chH KTOpWU N MOHaau

Tpudbon TpudoHos
PDyHkunoHanHo nporpamupane, 2018/19 r.

16 sinyapn 2019 r.
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KnacoBe 0T No-BUCOK pef

e [ocera pasrnexmgaxme KjJacose OT TUMOBE, KOUTO UMAaT CXOAHO
nosegevue (Eq, Read, Show, Enum, Measurable, Num, ...).
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KnacoBe 0T No-BUCOK pef

e [ocera pasrnexmgaxme KjJacose OT TUMOBE, KOUTO UMAaT CXOAHO
nosegevue (Eq, Read, Show, Enum, Measurable, Num, ...).

] Pa3rﬂe)Kp'aXMe N TUMOBU KOHCTPYKTOPU, KONTO NO3BONABAT
AeuHupaHe Ha napameTpusunpanu (renepuynn) Tunose (Maybe, [1,
BinTree, Tree, I0, ...).
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KnacoBe 0T No-BUCOK pef

e [ocera pasrnexmgaxme KjJacose OT TUMOBE, KOUTO UMAaT CXOAHO
nosegevue (Eq, Read, Show, Enum, Measurable, Num, ...).

o Pa3rﬂe)Kp.aXMe N TUMOBU KOHCTPYKTOPU, KONTO NO3BONABAT
AeuHupaHe Ha napameTpusunpanu (renepuynn) Tunose (Maybe, [1,
BinTree, Tree, 10, ...).

@ Heka pa pasrnegame k/ac OT TUMOBU KOHCTPYKTOPHU, KOUTO NMAT
HsIKakBa ODLLa XapaKTepucTUKa.
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KnacoBe 0T No-BUCOK pef

e [ocera pasrnexmgaxme KjJacose OT TUMOBE, KOUTO UMAaT CXOAHO
noseperue (Eq, Read, Show, Enum, Measurable, Num, ...).

o Pa3rﬂe)KAaXMe N TUMOBU KOHCTPYKTOPU, KONTO NO3BONABAT
AeuHupaHe Ha napameTpusunpanu (renepuynn) Tunose (Maybe, [1,
BinTree, Tree, 10, ...).

@ Heka pa pasrnegame ksac OT TUNOBY KOHCTPYKTOPYU, KOUTO UMaT
HsIKakBa oblLla XapaKTepucTuKa.

o lMpumep: Vima nu Hewo obulo, KoeTo MoxeM fAa npasum ¢ [J,
BinTree n Tree?
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KnacoBe 0T No-BUCOK pef

[ocera pasrnexxagaxme k1acose OT TUNOBE, KOUTO UMAT CXOAHO
noseperue (Eq, Read, Show, Enum, Measurable, Num, ...).

o Pa3rﬂe)Kp.aXMe N TUMOBU KOHCTPYKTOPU, KONTO NO3BONABAT
AeuHupaHe Ha napameTpusunpanu (renepuynn) Tunose (Maybe, [1,
BinTree, Tree, 10, ...).

@ Heka pa pasrnegame k/ac OT TUMOBU KOHCTPYKTOPHU, KOUTO NMAT
HsIKakBa 0bLLa XapaKTepucTuka.

o lMpumep: Vima nu Hewo obulo, KoeTo MoxeM fAa npasum ¢ [J,
BinTree n Tree?

o HeLlJ,O, KOETO HE 3aBUCWU OT TUMNA Ha ENEMEHTUTE B TE3N KOHTeVIHepVI?
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[lpuMepn 3a KNacoBe OT KOHCTPYKTOPW

o Mpumep: Vima nu Hewo obuio, kKoeTo MoxeM Aa npasum ¢ [J,
BinTree n Tree?

Tpudon Tpucporos (Pr-N 18/19) DyHKTOPU 1 MOHagM



[lpuMepn 3a KNacoBe OT KOHCTPYKTOPW

o Mpumep: Nima nu Hewo obuo, KoeTo Moxem ga npasum ¢ [1,
BinTree u Tree?

@ Moxem ga Hamupame bpoii enemeHTH

class Countable c¢ where
count :: ¢ a -> Integer
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[lpuMepn 3a KNacoBe OT KOHCTPYKTOPW

o Mpumep: Nima nu Hewo obuo, KoeTo Moxem ga npasum ¢ [1,
BinTree u Tree?

@ Moxem ga Hamupame bpoii enemeHTH

class Countable c¢ where
count :: ¢ a -> Integer

o Moxem Aa HaMepuM CNNCbK OT BCUYHKN €NEMEHTN

class Listable c where
elements :: c a -> [a]
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[lpuMepn 3a KNacoBe OT KOHCTPYKTOPW

o Mpumep: Nima nu Hewo obuo, KoeTo Moxem ga npasum ¢ [1,
BinTree u Tree?

