Ecnu Bbl BUANTE 4TO-TO HEOBbIYHOE, MPOCTO coobwmnTe MHe.

MoHaAab! (U gpyrue
YHKUMWNOHAaJIbHbIE

CTPYKTYpPbI)

MoHaabl OAHN N3 CaMbIX CTPaLUHbIX TeM an9 HoBUYKOB B Haskell. Ho kKak n 60/blLUMHCTBO naemn,
OHW NepecTatoT ObiTb CTPALIHLIMK C MPUXOA0M NOHUMaHUA. ECTb MHOXXeCcTBO nocobuin n
MHO>XeCTBO ornpefeneHnin, 4To Takoe Ha CaMOM Aesie MOHaAbl U Kak 3TO 06bACHUTbL togaM. ITa
cepus - monbiTKa obnerynTb 370 6ONbHOE MECTo AJ19 TeX KTO HadMHaeT nly4aTtb Haskell. Mol
bynem nenaTtb BCE ¢ 6a30BbIX MOHATUN, HAYHEM C (PYHKTOPOB M annJANKaTUBHbIX PYHKTOPOB
4yToObl MMeTb NpeAcTaBs/ieHNe Kak abCcTpakTHbIe CTPYKTYpbl paboTatoT B Haskell. 3aTtem

noTporaemM MoHazbl N B3rJidHEM Ha CaMble PaCnpoCTpaHEHHbIE.

e OYHKTOpPbI

AnNnJankKaTuBHbIE PYHKTOPSI

MoHagbl

MoHanbl Reader n Writer

State MoHapga

Mpeobpa3zoBaTenn MoHaa

3aKoHbl MoHag




OYHKTOPLI

[obpo noxkanoBaTb B Hawy ceputo ctaTen. MoHaabl O4Ha N3 TeX uaen, KoTopas KaxeTcs
NPUYNHON MHOXXECTBa CTPaxoB U My4YeHUN cpean MHoxXXecTBa ntoaen npobotownx Haskell. Lenb
3TON Cepum NokKasaTb, 4TO 3TO He CTPaALLHAs U He CJIoXKHasa nges, n MmoxxeT BbITb Ierko pa3obpaHa

nenad onpepnesieHHble warwn.

[IpocTON NpumMep.

EcTb NnpocToi npuMep € KOTOPOro Mbl HAYHEM Hall NyTb. TOT KO/ NpeBpallaeT BXOAHY CTPOKY
Tuna John Doe 24 B KOPTEX. Mbl XOTUM Y4YUTbIBaTb BCE BXOAHbIE BAPMAHTbI, MO3TOMY

pe3ysbTaToMm byaeT Maybe .

tupleFromInputString :: String -> Maybe (String, String, Int)
tupleFromInputString input = if length stringComponents /= 3
then Nothing
else Just (stringComponents !! 0, stringComponents !! 1, age)
where
stringComponents = words input

age = (read (stringComponents !! 2) :: Int)

OTa npocTasa pyHKLMA NPUHMMAET CTPOKY U1 npeobpasyeT eé B NnapamMeTpbl 415 UMeHU, haMunmm
1 Bo3pacTa. MpeanonoXnm y Hac ecTb Apyras HacTb NMPOrpaMmbl UCMOJb3YOLWAa TUM AAHHbIX 1S
oTobpa’keHne YyenoBeka BMeCTO KopTexa. Mbl 3aX0TUM HanmcaTb QYyHKUMIO Npeobpa3oBaTesib
MexXAay 3TUMKN ABYMS BUAAMU. Mbl TaK )Ke XOTUM Y4YUTbIBaTb CUTYyaLMO HEBO3MOXXHOCTM 3TOr0

npeobpa3oBaHus. Mo3ToMy ecTb Apyras PyHKLUKUsS, KoTopas obpaboTaeT 3TOT ciyyan.

data Person = Person {

firstName :: String,
lastName :: String,
age :: Int



personFromTuple :: (String, String, Int) -> Person

personFromTuple (fName, 1Name, age) = Person fName lName age

convertTuple :: Maybe (String, String, Int) -> Maybe Person
convertTuple Nothing = Nothing

convertTuple (Just t) = Just (personFromTuple t)

I3MeHeHne popmMaTa

Ho, npencTtaBbTe, Hallla OpUrnMHaJibHaAa nporpaMmmMma MeHAETCA B HaCTu 4HTeHUA BCEro CrimCka NMMeH:

listFromInputString :: String -> [(String, String, Int)]

listFromInputString contents = mapMaybe tupleFromInputString (lines contents)

tupleFromInputString :: String -> Maybe (String, String, Int)

