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Aopr) NG Inuepiviig AIGAEENG

@ Eicaywyn (ueydanh
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Aopr) NG Inuepiviig AIGAEENG

@ Eicaywyn (ueydanh

@ Karaokeuaotég Tunwv kail Ynep@poptwon
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Aopr) NG Inuepiviig AIGAEENG

@ Eicaywyn (ueydanh
@ Karaokeuaotég Tunwv kail Ynep@poptwon
@ Kadon Monad
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Aopr) NG Inuepiviig AIGAEENG

@ Eicaywyn (ueydanh

@ Karaokeuaotég Tunwv kail Ynep@poptwon
@ Kadon Monad

@ YUvraindo
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Aopr) NG Inuepiviig AIGAEENG

@ Eicaywyn (ueydanh
@ Karaokeuaotég Tunwv kail Ynep@poptwon
@ Kadon Monad
@ YUvraindo

@ Eicodog/éEodog
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Eicaywyn
Fevikr| 15€a - |

@ YUvBeon ouvaptoewy fii © T- >Tiq kai x: @ To:

fn_]( fn—2( ...To X) ) vei 0 Ty
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Eicaywyn
Fevikr| 15€a - |

@ YUvBeon ouvaptoewy fii © T- >Tiq kai x: @ To:

fn_]( fn—2( ...To X) ) vei 0 Ty

@ Opiloupe:
app x f =f x ; infixl 0 ‘app’
Turog: a- >(a->b) ->b
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Eicaywyn
Fevikr| 15€a - |

@ YUvBeon cuvapmoewv fi: | Tj- >Tipy kai x: : To:
fn_]( fn—2( ...To X) ) vei 0 Ty
@ Opiloupe:
app x f =f x ; infixl 0 ‘app’
Turog: a- >(a->b) ->b

@ To napandvw ypdgerar:

x ‘app' fy ‘app' .. ‘app’ f,_1 :: T,
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Eicaywyn

Fevikry 15€a - Il

@ ©E&Moupe va EUNAOUTICOUE’ TIC CUVAPTAOCEIG UE EMIMAEOY
AerroupyikoTnTa: f/: s Ti->m T,
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Eicaywyn
Fevikr 15éa - I

@ ©E&Moupe va EUNAOUTICOUE’ TIC CUVAPTAOCEIG UE EMIMAEOY
AerroupyikoTnTa: f/: s Ti->m T,
@ ©éMoupe o UNoAoyICHOG Jag va yivetarand m o ce m T,
!/ ‘ / ‘ ¢ ‘ / ..
X' “app’ f§ ‘app’ .. ‘app’ fi_, :: mT,
dmoux’ 1:m T
@ Xpelalduaore:
@ Kkaivoupia cuvdapton cuvBeong appm
o ouvdpmon | i ft mnou va “aveBdler” uia iy @ ce m a
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Eicaywyn
Fevikr 15éa - I

@ ©E&Moupe va EUNAOUTICOUE’ TIC CUVAPTAOCEIG UE EMIMAEOY
AerroupyikoTnTa: f/: s Ti->m T,
@ ©éMoupe o UNoAoyICHOG Jag va yivetarand m o ce m T,
!/ ‘ / ‘ ¢ ‘ / ..
X' “app’ f§ ‘app’ .. ‘app’ fi_, :: mT,
dmoux’ 1:m T
@ Xpelalduaore:
@ Kkaivoupia cuvdapton cuvBeong appm
o ouvdpmon | i ft mnou va “aveBdler” uia iy @ ce m a

@ Tunor:
appm:: ma->(a->mb)->mb
liftm:: a->ma
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Eicaywyn
Fevikr 15éa - I

@ ©E&Moupe va EUNAOUTICOUE’ TIC CUVAPTAOCEIG UE EMIMAEOY
AerroupyikoTnTa: f/: s Ti->m T,
@ ©éMoupe o UNoAoyICHOG Jag va yivetarand m o ce m T,
!/ ‘ / ‘ ¢ ‘ / ..
X' “app’ f§ ‘app’ .. ‘app’ fi_, :: mT,
dmoux’ 1:m T
@ Xpelalduaore:
@ Kkaivoupia cuvdapton cuvBeong appm
o ouvdpmon | i ft mnou va “aveBdler” uia iy @ ce m a

@ Tunor:
appm:: ma->(a->mb)->mb
liftm:: a->ma

@ H ouveeon yivera:

liftmx ‘appm £ ‘appm .. ‘appm f

n—1

m T,

MNavvng Kacoiég Movadeg



Eicaywyn
Mapddeiyua I: Maybe -1

@ 'Eheyxog AaBwv (M=May be)
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Eicaywyn
Mapddeiyua I: Maybe -1

@ 'Eheyxog AaBwv (M=May be)
e Yuvapmoeig Maybe a- >Maybe b:
@ yia KdBe opilduevn ouvdptnon f :
f(Just x) = ...
f Not hi ng = Not hi ng
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Eicaywyn
Mapddeiyua I: Maybe -1

