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Goals

Understand the functional paradigm,
lazy evaluation and Monadic 10
Learn some key Haskell idioms and
style tips

Experience software development in
Haskell
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IN@

Haskell tutorial
Demo of maths functions
Sales pitch... though we are passionate
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Overview

Introduction
Code scenarios
Issues and pitfalls

Break

Live coding
Wrap up
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The power of Haskell

Purity
Type system
Laziness

Rich syntax
Sophisticated optimizer
Extensible

Extensive abstract libraries
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Barriers to learning Haskell

Purity
Type system
Laziness

Rich syntax
Sophisticated optimizer
Extensible

Extensive abstract libraries
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Haskell

A lazily evaluated, pure
functional language
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Lazy evaluation

moraice 5 B

(X & 9] = (v F o)

(Not Haskell)
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Lazy evaluation

(x | 0) 55 (v | = > ()

(Not Haskell)
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Lazy evaluation

fFoo x 2 = 18 x /= [}
Ehen (2 - )
else False
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Lazy evaluation

fee 2 72 — 1§ > 0
Ehen (2 - )
else False
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Lazy evaluation

fFoo x 2 = 18 x /= [}
Ehen (2 - )
else False

foo < (v div 2

Tuesday, 18 May 2010



Lazy evaluation

fFoo x 2 = 18 x /= [}
Ehen (2 - )
else False

foo < (v div 2

foo x (div v x)
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Lazy evaluation

Can define your own control structures:

beel = =2 - 2 —> Bl - o
ool @ T — =

beo |l E Bl — F

...replaces some uses of macros

contents <= bool
readFile
(Ehrowhrre s angiGanteiroadsiidm)
isAdministrator file
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Lazy evaluation

42, 2. head [, O]
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Lazy evaluation

4. 2] head [, 5] ! 3
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Lazy evaluation

4. 2] head [, 5] ! 3

allSame xs = all (== head xs) xs
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Lazy evaluation

dellol g o =
= 4 eellelige (= = 7

Ecilee @ & doubling o

3,6, 12,24, 46,96, |9/, 364,
/60 |
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Opportunities to be lazy
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Names and numbers

Given a list of names print each one
with its index in the list.

Q: How would you do this
imperatively?
Q: How would you do this functionally?
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Names and numbers

names = ["Fred","Jim", "Bob"]
report ns = rep 1 ns
where
rep _ [] = [] | | |
bl B o ncms) = (BranclE Neme sl o s b D

(kco (0l
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Infinite data structure

names = ["Fred","Jim", "Bob"]
el (leusimiss Bllame ol s e )

[1..1length names]
names

Folgme s L g e ol o NG mes 2 gian e U NGme 8 le
Balk ]

Tuesday, 18 May 2010 22




Infinite data structure

names = ["Fred","Jim", "Bob"]

el (leusimiss Bllame ol s e )
[1..1length names]
names

Folgme s L g e ol o NG mes 2 gian e U NGme 8 le
Balk ]

el esan i sie il el sl ol B nane s
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Infinite data structure

names = ["Fred","Jim", "Bob"]

el (leusimiss Bllame ol s e )
[1..1length names]
names

Folgme s L g e ol o NG mes 2 gian e U NGme 8 le
Balk ]

el esan i sie il el sl ol B nane s

Q: Why is using an infinite list better?
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Top 90

Find the top 50 elements of a 50000
list.

Q: What is the obvious way to do this?
Q: Would there be any issues with that
approach?
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Avoid unnecessary work

[]

g=ent (fileer (> =) scad g
bl £ F

goorlk (balbeor = e oro)

eis@ums
gqserE (- xs)
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Avoid unnecessary work

goont || = |

gsori (Xixs) = dgsorlt [(Fllbcar (> x} s} 44
el 7
gsort (Filbter (<= xX) x8)

henll = o lle 3 Gl
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Avoid unnecessary work

geont || [
gsorkt (x:xs) = gsort (fileer (> x) xs) 1§
[ 1
gsort (filter (<= x) Xxg)
topoll = telbe 540 . GoOLl

s = halec S aden: o i S GlE o
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Avoid unnecessary work

geont || [
gsorkt (x:xs) = gsort (fileer (> x) xs) 1§
[ 1
gsort (filter (<= x) Xxg)
topoll = telbe 540 . GoOLl

s = halec S aden: o i S GlE o

gsokt vals —— Takes 0.50s5 in GHCIL
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Avoid unnecessary work

geont || [
gsorkt (x:xs) = gsort (fileer (> x) xs) 1§
[ 1
gsort (filter (<= x) Xxg)
topoll = telbe 540 . GoOLl

s = halec S aden: o i S GlE o

gsokt vals —— Takes 0.50s5 in GHCIL
Eor ol e L Hiellec s 0 e iy abie

Tuesday, 18 May 2010 30




Recursive definitions

Recursive function:
lem xs — Gace s ©F

il = 0
s e tEan L osen)
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Recursive definitions