Tenepb ecnv Mbl NepefaeM pesyfibTaT KoAy MCNoJb3ys Person Mbl OO/DKHbI U3MEHUTb TUM
yHKUMM convertTuple . OHa ByneT UMeTb NnapasesibHylo CTPYKTYpPY. Maybe M List oba AencTBytoT
KakK XpaHUTeNb APYrux 3Ha4YeHun. MHorga, Hac He 3ab60TUT BO 4TO 06epHYyThl 3Ha4YeHUs. Ham
NPOCTO Xo4eTcs Npeobpa3oBaTb YTO-TO JieXKallee nog CyLLecTBY WM 3HAaYEHNEM. N 3aTeM

3anyctmm HOBOE€ 3Ha4eHne B TON Xe o6epTKe.

BBeneHne B PyHKTOPGI

C >Ton ngen Mbl MOXXEM Ha4vaTb pa3bupaTb pyHKTOPLI. [lepBoe 1 rnaBHoe: ®YHKTOP 3TO KJacc
Tnna B Haskell. Jns TMNOB KOTOpbIe ABAAIOTCA dK3eMMIgpamMm PYHKTOPHbIX KJ1aCCOB TUMa, OHN

OOJDKHbI peasin30BbiBaTb MPOCTYIO PYHKLUMIO: fmap .
fmap :: (@ ->b) ->fa ->fb

dyHKUMA fmap NpUMHUMaeT ABa BBoAa. MepBbiit - TpebyeT pyHKLMIO AN1S BAYX TUMOB AaHHbIX.
BTopor napameTp - xpaHuauie nepBoo Tuna. BeiBog - xpaHnnuwie BToporo Tuna. Tenepb

B3rJISHEM HA HECKOJIbKO pPa3J/INYHbIX 3K3eMMIAPOB (DYHKTOPOB OJ19 3HAKOMbIX TUMOB. 119 CMUCKOB,



fmap NPOCTO onpenenseTcs Kak 6a3oBas PYHKLUMSA map :

instance Functor [] where

fmap = map

Ha camom pene, fmap 3To 0606LleHME COOTBETCTBUSA. Hanpumep, TUMN AaHHbIX Map TaK Xe
dyHKTOP. OH NCNOJIb3YyeT CBOK COOCTBEHHYIO PYHKLMIO map ANA fmap . DYHKTOPLI MPOCTO bepyT
3Ty naet npeobpasoBaHmsA BCEX HUXKE JIeXKALLUMX 3HAYEHUN U NPUMEHSIOT UX K Apyrum Tunam. C

3TUM, flaBaliTe B3rJISHEM Ha Maybe Kak Ha (pyHKTOp:

instance Functor Maybe where
fmap _ Nothing = Nothing
fmap f (Just a) = Just (f a)

BbirnaouT 4OBOJIbHO MOXOXXe Ha Haly (PyHKUWIO convertTuple . EC/IM y HAC HET 3Ha4YeHMd Ha
rMnepBOM MecTe, Torga pesysnbTaT Nothing . ECM nMeeTcAa 3HaYeHue, Torga npocTo NpuMeHaeTCA
PYyHKLMSA K 3Ha4YeHne n npespawaeT €€ B Just . TN AaHHbIX Either MOXeT ObiTb TUMOM Maybe C

OOMOJSIHUTEsNIbHON NHOpMaLMen Mo Kakon npmnymHe. OH MMEEeT CX0o)Kee NnoBefeHuve:

instance Functor (Either a) where
fmap _ (Left x) = Left x
fmap f (Right y) = Right (f y)

OTMeTMM, 4YTO NapaMeTp NepBOro TuMna 3Toro obbekTa ncnpasfieH. TosIbKO BTOPOM NapaMeTp
3Ha4YeHUs Either WU3MeEHEH C NoMollblo fmap . OCHOBBIBAsAICb Ha 3TUX NMPUMEPAX, Mbl MOXXEM

YBUOETb KaK NepenunucaTtb convertTuple obolleHHee:

convertTupleFunctor :: Functor f => f (String, String, Int) -> f Person

convertTupleFunctor = fmap personFromTuple

[lenaem cBon pyHKTOP

Mbl Tak »X€ MOXXeM B35iTb CBOW COOCTBEHHbLIN TUM 1 ONpeaesinTb 3KkM3ennsap PyHKTopa.
MpeanosioXX1UM y Hac eCcTb CAeAyoLWNA TUN AaHHbIX, OTPaXKaoULLIA NankKy A0JIKHOCTHbBIX JNLL
NpaBUTENbCTBA Ha MecTax. 3a4ailUM ero TUMOM a. TO 3HAYUT, YTO Mbl MO3BOJISIEM PA3J/INYHbLIM

narnkaM NCNoJib30BaTb pa3JindHble nNpeactTaBeHNA OOIKHOCTHbIX JIALL.



