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            INTRODUCTION       

    FUNCTIONAL PROGRAMMING is an important paradigm of programming that looks back on 
a long history. The subject has always been very relevant to people who teach others how to 
program  —  the clean and logical concepts of functional programming lend themselves especially 
well to teaching. Certain industries that use computers and self - written programs heavily have also 
found functional programming to be the most productive approach for their purposes. However, 
for many of the  “ mainstream ”  software manufacturers, functional programming has long held an 
air of the academic and they widely chose to use approaches with an imperative heritage, like object 
orientation. 

 In recent years, more and more functional elements have been included in imperative languages on 
the .NET platform, and with Visual Studio 2010, F# has been included  —  the fi rst hybrid functional 
language in the box with Microsoft ’ s mainstream development platform. Even more than the 
functional features that have been introduced to C# and VB.NET, this shows a commitment on 
Microsoft ’ s side.  

  WHO THIS BOOK IS FOR 

 The topic of functional programming in C# can be seen from two different angles. On the .NET 
platform there are many experienced developers and development teams, who have been using 
C# or VB.NET, or in some cases C++, to create software for the platform. If you have that sort of 
experience, there are lots of reasons you should be looking into functional programming: it ’ s a clean 
and easily maintainable style, it ’ s an important basis of programming as we know it today, and 
certain specifi c current concerns, like parallelization, can be targeted successfully with the help of 
functional programming ideas. 

 On the other hand, perhaps you ’ re not a .NET programmer at all. Instead, you have experience in 
one or more  “ traditional ”  functional programming languages. You need to work with people who 
use C#, or you want to use the language yourself. This book will help you understand how you 
can use the approaches you ’ re familiar with in C#, and it may give you valuable starting points when 
it comes to explaining these ideas to team members without your functional background. 

 The book assumes a basic level of understanding of C# language constructs, at least up to 
version 3.0 of the language. However, Part II is written to explain a few particular features of the 
language that are especially important, rather complex or often misunderstood. From experience, 
I recommend you give Part II a good look even if you ’ re quite fl uent in C#  —  there are usually some 
little - known intricacies about the features that have been selected for this part, which may lead to 
misunderstandings later.  
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  WHAT THIS BOOK COVERS 

 The language of the vast majority of examples in this book is C# 4.0, running on Microsoft .NET. 
There are a few examples in other languages, but they are for illustrative purposes only. If you 
want to try out the examples for yourself, but you ’ re not on C# 4.0 or Visual Studio 2010 yet, 
you may still have success using C# 3.0 and Visual Studio 2008  —  there aren ’ t many new features 
in C# 4.0 specifi cally, and none of them have been exploited in the examples. However, a few 
examples utilize .NET Framework features like Parallel Extensions, which are available only 
in .NET 4.0. 

 The book introduces you to concepts of functional programming and describes how these can 
be used with the C# language. An effort has been made to provide samples with a practical 
background, but most of them still focus mostly on language level considerations. Functional 
programming is a technique for code, algorithm and program structure  —  as opposed to, for 
instance, application architecture. Of course it needs to fi t in with application architecture  . . .  you 
get the point: it ’ s sometimes hard to fi nd the perfect compromise between being too theoretical and 
going off - focus, but I ’ ve tried my best. 

 While I wrote this book, I developed a library of functionally oriented helpers, called FCSlib (that ’ s 
 “ Functional CSharp Library ” ). You can use this library in your own projects as you like, but please 
note that it doesn ’ t come with any warranty. The downloadable fi le containing the library code 
(more information about downloads in the upcoming section  “ Source Code ” ) includes a copy of the 
LGPL license text, which applies to the FCSlib code.  

  HOW THIS BOOK IS STRUCTURED 

 This book has four parts. The fi rst part provides an overview of functional programming, both 
from a historical and a current point of view. Part II proceeds to give you the C# background 
you ’ ll need to understand the more complex examples that follow later. Again, reading this is 
recommended even if you know C#  —  it does have a few pretty basic items, but generally it ’ s not 
meant to be a language introduction for newbies. 