@ 'Eheyxog AaBwv (M=May be)
e Yuvapmoeig Maybe a- >Maybe b:
@ yia KdBe opilduevn ouvdptnon f :
f(Just x) = ...
f Not hi ng = Not hi ng
@ yia kdBe avwvupun cuvAaptnon:
\ mbx- >case nbx of Just x ->...
Not hi ng- >Not hi ng
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Eicaywyn
Mapddeiyua I: Maybe -1

@ 'Eheyxog AaBwv (M=May be)
e Yuvapmoeig Maybe a- >Maybe b:
@ yia KdBe opilduevn ouvdptnon f :
f(Just x) = ...
f Not hi ng = Not hi ng
@ yia kdBe avwvupun cuvAaptnon:
\ mbx- >case nmbx of Just x ->...
Not hi ng- >Not hi ng
9 péoa oe AMNOUG UMoAOYIoHoUG:
case val of
Not hi ng -> Not hi ng
Just x -> case f x of
Not hi ng -> Not hi ng
Just y -> case g y of
Not hi ng -> Not hi ng
Just z -> Just z
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Eicaywyn
Mapddeiyua I: Maybe -1

@ Xpnowworoiotpe f ;@ a->Maybe b ka:
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Eicaywyn
Mapddeiyua I: Maybe -1

@ Xpnowworoiotpe f ;@ a->Maybe b ka:
o 1iftMybe
@ appMaybe
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Eicaywyn
Mapddeiyua I: Maybe -1

@ Xpnowworoiotpe f ;@ a->Maybe b ka:
o 1iftMybe
@ appMaybe
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Eicaywyn
Mapddeiyua I: Maybe -1

@ Xpnowworoiotpe f ;@ a->Maybe b ka:
o |iftMaybe = Just
@ appMaybe
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Eicaywyn
Mapddeiyua I: Maybe -1

@ Xpnowworoiotpe f ;@ a->Maybe b ka:
o |iftMaybe = Just
@ appMaybe
appMaybe Not hing _ = Not hi ng

appMaybe (Just x) f = f x
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Eicaywyn
Mapddeiyua I: Maybe -1

@ Xpnowworoiotpe f ;@ a->Maybe b ka:
o |iftMaybe = Just
@ appMaybe
appMaybe Not hing _ = Not hi ng
appMaybe (Just x) f = f x
o Twpa:

@ opilduevn ouvdpmon: f x = ...
@ avovuun ouvdptnon: \ X->. . .
9 PEoa oe AMNOUG UMOAOYIoHoUG:
liftMaybe val ‘appMaybe' f ‘appMaybe' ¢
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Eicaywyn
Mapddeiyua |: Maybe - i

@ Eotw
saferev x = if x==0 then Nothing el se Just(1/x)
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Eicaywyn
Mapddeiyua |: Maybe - i

@ Eotw
if x==0 then Nothing else Just(1/x)

saferev x =

@ ACQANAG UNoAoyIoudg Tou 1/ (X* Z)
[iftMaybe x ‘appMaybe‘ saferev
‘appMaybe’ \rx->liftMybe z
‘appMaybe‘ saferev
‘ appMaybe’
\rz->liftMaybe(rxxrz)
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Eicaywyn
Mapddeiyua |: Maybe - i

@ Eotw
saferev x = if x==0 then Nothing el se Just(1/x)
@ ACQANAG UNoAoyIoudg Tou 1/ (X* Z)
[iftMaybe x ‘appMaybe‘ saferev
‘appMaybe’ \rx->liftMybe z
‘appMaybe‘ saferev
‘ appMaybe’
\rz->liftMaybe(rxxrz)
@ La@EOTEPOG KWIIKAG :
liftMaybe x ‘appMaybe’ \x->
saferev x ‘appMaybe' \rx->
liftMaybe z * appMaybe’ \z->
saferev z ‘appMaybe’ \rz->
[iftMaybe (rxxrz)
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Eicaywyn
Mapddelypa ll: Logging - |

@ ©éhoupe va npocBéocoupe duvardinreg logging OTIG CUVAPTACEIG
pag
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Eicaywyn
Mapddelypa ll: Logging - |

@ ©éhoupe va npocBéocoupe duvardinreg logging OTIG CUVAPTACEIG
pag
@ napadelyua:
f x=(...sonme_result... , "f was called")
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Eicaywyn
Mapddelypa ll: Logging - |

@ ©éhoupe va npocBéocoupe duvardinreg logging OTIG CUVAPTACEIG
pag
@ napadelyua:
f x=(...sonme_result... , "f was called")
o nrLog dnou
type Log a = (a, String)
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Eicaywyn
Mapddelypa ll: Logging - |

@ ©éhoupe va npocBéocoupe duvardinreg logging OTIG CUVAPTACEIG
Mag
@ napadelyua:
f x=(...sonme_result... , "f was called")
o nrLog dnou
type Log a = (a, String)
@ Yuvapmoeig | i ft Log karappLog:
liftLogr = (r,"")
appLog (r,s) f =
(r’,s++s’) where (r’,s’)=fr
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Eicaywyn
Mapddeiyua ll: Logging - I

@ Opiouoi e logging:

f n=

(nx2, "f(" ++ shown ++ ") was called. ")
gn-=

(n+1, "g(" ++ shown ++ ") was called. ")
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Eicaywyn
Mapddeiyua ll: Logging - I