data GovDirectory a = GovDirectory {

mayor :: a,

interimMayor :: Maybe a,
cabinet :: Map String a,
councilMembers :: [a]

OpaHa 4YacTb Hallero MPUNIIOXKEHNA MOXET OTPa>KaTb noaen ¢ nomMmollb KOpTe)KeVI. 270 6yﬂ,eT T™7nN
GovDirectory(String, String, Int) . B TO BpeMs, Kak gpyras 4aCcTb MOXXeT UCMOJIb30BaTb TUM
GovDirectory Person . Mbl MOXXeM onpenennTb CAefyloLwWnin 3K3eMnasap PyHKTopa 4Ns GovDirectory
onpepenns fmap . TaK KakK Hall TUM aexxawinn BHYTPW B BLLEJIOM ABJIAETCA beHKTODOM, 3TO

MO3BOJIAET MNPOCTO BbI3blBaTb fmap A4 nosen.

instance Functor GovDirectory where
fmap f oldDirectory = GovDirectory {
mayor = f (mayor oldDirectory),
interimMayor = fmap f (interimMayor oldDirectory),
cabinet = fmap f (cabinet oldDirectory),

councilMembers = fmap f (councilMembers oldDirectory)

TaK >Xe MO>XHO 1CMoJiIb30BaTb I/IH(DVIKCHbIVI onepaTtop <$> B KayecTBe CMHOHMMa fmap . YT00bI

onmcaTb BCE ropa3no npoile:

instance Functor GovDirectory where
fmap f oldDirectory = GovDirectory {
mayor = f (mayor oldDirectory),
interimMayor = f <$> interimMayor oldDirectory,
cabinet = f <$> cabinet oldDirectory,

councilMembers = f <$> councilMembers oldDirectory

Tenepb y Hac eCcTb CBOM (hyHKTOpP, Npeobpa3oBaHmMe TUMNOB AaHHbIX BHYTPWU Hallel nanku Tenepb

npouie. Mbl MOXXeM MPOCTO UCMOSb30BaTh fmap 06begnHMB C Hawen hyHKUMen npeobpasoBaHus,

personFromTuple :

oldDirectory :: GovDirectory (String, String, Int)

oldDirectory = GovDirectory



("John", "Doe", 46)

Nothing

(M. fromList
[ ("Treasurer", ("Timothy", "Houston", 51))
, ("Historian", ("Bill", "Jefferson", 42))
, ("Sheriff", ("Susan", "Harrison", 49))

1)
([("Sharon", "Stevens", 38), ("Christine", "Washington", 47)])

newDirectory :: GovDirectory Person

newDirectory = personFromTuple <$> oldDirectory

BbiBOAObI

Terlepb Bbl 3HaeTe O CbYHKTOan, HY>XHO BpeM4, 4TOObl MOHATL 3TU TUMbI CTPYKTYP. Buraemcs K

4yacTu 2, rge Mbl 06CcyanMM npuMmeHeHne pyHKTOPOB.



ANMANKaTUBHbIE DYHKTOPbI

[o6po no>kanoBaTb BO BTOPYH YaCTb CEPUM O MOHaZaX U APYrnx PyHKUNOHANbHbLIX CTPYKTYP. Mbl
NPOAOJIKUM FOTOBUTbL CobMpaTb Halwy 6a3y n3yvyas naen anJankaTuBHbIX (OYHKTOPOB. ECcin Bbl BCE
elle He nMeeTe TBepPAO0E NOHMMaHMe (hyHKTOPOB, NepecMoTpuTe NepByto YacTb 3ToW cepun. Ecnun

Bbl CHNTAETE, 4TO y>Ke roToBbl K MOHagaM, TO MOXXeTe CMeJ10 NnepexoanTb K HaCTu 3.

B 3TOW YacTu NpmnBeAeHHbIe NpUMepbl MOXXHO ByneT onpoboBaTb Ha GHCI.

