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What does it mean?

functional programming

fun ⇒ whee! woo hoo!
ction⇒ from Greek, root of “ka-ching”: big coin
al ⇒ (doesn’t really mean anything)

So:
Functional Programming is fun and pays well !

Shouldn’t you be doing it?
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What does it mean?

A better definition

Functional programming is a form of programming in which results
are computed by evaluating function definitions.

I Function definitions are just expressions

I Tell the computer what you mean, not what to do
I Let the computer figure out what to do
I Because you’ve got better things to do (like play Nethack)
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What does it mean?

Example

The factorial n! is defined for a positive integer n as

n! ≡
{

1 n = 0
n · (n− 1) · · · 2 · 1 otherwise

Perl
sub fac {

my ($prod, $n) = (1, @_);
$prod *= $_ foreach 1 .. $n;
return $prod;

}

Haskell
fac 0 = 1

fac n = n * fac (n-1)

← recursion
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What does it mean?

Consequences of functional programming

I Free of side effects (e.g., no assignments, no hidden
dependencies)

I Same inputs⇒ same outputs
I We can reason about functions because they form equations:

LHS = RHS
I So can the computer. It basically substitutes the RHS

for any matching LHS until there are no substitutions left.
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What does it mean?

Example

Using our definition:

fac 0 = 1

fac n = n * fac (n-1)

Let’s evaluate 3! by hand:

fac 3

= 3 * fac 2 ⇐ fac n = n * fac (n-1)
= 3 * 2 * fac 1 ⇐ fac n = n * fac (n-1)
= 3 * 2 * 1 * fac 0 ⇐ fac 0 = 1
= 3 * 2 * 1 * 1 ⇐ math simplification
= 6 Q.E.D.

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers
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Haskell: A Quick Tour

I Purely functional
I Native support for a wide range of interesting types
I Flexible syntax
I Higher-order functions
I Lazy (non-strict, to be precise)
I Pattern matching
I Wicked-powerful type system
I Type classes
I And a bunch more stuff!

Thomas G. Moertel Moertel Consulting
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The Basics

Purely functional

I No assignments
Perl: $a += 10; ← no

I No looping constructs
Perl: while (++$i < 10) { ... } ← no

I Haskell uses recursion instead

Thomas G. Moertel Moertel Consulting
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The Basics

Basic types

Bool True False

Char ’a’ ’T’ ’\n’

Int, Integer, Double, Ratio 1 490325923094584 1.5 3%2

List [1, 2, 3] [[1], [4,5]] []

String "Hello, world!" ← just a list of Chars
Tuple (1, ’a’) ("Firemonkey", -9, ’c’)

Function \x -> x + 1 ← λ expression
Perl: sub { $_[0] + 1 }

Library support for hash tables, sets, trees, graphs, complex
numbers, and most of your data-type favorites.

Thomas G. Moertel Moertel Consulting
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The Basics

A brief word on lists

I Lists are glued together using the “cons” operator (:)

I It glues the item on its left to the list of items on its right:

Empty list [] ≡ []

Unit list [1] ≡ 1:[]

Longer list [1,2,3] ≡ 1:2:3:[]

String "abc" ≡ ’a’:’b’:’c’:[]

I The following are all the same:
1:2:3:[] ≡ 1:2:[3] ≡ 1:[2,3] ≡ [1,2,3]

I Common names for parts of a list:
head→ 1 : [2,3] ← tail

Thomas G. Moertel Moertel Consulting
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The Basics

Flexible syntax, great for embedding languages

I Operators are really functions
3 + 4 ⇒ 7

(+) 3 4 ⇒ 7 ← we sliced off left & right args
(3 +) 4 ⇒ 7

(+ 4) 3 ⇒ 7

I Functions can be used as operators
sub x y = x - y

sub 3 1 ⇒ 2

3 ‘sub‘ 1 ⇒ 2

I We can even make our own operators
x !+! y = fac x + fac y

infixl 5 !+!