 Part III is the most important one. Its 10 chapters describe a variety of functional programming 
topics from a C# point of view, showing lots of examples and code snippets. The code library that 
accompanies this book, FCSlib, is built on the ideas described in this part. 

 Finally, Part IV gives you an overview of practical concerns of using functional programming in 
C#. I picked a few specifi c scenarios, and there are descriptions of functional programming ideas in 
existing products and technologies that you may be familiar with.  

  WHAT YOU NEED TO USE THIS BOOK 

 All code in this book has been tested with Visual Studio 2010, C# 4.0 and .NET 4.0. Much of it 
has been originally developed on C# 3.0, so you should have good success running the code on 
.NET 3.5. Going back further than that would mean major rewrites in many areas  —  the concepts 
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may translate even to C# 2.0 in many cases, but the language features that make them reasonably 
easy to use are just not available in that version. 

 I have made several attempts to build the code on the Mono platform, but unfortunately I stumbled 
upon compiler bugs every time. Your mileage may vary if you try to use Mono  —  after all, it 
changes all the time.  

  CONVENTIONS 

 To help you get the most from the text and keep track of what ’ s happening, we ’ ve used a number 
of conventions throughout the book.      

The pencil icon indicates notes, tips, hints, tricks, and asides to the current 
discussion.

 As for styles in the text: 

  We  italicize  new terms and important words when we introduce them.  

  We show keyboard strokes like this: Ctrl+A.  

  We show fi le names, URLs, and code within the text like so:  persistence.properties .  

  We present code in two different ways: 

We use a monofont type with no highlighting for most code examples.
We use bold to emphasize code that is particularly important in the present 
context or to show changes from a previous code snippet.      

  SOURCE CODE 

 As you work through the examples in this book, you may choose either to type in all the code 
manually, or to use the source code fi les that accompany the book. All the source code used in this 
book is available for download at  www.wrox.com . When at the site, simply locate the book ’ s title 
(use the Search box or one of the title lists) and click the Download Code link on the book ’ s detail 
page to obtain all the source code for the book. Code that is included on the website is highlighted 
by the following icon: 

    
Available for
download on
Wrox.com

➤

➤

➤

➤
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 Listings include the fi lename in the title. If it is just a code snippet, you ’ ll fi nd the fi lename in a code 
note such as this:        

 Code snippet fi lename   

 Because many books have similar titles, you may fi nd it easiest to search by 
ISBN; this book ’ s ISBN is 978 - 0 - 470 - 74458 - 1. 

   Once you download the code, just decompress it with your favorite compression tool. Alternately, 
you can go to the main Wrox code download page at  www.wrox.com/dynamic/books/download
.aspx  to see the code available for this book and all other Wrox books.  

  ERRATA 

 We make every effort to ensure that there are no errors in the text or in the code. However, no one 
is perfect, and mistakes do occur. If you fi nd an error in one of our books, like a spelling mistake 
or faulty piece of code, we would be very grateful for your feedback. By sending in errata, you may 
save another reader hours of frustration, and at the same time, you will be helping us provide even 
higher quality information. 

 To fi nd the errata page for this book, go to  www.wrox.com  and locate the title using the Search box 
or one of the title lists. Then, on the book details page, click the Book Errata link. On this page, you 
can view all errata that has been submitted for this book and posted by Wrox editors. A complete 
book list, including links to each book ’ s errata, is also available at  www.wrox.com/misc-pages/
booklist.shtml . 

 If you don ’ t spot  “ your ”  error on the Book Errata page, go to  www.wrox.com/contact/
techsupport.shtml  and complete the form there to send us the error you have found. We ’ ll check 
the information and, if appropriate, post a message to the book ’ s errata page and fi x the problem in 
subsequent editions of the book.  

