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Monumopduzbm

Buaose nonumopcpussm B Haskell

B Haskell uma nga ocHosHM BuAa nonmmopdussbm.

@ napameTpuYeH NoJiMMOpMU3IbM — Bb3MOXKHOCT 4a Cb3faBaMe
KOHCTPYKLMU, KOUTO 0bpaboTBaT eneMeHTr OT pasinyHn TUMOBE MO
YHUBEPCANEH HAYUH

© TaKMBa KOHCTPYKLMM Hapu4yame reHepuydnmn (generic)
® napaMeTpu3npaT ce C TUNOBM NPOMEHIMBMN, KOUTO MOraT aa
npuemaT NMPOW3BOJIEH TWUM 3a CTOMHOCT

@ ad hoc nonmmopdnzbM — BB3IMOXKHOCT fa Cb3aBame KOHCTPYKLNM,
KOMTO 0bpaboTBaT enemMeHTN OT pasAn4YHUN TUNOBE MO creundryeH
HauMH

@ TaKMBa KOHCTPyKuun Hapudame npetoBapexu (overloaded)
e Hanarat mMexaHu3bM 3a pa3npegenedue (dispatch), koiito onpegens

Kosi cneundunyHa peann3auus Ha KOHCTpyKuusTa TpsibBa fa ce
M3NON3Ba B KOHKPETeH cyyali
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Monumopduzbm

[MapameTpuyeH noanMopdrsbM

leHepuyHuTe koHcTpykumu B Haskell ca gea Buga:

@ reHepuYHN TUMOBE, KOHCTPYMPaHN Ype3 N3MNOJI3BaHE Ha TUMOBK
NMPOMEHNBY
o (PyHKUMUTE, KOPTEXNTE U CIUCHLUTE MOraT A3 FEHEPUYHN
o type UnaryFunction a = a -> a
o type Matrix a = [[al]
e type Dictionary k v = [(k, v)]
@ reHepryHN bYHKLUM, NPU KOUTO €4HA U CbLia MMMJEMEHTaLUS
paboTun 3a pa3nuyYHU TUMNoBe

e length :: [a] -> Int

emap :: (a ->b) -> [a]l -> [b]

e repeated :: Int -> UnaryFunction a -> UnaryFunction a
o transpose :: Matrix a -> Matrix a

o keys :: Dictionary k v -> [k]

o [1 :: [a]

@ KOHCTaHTMTE ca YacTeH cny4ail Ha dyHkunu (pyHkuumn bes napamerpn)
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Monumopduzbm

Ad hoc noanmopdpnsbm

B Haskell umame npetosapeHu koHCTaHTh, onepaunmn n dyHKLMN:
@ MpeTOBaAPEHN KOHCTAHTM
o 5 MoXe fla 03Hau4aBa Lso0, APOBHO N KOMMIEKCHO YUCHO, B
3aBUCUMMOCT OT KOHTEKCTa
e 5.0 MOXe Aa 03Ha4aBa pPaLMOHAIHO YMCO0, YNCAO C MJaBaLa 3aneTtas
NN KOMNJAEKCHO 4MNCno
@ maxBound e makcmmanHaTta CTOVIHOCT Ha OrpaHnU4YeHn TUnoBe

@ npeTOBapeHUN onepauuu

e + MOXe fa cbbupa uenun, 4pobHU, NN KOMMIEKCHN YnCia
e / MOXe fa AenV pauuoHasHmn, APOBHN UK KOMMIEKCHN Yucia
@ == MOXe [a CPaBHSBa YNCAA, CUMBOJIN, KOPTEXMN WM CIUCHLUM

@ npetoBapeHn yHKLUY

o elem MOXe [a THPCU €IEMEHT B CMUCHK OT CPABHVUMU €IEMEHTU

e show MOXe a N3BEXAA €IEMEHT, KOWTO NMa HU30BO NpPeacTaBsiHe

o [from..to] mMoxe Aa reHepupa CMUCHK OT €/EMEHTM OT TWM, B KOWTO
MUMame nvHeliHa Hapeaba
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Knacoee ot Tunose

Knacose ot tunose (typeclasses)

HedvHnyms
Knac ot TunoBe Hapn4yamMe MHOXECTBO OT TUMOBE, KOUTO MOAABbPXAT
onpefesieH Tun NoBeAeHNE, 3aA4aLEHO YPe3 MHOXKECTBO OT MMEHaA Ha

dyHKuMn n TexHute Tunose. PyHKUMUTE HA AAfEH KNac Hapuyame
MeToau.