@ Moxem ga Hamupame bpoii enemeHTH

class Countable c¢ where
count :: ¢ a -> Integer

o Moxem Aa HaMepuM CNNCbK OT BCUYHKN €NEMEHTN

class Listable c where
elements :: c a -> [a]

@ Moxem Aa NpunoXunm (byHKLI,I/IH Hag BCEKN €NEMEHT

class Functor f where
fmap :: (@ ->b) ->f a->fb

Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPM U MOHaAN 16 sinyapu 2019 r. 3/15



DyHkTOPW

Hecdbunnumns

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a

KOUTO MOXe Aa ce pepunupa fmap (a ->b) ->fa->1£fh.

o o - = E DA
Tpudon Tpucporos (Pr-N 18/19) DyHKTOPU 1 MOHagM



PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe fAa ce gecpuHupa fmap (a ->b) ->fa->1£fh.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
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PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe
Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPU 1 MOHaAN
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PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe
o (,) a
Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPU 1 MOHaAN
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PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe
o () a

@ Either a
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PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe
e (,) a
@ Either a

e []

Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPU 1 MOHaAW 16 sinyapu 2019 r. 4/15



PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe

o (,) a

@ Either a
o []

@ BinTree
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PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe
o (,) a

@ Either a
o []

@ BinTree
°

Tree
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PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe
() a
Either a
(]
BinTree
Tree

(->» r
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PyHkTOPM

HedvHnyms

KnacwbT Functor B Haskell ce cbctom ot TunoenTe koHcTpykTOopm f, 3a
KOUTO MOXe Aa ce gecdpuHupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepauusta <$> e uHukceH BapuaHT Ha fmap.
Mpumepu 3a dyHkTOPU:

@ Maybe
(,) a
Either a
(]
BinTree
Tree
(-> r
e IO
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CTpaHHN DYHKTOPHN eK3emMnaspu

Mpumep: ga pasrnegame eksemniasipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where
fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPU 1 MOHaAW 16 sinyapu 2019 r. 5/15



CTpaHHN DYHKTOPHN eK3emMnaspu

Mpumep: ga pasrnegame eksemniasipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where
fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Mpobnem Nel:
o fmap id (BluePill 2) = RedPill 2
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CTpaHHN DYHKTOPHN eK3emMnaspu

Mpumep: ga pasrnegame eksemniasipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where
fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Mpobnem Nel:
o fmap id (BluePill 2) = RedPill 2

e fmap c “npasHa’ dyHKUNS NPOMeHs CTpyKTypaTa Ha cpyHkTopal
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CTpaHHN DYHKTOPHN eK3emMnaspu

Mpumep: ga pasrnegame eksemniasipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where
fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Mpobnem Nel:
o fmap id (BluePill 2) = RedPill 2

e fmap c “npasHa’ dyHKUNS NPOMeHs CTpyKTypaTa Ha cpyHkTopal
Mpobnem Ne2:

Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPU 1 MOHaAW 16 sinyapu 2019 r. 5/15



CTpaHHN DYHKTOPHN eK3emMnaspu

Mpumep: ga pasrnegame eksemniasipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where
fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Mpobnem Nel:
o fmap id (BluePill 2) = RedPill 2

e fmap c “npasHa’ dyHKUNS NPOMeHs CTpyKTypaTa Ha cpyHkTopal
Mpobnem Ne2:

o fmap (+3) (BluePill 3) = RedPill 6
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CTpaHHN DYHKTOPHN eK3emMnaspu

Mpumep: ga pasrnegame eksemniasipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where

fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Mpobnem Nel:
o fmap id (BluePill 2) = RedPill 2

e fmap c “npasHa’ dyHKUNS NPOMeHs CTpyKTypaTa Ha cpyHkTopal
Mpobnem Ne2:

o fmap (+3) (BluePill 3) = RedPill 6
o fmap (+1) (fmap (+2) (BluePill 3)) = BluePill 6
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CTpaHHN DYHKTOPHN eK3emMnaspu

Mpumep: ga pasrnegame eksemniasipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where

fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Mpobnem Nel:
o fmap id (BluePill 2) = RedPill 2

e fmap c “npasHa’ dyHKUNS NPOMeHs CTpyKTypaTa Ha cpyHkTopal
Mpobnem Ne2:

o fmap (+3) (BluePill 3) = RedPill 6
o fmap (+1) (fmap (+2) (BluePill 3)) = BluePill 6

o Vma 3HayeHne koniko nopes pyHKUMM Lie npuaoxunm!

Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPM U MOHaAN 16 sinyapu 2019 r. 5/15



PYHKTOPHU 3aKOHU

Hecdbunnymns
@yHKTOp Hapu4ame eK3eMMNAAP Ha kKnaca Functor TakbB, Ye:
O fmap id <= id (3anasBaHe Ha MaeHTMTETA)

@ fmap f . fmap g <—fmap (f . g) (amcTpubyTneHocT oTHOCHO
KOMMO3NLKS )
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PYHKTOPHU 3aKOHU

Hecdbunnymns
@yHKTOp Hapu4ame eK3eMMNAAP Ha kKnaca Functor TakbB, Ye:

O fmap id <= id (3anasBaHe Ha MaeHTMTETA)

@ fmap f . fmap g <=fmap (f. g) (aucTpubyTneHocT oTHOCHO
KOMMO3NLKS )

PyHKTOPHNUTE 3aKOHM HW AABaT rapaHuusi, Ye peanusaumsita Ha fmap e
“HeyTpanHa" KbM byHKTOpa 1 NPOMEHS CTOMHOCTMTE B HEFO CaMoO W
eAVNHCTBEHO Ha Ba3aTa Ha nogapaeHaTta dyHkuns f.
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PYHKTOPHU 3aKOHU

Hecdbunnymns
@yHKTOp Hapu4ame eK3eMMNAAP Ha kKnaca Functor TakbB, Ye:

Q fmap id <= id (3anasBaHe Ha nAeHTWUTETA)

@ fmap f . fmap g <=fmap (f . g) (ancTpnbyTneHoCT OTHOCHO
KOMMO3NLKS )

DyHKTOPHUTE 3aKOHU HU JABaT rapaHuusi, 4e peasnsauusita Ha fmap e
“HeyTpanHa" KbM byHKTOpa 1 NPOMEHS CTOMHOCTMTE B HEFO CaMoO W
eAVHCTBEHO Ha ba3aTa Ha nopageHaTa pyHkums f.