@ Opiouoi e logging:

f n=
(nx2, "f(" ++ shown ++ ") was called. ")

gn-=
(n+1, "g(" ++ shown ++ ") was called. ")

@ Xpnon:

liftLog 10 ‘appLog’ \x->

f x ‘appLog’ \y->

gy '‘appLog’ \z-> liftLog(x+y+z)

EMNIoCTPEPEI

(51,"f(10) was called. g(20) was called. ")
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Eicaywyn
Mapddeiyua ll: Logging - I

Opiopoi ue avadpoun:
l ogg str = (undef, str)
factorial 0 =
logg ("factorial (0) was called. ") ‘appLog’ \_->

liftLog 1
factorial n =
| ogg("factorial (" ++ shown ++ ") was called. ")
“appLog’ \_->

factorial (n-1) ‘appLog’ \x->
[iftLog (x*n)
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Eicaywyn
Zntoupevo

@ Ta Vv unooTAPIEN TNG VEAG AeIToupYIKOTNTAG MxpelalduacTte
sliftm:: a->ma
e appm:: ma->(a->mb)->mb
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Eicaywyn
Zntoupevo

@ Ta Vv unooTAPIEN TNG VEAG AeIToupYIKOTNTAG MxpelalduacTte
sliftm:: a->ma
e appm:: ma->(a->mb)->mb

@ O1 cuvaptioeIg MPENEI va IKAVOMoIoUV
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Eicaywyn
Zntoupevo

@ Ta Vv unooTAPIEN TNG VEAG AeIToupYIKOTNTAG MxpelalduacTte
sliftm:: a->ma
e appm:: ma->(a->mb)->mb

@ O1 cuvaptioeIg MPENEI va IKAVOMoIoUV

liftmx "appm f =f X
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Eicaywyn
Zntoupevo

@ Ta Vv unooTAPIEN TNG VEAG AeIToupYIKOTNTAG MxpelalduacTte
sliftm:: a->ma
e appm:: ma->(a->mb)->mb
@ O1 cuvaptioeIg MPENEI va IKAVOMoIoUV
liftmx "appm f =f X
nk “appm liftm= nx
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Eicaywyn
Zntoupevo

@ Ta Vv unooTAPIEN TNG VEAG AeIToupYIKOTNTAG MxpelalduacTte
sliftm:: a->ma
e appm:: ma->(a->mb)->mb
@ O1 cuvaptioeIg MPENEI va IKAVOMoIoUV
liftmx "appm f =f X
nk “appm liftm= nx
mxk ‘“appm (\x ->f x ‘appni Q)
= (mx “appm f) ‘appnt g
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Eicaywyn
Zntoupevo

@ Ta Vv unooTAPIEN TNG VEAG AeIToupYIKOTNTAG MxpelalduacTte
sliftm:: a->ma
e appm:: ma->(a->mb)->mb
@ O1 cuvaptioeIg MPENEI va IKAVOMoIoUV
liftmx "appm f =f X
nk “appm liftm= nx
mxk ‘“appm (\x ->f x ‘appni Q)
= (mx “appm f) “appni g
@ Hroidda(m |iftm appm ovoudleral yjovada (monad)
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KaraokeuaoTteg TUnwv Kal YNnep@opTtwon

@ ‘Evag KaraokeuaoTtc Tunou (type constructor) eivai uia
ouvdptnon and Tunoug oe TUno
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KaraokeuaoTteg TUnwv Kal YNnep@opTtwon

@ ‘Evag KaraokeuaoTtc Tunou (type constructor) eivai uia
ouvdptnon and Tunoug oe TUno

@ lMapadeiyuara:

dat a a = Just a | Nothing
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KaraokeuaoTteg TUnwv Kal YNnep@opTtwon

@ ‘Evag KaraokeuaoTtc Tunou (type constructor) eivai uia
ouvdptnon and Tunoug oe TUno

@ lMapadeiyuara:

dat a a = Just a | Nothing

@ Ynep@dpTtwon Kal KAAGEIG unooTneilovral KAl GE KATACKEUAOTEG
TUNWv:
cl ass SomeCl ass cons where
somefunction :: cons a -> String
i nstance SoneC ass Maybe where
somef unction (Just ) = "Correct”
sonefunction Nothing = "Error"
i nstance Soned ass [] where
somefunction [] = "Enmpty"

somef unction _ = "Non-enpty"
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H kAdon Monad

@ H k\don karaokeuaoTtwv 1Unwv Monad éxel onypidtuna povadeg
@ nouvdpmon | i ft movoudZerair et ur n
@ n ouvdptnon appmyiveral tfeAeomg >>=
@ unoompi{eTal TEAEOTG >> Nou NETAE! TV TIUN Mou EMICTREPEI TO
apiotepd Tou SPICUA
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H kAdon Monad

@ H k\don karaokeuaoTtwv 1Unwv Monad éxel onypidtuna povadeg

@ nouvdpmon | i ft movoudZerair et ur n

@ n ouvdptnon appmyiveral tfeAeomg >>=

@ unoompi{eTal TEAEOTG >> Nou NETAE! TV TIUN Mou EMICTREPEI TO
apiotepd Tou SPICUA

cl ass Mbnad m where
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H kAdon Monad