KnacoseTe oT Tunoee gasat CTpykTypupaH noaxod kbm ad hoc
nonumopdusma.
Mpumepu:

@ Eq e K/1aCbT OT TUMOBE, KONTO MOALBLPXKAT CPaBHEHME

@ Ord e KnacbT OT TUMOBE, KOUTO MOAABPXKAT AuHeliHa Hapeaba

@ Show e kKnachT OT TUNOBE, YHUNTO €NEMEHTN MoraT Aa 61:ﬂ,aT
n3peXxxaaHm B HU3

@ Num e KnaCbT Ha BCUYKN YNCJIOBM TUMNOBE
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Knacoee ot Tunose

[ecburnpaHe Ha KiacoBe OT TUMOBE

class <knac> <Tunosa-npoMeHamnBa> where
{<meTopg>{,<metop>} :: <tun>}
{<wmeTop> = <peanusaums-no-nogpaszbupane>}

Mpumepu:

class Eq a where
(==), (/=) :: a -> a -> Bool
x /=y not (x == y)
X ==y not (x /= y)

class Measurable a where
size :: a -> Int
empty :: a -> Bool
empty x = size x ==
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Knacoee ot Tunose

KnacoBu orpaHu4yexuns

HeduHnuuns
Ako C e knac, a t e Tunoea npomeHnanea, 7o C t Hapuyame K1acoBo

orpaHmn4yeHwue. MHo)ecTBO OT KjlacoBu OrpaHN4YeHns Hapn4amMme KOHTEKCT.

KnacoeuTe orpaHu4eHnss HM gaBaT Bb3MOXHOCT Aa AedmHupame
npetoeapeHn dyHKUUN.

Mpumepu:
@ elem :: (Eq a) => a -> [a] -> Bool
@ maximum :: (Ord a) => [a] -> a
@ (*) :: (Integral b, Num a) => a -> b -> a
@ larger :: (Measurable a) => a -> a -> Bool

@ larger x y = size x > size y
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Knacoee ot Tunose

[ecdburnpaHe Ha eK3eMNAsSpU Ha Kac

Hedbunnymns
Ek3emnnsip (MHCTaHUMs) Ha KAAc HapuYame TUM, 3a KOITO ca
AebUHNPaHN METOAUTE HA Kiaca.

instance <knac> <Tun> where
{<pedunHnyns-na-metog>}

Mpumepu:
instance Eq Bool where
True == True = True
False == False = True
== = False

instance Measurable Integer where
size 0 = 0
size n = 1 + size (n ‘div‘¢ 10)
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Knacoee ot Tunose

Exsemnnsipu ¢ koHTekcT

Moxem ga pobaBsiMe KOHTEKCT B AEPUHULMSATA 32 EK3EMMISPU:
instance [<koHTekcT> =>] <knac> <Tun> where
{<peduHnuns-va-metog>}

Mpumepu:

instance (Eq a, Eq b) => Eq (a,b) where
(x,y) == (u,t) =x==u && y ==

instance (Measurable a, Measurable b) => Measurable (a,b) where
size (x,y) = size x + size y

instance Measurable a => Measurable [a] where

size = sum . map size
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Knacoee ot Tunose

Hacnepssatre

Moxem pa peduHupame knac B, KoWTO JOMb/Ba METOAUTE HA BeYe
ChblUecTByBaLL kKaac A.
Toraea kasBame, ye:

e KnacbT B HacnepsBa (pa3wupsiBa) knaca A
e Knacout B e nogknac (npoussogeH knac, subclass) Ha knaca A

e KnacwT A e Hagknac (pogutenckn knac, superclass) Ha knaca B
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Knacoee ot Tunose