  P2P.WROX.COM 

 For author and peer discussion, join the P2P forums at  p2p.wrox.com . The forums are a Web - based 
system for you to post messages relating to Wrox books and related technologies and interact with 
other readers and technology users. The forums offer a subscription feature to e - mail you topics 
of interest of your choosing when new posts are made to the forums. Wrox authors, editors, other 
industry experts, and your fellow readers are present on these forums. 
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 At  p2p.wrox.com , you will fi nd a number of different forums that will help you, not only as you 
read this book, but also as you develop your own applications. To join the forums, just follow 
these steps: 

     1.   Go to  p2p.wrox.com  and click the Register link.  

     2.   Read the terms of use and click Agree.  

     3.   Complete the required information to join, as well as any optional information you wish to 
provide, and click Submit.  

     4.   You will receive an e - mail with information describing how to verify your account and 
complete the joining process.       

 You can read messages in the forums without joining P2P, but in order to post 
your own messages, you must join. 

 Once you join, you can post new messages and respond to messages other users post. You can read 
messages at any time on the Web. If you would like to have new messages from a particular forum 
e - mailed to you, click the Subscribe to this Forum icon by the forum name in the forum listing. 

 For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to 
questions about how the forum software works, as well as many common questions specifi c to P2P 
and Wrox books. To read the FAQs, click the FAQ link on any P2P page.              

FLAST.indd   xviiFLAST.indd   xvii 3/4/11   8:09:49 AM3/4/11   8:09:49 AM

http://p2p.wrox.com
http://p2p.wrox.com


FLAST.indd   xviiiFLAST.indd   xviii 3/4/11   8:09:54 AM3/4/11   8:09:54 AM



PART I

Introduction to Functional 
Programming

CHAPTER 1: A Look at Functional Programming History

CHAPTER 2: Putting Functional Programming into a Modern Context

�

�

CH001.indd   1CH001.indd   1 3/4/11   7:37:02 AM3/4/11   7:37:02 AM



CH001.indd   2CH001.indd   2 3/4/11   7:37:07 AM3/4/11   7:37:07 AM



A Look at Functional 
Programming History          

   WHAT ’ S IN THIS CHAPTER? 

  An explanation functional programming  

  A look at some functional languages  

  The relationship to object oriented programming    

 Functional programming has been around for a very long time. Many regard the advent of the 
language LISP, in 1958, as the starting point of functional programming. On the other hand, 
LISP was based on existing concepts, perhaps most importantly those defi ned by Alonzo 
Church in his lambda calculus during the 1930s and 1940s. That sounds highly mathematical, 
and it was  —  the ideas of mathematics were easy to model in LISP, which made it the obvious 
language of choice in the academic sector. LISP introduced many other concepts that are still 
important to programming languages today.  

  WHAT IS FUNCTIONAL PROGRAMMING? 

 In spite of the close coupling to LISP in its early days, functional programming is generally 
regarded a paradigm of programming that can be applied in many languages  —  even those 
that were not originally intended to be used with that paradigm. Like the name implies, it 
focuses on the application of functions. Functional programmers use functions as building 
blocks to create new functions  —  that ’ s not to say that there are no other language elements 
available to them, but the function is the main construct that architecture is built from. 

 Referential transparency is an important idea in the realm of functional programming. 
A function that is referentially transparent returns values that depend only on the input 
parameters that are passed. This is in contrast to the basic ideas of imperative programming, 

➤

➤

➤

   1
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4  ❘  CHAPTER 1  A LOOK AT FUNCTIONAL PROGRAMMING HISTORY

where program state often infl uences return values of functions. Both functional and imperative 
programming use the term  function , but the mathematical meaning of the referentially transparent 
function is the one used in functional programming. Such functions are also referred to as 
pure functions, and are described as having no side effects. 

