Purely
functional
programming
in Ruby

Shugo Maeda
2012-09-15T10:00:00 - 2012-09-15T10:30:00




Who am I?

)L
- BTAEE
- Rubyazw#4
o 2T =Y ABEEH R ATEREER
* Ruby7viI—iavEBRE




> 32D\

I love fishing _* \

!

N

9 - v
' b
\-—-‘. .






‘/_/-—'—"_:.—_—.ﬁ——'

Programmers wanted!

. http://www.netlab.jp/recruit/_
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What is functional
programming?
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What are side-effects?

EHODBRA

x = 0; 3.times { x += 1 }

FIOTVLDORBER
x = "foo"; x.upcase!
AHA

puts "hello, world"




Why functional
programming?
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Is Ruby functional?
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Pseudo functional
programming in Ruby

Klrinject

a.inject(0) { Ix, yl x + y }

HBlvinject
a.inject({}) { |h, (k, v)| h[k] = v; h }

SvD5MDmap

a.map { |i] i * 2 }




Persistent data
structures
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Is map functional?
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a.map { |i| i * 2 }

THLERIGFE

def map
ary = []
each { |i| ary.push(i) }
return ary

end
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Implementing lists

KT —HEELLTIRMERET S

xs = List[1l, 2, 3]
ys = xs.cons(0) #=> List[O0, 1, 2, 3]
xs #=> List[l, 2, 3]




Representation of lists

@head | @tail | List[1, 2, 3]
% @head | @tail | List[2, 3]
i @head | @tail | List[3]
£ Nil List]]

Cons

Nil

Other




Definition of classes

class List
end
class Cons < List
attr reader :head, :tail
def initialize (head, tail)
@head = head
@tail = tail
end
end
Nil = List.new
def Nil.head; raise "list is empty"; end

def Nil.tail; raise "list is empty",; end




Constructor

class List
def self.[] (*args)
args.reverse each.inject(Nil) { |x, yl

Cons.new(y, X)

end

end




Don’t use the ‘if’
keyword

“Don’t use the ‘else’ keyword”?
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Dynamic dispatching
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Example of dynamic
dispatching

class Cons < List

def empty?

false

end
end
def Nil.empty?

true
end
List[] .empty? #=> true
List[1l] .epmty? #=> false




Don’t use the ‘while’
keyword

whileR [XBI{ERIZ&FET S

class List
def length
result = 0
Xxs = self
while !xs.empty?
result +=1
Xs = xs.tail
end
return result
end

end




Use recursion

class Cons < List

def length

tail.length + 1

end
end
def Nil.length

0
end
List[1l, 2, 3].length #=> 0
List[*(1..9999)].1length #=> SystemStackError




Use tail recursion

class List

def length; length(0); end
end
class Cons < List

def length(n)

tail. length(n + 1)

end
end
def Nil. length(n)

n

end




Tail call optimization

¥ REMUHLORBEILEZEZILT SE&E
# BRERICOVNMILENO—FRICOHED

RubyVM: : InstructionSequence.compile option =

{

trace instruction: false,

tailcall optimization: true
}
require "list" # list.rbTlIXRBEIEHLER
List[*(1..9999)].1length #=> 9999

Ruby 2.0 CIEZT74ILETEHEZHIZ?




Can you make this tail
recursive?

class Cons < List
def map (&block)
Cons.new(yield(head), tail.map (&block))
end
end
def Nil.map
Nil

end




Does this work well?

class List

def map (&block); map(Nil, &block); end
end
class Cons < List

def map(xs, &block)

tail. map(Cons.new(yield(head), xs),
&block)

end

end

def Nil. map(xs); xs; end




Correct answer

class List
def map (&block); rev map (&block) .reverse; end
def reverse; _reverse(Nil); end
def rev _map(&block); rev map(Nil, &block); end
end
class Cons < List
def reverse (xs)
tail. reverse (Cons.new(head, xs))
end
def rev map(xs, &block)
tail. rev map(Cons.new(yield(head), xs), &block)
end
end
def Nil. reverse(xs); xs; end

def Nil. rev map(xs); xs; end




Time efficiency and
Space efficiency
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Folding
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def length
inject(0) { Ix, y| x + 1 }

end




foldr

abhoDEIE

non-tail recursion

class Cons < List
def foldr (e, &block)
yield (head, tail.foldr (e, &block))
end
end
def Nil.foldr (e, é&block)
e

end




foldl

EhbNDBEE

tail recursion

class Cons < List
def foldl (e, &block)
tail.foldl (yield(e, head), é&block)
end
end
def Nil.foldl (e, é&block)
e

end




Right-associative and left-
associative operations

foldriZE$a

List[1,2,3].£f0ldr (0, &:+)
¥ 1+ (2 + (3 + 0))

foldllZEHS

List[1,2,3].£f01d1(0, &:+)
# ((0 +1) + 2) + 3




map by foldr

class List
def map (&block)
foldr (Nil) { |x, ys|
Cons.new (yield(x), ys)
}
end

end

Cons.newldHBHFESLED Tloldr2E50D A B A




map by foldl

class List
def map (&block)
rev_map (&block) .reverse
end
def reverse
foldl (Nil) { |xs, y| Cons.new(y, xs) }
end
def rev_map (&block)

foldl (Nil) { |xs, vyl
Cons.new(yield(y), xs)

end

end




Feature #6242 Ruby
should support lists

I've heard that Ruby is a LISP.
LISP stands for "LISt Processing."
Hence, Ruby should support lists.