OYHKTOPbI CTAHOBATCH
KOPOTKUMM

B nepBol 4acTu, Mbl 06Ccyannm hyHKTOP TUMa Kjaacca. Mbl HalIX, TO YTO 3TO NO3BOJISET HaM
3anyCcTuUTb Npeobpa3oBaHnsa AaHHbIX B 3aBUCMMOCTU OT TOro, BO 4TO 06epHyThbl AaHHble. He
Ba)XHO, ABAAIOTCS /I HAlUW OaHHble List, Maybe, Either mnn ga>ke CBOW COBCTBEHHbIN TUM, Mbl
MO>XEM MPOCTO BbI3blBaTb fmap . O4HAKO, YTO CAYYUTCH KOraa Mbl nornpobyem o6beanHNTL
obepHyTble gaHHbIe? ONa npuMmepa, ecsn Mbl monpobyemM Npon3BeCTr 3TN BbIYUCIEHNS C MOMOLLbIO

GHCI, Mbl nony4nm owmnbky Tuna:

>> (Just 4) * (Just 5)
>> Nothing * (Just 2)

MoryT N1 yHKLMN MOMOYb HaM TyT? Mbl MOXXEM NUCOMIb30BaTb fmap 4TOObI 06EPHYTH

YMHOXeHNne C NoMOoLLbIO YacTUYHON OGGprIBaHI/IFI Maybe 3Ha4YeHWUA:

>> let f = (*) <$> (Just 4)
>> it f

f :: Num a => Maybe (a -> a)
>> (*) <$> Nothing

Nothing



DTO AaeT YaCTUYHYI PYHKLM 0BEpPHYTYI0 B Maybe . HO Mbl 10 CMX MOP HE MOXXET pa3BepHYTb 3TO U
NPMMEHNTb K Just 5 B obliem ctune. Mo3ToMy HaM HYy>XHO 06paTUTbCA K KOAY CreunasbHo AJs

Tuna Maybe :

funcMaybe :: Maybe (a -> b) -> Maybe a -> Maybe b
funcMaybe Nothing = Nothing
funcMaybe (Just f) val = f <$> val

9T0 o4eBMAHO He byaeT paboTaTb C ApYyrMMM TNamm YHKTOPOB.

[TpnnoXXeHnsa B NMOMOLLLb

To 4TO Takoe anJiMKaTUBHbIE TUMbI KJ1ACCOB, roBopAT ABE MNiaBHblE beHKLI,I/II/IZ

pure :: a -> f a

(<*>) :: f (@ ->b) ->fa->Ffhb

YucTtaa pHyKUMa NpuHUMaeT Kakoe-TO 3HavYeHne n obepTbiBaeT ero B MUMHUMasiIbHbIA KOHTEKCT.
OYyHKUMA <*> Bbl3blBAaeT Mnocjefytlolmee npuioxXeHne, KoTopoe rnpuHMMaeT 2 napameTpa.
MNepBbIn - NpUuHUMaeT PYHKLUM 06epHYTYI0 B KOHEKCT. BTopoe - obepHyToe 3HavyeHne. BoiBoa -
pe3ynbTaT NPUMEeHeHUs PYyHKLUMN K 3Ha4YeHuto, Nnpeobpa3oBaHHOE B KOHTEKCTe. IK3eMnisap
Ha3blBaeTCHA annJINKaTUBHbLIN (DYHKTOP TakK KakK OH MO3BOAISET HaM MPUMEHATb 06epHYTYIo
dyHKUMIO. Tak Kak nocsegroyliee npuMeHeHne npuHnuMaeT 06epHy Ty YHKLNIO, Mbl bIHaCcTO

Ha4YMHaeM C O6epTKI/I 4ero-To YNCTOro uanm fmap . 3TO 6y,u,eT NMOHATHEE Ha npunMepax.

Onda Havana npencrtaBuM nepeMHoOXXeHue Maybe 3HayYeHnn. Ecnm Mol YMHOX>XaeM Ha NoCToAHHOE
3Ha4YeHune, Mbl MOXXeM NCMNOoJIb30BaTb (byHKTOprIVI nonoxond. Ho Mbl MOXXeM TaK >Xe 1UCMoJIb30BaTb
annJINKaTUBHLIA NOAXOL o6epHyB MOCTOAHHYIO beHKLI,VHO B HNCTYIO U 3aTEM UCMNOJIb30BaTb

nocinenoBaTtesibHOE NPMMEHEHNE!