@ H k\don karaokeuaoTtwv 1Unwv Monad éxel onypidtuna povadeg

@ nouvdpmon | i ft movoudZerair et ur n

@ n ouvdptnon appmyiveral tfeAeomg >>=

@ unoompi{eTal TEAEOTG >> Nou NETAE! TV TIUN Mou EMICTREPEI TO
apiotepd Tou SPICUA

cl ass Mbnad m where
(>>=) :: ma->(a->mb)->mb

MNavvng Kacoiég Movadeg



H kAdon Monad

@ H k\don karaokeuaoTtwv 1Unwv Monad éxel onypidtuna povadeg

@ nouvdpmon | i ft movoudZerair et ur n

@ n ouvdptnon appmyiveral tfeAeomg >>=

@ unoompi{eTal TEAEOTG >> Nou NETAE! TV TIUN Mou EMICTREPEI TO
apiotepd Tou SPICUA

cl ass Mbnad m where
(>>=) :: ma->(a->mb)->mb
return :: a->ma
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H kAdon Monad

@ H k\don karaokeuaoTtwv 1Unwv Monad éxel onypidtuna povadeg
@ nouvdpmon | i ft movoudZerair et ur n
@ n ouvdptnon appmyiveral tfeAeomg >>=
@ unoompi{eTal TEAEOTG >> Nou NETAE! TV TIUN Mou EMICTREPEI TO
apiotepd Tou SPICUA

cl ass Mbnad m where

(>>=) :: ma->(a->mb)->mb
return :: a->ma
(>>) :: ma->mb->mb
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H kAdon Monad

@ H k\don karaokeuaoTtwv 1Unwv Monad éxel onypidtuna povadeg
@ nouvdpmon | i ft movoudZerair et ur n
@ n ouvdptnon appmyiveral tfeAeomg >>=
@ unoompi{eTal TEAEOTG >> Nou NETAE! TV TIUN Mou EMICTREPEI TO
apiotepd Tou SPICUA

cl ass Mbnad m where

(>>=) :: ma->(a->mb)->mb
return :: a->ma
(>>) :: ma->mb->mb

m>> k = m>>=\_->k
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H kAdon Monad

@ H k\don karaokeuaoTtwv 1Unwv Monad éxel onypidtuna povadeg
@ nouvdpmon | i ft movoudZerair et ur n
@ n ouvdptnon appmyiveral tfeAeomg >>=
@ unoompi{eTal TEAEOTG >> Nou NETAE! TV TIUN Mou EMICTREPEI TO
apiotepd Tou SPICUA
@ 01 1010NTEG Hovadag de pnopouv va enainBeutouv and T Haskell

cl ass Mbnad m where

(>>=) :: ma->(a->mb)->mb
return :: a->ma
(>>) :: ma->mb->mb

m>> k = m>>=\_->k

MNavvng Kacoiég Movadeg



H kAdon Monad
Mapddeiyua | - Maybe

@ O karackeuaotic Maybe eivai idn povada:
i nstance Monad Maybe where
(Just x) >>=k = k x
Not hi ng >>= k = Not hi ng
return = Just
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H kAdon Monad
Mapddeiyua | - Maybe

@ O karackeuaotic Maybe eivai idn povada:
i nstance Monad Maybe where
(Just x) >>=k = k x
Not hi ng >>= k = Not hi ng
return = Just
@ Mapddeiypa unoroyiopou 1/ ( X+ Z) :
return x >>= \x->
saferev x >>= \rx->
return z >=\z->
saferev z >>=\rz->
return (rx=rz)
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H kAdon Monad
Mapddeiypa ll - Log - |

data Log a = Log (a, String)
i nstance Monad Log where
returnr = Log (r,"")
(Log (r,s)) >>=k =
Log (r’,s++s’) where Log (r',s’ )=k r
| ogg str = Log (undef,str)
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H kAdon Monad
Mapddeiypa ll - Log - |

data Log a = Log (a, String)
i nstance Monad Log where
returnr = Log (r,"")
(Log (r,s)) >>=k =
Log (r’,s++s’) where Log (r',s’ )=k r
| ogg str = Log (undef,str)

f n=
l ogg("f (" ++ shown ++ ") was called. ") >>
return (2+xn)

gn-=
| ogg("g(" ++ shown ++ ") was called. ") >>

return (n+l)
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H kAdon Monad
MNapddeiypa ll - Log - I

exLog =

return 10 >>= \x->
f x >>=\y->

gy >>= \z->
return(x+y+z)

factorial 0 =
logg"factorial (0) was called. " >>
return 1
factorial n =
| ogg
("factorial (" ++ shown ++ ") was called. ")
>>
factorial (n-1) >>= \x->
return( x*n)
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YOvrain do
Baoikr ZUvragn

@ H olUvrain do via i povdadec kaBapilel Tov KWdIka and TN cuvexn
Xpnon Twv >>= kal >>
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YOvrain do
Baoikr ZUvragn

@ H olUvrain do via i povdadec kaBapilel Tov KWdIka and TN cuvexn
Xpnon Twv >>= kal >>

o Eexivdpe pe n AéEn do
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YOvrain do
Baoikr ZUvragn

