the concrete strategies 
and communicates with this object only via the strategy interface. 

• The Strategy interface is common to all concrete strategies. It 
declares a method the context uses to execute a strategy. 

• Concrete Strategies implement different variations of an algorithm 
the context uses. 

• The context calls the execution method on the linked strategy object 
each time it needs to run the algorithm. The context doesn’t know 
what type of strategy it works with or how the algorithm is 
executed. 

• The Client creates a specific strategy object and passes it to the 
context. The context exposes a setter which lets clients replace the 
strategy associated with the context at runtime. 
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Applicability 

• Use the Strategy pattern when we want to use different variants of an 

algorithm within an object and be able to switch from one algorithm to 

another during runtime. 

• Use the Strategy when we have a lot of similar classes that only differ in 

the way they execute some behavior. 

• Use the pattern to isolate the business logic of a class from the 

implementation details of algorithms that may not be as important in the 

context of that logic. 

• Use the pattern when the class has a massive conditional operator that 

switches between different variants of the same algorithm. 
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Pros and Cons 

• We can swap algorithms used inside an object at runtime. 

• We can isolate the implementation details of an algorithm from the code 
that uses it. 

• We can replace inheritance with composition. 

• Open/Closed Principle. We can introduce new strategies without 

• having to change the context. 

• If you only have a couple of algorithms and they rarely change, there’s no 
real reason to overcomplicate the program with new classes and interfaces 
that come along with the pattern. 

• Clients must be aware of the differences between strategies to be able to 
select a proper one. 

• A lot of modern programming languages have functional type support that 
lets you implement different versions of an algorithm inside a set of 
anonymous functions. Then you could use these functions exactly as you’d 
have used the strategy objects, but without bloating the code with extra 
classes and interfaces. 
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