← controls grouping and precedence

Thomas G. Moertel Moertel Consulting
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The Basics

Functions

Functions are evaluated one argument at a time via currying.
Consider a function f of three arguments:

f x y z = x + y + z

The function is applied to its first argument, which results in another
function, which is applied to its second argument, and so on:

f ≡ \x -> (\y -> (\z -> x + y + z))
f 1 ≡ \y -> (\z -> 1 + y + z) ← partial application
f 1 2 ≡ \z -> 1 + 2 + z ← partial application
f 1 2 3 ≡ 1 + 2 + 3

These are equivalent:

f 1 2 3 ≡ (((f 1) 2) 3)

Thomas G. Moertel Moertel Consulting
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The Basics

Higher-order functions

Consider flip—a function that modifies the behavior
of a binary function g by reversing its arguments:

flip g x y = g y x

Let’s try out flip on the subtraction operator (-):

3 - 1 ⇒ 2
(-) 3 1 ⇒ 2
flip (-) 3 1 ⇒ -2

We call flip a higher order function because it transforms
other functions.

Thomas G. Moertel Moertel Consulting
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The Basics

Higher-order functions (2)

Another such function is map. It converts a function that transforms
a single value into a function that transforms a list of values:

(1 +) 3 ⇒ 4
map (1 +) [1,2,3] ⇒ [2,3,4]

In contrast to Perl’s map, which is a syntactical special case,
Haskell’s map is a true higher-order function:

incList = map (1 +)
incList [1,2,3] ⇒ [2,3,4]

flip map [1,2,3] (1 +) ⇒ [2,3,4]

Thomas G. Moertel Moertel Consulting
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The Basics

Higher-order functions (3)

One of the most useful higher-order functions is the composition
operator (.) :

(f . g) x = f (g x)

It glues functions into pipelines:

countVowels1 str = length (filter (‘elem‘ "aeiou") (map toLower str))

countVowels2 = length . filter (‘elem‘ "aeiou") . map toLower

tac = putStr . unlines . reverse . lines

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers
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More advanced features

Laziness

I Expressions are evaluated only when their results are consumed,
and only as far as necessary to satisfy the immediate need

I Why pay for what you don’t use?
I Frees you to define really big things when it’s beneficial

Deep Thought
If laziness is a virtue, is a programmer not
more virtuous to let the computer be lazy
for him?

Thomas G. Moertel Moertel Consulting
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More advanced features

Laziness (Example)

I This is a long list:
listOfDoom = [1..9999999999999999] ← (don’t try in Perl)

I But Haskell only evaluates the portion of it you need:
take 5 listOfDoom ⇒ [1,2,3,4,5]

I Feel free to define very big things
I Like this much longer list:

allPositive = [1..] ← yep, that’s infinite
I Or this:

ones = 1 : ones ← recurses forever
take 10 ones ⇒ [1,1,1,1,1,1,1,1,1,1]

I Infinite things are surprisingly handy

Thomas G. Moertel Moertel Consulting
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More advanced features

Pattern matching

Consider zip—a function that “zips” a pair of lists into a list of pairs:

zip "haskell" "PERL"

⇒ [(’h’,’P’),(’a’,’E’),(’s’,’R’),(’k’,’L’)]

We could define zip like so:

zip xs ys =
if null xs || null ys
then []

else (head xs, head ys) : zip (tail xs) (tail ys)

But pattern matching gives us an easier, clearer way:

zip (x:xs) (y:ys) = (x,y) : zip xs ys
zip _ _ = []

Thomas G. Moertel Moertel Consulting
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More advanced features

Pattern matching (2)

Keeping in mind our definition:

zip (x:xs) (y:ys) = (x,y) : zip xs ys
zip _ _ = []

Let’s evaluate the expression zip "haskell" "PERL":

zip ’h’ : "askell" ’P’ : "ERL" ← our input expression
↓ | ↓ ↓ | ↓ ← matching & binding magic

zip (x : xs) (y : ys) ← function definition LHS

We have a match! Replace LHS with RHS, honoring bindings:

⇒ (’h’,’P’) : zip "askell" "ERL"

Thomas G. Moertel Moertel Consulting
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More advanced features

Pattern matching (3)

Still keeping in mind our definition:

zip (x:xs) (y:ys) = (x,y) : zip xs ys

← (y:ys) doesn’t match []

zip _ _ = []

← but this rule does match

Let’s continue evaluating:

zip "haskell" "PERL"

= (’h’,’P’) : zip "askell" "ERL"

= (’h’,’P’) : (’a’,’E’) : zip "skell" "RL"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : zip "kell" "L"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : zip "ell" []

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : []

= [(’h’,’P’),(’a’,’E’),(’s’,’R’),(’k’,’L’)]

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers



What is Functional Programming? Haskell: A Quick Tour Examples Questions?