Bcnukn npumepHn eksemnasipu (ocseH Pill) yAOBAETBOPSABAT
PYHKTOPHUTE 3aKOHMU.
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PYHKTOPHU 3aKOHU

Hecdbunnymns
@yHKTOp Hapu4ame eK3eMMNAAP Ha kKnaca Functor TakbB, Ye:
Q fmap id <= id (3anasBaHe Ha nAeHTWUTETA)

@ fmap f . fmap g <=fmap (f . g) (ancTpnbyTneHoCT OTHOCHO
KOMMO3NLMs)

DYHKTOPHUTE 3aKOHW HM AaBaT rapaHuus, 4e peanusauusta Ha fmap e
“HeyTpanHa" KbM byHKTOpa 1 NPOMEHS CTOMHOCTMTE B HEFO CaMoO W
eAVNHCTBEHO Ha Ba3aTa Ha nogapaeHaTta dyHkuns f.

Bcuuku npumepHmn eksemnasipu (ocseH Pill) yAOBAETBOPSABAT
pyHKTOPHUTE 3aKOHMU.

Moxem ga mucnum, ve fmap “nosgura”’ dpyHkumsta £ OT eNemMeHTn KbM
yHkTOpPN.
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fmap c AByapryMeHTHU PyHKLMY

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?

Tpudon Tpucporos (Pr-N 18/19) DyHKTOPU 1 MOHagM



fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa

dbyHKuna?
Mpumep: fmap (+) (Just 3) (Just 5) — 7
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa

dbyHKuna?
Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?

Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal ] 1L)
Mpobnem: fmap (+) (Just 3) :: " /‘M(Q{ ]”{'\’ &
y T
w'[v,{-ﬂ‘_m_—ai,,\ Juf 71 e i
7

fo e
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?

Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?

Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
MonyyaBame pyHKTOP Hag PYHKLMS, KOSITO HE MOXEM AUPEKTHO Aa
NPUAOKUM Hag dyHKTOp Hag cToliHocT!
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?

Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
MonyyaBame pyHKTOP Hag PYHKLMS, KOSITO HE MOXEM AUPEKTHO Aa
NPUAOKUM Hag dyHKTOp Hag cToliHocT!

Npes: [Ja pasbvem fmap Ha gge yacTu:
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?

Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
Monyyasame byHKTOpP Hag PYHKLMS, KOSITO HE MOXEM AMPEKTHO Aa
NPUAOKUM Hag dyHKTOp Hag cToliHocT!

Npes: [Ja pasbvem fmap Ha gge yacTu:

@ noeAuraHe Ha pyHKTOp Hap, beHKLWIﬂ KbM (byHKLUMS Hag dyHKTOpK

Y\a)k (S L] M“’Xéb TA W%T,ﬁ
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?
Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
Monyyasame byHKTOpP Hag PYHKLMS, KOSITO HE MOXEM AMPEKTHO Aa
NpUAOKUM Hag yHKTOp Hag cToliHocT!
Npes: [Ja pasbvem fmap Ha gge yacTu:

@ noeguraHe Ha pyHKTOp Hafg byHKUMSE KbM byHKUMS Hag dbyHKTOpK

eof (a->b) >fa->fb
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?
Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
Monyyasame byHKTOpP Hag PYHKLMS, KOSITO HE MOXEM AMPEKTHO Aa
NpUAOKUM Hag yHKTOp Hag cToliHocT!
Npes: [Ja pasbvem fmap Ha gge yacTu:

@ noeguraHe Ha pyHKTOp Hafg byHKUMSE KbM byHKUMS Hag dbyHKTOpK

eof (a->b) >fa->fb

@ noBauraHe Ha obrMKHOBeHa PyHKUUSI KbM DYHKTOP Hag pyHKLMs
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?
Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
Monyyasame byHKTOpP Hag PYHKLMS, KOSITO HE MOXEM AMPEKTHO Aa
NpUAOKUM Hag yHKTOp Hag cToliHocT!
Npes: [Ja pasbvem fmap Ha gge yacTu:
@ noeguraHe Ha pyHKTOp Hafg byHKUMSE KbM byHKUMS Hag dbyHKTOpK
eof (a->b) >fa->fb
@ noBauraHe Ha obrMKHOBeHa PyHKUUSI KbM DYHKTOP Hag pyHKLMs
e (a ->b) ->f (a->hb)
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?
Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
Monyyasame byHKTOpP Hag PYHKLMS, KOSITO HE MOXEM AMPEKTHO Aa
NpUAOKUM Hag yHKTOp Hag cToliHocT!
Npes: [Ja pasbvem fmap Ha gge yacTu:
@ noeguraHe Ha pyHKTOp Hafg byHKUMSE KbM byHKUMS Hag dbyHKTOpK
eof (a->b) >fa->fb
@ noBauraHe Ha obrMKHOBeHa PyHKUUSI KbM DYHKTOP Hag pyHKLMs
e (a ->b) ->f (a->hb)