Mpumep: Crangapten knac Ord

class (Eq a) => Ord a where

<), (=), =), )

max, min
compare
compare X y
| x ==y = EQ
| x <y = LT
| otherwise = GT
x <y == compare
X >y == compare
X == y == compare
X <= y == compare
X >= y == compare
max x y == if x >
min x y == if x <

A S I T o T

:: a ->a -> Bool
ta->a->a
:: a -> a -> Ordering

y == LT
y == GT
y == EQ
y /= GT
y /= LT

then x else y
then x else y
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Knacoee ot Tunose

MHoxecTBEeHO HacieaaBaHe

JaneH knac Mmoxe Aa HacieasiBa €4HOBPEMEHHO HSIKOJIKO POAMNTENCKN
Knaca.

Mpumepu:

class (0Ord a, Num a) => Real a where

class (0Ord a, Measurable a) => OrdMeasurable a where
sortByOrder, sortBySize :: [a] -> [al
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Knacoee ot Tunose

CpasHeHue Ha Haskell ¢ gpyru obekTHo-opueHTupatn esnum

@ Knacosete B Haskell cboTBeTcTBaT Ha abcTpakTHU Kacose wnu
nHTepdelicn
o Metogute B Haskell cvoTBeTcTBaT Ha YMCTY BUpTyanHn dyHKLUY
@ Knacoeete n obektute 8 C++ HaAmaT gupekteH eksusaseHT B Haskell
o B Haskell ganHute BuHaru ca pasgenenn ot metogute
o Hsima orpanuyenus na goctsna (public, private)
e Hsma noHsTue 3a paswupsiBaHe Ha TUM JaHHW, CaMO Ha MHTepdeiic
o CbOTBETHO, HSIMA MOATUMOB NOJAVMOP(UIBM
e Ek3semnnsipute CbOTBETCTBAT Ha MMMIEMeHTMPaHe (HacnensiBaHe) Ha
nHTepdeiicu
e B C++ un Java 1o moxe aa 6bae n MHOXKeCTBEHO
B Haskell npetosapenute dbyHKUMM MMaT efHO3HAYHO ONpeaesieH Tun
o B C++ cme ceobogHu pa nuwem yHKUMM C €4HO 1 CbLIO UME 1
pa3sinYHN CUTHATYpPU
o B Haskell cme anbxHu ga HanoXuUM KNacoBu orpaHuyeHus
@ B Haskell He moxem ga npaBum HacuncTeeHo npeobpasyBaHe Ha Tun

KbM gageH knac (casting)
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AnrebpunyHn Tunose

[MoTpebuTtenckn gedpuHnpaHn Trnose

B Haskell nmame Bb3MoxHOCT Aa gecbuHupame HOBU TUNOBE AAHHMU.

data <tun> [<napameTpu>] = <geduHnuns>
<Tnn> TpsibBa Aa 3anouysa C rnaBHa OykBsa

<napameTpu> e CNUCHK OT Pa3NN4YHN TUMNOBU MPOMEHINBN
<peduHnums> = <enement> { | <enement> }

o <pednHULMS> ONUCBA Pa3/IMYHUTE BapUAHTM 3a €leMeHTU Ha Tuna
<efleMeHT> ::= <KOHCTPYKTOp> { <Tun-Ha-napameTbp> }

@ BCEKMN BU[, €1€MEHT Ha TWUMa Ce ONMUCBa C YHUKaJieH <KOHCTPYyKTOp>

@ <KOHCTpYKTOp> TpsibBa Aa 3ano4Ba C riaBHa 6yKBa

@ <KOHCTPYKTOP> MOXE A3 MMa Npou3BoJieH bpoii napaMeTpu, 4umTo
TUNoBe Ce 3ajaBaT B AepHULMATA

Tpudon Tpucporos (Pr-n 18/19) Tunose u knacose B Haskell 12.12.2018-8.01.2019 14 /29



AnrebpunyHn Tunose

136poern Tunose

Hali-npoctuat sug notpebutencku gecduHnpaHu Tunose ca nsbpoeHnTe
TunoBe.