Cyclic values:

ones = | = onc-
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Recursive definitions

Cyclic values:

__ones
ones = 1 : ones “

Tuesday, 18 May 2010



Recursive definitions

Cyclic values:

__ones
ones = 1 : ones “

slternateas — @ (G e Sl Eerhatas
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Recursive definitions

Cyclic values:

ones = |
alternates = 1
monkthis = "Jan’
° "May"

1) Sep 1)

months

Tuesday, 18 May 2010

__ones
ENEN

@hc -

0 : alternates

"Feb" "Mar" "Apr"
(A} Jun" (A} Jul (A} "Aug"
"OCt" "NOV" "Decll

35



Recursive definitions

Cyclic values:

ones = |
alternates = 1
monkthis = "Jan’
"May"
1) Sep 1)
months

pileaiin o0 il i
dropWhile (/=m)

Tuesday, 18 May 2010

__ones
ENEN

@hc -

0 : alternates

"Feb" "Mar" "Apr"
(A} Jun" (A} Jul (A} "Aug"

"OCt" "NOV" "Decll
mehias || 0

36



Recursive definitions

Cyclic values:

__ones _
ones = 1 : ones “

slternateas — @ (G e Sl Eerhatas
months — ‘Jdan! : "'hEcbhbl = UMarl! ¢ 'Rpyl
"May" : 1A Jun" : 1A Jul" : "Aug"
"Sep" ° "OCt" : "NOV" : "DeC"
months

il nliscl m @
dreplihilc (/W) menths [l 5

nenthsdticr Mgy 29 = > @ e’

Tuesday, 18 May 2010




Tom and Jerry

Define two types:
- Cat has a name and a victim (Mouse).

- Mouse has a name and a tormentor
(Cat).

Create instances:
— Cat: Tom whose victim is Jerry.
- Mouse: Jerry whose tormentor is Tom.

Q: How would you do this imperatively?
Q: Could laziness help?
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Cyclic graph

data Cat = Cat {
cname :: String
viEbimat s Maliaa
}

deriving Show

data Mouse = Mouse {
mname 2 Sltring
Lormentor :: Cat

}

deriving Show

Tuesday, 18 May 2010 39




Cyclic graph

data Cat = Cat {
cname :: String
v bima s el e
}

deriving Show

data Mouse = Mouse {
mname 2 Sltring
Lormentor :: Cat

}

deriving Show

ety |
tom}

oMt Mleamn
"Jerry", tormentor

Cat {cname
Mouse {mname

tom
jerry
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Powers of 2

Define an infinite list of the powers
of 2 using a cyclic definition

Q: How would you do this?
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Cyclic definition

Eawe @ = 1 w7 ) meyice 00

L, . 4.0 6. - 2,04 Mo 06 ol 2 04
to Hole Gl 02 lsie ) S aTSe oane | S0
2o ldd, aodu oo
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Cyclic definition
powersOr’ = 1 : map (* 2) powersOr/

powersOf2

powersOf2
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Cyclic definition
powersOr’ = 1 : map (* 2) powersOr/

powersOf2

-
powersQOf2
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Cyclic definition
powersOr’ = 1 : map (* 2) powersOr/

powersOf2

-

powersQOf2

tail (tail
owersOf2
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Memoization

Fibonnaci numbers are:
(1, 1.2.3, 5. 8,13 71,34 55 89, 14

A, o0, 1l ey o0, oo d
el 6165 |

Q: How would find the ‘nth’ one?
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Memoization

Q: How would you do this in Haskell?

e 0 - ]
fib 1l = 1
Balie el — esile e aEallel el 0
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Memoization

Q: How would you do this in Haskell?

e 0 - ]
fib 1l = 1
Balie el — esile e aEallel el 0

fib 30 takes about 4.3s
fib 40 will probably take about an hour...
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Memoization

Q: How would you do this in Haskell?

e 0 - ]
fib 1l = 1
Balie el — esile e aEallel el 0

fib 30 takes about 4.3s
fib 40 will probably take about an hour...

il m = Eipe B aE
where
hilocs = s L s maellakin (B hille Liedal o)
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Memoization

- How would you do this in Haskell?

e 0 1
fib 1 1
Balie el — esile e aEallel el 0

fib 30 takes about 4.3s
fib 40 will probably take about an hour...

il m = Eipe B aE
where
hilocs = s L s maellakin (B hille Liedal o)