PyHKTOpUTE, KOUTO NOALBPXKAT TaKOBA pasJfiaraHe Ha fmap Hapu4dame
ananKaTUuBHU.
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AnnukaTusHu cpyHKTOPM

KnacstT Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb
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AnnukaTusHu cpyHKTOPM

Knacet Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb

Moxem pa gedpunupame fmap £ a = pure f <x> a.
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AnnukaTusHu cpyHKTOPM

Knacet Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb

Moxem pa gedpunupame fmap £ a = pure f <x> a.
Mpumepu 3a annukaTueHu byHKTOPMU:

@ Maybe
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AnnukaTusHu cpyHKTOPM

Knacet Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb
Moxem pa gedpunupame fmap £ a = pure f <x> a.
Mpumepu 3a annukaTueHu byHKTOPMU:
@ Maybe

@ Either a
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AnnukaTusHu cpyHKTOPM

Knacet Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb

Moxem pa gedpunupame fmap £ a = pure f <x> a.
Mpumepu 3a annukaTueHu byHKTOPMU:

@ Maybe
@ Either a
o []
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AnnukaTusHu cpyHKTOPM

Knacet Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb

Moxem pa gedpunupame fmap £ a = pure f <x> a.
Mpumepu 3a annukaTueHu byHKTOPMU:

@ Maybe

@ Either a

o []

@ ZiplList
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AnnukaTusHu cpyHKTOPM

Knacet Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb
Moxem fa pecbntupame fmap f a = pure f <*> a.
Mpumepu 3a annukaTueHu byHKTOPMU:
@ Maybe
@ Either a
o []
@ ZiplList
°

(->) r
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AnnukaTusHu cpyHKTOPM

Knacet Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<¥>) :: f (a->b) >fa->fb
Moxem fa pecbntupame fmap f a = pure f <*> a.
Mpumepu 3a annukaTueHu byHKTOPMU:
@ Maybe
@ Either a
o []
@ ZiplList
o (->) r
e IO
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AnnukaTusHu cpyHKTOPM

DyYHKUMU 32 anAUKaTUBHU PYHKTOPY

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc
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AnnukaTusHu cpyHKTOPM

DyYHKUMU 32 anAUKaTUBHU PYHKTOPY

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e MoBAWra AByapryMeHTHa (byHKUNS Hag PyHKTOP
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AnnukaTusHu cpyHKTOPM

DyYHKLUMN 32 aNANKATUBHU PYHKTOPY

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e MoBAWra AByapryMeHTHa (byHKUNS Hag PyHKTOP
o 1liftA2 f a b =1 <$> a <*> b

Tpudon Tpucporos (Pr-v1 18/19) DyHKTOPU 1 MOHaAW 16 sinyapu 2019 r. 9/15



AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->Ffb->fc
e MnoBAuMra AByapryMeHTHa pyHKUUSA Haf PyHKTOP
o 1iftA2 f a b =f <$> a <x> b
o pumep:
l1iftA2 (+) [2,3] [10,20,30] — 7
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->Ffb->fc
e MoBAWra AByapryMeHTHa (byHKUNS Hag PyHKTOP
o liftA2 f a b =1 <$> a <*> Db
o pumep:
liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e MnoBAuMra AByapryMeHTHa pyHKUUSA Haf PyHKTOP
o 1iftA2 f a b =f <$> a <x> b
o pumep:
liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

@ sequenced :: (Applicative f) => [f a] -> f [al]
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->¢c) >fa->fb->fc

o nosaWra ByaprymeHTHa yHKLUs Hag pyHKTOp
o liftA2 f a b =1 <$> a <*> Db
o pumep:
liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]
@ sequenced :: (Applicative f) => [f a] -> f [al]
© MOBAWIa CMUCHK OT (BYHKTOPU [0 (PYHKTOP HaZ CUCHK
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->¢c) >fa->fb->fc

e MoBAMra fByapryMeHTHa (PyHKUMS Hag pyHKTOp

o liftA2 f a b =1 <$> a <*> Db

o pumep:

liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

@ sequenced :: (Applicative f) => [f a] -> f [al]

@ MOBAWTa CNNUCHK OT (PYHKTOPU 4O (PYHKTOP HaA CUCHK

e sequenceA [] = pure []

o sequencelA (x:xs) = 1iftA2 (:) x (sequencelA xs)

t) 5 f4 pl]
R Y
e
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e MoBAMra fByapryMeHTHa (PyHKUMS Hag pyHKTOp

o liftA2 f a b =1 <$> a <*> Db

o pumep:

liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

@ sequenced :: (Applicative f) => [f a] -> f [al]

@ MOBAMra CMNCHK OT (OYHKTOPU 0 PYHKTOP Hag CNuChHK
sequenceA [] = pure []
sequenceA (x:xs) = 1iftA2 (:) x (sequencelA xs)
sequenceA = foldr (1iftA2 (:)) (pure [])
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e noBAWra fAByapryMeHTHa pyHKUMs Hag PyHKTOp

o liftA2 f a b =1 <$> a <*> Db

o pumep:

liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

@ sequenced :: (Applicative f) => [f a] -> f [al]