>> (4 *) <$> (Just 5)
Just 20

>> (4 *) <$> Nothing
Nothing

>> pure (4 *) <*> (Just 5)

Just 20



>> pure (4 *) <*> Nothing

Nothing

Tenepb ecJ/in Mbl XOTUM YMHOXWUTb 2 Maybe 3Ha4eHUSs, Mbl HA4YMHaEM 060pa'—II/IBaTb MpoCTYyHkO

(byHKLMIO Npon3BEeAeHNS B YUCTYHO. 3aTeM NnocsiefoBaTeNIbHO NpuMeHsieM oba Maybe 3HaveHUsN:

>> pure (*) <*> (Just 4) <*> (Just 5)
Just 20
>> pure (*) <*> Nothing <*> (Just 5)
Nothing
>> pure (*) <*> (Just 4) <*> Nothing

Nothing

Peannsauugd annJMnkaTUBOB

Mo 3TUM NpuMepaM, Mbl MOXKEM CKa3aTb, YTO 3K3eMnaspbl ANNIMKATUBOB A1 Maybe
peann3oBaHHbI TOYHO, KaK Mbl OXXKMAaeM. YucTtas hyHKUMS NpocTo obopaymBaeT HavyeHne C
nomMoulblo Just . 3aTEM CBA3bIBAET Belle BMeTe, ecin Apyrune pyHKLUM Unm 3HaeHns byayT
Nothing , Mbl MPOCTO BbIBOAUM Nothing . B MpoTMBHOM ciy4ae nNpuMeHsieM PyHKLMIO K 3HaYeHne n

nepeo6opaw|BaeM C NOMOLWbO Just .

instance Applicative Maybe where
pure = Just
(<*>) Nothing _ = Nothing
(<*>) _ Nothing = Nothing
(<*>) (Just f) (Just x) = Just (f x)

SK3eMna4ap anrmJnkaTuea oNns List 6y)1eT HeMHOro nHTepecHee. OH MOXXeT BeCTu cebs Ha Tak

KaK Mbl O>KnaoaeM.

instance Applicative [] where
pure a = [al
fs <*> xs = [f x | f <- fs, x <- xs]

Ynctas QyHKLUNSA - TO YTO Mbl 0XXKMAaeM. Mbl NpuUHMMaeM 3HavyeHne n obopadymBaem ero Kak

OOWNHOYKY B CMNNCOK. Korga Mbl CBSI3blBaeM ornepaunn, Mbl NpUHNMaeM LIST CII)yHKLI,I/IIh. Mbl 0OJSIXKHbI



0XKWNAAaTb NPUMEHEHUS KAXXA0N PYHKLMM K 3HAYEHMIO B COOTBETCTBYOLLLEN no3uunmn. OaHaKo, Ha
CaMOM Jene Mbl MpUMeHsieM (PyHKLMIO N3 MEPBOro CNMCKa K KaXx4oMy 3Ha4Y€HUI0 U3 BTOPOrO.
Korga y Hac onbKo ofgHa PyHKLNA, 3TOT pe3aynbTaT MMeeT NOHATHoee noesefeHne. Ho korga y

HaC HeCKOJIbKO ('pyHKLI,I/IIZ, nosaBAETCA OTJINHUNE.

>> pure (4 *) <*> [1,2,3]

[4,8,12]

>> [(1+), (5*), (10*)] <*> [1,2,3]
[2,3,4,5,10,15,10,20,30]

TyT JIETrKO COeJsiaThb ornpepnesieHHble ornepaunn, Kak HaxoXXgeHnme rnorapHbIX pe3ysibTaToB ABYX

CMNCKOB:

>> pure (*) <*> [1,2,3] <*> [10,20,30]
[10,20,30,20,40,60,30,60,90]

Bbl BO3MO)XHO ragaeTe, Kak Mbl caeslaeM NapanesibHoe npuMmeHeHve pyHKTOpoB. Hanpumep, Mbl
MOXXEeMT XOTeTb NCMOJZIb30BaTb BTOpOVI CNMUCOK N3 NpuMepa BblilLe, HO UMEeTb pe3ynbTaT [2,10,30] .
Ona sToro ectb KOHCTPYKT Mo4 Ha3BaHMEM Ziplist, 3TO HOBbIA TUM BOKPYT CrnnckKa, O0Jia KOTOporo

nopeageHmMe aKkseMnnadap anrmJinkaTtmBa N npenycMoTpeHHO.

>> import Control.Applicative
>> ZipList [(1+), (5%), (10*%)] <*> [5,10,15]
ZipList {getZipList = [6,50,150]}

BbiBOObl

Ecnn BCe 3TO Ka)KeTCsA HEMOHATHbLIM, He BonTech BEPHYTbCA K 4acTn 1 un y6e,EI,VITbCFI, 4TO Yy BacC
€CTb YeTKOe NMoHMMaHue TOoro, 4To Takoe PyHKTOpbIl. Ec/in Bam BCE SICHO, Bbl FOTOBHI rlepe|7|T|/| K

4yacTu 3, rae Mbl HaKoHeL, UCMavYkaemMcs MOHagaMu.

Bce 3T noed ropasgHo npoLle NoHATb eCcsiv NonbITaTbCA NCMNOJIHUTL KOL N3 NPUMEpOoB

CaMOCTOATEJIbHO.



