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Preface


DRAFT



During his studies at his home university in Malaga (Spain), Kiko Fernandez-Reyes thought he knew what software design is. Then he worked for a few years in industry and realised that code ends up in a non-maintainable ball of spaghetti code.


After his experience in industry, he went back to school to pursue doctoral studies. During his doctoral studies, he became teacher assistant (TA) of the course Advanced Software Design. Only then, he realised the difference between design and implementation. After two years as TA, he became the main lecturer of the course.

Nowadays, he continues teaching students the difference between design and implementation. This book is his legacy to all the students he has ever met.





About this book


DRAFT



Who should read this book


Before creating a complex software system one needs to lie down a solid foundation. General Responsibility Assignment Software Principles (GRASP) are guidelines to assign responsibilities to software classes in object-oriented programming.


Unfortunately, many resources for learning these principles do not consider the role of the type system and the programming language. To mitigate this problem, this book explores how the type system influences how one can write these programming principles. Since static and dynamic languages bring different benefits and drawbacks, this book contains examples in Java 8 and Python 3.4.

The book targets young software engineers, developers and self-taught programmers familiar with object-oriented programming but seeking on improving the code they write. It is also interesting to programmers who want to understand the difference when writing clean code in a static and dynamic language.

After reading this book you will be able to apply GRASP principles in static and dynamic languages and make an informed decision before hacking on your next project.




What this book is not

This book shows how to write flexible and maintainable code through GRASP principles. However, it is not a definitive guide to any programming language but a starting point to writing better software. The book puts special emphasis on the language of choice whether it is a dynamic or static language.




How is this book organised: A roadmap

GRASP principles for the Object-oriented mind gradually explains the concepts needed to write GRASP principles in any object-oriented language. It is a beginner’s guide to design better object-oriented code and helps you to create a solid foundation.


	Unit 1 highlights the common problems in today’s IT industry: new concepts are not silver bullets that fix all problems with your software.


	Unit 2 starts with a reminder of the different type systems, and finishes with a comparison between them.


	Unit 3 introduces the Unified Modelling Language (UML), its importance and its syntactic notation. The book will use this notation in all examples together with its code.


	Unit 4 explains common concepts in object-oriented programming: inheritance, mixins and static classes among others.


	Unit 5 describes the case study used in the next chapter.


	Unit 6 explains and shows how GRASP principles are applied in different programming languages.


	Unit 7 and 8 analyses open source projects, finding points where GRASP principles are applied and where they should have been applied.


	Unit 9 gives solutions to exercises introduced in each unit.










1 Introduction







You worked hard for over a year in the next billion dollar web app in a small startup: the CEO, Johan, seems happy that the product is (almost) feature complete; the designer, Anders, is happy with the UX and graphics and the CTO, Pontus, just wants to press the red button and release the product. You tell them to wait 10 more minutes, the unit tests, integration tests and system tests are still running. Adding tests was a long battle with management because it slowed down the project quite a lot, but you are a good engineer and tests will catch many errors.



	Ding, ding, ding (sound)



You look at the screen, all 142 tests are green! You tell Pontus to push the red button; deployment scripts start, your software is being installed on all the AWS servers the company could afford, a few databases with replication for faster reads and a single leader for the writes, load balancers, reverse proxies for serving static data and another bunch of instances running your application. After a few minutes, the deployment is a success, your baby is ALIVE and by tomorrow morning all Swedish newspapers will feature your product.

The next day comes, you try the app and observe that the system is just f****** slow. Connections time out and you observe in your monitoring tools that the server is not processing that many requests. What the hell is going on!?

The CTO thinks that it is the reusable query function that receives lambdas, updates a bunch of fields from different objects and saves them into the database as a single transaction. To guarantee that those transactions are atomic, someone in the team introduced a lock. You check if the lock has been released. If your intuition is right, you will fix the code, add the test that should have covered that case and be presto in 5 min.

There is one problem though, the code does not have a well-defined structure, and a lambda captures the lock — someone had to try out lambdas, they are cool — so you have no way of releasing the lock after the lambda call. I will repeat this to sink in: the lambda captures the lock, the lock was not passed as a parameter. You also observe some if-condition statement that releases the lock only in the else branch, but you do not understand why only in the else condition. You realise that, if someone had explained to your team mate that a lambda should never mutable state, the maintainability of the code would be much easier. The pattern is simple:


	grab the lock

	call a lambda function

	unlock



The code follows below:


Listing 1: Complex query function

def complex_query(lock, fn, *args, **kwargs):
  lock.acquire()
  fn(args, kwargs)
  lock.release()



Shit, if only your team mate had used a better design…


How did you end up in this situation?