@ MOBAMra CMNCHK OT (OYHKTOPU 0 PYHKTOP Hag CNuChHK
sequenceA [] = pure []
sequenceA (x:xs) = 1iftA2 (:) x (sequencelA xs)
sequenceA = foldr (1iftA2 (:)) (pure [])
Mpumep:
sequenceA [Just 2, Just 3, Just 5] — 7
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e noBAWra fAByapryMeHTHa pyHKUMs Hag PyHKTOp

o liftA2 f a b =1 <$> a <*> Db

o pumep:

liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

@ sequenced :: (Applicative f) => [f a] -> f [al]

@ MOBAMra CMNCHK OT (OYHKTOPU 0 PYHKTOP Hag CNuChHK
sequenceA [] = pure []
sequenceA (x:xs) = 1iftA2 (:) x (sequencelA xs)
sequenceA = foldr (1iftA2 (:)) (pure [])
Mpumep:
sequenceA [Just 2, Just 3, Just 5] — Just [2,3,5]
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e MoBAWra AByapryMeHTHa (byHKUNS Hag PyHKTOP

o liftA2 f a b =1 <$> a <*> Db

o pumep:

liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

@ sequenced :: (Applicative f) => [f a] -> f [al]

@ MOBAWTa CNNUCHK OT (PYHKTOPU 4O (PYHKTOP HaA CUCHK
sequenceA [] = pure []
sequenceA (x:xs) = 1iftA2 (:) x (sequencelA xs)
sequenceA = foldr (1iftA2 (:)) (pure [])
Mpumep:
sequenceA [Just 2, Just 3, Just 5] — Just [2,3,5]
o Mpumep: sequenceA [Just 2, Nothing, Just 5] — 7
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AnnukaTusHu cpyHKTOPM

DyYHKLMN 32 aNANKATUBHU PYHKTOPW

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fc

e MoBAWra AByapryMeHTHa (byHKUNS Hag PyHKTOP

o liftA2 f a b =1 <$> a <*> Db

o pumep:

liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

@ sequenced :: (Applicative f) => [f a] -> f [al]

@ MOBAWTa CNNUCHK OT (PYHKTOPU 4O (PYHKTOP HaA CUCHK
sequenceA [] = pure []
sequenceA (x:xs) = 1iftA2 (:) x (sequencelA xs)
sequenceA = foldr (1iftA2 (:)) (pure [])
Mpumep:
sequenceA [Just 2, Just 3, Just 5] — Just [2,3,5]
o lMpumep: sequenceA [Just 2, Nothing, Just 5] — Nothing
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AnnukaTusHu cpyHKTOPM

3aKoHM 33 ananKaTUBHU pyHKTOPU

Hecdburnymns

AnnvkaTuBeH ¢hyHKTOp Hapnyame eK3eMmnisip Ha knaca Applicative, 3a
KOWTO:

@ pure f <*> x <= fmap f x
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AnnukaTusHu cpyHKTOPM

3aKoHM 33 ananKaTUBHU pyHKTOPU

Hecdburnymns

AnnvkaTuBeH ¢hyHKTOp Hapnyame eK3eMmnisip Ha knaca Applicative, 3a
KOWTO:

@ pure f <*> x <= fmap f x
@ pure id <x> v<=v
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AnnukaTusHu cpyHKTOPM

3aKoHM 33 aniMKaTUBHN (PYHKTOPU

Hecdburnymns

AnnvkaTuBeH ¢hyHKTOp Hapnyame eK3eMmnisip Ha knaca Applicative, 3a
KOWTO:

Q pure f <*> x <= fmap f x
@ pure id <*> v<=v

© pure (.) <> u <> v <> W= u <k> (v <> w)
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16 sHyapu 2019 r. 10/15




AnnukaTusHu cpyHKTOPM

3aKoHM 33 aniMKaTUBHN (PYHKTOPU

Hecdburnymns

AnnvkaTuBeH ¢hyHKTOp Hapnyame eK3eMmnisip Ha knaca Applicative, 3a
KOWTO:

Q pure f <*> x <= fmap f x
@ pure id <*> v<=v
© pure (.) <> u <> v <> W= u <k> (v <> w)

Q pure f <*> pure x <= pure (f x)
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AnnukaTusHu cpyHKTOPM

3aKoHM 33 aniMKaTUBHN (PYHKTOPU

Hecdburnymns

AnnvkaTuBeH ¢hyHKTOp Hapnyame eK3eMmnisip Ha knaca Applicative, 3a
KOWTO:

Q pure f <*> x <= fmap f x
@ pure id <*> v<=v
© pure (.) <> u <> v <> W= u <k> (v <> w)

Q pure f <*> pure x <= pure (f x)