More advanced features

Pattern matching (3)

Still keeping in mind our definition:

zip (x:xs) (y:ys) = (x,y) : zip xs ys ← (y:ys) doesn’t match []

zip _ _ = []

← but this rule does match

Let’s continue evaluating:

zip "haskell" "PERL"

= (’h’,’P’) : zip "askell" "ERL"

= (’h’,’P’) : (’a’,’E’) : zip "skell" "RL"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : zip "kell" "L"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : zip "ell" []

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : []

= [(’h’,’P’),(’a’,’E’),(’s’,’R’),(’k’,’L’)]

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers



What is Functional Programming? Haskell: A Quick Tour Examples Questions?

More advanced features

Pattern matching (3)

Still keeping in mind our definition:

zip (x:xs) (y:ys) = (x,y) : zip xs ys

← (y:ys) doesn’t match []

zip _ _ = [] ← but this rule does match

Let’s continue evaluating:

zip "haskell" "PERL"

= (’h’,’P’) : zip "askell" "ERL"

= (’h’,’P’) : (’a’,’E’) : zip "skell" "RL"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : zip "kell" "L"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : zip "ell" []

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : []

= [(’h’,’P’),(’a’,’E’),(’s’,’R’),(’k’,’L’)]

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers



What is Functional Programming? Haskell: A Quick Tour Examples Questions?

More advanced features

Pattern matching (3)

Still keeping in mind our definition:

zip (x:xs) (y:ys) = (x,y) : zip xs ys

← (y:ys) doesn’t match []

zip _ _ = []

← but this rule does match

Let’s continue evaluating:

zip "haskell" "PERL"

= (’h’,’P’) : zip "askell" "ERL"

= (’h’,’P’) : (’a’,’E’) : zip "skell" "RL"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : zip "kell" "L"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : zip "ell" []

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : []

= [(’h’,’P’),(’a’,’E’),(’s’,’R’),(’k’,’L’)]

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers



What is Functional Programming? Haskell: A Quick Tour Examples Questions?

More advanced features

Pattern matching (3)

Still keeping in mind our definition:

zip (x:xs) (y:ys) = (x,y) : zip xs ys

← (y:ys) doesn’t match []

zip _ _ = []

← but this rule does match

Let’s continue evaluating:

zip "haskell" "PERL"

= (’h’,’P’) : zip "askell" "ERL"

= (’h’,’P’) : (’a’,’E’) : zip "skell" "RL"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : zip "kell" "L"

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : zip "ell" []

= (’h’,’P’) : (’a’,’E’) : (’s’,’R’) : (’k’,’L’) : []

= [(’h’,’P’),(’a’,’E’),(’s’,’R’),(’k’,’L’)]

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers



What is Functional Programming? Haskell: A Quick Tour Examples Questions?

More advanced features

Wicked-powerful type system

I Haskell’s type system doesn’t suck
I It doesn’t get in your way
I (Unlike C/C++/C# and Java’s type systems)
I You don’t have to hold it’s hand
I (In fact, we’ve been using it)
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More advanced features

Wicked-powerful type system (2)

Example

bangify :: String -> String ← Haskell infers this type for us

bangify xs = xs ++ "!"

bangify "Hello, world" ⇒ "Hello, world!"
bangify (’a’,6.4) ⇒ ???

Couldn’t match ‘String’ against ‘(t, t1)’
Expected type: String
Inferred type: (t, t1)

In the first argument of ‘bangify’, namely ‘(’a’, 6.4)’
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More advanced features

Wicked-powerful type system (3)

An expression evaluates to a value and has a static type:

Expression Type
’a’ Char

"Hello, world!" [Char] ≡ String

(’a’, 34523452345848) (Char, Integer)

(’a’, 3::Int) (Char, Int)

← annotation

\x -> x ++ "!" String -> String

← unary func.