@ H olUvrain do via i povdadec kaBapilel Tov KWdIka and TN cuvexn
Xpnon Twv >>= kal >>
o Eexivdpe pe n AéEn do
@ aKOAOUBOoUV €UBUYPAUMICUEVEG OE YPAUUES Ol EVIOAEG, XWPIG >>
Kal >>= (rou unovoouvTal)
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YOvrain do
Baoikr ZUvragn

@ H ouvrain do via 1ig povadeg kabapilel Tov kwdIKa and Tn cuvexn
Xpnon Twv >>= kal >>
o Eexivdpe pe n AéEn do
@ aKOAOUBOoUV €UBUYPAUMICUEVEG OE YPAUUES Ol EVIOAEG, XWPIG >>
Kal >>= (rou unovoouvTal)
@ n ouviagn
conmand >>= \vari abl e->
avrikaBioraral and
vari abl e <- command
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YOvrain do

Baoikr Luvragn - Mapadeiyuara - |

f n=
| ogg("f (" ++ shown ++ ") was called. ") >>
return (2+n)

gn-=
| ogg("g(" ++ shown ++ ") was called. ") >>

return (n+l)
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YOvrain do

Baoikr Luvragn - Mapadeiyuara - |

f n=
| ogg("f (" ++ shown ++ ") was called. ") >>
return (2+n)

gn-=
| ogg("g(" ++ shown ++ ") was called. ") >>

return (n+l)
petarpéneral oe:

f n=
do logg("f(" ++ shown ++ ") was called. ")
return (2xn)
gn-=
do logg("g(" ++ shown ++ ") was called. ")

return (n+l)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \ x->
f x >>=\y->
gy >>= \z->
return(x+y+z)

factorial 0 = factorial 0 =
l ogg"..." >>
return 1

factorial n = factorial n =
logg("...") >>

factorial (n-1) >>= \x->
return(xxn)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \ x-> do x<-return 10
f x >>=\y->
gy >>= \z->
return(x+y+z)

factorial 0 = factorial 0 =
l ogg"..." >>
return 1

factorial n = factorial n =
logg("...") >>

factorial (n-1) >>= \x->
return(xxn)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \x-> do x<-return 10
f x >>=\y-> y<-f x

gy >>= \z->
return(x+y+z)

factorial 0 = factorial 0 =
l ogg"..." >>
return 1

factorial n = factorial n =
logg("...") >>

factorial (n-1) >>= \x->
return(xxn)

MNavvng Kacoiég Movadeg



YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \ x-> do x<-return 10
f x >>=\y-> y<-f x
gy >=\z-> z<-g Yy
return(x+y+z)
factorial 0 = factorial 0 =
l ogg"..." >>
return 1
factorial n = factorial n =
logg("...") >>

factorial (n-1) >>= \x->
return(xxn)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \ x-> do x<-return 10
f x >>=\y-> y<-f x
gy >=\z-> z<-g Yy
return(x+y+z) return(x+y+z)
factorial 0 = factorial 0 =
l ogg"..." >>
return 1
factorial n = factorial n =
logg("...") >>

factorial (n-1) >>= \x->
return(xxn)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \ x-> do x<-return 10
f x >>=\y-> y<-f x
gy >=\z-> z<-g Yy
return(x+y+z) return(x+y+z)
factorial 0 = factorial 0 =
l ogg"..." >> do logg"..."
return 1
factorial n = factorial n =
logg("...") >>

factorial (n-1) >>= \x->
return(xxn)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \ x-> do x<-return 10
f x >>=\y-> y<-f x
gy >=\z-> z<-g Yy
return(x+y+z) return(x+y+z)
factorial 0 = factorial 0 =
l ogg"..." >> do logg"..."
return 1 return 1
factorial n = factorial n =
logg("...") >>

factorial (n-1) >>= \x->
return(xxn)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \ x-> do x<-return 10
f x >>=\y-> y<-f x
gy >=\z-> z<-g Yy
return(x+y+z) return(x+y+z)
factorial 0 = factorial 0 =
l ogg"..." >> do logg"..."
return 1 return 1
factorial n = factorial n =
logg("...") >> do logg("...")

factorial (n-1) >>= \x->
return(xxn)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \x-> do x<-return 10
f x >>=\y-> y<-f x
gy >=\z-> z<-g Yy
return(x+y+z) return(x+y+z)
factorial 0 = factorial 0 =
l ogg"..." >> do logg"..."
return 1 return 1
factorial n = factorial n =
logg("...") >> do logg("...")
factorial (n-1) >>= \x-> x<-factorial (n-1)

return(x*n)
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YOvrain do

Baoikn) LUviagn - Mapadeiyuara - Il

exLog = exLog =
return 10 >>= \x-> do x<-return 10
f x >>=\y-> y<-f x
gy >=\z-> z<-g Yy
return(x+y+z) return(x+y+z)
factorial 0 = factorial 0 =
l ogg"..." >> do logg"..."
return 1 return 1
factorial n = factorial n =
logg("...") >> do logg("...")
factorial (n-1) >>= \x-> x<-factorial (n-1)
return(x*n) return(xxn)
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YOvrain do
| et

do let v = E
KWOOIKAG

Icoduvapei e

(\ v->do «kddkag)E
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YOvrain do
| et

do let v = E
KWOOIKAG

Icoduvapei e

(\ v->do «kddkag)E

Mapddelyua:

exLog =

do let x=10

y<-f x
z<-g Yy
return(x+y+z)
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YOvrain do
Single Assignment - |

@ H oUvrafn do poidlel ald dev eival MPOOTAKTIKAG
MEOYPAUUATICHOG. O1 UETABANTEG BV AVTICTOIXOUV OE BECEIG
pvAMNG !