© u <> pure y <= pure ($ y) <*>u
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+#3) <$> [1,2] — [4,5]
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+#3) <$> [1,2] — [4,5]
@ AnnukaTnBHuTE (PYHKTOPM HM MO3BO/ISIBAXa 4a NPEBbPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+3) <$> [1,2] — [4,5]
@ AnnukaTnBHuTE (PYHKTOPM HM MO3BO/ISIBAXa 4a NPEBbPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+3) <$> [1,2] — [4,5]
@ AnnukatusHuTe yHKTOPW HN MO3BOJISIBAXa A3 NPEBBLPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
@ Ho kak MoXeM fa npeBbpHEM (byHKUMs, BpbLYALYa PYHKTOP BbB
yHKUMA Hag dyHKTOpM?
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+3) <$> [1,2] — [4,5]
@ AnnukatusHuTe yHKTOPW HN MO3BOJISIBAXa A3 NPEBBLPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
@ Ho kak MoXeM fa npeBbpHEM (byHKUMs, BpbLYALYa PYHKTOP BbB
yHKUMA Hag dyHKTOpM?
o (\x -> [1..x]) =<< [3,4] — [1,2,3,1,2,3,4]
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+3) <$> [1,2] — [4,5]
@ AnnukatusHuTe yHKTOPW HN MO3BOJISIBAXa A3 NPEBBLPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
@ Ho kak MoXeM fa npeBbpHEM (byHKUMs, BpbLYALYa PYHKTOP BbB
yHKUMA Hag dyHKTOpM?
o (\x -> [1..x]) =<< [3,4] — [1,2,3,1,2,3,4]
o Vickame cTpykTypaTa Ha hyHKTOpa-pesynTaT fa MoXe Aa 3aBuCh OT
CTOliHOCTTa BbB (hyHKTOpa-napamersbp!
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+3) <$> [1,2] — [4,5]
@ AnnukatusHuTe yHKTOPW HN MO3BOJISIBAXa A3 NPEBBLPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
@ Ho kak MoXeM fa npeBbpHEM (byHKUMs, BpbLYALYa PYHKTOP BbB
yHKUMA Hag dyHKTOpM?
o (\x -> [1..x]) =<< [3,4] — [1,2,3,1,2,3,4]
o Vickame cTpykTypaTa Ha hyHKTOpa-pesynTaT fa MoXe Aa 3aBuCh OT

CTOliHOCTTa BbB (hyHKTOpa-napamersbp!
0 (=<<) :: (@a>fDb) >fa->fhb
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+3) <$> [1,2] — [4,5]
@ AnnukatusHuTe yHKTOPW HN MO3BOJISIBAXa A3 NPEBBLPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
@ Ho kak mMoxem fa npesbpHeM byHKUMS, BPpBLYALLE (PYHKTOP BBHB
yHKUMA Hag dyHKTOpM?
o (\x -> [1..x]) =<< [3,4] — [1,2,3,1,2,3,4]
o lckame cTpykTypaTta Ha (byHKTOpa-pesynTaT Aa MOXe fa 3aBuch oT
CTOliHOCTTa BbB (hyHKTOpa-napamersbp!
0 (=¢<) :: (a->fb) >fa->fho
e [o-uecTo ce n3nonsea onepaunsita ‘cebp3sare’ (bind) ¢ pasmenenn
apryMeHTu:
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OnepauusTa “cebpssane’ (bind)

o DyHKTOpUTE HU MO3BOJISIBaXa [a NMPEBbPHEM (DYHKLMS HAL €/1EMEHTU
BbB (PyHKLMS Hag dyHKTOpU:
o (+3) <$> [1,2] — [4,5]
@ AnnukatusHuTe yHKTOPW HN MO3BOJISIBAXa A3 NPEBBLPHEM (PYHKTOP
Hag pyHkuyms kbM dyHKLUUS Hag hyHKTOpW
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
@ Ho kak mMoxem fa npesbpHeM byHKUMS, BPpBLYALLE (PYHKTOP BBHB
yHKUMA Hag dyHKTOpM?
o (\x -> [1..x]) =<< [3,4] — [1,2,3,1,2,3,4]
o lckame cTpykTypaTta Ha (byHKTOpa-pesynTaT Aa MOXe fa 3aBuch oT
CTOliHOCTTa BbB (hyHKTOpa-napamersbp!
0 (=¢<) :: (a->fb) >fa->fho
e [o-uecTo ce n3nonsea onepaunsita ‘cebp3sare’ (bind) ¢ pasmenenn
apryMeHTu:
e >>=) :: fa->(a->fb) >fb
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KnacwT Monad

class (Applicative m) => Monad m where
return :: a ->m a
return = pure

(>>=) ::ma->(a->mb) ->mb
>>) ma->mb->mb
X >>y = x>>=\_ >y
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KnacwT Monad

class (Applicative m) => Monad m where
return :: a ->m a
return = pure

(>>=) ::ma->(a->mb) ->mb
>>) ma->mb->mb
X >>y = x>>=\_ >y

Mpumepn 3a moHagu:
@ Maybe
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return = pure
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(>>) ::ma->mb->mb
X >>y = x>>=\_ >y

Mpumepn 3a moHagu:
@ Maybe
o []
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KnacwT Monad

class (Applicative m) => Monad m where
return :: a ->m a
return = pure

(>>=) ma->(a->mb) ->mb
>>) ma->mb->mb
X >>y = x>>=\_ >y

Mpumepn 3a moHagu:
@ Maybe
o []
e (->) r
e IO

do cMHTaKCcMCHT paboTu 3a BCUYKU ek3eMnasipy Ha Monad!
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MonagHu dyHkuun (1)

@ liftM :: (Monad m) => (a ->b) ->ma ->mb
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MonagHu dyHkuun (1)