MoOHaabl

[o6po no>kanoBaTb B YaCTb 3 Halwlen cepun abCTpaKTHbIX CTPYKTYp! Mbl, HaKOHeL, KocHeMcs
naoen MmoHaa! MHOXXeXXCTBO N0AEeN NbITAOTCA N3Y4NTb MOHaAbl 6€3 NONbITKM 3aMMeTb MOHMMaHNSA
TOro. Kak abcTpakTHble CTPYKTYpbl TUMOB Kiacca paboTatoT. 9To rnaBHas npuymnHa 6opbbbl. Ecin

Bbl BCE elle 3TOro He NMoHuMaTeTe, obpaTuTech K 1 1 2 4acTu 3TOW cepun.

MNMocne aTon cTaTbu Bbl ByaeTe roToBbl K TOMY, 4T0ObI MMcaTb CBOM COBCTBEHHbIN Ko A Haskell.

bykBapb MOHa[

ECTb MHOXXEeCTBO MHCTPYKUWA U MONCAHN MOHaA B MHTepHeTe. Koam4ecTBO aHasI0run rnpocTo
cMellHo. Ho BOT Moun 5 Koneek B onpeaeneHmn: MoHaaa - obepTKa 3Ha4YeHNs UanN BblYNCTEHUS C
onpeneneHHbIM KOHTEKCTOM. MoHa4a A0JKHa OnpenensaTh U CMbIC/1 06epHYTOro 3Ha4YeHUs B

KOHTeKcTe 1 cnocob obbeanHeHns BbIHUCIIEHUN B KOHTEKCTE.

3To onpeaeneHne 4OCTaTOHO LWWMPOKO. [laBanTe B3rSHEM Ha KOHKPETHbIN NpuMep, 1 nonpobyem

MOHATDb.

KaaccCbl TUMNbl MOHa O

Tak »Xe Kak C pyHKTOopaMu 1 annamkaTuBHbIMU PyHKTOpamm, Haskell oTpa>kaeT MoHaAbl C

MOMOLLLIO TUM KJlacca. Ha 3To eCcTb gBe PyHKUMNN:

class Monad m where
return :: a ->m a

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

3Tn oBe PYHKUNWN OTBEYalT ABYM naesam Bbille. PyHKUNA BO3BpaLLEeHUSA onpenessaemM Kak
O6epHyTb 3Ha4€HNA B KOHTEKCTE MOHaA. OrlepaTop >>=, KOTOprIh Mbl Ha30BEM €ro (byHKLI,I/IeIh

"cBA3bIBaHMA", onpenenseT Kak o6begnHNUTb ABE onepaunn C KOHTEKCTOM. [JaBanTe NPoACHUM



3TO Odajiee y3y4nB HECKOJIbKO ornpenesieHHbIM 3K3eMIMJiApoB MOHap,.

MoHanoa Maybe

Just KaK Maybe 3TO (DyHKTOP U anmMJNKATUBHbLIN (PYHKTOP, HO elle U MoHaaa. YToObl MOHATL

CMbIC/1 MOHaZlbl Maybe AaBalTe MOCMOTPUM NpPenCcTaBUM KoA:

maybeFuncl :: String -> Maybe Int
maybeFuncl "" = Nothing
maybeFuncl str = Just $ length str

maybeFunc2 :: Int -> Maybe Float
maybeFunc2 i = if i "mod’ 2 ==

then Nothing

else Just ((fromIntegral i) * 3.14159)

maybeFunc3 :: Float -> Maybe [Int]
maybeFunc3 f = if f > 15.0
then Nothing

else Just [floor f, ceiling f]

runMaybeFuncs :: String -> Maybe [Int]
runMaybeFuncs input = case maybeFuncl input of
Nothing -> Nothing
Just i -> case maybeFunc2 i of
Nothing -> Nothing
Just f -> maybeFunc3 f

MO>XHO yBUOETb, 4TO Mbl Ha4YMHaeM pa3pabaTbiBaTb OTBPATUTESNbHbLIN TPEYyrofbHbIV WabsioH, B
KayecTBe npoaosiKeHns wabnoHa COOTBETCTBUSA pe3y/ibTaTOB yCMNeLwHOro Bbi3oBa yHKUNUIA. Ecnn
Mbl fobaBunu ewe 6onblue PyHKLNIA Maybe B HEro, To BCE CTaHeT elle xy>ke. Ecnm Mbl cyntaem
Maybe B Ka4yeCTBe MOHaAbl, Mbl MOXXEM CAeNaTb KOA ropasfo 4yunuwe. [laBanTte B3rISHEM Ha TO, Kak