 It ’ s often impossible to defi ne whether a given programming language is a functional language 
or not. On the other hand, it is possible to fi nd out the extent to which a language supports 
approaches commonly used in the functional programming paradigm  —  recursion, for example. 
Most programming languages generally support recursion in the sense that programmers can call 
into a particular function, procedure, or method from its own code. But if the compilers and/or 
runtime environments associated with the language use stack - based tracking of return addresses 
on jumps like many imperative languages do, and there are no optimizations generally available to 
help prevent stack overfl ow issues, then recursion may be severely restricted in its applications. In 
imperative languages, there are often specialized syntax structures to implement loops, and more 
advanced support for recursion is ignored by the language or compiler designers. 

 Higher order functions are also important in functional programming. Higher order functions 
are those that take other functions as parameters or return other functions as their results. Many 
programming languages have some support for this capability. Even C has a syntax to defi ne a 
type of a function or, in C terms, to refer to the function through a function pointer. Obviously 
this enables C programmers to pass around such function pointers or to return them from other 
functions. Many C libraries contain functions, such as those for searching and sorting, that are 
implemented as higher order functions, taking the essential data - specifi c comparison functions as 
parameters. Then again, C doesn ’ t have any support for anonymous functions  —  that is, functions 
created on - the - fl y, in - line, like lambda expressions, or for related concepts such as closures. 

 Other examples of language capabilities that help defi ne functional programming are explored in 
the following chapters in this book. 

 For some programmers, functional programming is a natural way of telling the computer what it 
should do, by describing the properties of a given problem in a concise language. You might have 
heard the saying that functional programming is more about telling computers what the problem 
is they should be solving, and not so much about specifying the precise steps of the solution. This 
saying is a result of the high level of abstraction that functional programming provides. Referential 
transparency means that the only responsibility of the programmer is the specifi cation of functions 
to describe and solve a given set of problems. On the basis of that specifi cation, the computer 
can then decide on the best evaluation order, potential parallelization opportunities, or even 
whether a certain function needs to be evaluated at all. 

 For some other programmers, functional programming is not the starting point. They come from 
a procedural, imperative, or perhaps object oriented background. There ’ s much anecdotal evidence 
of such programmers analyzing their day - to - day problems, both the ones they are meant to solve 
by writing programs, and the ones they encounter while writing those programs, and gravitating 
toward solutions from the functional realm by themselves. The ideas of functional programming 
often provide very natural solutions, and the fact that you can arrive there from different directions 
reinforces that point.  
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  FUNCTIONAL LANGUAGES 

 Functional programming is not language specifi c. However, certain languages have been around 
in that space for a long time, infl uencing the evolution of functional programming approaches just 
as much as they were themselves infl uenced by those approaches to begin with. The largest parts 
of this book contain examples only in C#, but it can be useful to have at least an impression of the 
languages that have been used traditionally for functional programming, or which have evolved 
since the early days with functional programming as a primary focus. 

 Here are two simple functions written in LISP: 

(defun calcLine (ch col line maxp)
  (let
    ((tch (if (= col (- maxp line)) (cons ch nil) (cons 46 nil))))
    (if (= col maxp) tch (append (append tch (calcLine ch (+ col 1) line maxp)) tch))
    )
  )
        
(defun calcLines (line maxp)
  (let*
    ((ch (+ line (char-int #\A)))
      (l (append (calcLine ch 0 line maxp) (cons 10 nil)))
      )
    (if (= line maxp) l (append (append l (calcLines (+ line 1) maxp)) l))
    )
  )  

 The dialect used here is Common Lisp, one of the main dialects of LISP. It is not important to 
understand precisely what this code snippet does. A much more interesting aspect of the LISP family 
of dialects is the structure and the syntactic simplicity exhibited. Arguably, LISP ’ s Scheme dialects 
enforce this notion further than Common Lisp, Scheme being an extremely simple language with 
very strong extensibility features. But the general ideas become clear immediately: a minimum of 
syntax, few keywords and operators, and obvious blocks. Many of the elements you may regard as 
keywords or other built - in structures  —  such as  defun  or  append   —  are actually macros, functions, 
or procedures. They may indeed come out of the box with your LISP system of choice, but they 
are not compiler magic. You can write your own or replace the existing implementations. Many 
programmers do not agree that the exclusive use of standard round parentheses makes code more 
readable, but it is nevertheless easy to admire the elegance of such a basic system. 