\x y -> x ++ "!" ++ y String -> String -> String

← binary func.

\x -> x

← type var. a

\x y -> (x,y)

\x y -> x + y

← Num is a type class
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More advanced features

Type classes

Haskell has many built-in type classes like Eq, Ord, Enum, Show, Read,
Bounded, Num, Integral, Fractional, Floating, Monad, Functor, and others.
Plus you can define your own.

Let’s consider Eq. Its instances can be compared for equality:

class Eq a where

(==), (/=) :: a -> a -> Bool

x /= y = not (x == y)

x == y = not (x /= y)

If we create a new data type, we can make it an instance of Eq:

data Person = Person { first :: String, last :: String }

deriving Eq ← or, we can let Haskell do the work for us

instance Eq Person where

(Person fA lA) == (Person fB lB) = fA == fB && lA == lB
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Even-Odd sort

Even-Odd sort

We can sort a list using the following recursive method:

1. Partition the elements in the even and odd positions

2. Sort the “evens” and “odds” independently (recurse)

3. Merge the sorted evens and odds in least-first order

evenOddSort

evens
↓ ↓

[5,2,8,1]

↑ ↑
odds

⇒ merge (evenOddSort [5,8])

(evenOddSort [2,1])
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Even-Odd sort

Even-Odd sort (code)

evenOddSort [ ] = [ ]

evenOddSort [x] = [x]

evenOddSort xs = merge (evenOddSort (evens xs))

(evenOddSort (odds xs))

where

← opens area for private definitions

merge (x:xs) (y:ys)

| x <= y = x : merge xs (y:ys)

← guards

| otherwise = y : merge (x:xs) ys

merge [] ys = ys

merge xs [] = xs

evens (x:_:zs) = x : evens zs

evens [x] = [x]

evens [] = []

odds (_:y:zs) = y : odds zs

odds _ = []
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Run-length encoding

A simple form of compression is to encode repeated
sequences of symbols as runs:

rle "ooooooops" ⇒ [(7,’o’),(1,’p’),(1,’s’)]

rle [1,1,1,1,2] ⇒ [(4,1),(1,2)]
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Run-length encoding

Run-length encoding (code)

It’s easy to implement run-length encoding using Haskell’s libraries:

module Rle where ← module declaration, similar to Perl’s package

import Data.List ← imports the list library

rle xs = map mkRun (group xs)
where

mkRun xs@(x:_) = (length xs, x)

Let’s break down how it works:

group "ooooooops" ⇒ ["ooooooo","p","s"]

map mkRun ["ooooooo","p","s"] ⇒ [(7,’o’),(1,’p’),(1,’s’)]
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Run-length encoding

Run-length encoding (code)

It’s even easier to decode RLE:

unRle xs = concatMap (uncurry replicate) xs

unRle [(7,’o’),(1,’p’),(1,’s’)] ⇒ "ooooooops"

The unRle function should be rle’s inverse:

(unRle . rle) "ooooooops" ⇒ "ooooooops"
(unRle . rle) ≡ id
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Run-length encoding

QuickCheck—an automated testing tool

Do rle and unRle really work? Let’s write unit tests:

import Debug.QuickCheck

-- the sum of run lengths must equal the original input’s length

prop_PreserveLength xs = sum (map fst (rle xs)) == length xs

where types = xs :: [Int]

-- unRle must exactly undo the effect of rle

prop_Inverses xs = (unRle . rle) xs == xs

where types = xs :: [Int]

Let’s run QuickCheck on our property definitions:

Rle> quickCheck prop_PreserveLength

OK, passed 100 tests.

← QC just ran 100 random test cases for us

Rle> quickCheck prop_Inverses

OK, passed 100 tests.

← And another 100. Thanks, QuickCheck!
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Questions?

Haskell home page
http://www.haskell.org/

Tom Moertel
Moertel Consulting
tgm@moertel.com
blog.moertel.com

Thomas G. Moertel Moertel Consulting

Haskell for Perl Hackers


	What is Functional Programming?
	What does it mean?

	Haskell: A Quick Tour
	The Basics
	More advanced features

	Examples
	Even-Odd sort
	Run-length encoding

	Questions?
	Questions?