Haskell peannsyeTt Maybe MOHany, 4Tobbl MOHATbL Kak 3TO AenaThb.

instance Monad Maybe where
return = Just

Nothing >>= = Nothing



Just a>=f =1f a

BHyTpu Maybe MOHafa NMpocTa. BblYMCNEHUs CO3HAaYeHNEM B Maybe MOTYT KakK MpONTW, Tak 1 He
NPONTN ycnewHo. Mbl MOXXeM B35Tb Jtoboe 3HavyeHne 06epHyTh €ro B 3TOM KOHTEKCTE BbI30BOM
3HaYeHMsa success . Mbl fenaeM 3TO C MOMOLLIbIO KOHCTPYKTOpa Just . Heycnex o6o3HavaeTcs C

noMoLwibo Nothing .

Ob6beanHUM BbIYUCIIEHMS B KOHTEKCTE NMPoBepssa pe3ysibTa NepBoro Bbl4McaeHus. Ecnm ycnewHo,
Mbl 6epeM ero 3HavyeHue 1 nepenaemM Bo BTOPOE BblYncieHne. Ecnm HeycnewHo, Torga y Hac HeT
3HaYeHus ANs nepenayvn ganblie. No3ToMy pe3ysbTUpYyoLLee BblYUCIEHNE He ByaeT ycrnewHo.
B3rnsiHeM Ha TO, Kak Mbl MOXXEM MCOM/Ib30BaTb bind(>>=) onepaTop A8 06beAnHEHUS HaLMX

onepaTopoB:

runMaybeFuncsBind :: String -> Maybe [Int]

runMaybeFuncsBind input = maybeFuncl input >>= maybeFunc2 >>= maybeFunc3

Boirnagnt ropa3no vuwe! Jasante B3rngHem nodemy paboTtatoT Tunbl. Pe3ynbTaT maybeFuncl
NPOCTO Maybe Int.3aTem onepaTop bind(>>=) MNO3BOJIIET HaM B3ATb 3TO Maybe Int 3HavYeHue n
06beaAnHNTb C maybeFunc2 , 4el Tun Int -> Maybe Float . OnmepaTop bind(>>=) pa3pelwaeT
3HayeHue B Maybe Float . 3aTeM Mbl Nnepefaem noxoamm obpasom yepes onepaTop bind(>>=) B

maybeFunc3 pe3y/ibTAaTOM KOTOPOW SIBNSIETCS KOHEYHbIA TUM: Maybe [Int] .

Bawa (pyHKLI,VII/I He BCerg 6)/)J,yT TaK ACHO COHNTaTbCA. TyT B CMJ1y BCTYMQAET 3aMucCb do . Koga Bbllle

MO>XHO rnepenncaTk c/eayouwmm obpasom:

runMaybeFuncsDo :: String -> Maybe [Int]
runMaybeFuncsDo input = do

i <- maybeFuncl input

f <- maybeFunc2 i

maybeFunc3 f

OnepaTop <- 0cobeHHbINn. OH 3 PEKTUBHO pa3BoOpayYMBaET 3HAYEHNE C MPaABON CTOPOHLI MOHaAbI.
DTO 3HAYUT, 4TO 3Ha4YeHne i umeeT Tuna Int, fa)ke He CMOTPSA Ha pe3ysibTaT maybeFuncl Kak
Maybe Int . OmepaTop bind(>>=) paboTaeT 6e3 Hawero y4yactus. Ecnm pyHKUMs Bo3BpaLLaeT

Nothing , TOrga BCA PYHKLUNA runMaybeFuncs BepHeT Nothing .



Mpu 6ernom ocMoTpe, 3TO BbIFISAUT ropa3no C/oXKHee, YeM NpuMep C bind(>>=) . OQHAKO, OHO
faeT HaMm ropa3no 6osble rubkocTn. MpPennosoXXnm, Mbl XOTUM 006aBUTL 2 K LLESIOMY HYUCTTY
nepen BbI30BOM MaybeFunc2 . 3TO MpoLe caenaTb C MOMOLWbIO do 3arnucu, HO ropa3fo CloXKHoee

MCrnosb3yAa CBA3blIBaHNA.

runMaybeFuncsDo2 :: String -> Maybe [Int]
runMaybeFuncsDo2 input = do

i <- maybeFuncl input

f <- maybeFunc2 (i + 2)

maybeFunc3 f

-- Not so nice

runMaybeFuncsBind2 :: String -> Maybe [Int]

runMaybeFuncsBind2 input = maybeFuncl input
>>= (\1 -> maybeFunc2 (i + 2))

>>= maybeFunc3

MpenMyLlecTBa ropasao o4eBUAHbl €CJIN Mbl XOTUM UCMOJIb30BaTb MHOXXECTBO NpoLleaLnX
pe3ynbTaToB NPy Bbi30Be (hyHKMN. ICNOb3ys CBA3bIBAHUSA, Mbl CMOXKEM MOCTOSIHHO CKJlaAblBaTb

ApPryMeHTbl B aHOHUMHYO (DYHKLINIO.