I've attached a patch to add the classes
List and Cons, and the cons operator ":::

ListZ#AAHITRICLESIEVNSIRE




Example

>> S[1,2,3] .inject(:+)
=> 6

>> S[1,2,3]

=> S[1, 2, 3]

> 0 ::: S[1,2,3]
=> S[O, 1, 2/ 3]
> 0 ::: 1 ::: 2 3 nil # S

=> S[O, 1[ 2! 3]
>> S[1,2,3].inject(:+)

=> 6




Discussion

> > Hi,shugo

> > What benefits of the proposed lisp change
sample is very similar with native ruby Hash in n
>

> A, A

> (,,~V*) You should say "Array”, not "Hash"!

Aaron Patterson
http://tenderlovemaking.com/




Rejected

Ay mame (Yusuke Endoh) 5354 HRIIIZEHT
o AT—AAX # Open s Rejected IZERE

April fools' day ended. Thanks.

Yusuke Endoh <mame@tsg.ne.jp>




immutable

A MBELD TgemT

$ gem install immutable

Immutable&EWVSES 21— ILEIRHEE

require "immutable"

include Immutable

p List[1,2,3] .map(&:to_s) #=> List["1", "2", "3"]




Lazy evaluation

DECEHFETHADFMEZ EESE S

def If(x, vy, z)
if x
y
else
Z
end
end

x = If(1>2, 3+4, 5+6) # 3+4lFFE@ESH 7LD




Immutable::Promise

Ll DB (delay)&iaHl (force)ZBAR

def If(x, y, z)
if x.force
y.force
else
z.force
end
end
x = If (Promise.delay{1>2},
Promise.delay{3+4}, Promise.delay{5+6})

lambda/call& A AES D ?




Memoization
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Promise.lazy

Promise.lazy { x }I&Promise.delay { x.force }¢&REIL

BRLTHLRZVIDNBNGVRNARES

def loop
Promise.lazy { loop }
# Promise.delay { loop.force }71=é&
# SystemStackErrorhFELE

end

loop. force

SRFI-455& 18




How to make lazy
methods

OV ARS94%Promise.delayT{5{)

[EZHmYHT LA TlEforced
AYEEAFEZEPromise.lazy T3

def stream filter(s, &block)
Promise.lazy ({
xs = s.force
if xs.empty?
Promise.delay { List[] }

else




Immutable::Stream
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Lazy evaluation with
streams

@head

@tail

l

?

X = Stream.from(1l)




Lazy evaluation with

streams
@head | @tail
'{ @head | @tail
'i? @head | @tail

X = Stream.from(1l)

p x.drop(2) .head #=> 2




Example from
Project Euler

Problem 2

Each new term in the Fibonacci sequence is generated by
adding the previous two terms. By starting with 1 and 2, the
first 10 terms will be:

1,2, 3,5, 8,13, 21, 34, 55, 89, ...

By considering the terms in the Fibonacci sequence whose
values do not exceed four million, find the sum of the even-

valued terms.




Answer

fib = Stream.cons (->{1},
->{Stream.cons (->{2},
->{fib.zip with(fib.tail,
&:+)})1})
p fib.filter (&:even?) .take while { |n|
n <= 4 000 000
}.£01d1(0, &:+)

Stream.cons(->{...}, ->{..})D &I [Z->{HDBELZD N E Lo EFLY
- I/anHdNIL...




Answer by unfolding

fib = Stream.unfoldr([1, 2]) { |x, yl

[x, [y, = + y]]

}

p fib.filter(&:even?) .take while { |n|
n <= 4 000 000

}.£01d1(0, &:+)




Other data strutures

Immutable::Map
Immutable::Queue
Immutable::Deque

« See “Purely Functional Data Structures” by Chris Okasaki




Benchmark

SIZE = 10000
TIMES = 10
def run(bm, list, folding method, msq)
bm. report (msg) do
TIMES. times do
list.map {|i| i * 2}.send(folding method, 0, &:+)
end
end
end
Benchmark.bmbm do |bm|
run(bm, (1..SIZE).to_a, :inject, "Array")
run (bm, Immutable::List[*(l..SIZE)], :foldl, "List")
run (bm, Immutable::Stream.from(l) .take (SIZE),

:foldl, "Stream")

end




Benchmark result

Rehearsal

Array
List

Stream

Array
List

Stream

.080000
.660000
.340000

user

.080000
.590000
.570000

.010000
.000000
.010000

system

.000000
.000000
.000000

.090000
.660000
.350000
total:

total

.080000
.590000
.570000

(
(
(

(
(
(

0.074561)
0.6650009)
5.351024)
6.100000sec

real
0.079840)
0.594458)
4.583689)

ListiXArray®D7.4f%. StreamlZArray)57.45:E0\!
« mapZiL TloldlfZ[+1=&3 56 &2 B LY




Conclusion
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Slides
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Thank you!