You considered the functional requirements and the architecture but you failed to create a good design. The hype of new features seemed like a silver bullet; everyone in the team uses them. The problem is to understand when to use the new features and how they affect your design.
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Young developers and engineers (who have just finished their degree) can read APIs, look on stackoverflow.com and find a solution to most problems. However, good engineers write code that exhibits good software qualities, such as code that is flexible and maintainable. This book will introduce you to design principles for creating a flexible and maintainable code.




1.1 Software Design

Software design is the process of finding a satisfactory solution to a problem.

Many books explain software design with a focus on one language and assume that this knowledge can be extrapolated to other languages and paradigms. But the type system influences the implementation of the design patterns. For example, most dynamically typed languages have the notion of mixins, while these (mostly) do not exist in statically typed languages.

After coding for over 10 years, teaching a course on Advanced Software Design at Uppsala University (Sweden), and doing (still working on it) a PhD on Programming Languages, I believe that one of the strongest points of any language is its type system. It is not the same to use a statically typed language with a strong type system (e.g. Haskell), than to program in a dynamic and more flexible language. For instance, the dynamic language Clojure introduced transducers. Transducers can be coded in statstatically typed languages but its implementation is much more difficult to code.

Our approach in this book will be practical, focusing and taking advantage of the type system (and its restrictions). Then, this knowledge can be extrapolated to other languages — we have built a common understanding of how the type system interplays with the language.

Throughout the book, we show different approaches to solving the same problem using a static and a dynamic language. You will learn to take advantage of each of the languages constructs when to use them and when to avoid them.

Type systems influence the available language constructs. For this reason, the book introduces a visual modelling language, known as Unified Modelling Language (UML). UML expresses the design idea and each language provides its own implementation.




1.2 What is a good design?

A good design is one that can deal with change.

As a software engineer/developer, think about a piece of code that today is a car, tomorrow is a submarine and the next day is a tank. This happens because it is just code, anyone can update it and is not set in stone, ever.

There are many ways to solve a problem and, more often than not, there exist well-study common solutions. These well-documented solutions receive the name of design principles and design patterns and they exist for all kinds of paradigms. In this book, we will focus on object-oriented design principles.




1.3 Design principles

Design principles are guidelines to separate responsibilities among classes, and to compose software out of smaller pieces. This book covers the General responsibility assignment software principles (GRASP principles), which includes:


	Controller,

	Creator,

	Indirection,

	Information expert,

	High cohesion,

	Low coupling,

	Polymorphism,

	Protected variation and,

	Pure fabrication



Enjoy the ride!









	Image from https://xkcd.com/1513/↩








2 Type systems

In this chapter you will learn what is a type system and the difference between static and dynamic type systems.

A type system assigns types to programming constructs. By programming constructs we mean functions, expressions, statements, variables, etc. The main function of the type system is to remove bugs in software, through a phase known as type checking, where the compiler assigns types to constructs and builds a sound mathematical model.  Sound means that the type system guarantees that your program behaves properly, always rejecting programs that are illegal according to the mathematical rules1.

Type checking can happen at compile time or at runtime; when the type checking happens at compile time, we have a statically typed language. If the type checking happens at runtime, we have a dynamically typed language. For all purposes in this book, we consider only static and dynamic type systems2.

For example, Java is a statically typed language and would reject the program below, at compile time, if you call the method readingString with an argument of type int, e.g. reader.readingString(34); this is because the method expects an argument with a String type, not an argument with type int.

public class Reader {
  public [String] readingString(String s){ s.toArray(); }
}

On the other side, we have dynamic languages such as Python. Most dynamic languages use duck typing. From the pragmatic point of view, duck typing means that we do not rely on types to specify whether the methods of an object exists: you call methods on objects as if they exist and, at runtime, if they do, great, if they don’t, the program throws an error. You can look at it from this other point of view: you are telling the object the behaviour that it should implement, whether it does or not is another story that you need to ensure yourself. Going back to the previous example, now written in Python:

class Reader(object):
  def readingString(s):
    s.toList()

If you have an instance of a Reader class, reader, you can potentially call reader.readingString("Test") and return a singleton list with the string you passed. However, you could also call reader.readingString(True), and the program will throw an error at runtime – True does not have a method called toList().

The following table shows the main and most pragmatic differences between static and dynamic languages.


Static vs Dynamic type systems from pragmatic point of view.






	Static
	Dynamic





	
	Specify allowed behaviour based on types


	Type annotations ensure that only constructs that respect the types can run


	Catches errors at compile time




	
	Declare behaviour that you expect


	For each method, ensure that you pass arguments that your declared behaviour


	Catches error at runtime









It is completely normal if you do not fully understand everything mentioned in this section. As soon as we see examples in the next chapters everything will be much clear.  







	For more information on these mathematical models, subscribe to the Lambda Calculus for the Working Programmer book.↩


	In the research literature, there are languages that mix static and dynamic type systems but these are outside the scope of the book.↩
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