MNavvng Kacoiég Movadeg



YOvrain do
Single Assignment - |

@ H oUvrafn do poidlel ald dev eival MPOOTAKTIKAG
MEOYPAUUATICHOG. O1 UETABANTEG BV AVTICTOIXOUV OE BECEIG
MVARNG !

@ Autooxédio whi | e:
while test action =

do c<-test
if ¢ then do action
while test action
else return O

MNavvng Kacoiég Movadeg



YOvrain do
Single Assignment - I

@ Ad&Bog xpnon:
badf act n =
do let s =1
while (return (n>0))
(do let s = s*n
let n = n-1
| ogg " X"
)

return s
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YOvrain do
Single Assignment - I

@ Ad&Bog xpnon:
badf act n =
do let s =1
while (return (n>0))
(do let s = s*n
let n = n-1
| ogg " X"
)

return s
o badf act O enicrpépel 1, and badf act 2 koandel!
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YOvrain do
Single Assignment - I

@ Ad&Bog xpnon:
badf act n =
do let s =1
while (return (n>0))
(do let s = s*n
let n =n-1
| ogg " X"
)

return s
o badf act O enicrpépel 1, and badf act 2 koandel!
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YOvrain do
Single Assignment - I

@ Ad&Bog xpnon:
badf act n =
do let s =1
while (return (n>0))
(do let s = s*n
let n = n-1
| ogg " X"
)

return s
o badf act O enicrpépel 1, and badf act 2 koandel!

@ Single Assignment: kdBe véa eu@avion Tou N eival véa PetapAnTm
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YOvrain do
Single Assignment - I

@ Ad&Bog xpnon:
badfact n =
dolet s =1
while (return (n>0))
(do let s = s*n
let n = n-1
| ogg " X"
)
return s
o badf act O enicrpépel 1, and badf act 2 koandel!
@ Single Assignment: kdBe véa eu@avion Tou N eival véa PetapAnTm

@ Mdvo avadpouikég AUoelg !
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‘ANec Movdadeg

@ O karackeuaomg [ ] eivar povada:
i nstance Monad [] where
return x = [X]

m >>= k = concat (map k m
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‘ANec Movdadeg

@ O karackeuaomg [ ] eivar povada:
i nstance Monad [] where
return x = [X]

m >>= k = concat (map k m

@ XpNnolJonoinon yia Jn VIETEPUIVICTIKOUG UMOAOYICUOUG
f x =[x, x+1]
g x =[x, 2%x]
S do x<-return 5
y<-f Xx
z<-g Yy
return z
anoréecpa S=[ 5, 6, 10, 12]

I X

MNavvng Kacoiég Movadeg



‘ANec Movdadeg

@ O karackeuaomg [ ] eivar povada:
i nstance Monad [] where
return x = [X]

m >>= k = concat (map k m

@ XpNnolJonoinon yia Jn VIETEPUIVICTIKOUG UMOAOYICUOUG
f x =[x, x+1]
g x =[x, 2%x]
S do x<-return 5
y<-f Xx
z<-g Yy
return z
anoréecpa S=[ 5, 6, 10, 12]

@ Tetpiupévn povdda | d:

I X

data ld a =1d a
i nstance Monad |d where
return = I d

(Id x) >>=k = k x



Eicodocg/eEodog
To MpdBANua Tou /O oTg ZuvapTnoIakES MWOoEG

@ Méxpl Twpa dev €xoupe enidpacn Pe 1o xpnotn Kard T Sidpkeia
EKTEAEONG eVOG NPOYPAUNATOG
@ N EMNAPKEG YIa peydha npoypduuara
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Eicodocg/eEodog
To MpdBANua Tou /O oTg ZuvapTnoIakES MWOoEG

@ Méxpl Twpa dev €xoupe enidpacn Pe 1o xpnotn Kard T Sidpkeia
€KTENEONG eVOG NPOYPAUMATOG
@ N EMNAPKEG YIa peydha npoypduuara
@ H aMnAenidpaon ue 1o nepiBdAov dev Taipidlel oto
OuUVapPTNOIaKO OTUA:
read - read
@ n oelpd anotiunong ennEEeAalel To ANOTEAECHA UNOAOYICUWY
@ napevépyeleg: 10 napandvw dev icoural pe 0
o akdua xelpdrepec napevépyeieg: f = read + 42
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Eicodocg/eEodog
To MpdBAnua Tou I/O oTig LuvapTnolakeg Nwoceg - Mpooeyyiceig

@ [Mpocéyyion (@) (ML, Lisp): anodexduacte TG NapevepyeIieg
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Eicodocg/eEodog
To MpdBAnua Tou I/O oTig LuvapTnolakeg Nwoceg - Mpooeyyiceig