 The following code snippet shows an implementation of the same two functions, the same 
algorithm, in the much newer language Haskell: 

calcLine :: Int - >  Int - >  Int - >  Int - >  String
calcLine ch col line maxp =
  let tch = if maxp - line == col then [chr ch] else “.” in
  if col == maxp
    then tch

Functional Languages ❘ 5

CH001.indd   5CH001.indd   5 3/4/11   7:37:11 AM3/4/11   7:37:11 AM



6  ❘  CHAPTER 1  A LOOK AT FUNCTIONAL PROGRAMMING HISTORY

    else tch ++ (calcLine ch (col+1) line maxp) ++ tch
        
calcLines :: Int - >  Int - >  String
calcLines line maxp =
  let ch = (ord ‘A’) + line in
  let l = (calcLine ch 0 line maxp) ++ “\n” in
  if line == maxp
    then l
    else l ++ (calcLines (line+1) maxp) ++ l  

 There is a very different style to the structure of the Haskell code. Different types of brackets are 
used to create a list comprehension. The  if...then...else  construct is a built - in, and the  ++  
operator does the job of appending lists. The type signatures of the functions are a common practice 
in Haskell, although they are not strictly required. One very important distinction can ’ t readily be 
seen: Haskell is a strongly typed language, whereas LISP is dynamically typed. Because Haskell has 
extremely strong type inference, it is usually unnecessary to tell the compiler about types explicitly; 
they are known at compile time. There are many other invisible differences between Haskell and 
LISP, but that ’ s not the focus of this book. 

 Finally, here ’ s an example in the language Erlang, chosen for certain Erlang specifi c elements: 

add(A, B) - > 
    Calc = whereis(calcservice),
    Calc ! {self(), add, A, B},
    receive
        {Calc, Result} - >  Result
    end.
        
mult(A, B) - > 
    Calc = whereis(calcservice),
    Calc ! {self(), mult, A, B},
    receive
        {Calc, Result} - >  Result
    end.
        
        
loop() - > 
    receive
        {Sender, add, A, B} - > 
            Result = A + B,
            io:format(“adding: ~p~n”, [Result]),
            Sender ! {self(), Result},
            loop();
        {Sender, mult, A, B} - > 
            Result = A * B,
            io:format(“multiplying: ~p~n”, [Result]),
            Sender ! {self(), Result},
            loop();
        Other - > 
            io:format(“I don’t know how to do ~p~n”, [Other]),
            loop()
    end.  
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 This is a very simple learning sample of Erlang code. However, it uses constructs pointing at the 
Actor model based parallelization support provided by the language and its runtime system. Erlang 
is not a very strict functional language  —  mixing in the types of side effects provided by  io:
format  wouldn ’ t be possible this way in Haskell. But in many industrial applications, Erlang has an 
important role today for its stability and the particular feature set it provides. 

 As you can see, functional languages, like imperative ones, can take many different shapes. From 
the very simplistic approach of LISP to the advanced syntax of Haskell or the specifi c feature set of 
Erlang, with many steps in between, there ’ s a great spectrum of languages available to programmers 
who want to choose a language for its functional origins. All three language families are available 
today, with strong runtime systems, even for .NET in the case of the LISP dialect Clojure. Some of 
the ideas shown by those languages will be discussed further in the upcoming chapters.  

  THE RELATIONSHIP TO OBJECT ORIENTED PROGRAMMING 

 It is a common assumption that the ideas of functional programming are incompatible with those 
of other schools of programming. In reality, most languages available today are hybrid in the sense 
that they don ’ t focus exclusively on one programming technique. There ’ s no reason why they should, 
either, because different techniques can often complement one another. 