@ 1iftM :: (Monad m) => (a ->b) ->ma ->mb
o fmap 3a moHaan
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MonagHu dyHkuun (1)

@ liftM :: (Monad m) => (a2 ->b) ->ma ->mb

o fmap 3a moHaan
e 1iftM f m = m >>= (\x -> return $ f x)
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MonagHu dyHkuun (1)

@ liftM :: (Monad m) => (a2 ->b) ->ma ->mb

o fmap 3a moHaan
e 1iftM f m = m >>= (\x -> return $ f x)

@ap :: (Monad m) =>m (a ->b) ->ma ->mb
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Mo
MonagHu dyHkuun (1)

@ 1iftM :: (Monad m) => (a ->b) ->ma ->mb

o fmap 3a moHaan
e 1iftM f m = m >>= (\x -> return $ f x)

@ap :: (Monad m) =>m (a ->b) ->ma ->mb
e <*> 33 MOHaaw
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MonagHu dyHkuun (1)

@ 1iftM :: (Monad m) => (a ->b) ->ma ->mb

o fmap 3a moHaan
e 1iftM f m = m >>= (\x -> return $ f x)

@ap :: (Monad m) =>m (a ->b) ->ma ->mb

e <*>3a MoHaau
eapmf m=mf >>= (\f ->m >>= (\x -> return $ f x))
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Mo
MonagHu dyHkuun (1)

@ 1iftM :: (Monad m) => (a ->b) ->ma ->mb

o fmap 3a moHaan
e 1iftM f m = m >>= (\x -> return $ f x)

@ap :: (Monad m) =>m (a ->b) ->ma ->mb

e <*>3a MoHaau
eapmf m=mf >>= (\f ->m >>= (\x -> return $ f x))

@ 1iftM2:: (Monad m) => (a ->b ->¢c) ->ma ->mb ->mc
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e <*>3a MoHaau
eapmf m=mf >>= (\f ->m >>= (\x -> return $ f x))

@ 1iftM2:: (Monad m) => (a ->b ->¢c) ->ma ->mb ->mc
o 1iftA2 33 mMoHagn
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Mo
MonagHu dyHkuun (1)

@ 1iftM :: (Monad m) => (a ->b) ->ma ->mb

o fmap 3a moHaan
e 1iftM f m = m >>= (\x -> return $ f x)

@ap :: (Monad m) =>m (a ->b) ->ma ->mb

e <*>3a MoHaau
eapmf m=mf >>= (\f ->m >>= (\x -> return $ f x))

@ 1iftM2:: (Monad m) => (a ->b ->¢c) ->ma ->mb ->mc
o 1iftA2 33 mMoHagn
1iftM2 f m1 m2 = ml <<= (\x1 ->

m2 <<= (\x2 ->
return $ £ x1 x2))
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MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
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MonagHu dyHkuun (2)

@ join :: (Monad m) => m (m a) -> m a
e ‘cnuea” pBoliHaTa ONakoBKa B eAMHUYHA
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MonagHu dyHkuun (2)

@ join :: (Monad m) => m (m a) -> m a
e ‘cnuea” pBoliHaTa ONakoBKa B eAMHUYHA
e join mm = mm >>= id
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
]

>>= = joi
mE T Joln (nap £ m)
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)
o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o Duntpupa c npeankaT, BpbLiaLy ‘onakosaHu Bynesm CTONHOCTM
o PesyntatuT e “onakoBaHuTe” eneMeHTN Ha cnucbka
o powerset = filterM (\x -> [True,False])
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)
o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o Duntpupa c npeankaT, BpbLiaLy ‘onakosaHu Bynesm CTONHOCTM
o PesyntatuT e “onakoBaHuTe” eneMeHTN Ha cnucbka
o powerset = filterM (\x -> [True,False])

@ foldM :: (Monad m) => (a -> b ->ma) ->a -> [b] ->m a
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)

o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o Duntpupa c npeankaT, BpbLiaLy ‘onakosaHu Bynesm CTONHOCTM
o PesyntatuT e “onakoBaHuTe” eneMeHTN Ha cnucbka
o powerset = filterM (\x -> [True,False])

@ foldM :: (Monad m) => (a -> b ->ma) ->a -> [b] ->m a
e Hatpyngea enemeHTn OT cnuChbK C MOHagHa onepauus
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)

o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o PunTpupa c npeankart, BpbLiaLy ‘onakoBaHn' OyneBu CTONHOCTH
o PesyntatuT e “onakoBaHnTe" enieMeHTN Ha CMMCbKa
e powerset = filterM (\x -> [True,False])