MNpumepun:

@ data Bool = False | True

@ data Compare = LT | EQ | GT

o data Weekday = Mon | Tue | Wed | Thu | Fri | Sat | Sun
@ today :: Weekday

@ today = Thu

@ isWeekend :: Weekday -> Bool

@ isWeekend Sat = True

@ isWeekend Sun = True

@ isWeekend _ = False
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AnrebpunyHn Tunose

3anuncn

[pyra Bb3MOXHOCT 3a NoTpebuTenckn fecpuHupaHn TUNOBE Ca 3amnncuUTe.

@ type Name = String
@ type Score = Int
@ data Player = Player Name Score
e [la, uMeTo Ha TMNa MOXe Aa CbBMaja C NMeTO Ha (efUHCTBEHNS)
KOHCTPYKTOP

katniss :: Player

katniss = Player "Katniss Everdeen'" 45
getName :: Player -> String

getName (Player name _) = name

better :: Player -> Player -> String

better (Player namel scorel) (Player name2 score2)
| scorel > score2 = namel
| otherwise = name2
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AnrebpunyHn Tunose

3anucn ¢ noneta

@ [lo cblyecTBO 3anucnTe Ca EKBUBAIEHTHN HA KOPTEXMUTE. ..
@ ...KOMTO MO CbLLECTBO Ca [eKapTOBO MPOn3BeAeHNE Ha TUNOBE
@ Bun 6uno ygobHo, ako uMaxme nMeHa Ha BCSKO OT noseTaTa
o B Haskell nma cneuymanen cuntakcuc:
o { <none>::<tun> {, <none>::<tun> }}
@ 323 BCAKO OT noJjieTaTta aBTOMaTuU4HO ce aeduHupa PyHKLMS CeNekTop
o [Mpumep:
e data Player = Player { name :: String, score :: Int }
e name :: Player -> String
e score :: Player -> Int
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AnrebpunyHn Tunose

AnTtepHaTuau

Moxem ga gedpuHupame TUNoee, KOMTO ODEAMHSIBAT HAKOKO Apyru Tuna.
Mpumepu:

data Shape = Circle { radius ::
| Rectangle { width ::

Double }

Double, height :: Double}

circle :: Shape

circle = Circle 2.3

rect :: Shape

rect = Rectanlge 3.5 1.8

area :: Shape -> Double

area (Circle r) = pi * r~2

area (Rectangle w h) = w x h
enlarge :: Shape -> Shape
enlarge (Circle r) = Circle (2%*r)

enlarge (Rectangle w h) = Rectangle (2%w) (2%h)
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AnrebpunyHn Tunose

ABTOMaTUYHN EK3EMMNAPUN Ha KJ1aCOBE

Mpu pabota c anrebpuynmn Tunose ce cONbCKBAME C €ANH HEAOCTATHK:
@ Circle 2.3 == Circle 4.5 — [pewka!
@ circle — circle :: Shape
@ [Mon..Fri] — [pewkal

@ Thu < Sat — [pewkal

3a N3M0N3BaHETO Ha TE3N eIEMEHTAPHUN ONEpaLUK CE Hasara pbyHO Aa
nuemM TPUBMANHN eK3eMNaspu 3a knacose KaTo Eq, Ord, Enum, Show:

instance Eq Shape where

Circle x == Circle y =X ==Yy
Rectangle a b == Rectangle ¢ d = (a,b) == (c,d)
== = False

instance Show Shape where
show (Circle x) = "Circle " ++ show x
show (Rectangle a b) "Rectangle " ++ show a ++ " " ++ show b
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AnrebpunyHn Tunose