@ [Mpocéyyion (@) (ML, Lisp): anodexduacte TG NapevepyeIieg
@ lMpoocéyyion (B) (naNid Haskell): povrehonoloUpe v eicodo Kal
Vv €€0do cav okvnNEouUs ANeIPoUG MIVAKEG
@ MPEOBANUA UE TO XPOoVIOUOS TwV NPdtewv: eicodog unopei va eivai
dlaBéaiun npiv autd va eival embupntd
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Eicodocg/eEodog
To MpdBAnua Tou I/O oTig LuvapTnolakeg Nwoceg - Mpooeyyiceig

@ [Mpocéyyion (@) (ML, Lisp): anodexduacte TG NapevepyeIieg
@ lMpoocéyyion (B) (naNid Haskell): povrehonoloUpe v eicodo Kal
Vv €€0do cav okvnNEouUs ANeIPoUG MIVAKEG
@ MPEOBANUA UE TO XPOoVIOUOS TwV NPdtewv: eicodog unopei va eivai
d1laBéoiun npiv autd va eival enBuuntd
@ Maenuariki npooéyyion: ol ouvaptioeig I ead diapalouv Tov
“kAONO” Kal Ol CUVAPTATEIC WE | T € aA\AZouv Tov “kOouo™:
read :: Worl d->(Input Type, Wrl d)
wite :: (QutputType, World)->Wrld
@ 0 XPNoTNG NMpénel va epnodioTei and 1o va xpnoiuonoincel Tov idlo
KOO0 U0 POPEG: EPIKTO UABNUATIKA, AANA QVEQIKTO GTNV
NEAYMATIKOTNTA
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Eicodocg/eEodog
To MpdBAnua Tou I/O oTig LuvapTnolakeg Nwoceg - Mpooeyyiceig

@ [Mpocéyyion (@) (ML, Lisp): anodexduacte TG NapevepyeIieg
@ lMpoocéyyion (B) (naNid Haskell): povrehonoloUpe v eicodo Kal
Vv €€0do cav okvnNEouUs ANeIPoUG MIVAKEG
@ MPEOBANUA UE TO XPOoVIOUOS TwV NPdtewv: eicodog unopei va eivai
d1laBéoiun npiv autd va eival enBuuntd
@ Maenuariki npooéyyion: ol ouvaptioeig I ead diapalouv Tov
“kAONO” Kal Ol CUVAPTATEIC WE | T € aA\AZouv Tov “kOouo™:
read :: Worl d->(Input Type, Wrl d)
wite :: (QutputType, World)->Wrld
@ 0 XPNoTNG NMpénel va epnodioTei and 1o va xpnoiuonoincel Tov idlo
KOO0 U0 POPEG: EPIKTO UABNUATIKA, AANA QVEQIKTO GTNV
NEAYMATIKOTNTA

@ Auon: xprion ATA1 O a
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Eicodocg/eEodog
Eicodog/€todog ue Movadeg

o | O a: kwdikag nou aANAenIdPA e To XPAOTN Kal ENICTOEPE! TIWA
TUnou a
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Eicodocg/eEodog
Eicodog/€todog ue Movadeg

o | O a: kwdikag nou aANAenIdPA e To XPAOTN Kal ENICTOEPE! TIWA
TUnou a

@ Mn enictpo®r TAG — XPRoN TUNou “uUNdeviknG Melddag” () .
‘Onwg VOoi d ong C/C++/Java.
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Eicodocg/eEodog
Eicodog/€todog ue Movadeg

o | O a: kwdikag nou aANAenIdPA e To XPAOTN Kal ENICTOEPE! TIWA
TUnou a

@ Mn enictpo®r TAG — XPRoN TUNou “uUNdeviknG Melddag” () .
‘Onwg VOoi d ong C/C++/Java.

@ | Opovdda — celpd eviohwv eival andAuta caprig
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Eicodocg/eEodog
Eicodog/€todog ue Movadeg

o | O a: kwdikag nou aANAenIdPA e To XPAOTN Kal ENICTOEPE! TIWA
TUnou a

@ Mn enictpo®r TAG — XPRoN TUNou “uUNdeviknG Melddag” () .
‘Onwg VOoi d ong C/C++/Java.

@ | Opovdda — celpd eviohwv eival andAuta caprig

@ EVIOAEG e16600ou/eEddou:

getChar :: 10 Char
getLine :: 10 String
put Char :: Char->1Q)
putStr :: String->l Q)
i SECF :: 10 Bool
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Eicodocg/eEodog
Eicodog/€todog ue Movadeg

o | O a: kwdikag nou aANAenIdPA e To XPAOTN Kal ENICTOEPE! TIWA
TUnou a

@ Mn enictpo®r TAG — XPRoN TUNou “uUNdeviknG Melddag” () .
‘Onwg VOoi d ong C/C++/Java.