 Object oriented programming brings a number of interesting aspects to the table. One of them is a 
strong focus on encapsulation, combining data and behavior into classes and objects, and defi ning 
interfaces for their interaction. These ideas help object oriented languages promote modularization 
and a certain kind of reuse on the basis of the modules programmers create. An aspect that ’ s 
responsible for the wide adoption object oriented programming languages have seen in mainstream 
programming is the way they allow modeling of real - world scenarios in computer programs. Many 
business application scenarios are focused on data storage, and the data in question is often related 
to physical items, which have properties and are often defi ned and distinguished by the way they 
interact with other items in their environments. As a result, object oriented mechanisms are not just 
widely applicable, but they are also easy to grasp. 

 When looking at a complicated industrial machine, for example, many programmers immediately 
come up with a way of modeling it in code as a collection of the wheels and cogs and other parts. 
Perhaps they consider viewing it as an abstract system that takes some raw materials and creates 
an end product. For certain applications, however, it may be interesting to deal with what the 
machine does on a rather abstract level. There may be measurements to read and analyze, and 
if the machine is complex enough, mathematical considerations might be behind the decisions for 
the parts to combine and the paths to take in the manufacturing process. This example can be 
abstractly extended toward any non - physical apparatus capable of generating output from input. 

 In reality, both the physical and the abstract viewpoints are important. Programming doesn ’ t have 
a golden bullet, and programmers need to understand the different techniques at their disposal and 
make the decision for and against them on the basis of any problem with which they are confronted. 
Most programs have parts where data modeling is important, and they also have parts where 
algorithms are important. And of course they have many parts where there ’ s no clear distinction, 
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where both data modeling and algorithms and a wide variety of other aspects are important. 
That ’ s why so many modern programming languages are hybrid. This is not a new idea either  —  the 
fi rst object oriented programming language standardized by ANSI was Common Lisp.  

  SUMMARY 

 Today ’ s .NET platform provides one of the best possible constellations for hybrid software 
development. Originally a strong, modern and newly developed object oriented platform, .NET has 
taken major steps for years now in the functional direction. Microsoft F# is a fully supported hybrid 
language on the .NET platform, the development of which has infl uenced platform decisions since 
2002. At the other end of the spectrum, albeit not all too far away, there ’ s C#, a newly developed 
language strongly based in object orientation, that has been equally infl uenced by functional ideas 
almost from its invention. At the core of any program written in either language there ’ s the .NET 
Framework itself, arguably the strongest set of underlying libraries that has ever been available for 
application development.          
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Putting Functional Programming 
into a Modern Context          

   WHAT ’ S IN THIS CHAPTER? 

  Managing side eff ects  

  Agile programming methodologies  

  Declarative programming  

  Functional programming as a mindset  

  The feasibility of functional programming in C#    

 There have always been groups of programmers more interested in functional programming 
than in other schools of programming, and certain niches of the industry have provided a 
platform for those well versed in functional approaches and the underlying theory. At the 
same time, however, the mainstream of business application programming  —  the bread and 
butter of most programmers on platforms made by Microsoft and others  —  has evolved in 
a different direction. Object orientation and other forms of imperative programming have 
become the most widely used paradigms in this space of programming, to the extent that 
programmers have been neglecting other schools of thought more and more. For many, 
the realization that solutions to certain problems can be found by looking back to something 
 “ old ”  is initially a surprise. 

 One of the main reasons programmers become interested in functional programming today is 
the need for concurrency programming models. This need, in turn, comes from the evolution 
of the hardware toward multicore and multiprocessor setups. Programs no longer benefi t 
very much from advances in technology like they did when increases in MHz were a main 
measurable reference point. Instead, programs need to be parallelized to take advantage 
of more than one CPU, or CPU core, available in a machine. Programmers are fi nding that 
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