ABTOMaTUYHN EK3EMMNAPUN Ha KJ1aCOBE

Haskell nMa BB3MOXHOCT 32 aBTOMaTUYHO U3BEXAAHE HA EK3EMMNAPW Ha
knacosete Eq, Ord, Enum, Show, Read.

data <tun> [<napamerpu>] = <geduHnunsa> deriving <knacose>

<KJacoBe> e KOPTEX OT CTaHLAPTHMN KNacoBe, eK3eMMNspU 32 KOUTO
MNCcKaMe aBTOMaTU4HO Aa ObaaT nssegeHu

data Weekday = Mon | Tue | Wed | Thu | Fri | Sat | Sun
deriving (Eq, Ord, Enum, Show, Read)

Eq: ABa enemeHTa Ce CYMTAT PaBHU, aKO MMAT PaBHU KOHCTPYKTOPMU C pPaBHuU
napameTpu

Ord: eneMeHTNTE Ce CPaBHSIBAT JIEKCMKOTrpadpCKU, KaTO KOHCTPYKTOpUTE Ce
CuMUTaT HapeeHn B pefa, B KOWTO ca gedpuHmpaHu

Enum: no3BosieHO camo 3a VI36pO€HI/I Tnnoee

Show, Read: usBexaa ce/BbBeXAa Ce KOHCTPYKTOPBT U CJef TOBA BCEKM
€IVH OT MapamMeTpuTe My

Tpudon Tpucporos (Pr-v 18/19) Tunose u knacose B Haskell 12.12.2018-8.01.2019 20/29



AnrebpunyHn Tunose

[NlapameTpusmpaHu Tunoee

MoTpebutencknte Tunose MoraT ga 6bAAT reHepuyHU, T.€. Aa 3aBUCAT OT

TUNOBU NapamMeTpu.
MNpumepun:
@ data Maybe a = Nothing | Just a

deriving (Eq, Ord, Show, Read)

Just 5 :: Maybe Int

Just "wow" :: Maybe String
Nothing :: Maybe a

Just Nothing :: Maybe (Maybe a)
getAt :: Int -> [a] -> Maybe a
getAt _ [] = Nothing

getAt 0 (x:_) = Just x

getAt n (_:xs) = getAt (n-1) xs
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AnrebpunyHn Tunose

Cyma Ha Tunose

@ data Either a b = Left a | Right b
deriving (Eq, Ord, Show, Read)

@ Left 3 :: Either Int b

@ Right ’a’ :: Either a Char

3apava. [a ce Hanuwe yHKLUS, KOSITO MO JAAEH CMUCHLK OT Urpayu
HaMupa Haii-fobpusi pe3ynTat, ako € NOCTUTHAT OT eANHCTBEH Urpad, Uau
CMMCBK OT NMEHaTa Ha UrpaymTe, KOUTO Ca MOCTUrHANN Haii-Bobbp
pesynTar.

searchBest :: [Player] -> Either Int [String]
searchBest players
| length bestPlayers == 1 = Left best

| otherwise = Right $ map name bestPlayers
where best = maximum $ map score players
bestPlayers = filter ((==best).score) players
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PekypcusHu anrebpuyHn Tunose

PekypcrBHun anrebpuyHu Tunose

Moxem aa gedmHmpame TUNOBE, NO30BaBalikn Ce Ha caMuTe TAX
PEKYPCUBHO.

Mpumep:
data Nat = Zero | Succ Nat deriving (Eq, Ord, Show, Read)
@ five = Succ $ Succ $ Succ $ Succ $ Succ Zero

@ fromNat :: Nat -> Int

@ fromNat Zero = 0

o fromNat (Succ n) = fromNat n + 1
°

fromNat five — 5
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PekypcusHu anrebpuyHn Tunose

[BonyHn yucna

data Bin = One | BitZero Bin | BitOne Bin
deriving (Eq, Ord, Show, Read)

six = BitZero $ BitOne $ One

fromBin :: Bin -> Int

fromBin One = 1

fromBin (BitZero b) = 2 * fromBin b
fromBin (BitOne b) = 2 * fromBin b + 1
succBin :: Bin -> Bin

succBin One = BitZero One

succBin (BitZero b) = BitOne b

succBin (BitOne b) = BitZero (succBin b)

fromBin $ succBin $ succBin six — 8
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PekypcusHu anrebpuyHn Tunose