645748844909481735313769490153695956444139006401513427084075775981772103
590340889144494778072872417437607415237838188974992270097421831524820190
627635507987437042751068564702163075936230573885067767672020696704775060
888952943005092911660239478668417638539538139822817039366653699227090953

F- ’ . [ 080068213995247807210499558291914070299436220877792964591740126101486595
H ‘ o 203811704525911413319493360805771417086457836066360819419152173551158109

S b 4 0 O O ta ke S O - O 1 S acc O rd I n g tO G I 2 939739457834939838445927496726613615480616157565958189443176199220973699
176769740582063418920881445493379744229521401326215683407010162734227278

277627261530663030930529820517574447424280331075224194662196557804131017

595052316172225782924860810023912187851892996757577669202694023487336446

627257747177409240688283001864394259217610825454631646288077026537526196

16157324434040342057336683279284098590801501
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Reverse lines

Read lines from a large file, reverse the
characters of each line and write the
result to a new file.

Q: How would you do this imperatively?
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10 loop

maliln = do
1 <- openFile "input" ReadMode
© == ovenbile Younbteiiell Wl FeMode
papE il (hIcFOE 1) & de
I e g
hPutStrln o (reverse 1)
hGClose 1
hitlese o
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10 loop

maliln = do
1 <- openFile "input" ReadMode
© == ovenbile Younbteiiell Wl FeMode
papE il (hIcFOE 1) & de
I e g
hPutStrln o (reverse 1)
hGClose 1
hitlese o

Q: How could you do it more elegantly?
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Lazy 1O

ma i = o
1 - readBile Tinput!
let @ = unlines  nmap reyverse . lipes &

writeFi1le "output" o

Code is simpler...
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Lazy 1O

ma i = o
1 - readBile Tinput!
let @ = unlines  nmap reyverse . lipes &

writeFi1le "output" o

Code is simpler... and still scalable.
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Lazy 1O

ma i = o
1 - readBile Tinput!
let @ = unlines  nmap reyverse . lipes &

writeFi1le "output" o

Code is simpler... and still scalable.

el — inheebaet
(unlines . map reverse . lines)

...if just want stdin / stdout, the above is even simpler

Tuesday, 18 May 2010 56



Pittalls

Debugging
Lazy 10 gotchas - eg file handles
Performance
Harder to understand / predict
Benchmarking
Performance cost to creating thunks
Space Leaks
Too much laziness
Too little laziness
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Pittalls

foldl (+) O [1..100000]
5000050000
e 6 ilalec s aepa cEl sy (G
bytes maximum residency (4 sample(s))
3GC time (61.7% elapsed)
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Pittalls

foldl (+) O [1..100000]
5000050000
e 6 ilalec s aepa cEl sy (G
bytes maximum residency (4 sample(s))
3GC time (61.7% elapsed)

foldl' (+) 0 [1..100000]
S o i)
4,180 bytes copied during GC

3,732 bytes maximum residency (1 sample(s))
5GC time . s o ol o cdl)
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Pittalls

foldl (+) O [1..100000]
5000050000
e 6 ilalec s aepa cEl sy (G
bytes maximum residency (4 sample(s))
3GC time (61.7% elapsed)

foldl' (+) O [1..100000]
5000050000
4,180 bytes copied during GC
3,732 bytes maximum residency (1 sample(s))

5GC time . s o ol o cdl)
fOldl (+) O [1 ol e 100000] (this is strictness analysis)
SO0 o s alareng

4,152 bytes copied during GC
3,716 bytes maximum residency (1 sample(s))
5GC time o L o e o)
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Pittalls

E - O Rceen bl il e olicnn
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Pittalls

E - O Rceen bl il e olicnn

36 lenabh o = ) oshen b dbga . ey ellea oS
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Pittalls

E - O Rceen bl il e olicnn

36 lenabh o = ) oshen b dbga . ey ellea oS

1F ok (null xs) then £ (tail xs) else £ x=
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Pittalls

E - O Rceen bl il e olicnn

36 lenabh o = ) oshen b dbga . ey ellea oS

1F ok (null xs) then £ (tail xs) else £ x=

£ (1f not (null xs) then tail xs else xs)
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A larger example of laziness
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Mastermind

Player 1 chooses a secret sequence of
4 tokens from a pool of 6 (no repeats).
Player 2 makes a guess.

PIayer 1 scores the guess indicating:

- How many are the correct token in the correct
position

- How many are the correct token in the wrong
nosition

Play continues until the secret is
guessed or player 2 gives up.
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Review

Lazy evaluation

Infinite structures

Avoiding unnecessary work
Cyclic definitions
Memoization

Lazy 10

Circular programming
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