@ | Opovdda — celpd eviohwv eival andAuta caprig

@ EVIOAEG e16600ou/eEddou:

getChar :: 10 Char
getLine :: 10 String
put Char :: Char->1Q)
putStr :: String->l Q)
i SECF :: 10 Bool

@ Eicaywyn TuApaTog:
i mport 10
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Eicodocg/eEodog
Eicodog/€todog ue Movadeg - MNapddelyua

i mport 10
copy =
do e<-isECF

if e then do return ()
el se do c<-get Char
put Char c

copy
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Eicodocg/eEodog
Apxeia

@ Eicodog kal €Eodog xwpig file handles:

readFile :: FilePath -> 10O String
witeFile :: FilePath -> String -> 10 ()
appendFile :: FilePath -> String -> 10 ()
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Eicodocg/eEodog
Apxeia

@ Eicodog kal €Eodog xwpig file handles:

readFile :: FilePath -> 10O String
witeFile :: FilePath -> String -> 10 ()
appendFile :: FilePath -> String -> 10 ()

@ Yndpxel kal interface yia dvolyua apxeiwv e handles duolo e
auté 1ng C
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@ XpnoiuonoloUue HovAdeC yia va eUnAOUTIOOUUE TIG CUVAPTACEIG
MAG JE Kavoupyia AeitoupyikOTNTa dlaxwpiopévn and TN BAcIkn
TOUG Aeitoupyia
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@ XpnoiuonoloUue HovAdeC yia va eUnAOUTIOOUUE TIG CUVAPTACEIG
MAG JE Kavoupyia AeitoupyikOTNTa dlaxwpiopévn and TN BAcIkn
TOUG Aeitoupyia

@ Mia povada eival évag povadiaiog KataokeuaoTnG TUnou M
ouvodeuduevog and cuvapticelg I et ur n kai >>= nou
IKAVOMOIOUV CUYKEKPIUEVEG 1IDIOTNTEG
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@ XpnoiuonoloUue HovAdeC yia va eUnAOUTIOOUUE TIG CUVAPTACEIG
MAG JE Kavoupyia AeitoupyikOTNTa dlaxwpiopévn and TN BAcIkn
TOUG Aeitoupyia

@ Mia povada eival évag povadiaiog KataokeuaoTnG TUnou M
ouvodeuduevog and cuvapticelg I et ur n kai >>= nou
IKAVOMOIOUV CUYKEKPIUEVEG 1IDIOTNTEG

@ H k\don povadiciwy karackeuaotwv Mbnad mg Haskell
UNEPPOPTWVEI QUTEG TIC CUVAPTACEIG

MNavvng Kacoiég Movadeg



@ XpnoiuonoloUue HovAdeC yia va eUnAOUTIOOUUE TIG CUVAPTACEIG
MAG JE Kavoupyia AeitoupyikOTNTa dlaxwpiopévn and TN BAcIkn
TOUG Aeitoupyia

@ Mia povada eival évag povadiaiog KataokeuaoTnG TUnou M
ouvodeuduevog and cuvapticelg I et ur n kai >>= nou
IKAVOMOIOUV CUYKEKPIUEVEG 1IDIOTNTEG

@ H k\don povadiciwy karackeuaotwv Mbnad mg Haskell
UNEPPOPTWVEI QUTEG TIC CUVAPTACEIG

@ H olUviafn do via 1 povdadecg anhorolei oNUAvTIKA Tov KWSIKA
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@ XpnoiuonoloUue HovAdeC yia va eUnAOUTIOOUUE TIG CUVAPTACEIG
MAG JE Kavoupyia AeitoupyikOTNTa dlaxwpiopévn and TN BAcIkn
TOUG Aeitoupyia

@ Mia povada eival évag povadiaiog KataokeuaoTnG TUnou M
ouvodeuduevog and cuvapticelg I et ur n kai >>= nou
IKAVOMOIOUV CUYKEKPIUEVEG 1ID1TNTEG

@ H k\don povadiciwy karackeuaotwv Mbnad mg Haskell
UNEPPOPTWVEI QUTEG TIC CUVAPTACEIG

@ H olUviafn do via 1 povdadecg anhorolei oNUAvTIKA Tov KWSIKA

@ H olUviafn do poidlel ald dev eival MPooTakTKOG
MEOYPAUUATICNOG. Aev undpxel KatdoTaon Kal hia JeTaBAnT
naipvel Tiun yévo Jia popd
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@ XpnoiuonoloUue HovAdeC yia va eUnAOUTIOOUUE TIG CUVAPTACEIG
MAG JE Kavoupyia AeitoupyikOTNTa dlaxwpiopévn and TN BAcIkn
TOUG Aeitoupyia

@ Mia povada eival évag povadiaiog KataokeuaoTnG TUnou M
ouvodeuduevog and cuvapticelg I et ur n kai >>= nou
IKAVOMOIOUV CUYKEKPIUEVEG 1ID1TNTEG

@ H k\don povadiciwy karackeuaotwv Mbnad mg Haskell
UNEPPOPTWVEI QUTEG TIC CUVAPTACEIG

@ H olUviafn do via 1 povdadecg anhorolei oNUAvTIKA Tov KWSIKA

@ H olUviafn do poidlel ald dev eival MPooTakTKOG
MEOYPAUUATICNOG. Aev undpxel KatdoTaon Kal hia JeTaBAnT
naipvel Tiun yévo Jia popd

@ H Baoikn xpnon Twv povadwy otn Haskell eival n eicodog/eEodog
nou yiveral pe  ponBeia tou ATA/povadag | O
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