Cnncbum

data List a = Nil | Cons a (List a)

deriving (Eq, Ord, Show, Read)

1 =Cons 1% Cons 2 $ Cons 3 $ Nil

@ MOXEM O3 N3NOoJQI3BAME CMHTAKCMNCaA 3a 3anncu:

data List a = Nil | Cons { listHead :: a,
listTail :: List a }

deriving (Eq, Ord, Show, Read)

listHead 1 — 1

fromList :: List a -> [a]

fromList Nil = []

fromList (Cons x t) = x:fromList t

(+++) :: List a -> List a -> List a

Nil +++ 1 =1

Cons h t +++ 1 = Cons h (t +++ 1)
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PekypcusHu anrebpuyHn Tunose

[BonyHn gbpeeTa

data BinTree a = Empty | Node { root :: a,
left :: BinTree a,
right :: BinTree a }
deriving (Eq, Ord, Show, Read)
Mpumepu:
@ t = Node 3 (Node 1 Empty Empty) (Node 5 Empty Empty)
@ depth :: BinTree a -> Int

leaves (Node x Empty Empty) = [x]

@ depth Empty = 0

@ depth (Node x 1 r) = max (depth 1) (depth r) + 1
@ leaves :: BinTree a -> [a]

@ leaves Empty = []

°

°

leaves (Node x 1 r) = leaves 1 ++ leaves T
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PekypcusHu anrebpuyHn Tunose

DyHKUMNM OT NO-BUCOK pef 3a ABOVMYHM AbpPBETa

TpancdopmupaHe Ha gBoMYHO AbPBO (map):

mapBinTree :: (a -> b) -> BinTree a -> BinTree b

mapBinTree _ Empty = Empty

mapBinTree f (Node x 1 r) = Node (f x) (mapBinTree f 1)
(mapBinTree f r)

CsuBaHe Ha aBon4Ho gbpeo (foldr):

foldrBinTree :: (a -> b -> b) -> b -> BinTree a -> b
foldrBinTree _ nv Empty = nv
foldrBinTree op nv (Node x 1 r) =

foldrBinTree op (x ‘op‘ foldrBinTree op nv r) 1
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PekypcusHu anrebpuyHn Tunose

IbpBeTa ¢ NnpousBosieH bpoit HacneaHULY

MoxeM Aa npaBuM B3aVMHOPEKYPCUBHY AeDUHULUN:

data Tree a = Tree { root :: a, subtrees :: Treelist a }
data TreelList a = None | SubTree { firstTree :: Tree a,
restTrees :: Treelist a }

leaf x = Tree x None

tree = Tree 1 $ SubTree (leaf 2)
$ SubTree (Tree 3 $ SubTree (leaf 4) $ None)
$ SubTree (leaf 5) $ None

level :: Int -> Tree a -> [a]
level 0 (Tree x _) = [x]
level k (Tree _ ts) levelTrees (k - 1) ts

levelTrees :: Int -> Treelist a -> [a]
levelTrees _ None = []
levelTrees k (SubTree t ts) level k t ++ levelTrees k ts
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PekypcusHu anrebpuyHn Tunose

MonnmopdHu cnncbum

data SExpr = SBool Bool | SChar Char | SInt Int | SDouble Double |
SList { getList :: [SExpr] }
deriving (Eq, Ord, Show, Read)

sexpr = SList [SInt 2, SChar ’a’,
SList [SBool True, SDouble 1.2, SList [1]]

countAtoms :: SExpr -> Int
countAtoms (SList sls) = sum $ map countAtoms sls
countAtoms _ =1

flatten :: SExpr -> SExpr
flatten (SList sls) = SList $ concat $ map (getList . flatten) sls
flatten x SList [x]
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