@ foldM :: (Monad m) => (a -> b ->ma) ->a -> [b] ->m a
e Hatpyngea enemeHTn OT cnuChbK C MOHagHa onepauus
o HatpyngaHneTo e nsiso (uTepatuseH npouec, nogobHo Ha foldl)
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)
o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o PunTpupa c npeankart, BpbLiaLy ‘onakoBaHn' OyneBu CTONHOCTH
o PesyntatuT e “onakoBaHnTe" enieMeHTN Ha CMMCbKa
e powerset = filterM (\x -> [True,False])
@ foldM :: (Monad m) => (a ->b ->ma) ->a -> [b] ->m a
e Hatpyngea enemeHTn OT cnuChbK C MOHagHa onepauus
o HatpyngaHneTo e nsiso (uTepatuseH npouec, nogobHo Ha foldl)
e boundSum lim = foldM (\x y -> if x+y < lim
then Just (x+y) else Nothing) O
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)
o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o PunTpupa c npeankart, BpbLiaLy ‘onakoBaHn' OyneBu CTONHOCTH

o PesyntatuT e “onakoBaHnTe" enieMeHTN Ha CMMCbKa

e powerset = filterM (\x -> [True,False])
@ foldM :: (Monad m) => (a -> b ->ma) -> a -> [b] ->m a

o HaTpynBa enemeHTn OT CMMCBK C MOHagHa onepayus

o HatpyngaHneTo e nsiso (uTepatuseH npouec, nogobHo Ha foldl)

e boundSum lim = foldM (\x y -> if x+y < lim

then Just (x+y) else Nothing) O

boundSum 60 [1..10] — 7
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Mo
MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)
o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o PunTpupa c npeankart, BpbLiaLy ‘onakoBaHn' OyneBu CTONHOCTH

o PesyntatuT e “onakoBaHnTe" enieMeHTN Ha CMMCbKa

e powerset = filterM (\x -> [True,False])
@ foldM :: (Monad m) => (a -> b ->ma) -> a -> [b] ->m a

o HaTpynBa enemeHTn OT CMMCBK C MOHagHa onepayus

o HatpyngaHneTo e nsiso (uTepatuseH npouec, nogobHo Ha foldl)

e boundSum lim = foldM (\x y -> if x+y < lim

then Just (x+y) else Nothing) O

boundSum 60 [1..10] — Just 55
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MonagHu dyHkuun (2)

@ join :: (Monad m) =>m (m a) ->m a
e ‘cnuea’ pBoliHaTa OMNakoBKa B eAMHNYHA
e join mm = mm >>= id
o Moxem pa gecdpurupame (>>=) upes join n fmap:
em >>=f = join (fmap f m)
o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o PunTpupa c npeankart, BpbLiaLy ‘onakoBaHn' OyneBu CTONHOCTH
o PesyntatuT e “onakoBaHnTe" enieMeHTN Ha CMMCbKa
e powerset = filterM (\x -> [True,False])
@ foldM :: (Monad m) => (a ->b ->ma) ->a -> [b] ->m a
e Hatpyngea enemeHTn OT cnuChbK C MOHagHa onepauus
o HatpyngaHneTo e nsiso (uTepatuseH npouec, nogobHo Ha foldl)
e boundSum lim = foldM (\x y -> if x+y < lim
then Just (x+y) else Nothing) O
boundSum 60 [1..10] — Just 55
e boundSum 50 [1..10] — ?
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@ join :: (Monad m) =>m (m a) ->m a
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e join mm = mm >>= id
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o HatpyngaHneTo e nsiso (uTepatuseH npouec, nogobHo Ha foldl)
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MoHagHn 3aKoHM

HedvHuyms
MoHaga HapniaMe MHCTaHUUS Ha Knaca Monad, 3a KOsITO:

©Q return x >>= f < f x (N8B ugeHTUTET)
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HedvHuyms
MoHaga HapniaMe MHCTaHUUS Ha Knaca Monad, 3a KOsITO:

©Q return x >>= f < f x (N8B ugeHTUTET)

@ m >>= return <= m (feceH nAeHTNTET)

Tpudon Tpucporos (Pr-N 18/19) DyHKTOPU 1 MOHagM



MoHagHn 3aKoHM

HedvHuyms
MoHaga HapniaMe MHCTaHUUS Ha Knaca Monad, 3a KOsITO:

©Q return x >>= f < f x (N8B ugeHTUTET)
@ m >>= return <= m (feceH nAeHTNTET)

Q (m >>=f) >>=g<+=m >>= (\x -> £ x >= g) (acounatneHoct)
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MoHagHn 3aKoHM

HedvHuyms

MoHaga HapniaMe MHCTaHUUS Ha Knaca Monad, 3a KOsITO:
©Q return x >>= f < f x (N8B ugeHTUTET)
@ m >>= return <nm (,qeceH Mp,eHTVlTeT)

Q (m >>=f) >>=g<+=m >>= (\x -> £ x >= g) (acounatneHoct)

Komnosuyunsi Ha MoHagHu pyHKUMN:

(<=<) :: (Monad m) => (b ->mc) -> (a ->mb) -> (a ->mc)
f<=<g = \x -> g x>=1f
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MoHagHn 3aKoHM

HedvHuyms

MoHaga HapniaMe MHCTaHUUS Ha Knaca Monad, 3a KOsITO:
©Q return x >>= f < f x (N8B ugeHTUTET)
@ m >>= return <nm (,qeceH Mp,eHTVlTeT)

Q (m >>=f) >>=g<+=m >>= (\x -> £ x >= g) (acounatneHoct)

Komnosnums Ha MoHagHu dyHKumn:
(¢<=<) :: (Monad m) => (b ->mc) -> (a ->mb) -> (a ->m c)
f<=<g = \x->gx>>=f
MoHagHNTe 3aKOHM Ype3 KOMMO3NLNS:
Q f <=< return <= f (n9B naeHTNTET)
@ return <=< f <= f (meceH ngeHTuTET)
© f <=< (g <=< h) <= (f <=< g) <=< h (acoumatusHoCT)
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