44 Mbl HMKOT i3 HE MCMOJIb3yeM <- OISt Pa3BePHbIBAHUS nocnenHen onepaunmn B

6s0ke do.

Haw BbI30B maybeFunc3 MMeeT TUM Maybe [Int] . DTO Haw nocsaegHuin Tun(He [Int]) mosaTomMy ero He

HY>XHO pa3BoOpaYvMBaTh.

MOHaOda Either

Tenepb, faBaTe MOCMOTPUM Ha MOHaAdy Either , KOTOpasi O4YeHb MOX0XXKa Ha MOHaAy Maybe . BoT

eé onpepneneHue:

instance Monad (Either a) where

return r = Right r



(Left 1) >>= = Left 1
(Right r) >>= f = f r

MoCKONbKY Maybe MMeEET yCcnex WM He yCriex Co 3Ha4YeHMeM, MoHada Either MpukianbiBaeT

NHGOPMaLNIO K Heycnexy. Just Kak Maybe ob6epTbiBaeT 3Ha4YeHMe B ero KOHTEKCTE Bbi30Ba AeNas
ero ynewHbiM. MoHan4Yeckoe noBefeHnNe Tak xe 06beAnHseT onepaumm 3aBepLlasiCb Ha NepBoM
He ycnexe. [laBaTe NOCMOTPUM KaK Mbl MOXXEM UCMOJIb30BaTh 3TO 4TOObI CAeNMaTh Hall KoA Bbille

yuLle.

eitherFuncl :: String -> Either String Int
eitherFuncl "" = Left "String cannot be empty!"

eitherFuncl str = Right $ length str

eitherFunc2 :: Int -> Either String Float
eitherFunc2 i = if i "mod™ 2 ==
then Left "Length cannot be even!"

else Right ((fromIntegral i) * 3.14159)

eitherFunc3 :: Float -> Either String [Int]
eitherFunc3 f = if f > 15.0
then Left "Float is too large!"

else Right [floor f, ceiling f]

runEitherFuncs :: String -> Either String [Int]
runEitherFuncs input = do

i <- eitherFuncl input

f <- eitherFunc2 i

eitherFunc3 f

Jliobon He ycnex nMpoCcTo AacT HaM 3HavyeHue Nothing :
>> runMaybeFuncs ""

Nothing

>> runMaybeFuncs "Hi"

Nothing

>> runMaybeFuncs "Hithere"

Nothing

>> runMaybeFuncs "Hit"

Just [9,10]



Korga Mbl 3anyCTM Hall KOO, Mbl MOXeEM NMOCMOTPETb Ha CTpOKOBbIIZ pesynbTtaTt owmnbKK, N oHa

paccKa>XeT HaM 0 TOM, Kakasa PyHKLUSA He CMOrJia Mpou3BeCcTU BblHNCTIEHNA.

>> runMaybeFuncs
Left "String cannot be empty!"
>> runMaybeFuncs "Hi"

Left "Length cannot be even!"
>> runMaybeFuncs "Hithere"
Left "Float is too large!"

>> runMaybeFuncs "Hit"

Right [9,10]

3aMeTunM, YTO Mbl napamMeTpun3oBasin MOHaay Either C MOMOLLbIO HAWero Tuna ownbkn. Ecnu V4

HaC eCTb:
data CustomError = CustomError

maybeFunc2 :: Either CustomError Float

9TO (yHKUMS Tenepb HoBasi MOHada. ObbeanHEeHNs C APYrUMnN PYHKLUNAMK He ByaeT fnerkum.

MoHapna |10

MoHapa |0, BO3MOHO, caMas Ba>xHas MoHaaa B Haskell. 3To Tak ke ogHa U3 CaMbIX CJIOXKHbIX
MOHaA A9 NOHMMaHUS HadYMHaLWmnX. Eé peanm3aumnsa AoCcTaToOYHa C/I0XKHa 418 obcy>XaeHunsa npu

NepBOM 3HAKOMCTBE C A3blKOM. [103TOMYy ByAeM y4nTbCa Mo npuMepam.

IO MOHapa obepTbiBaeT BbIYMCIEHNA C flefyoleM ciydae: "Bbl4ncieHns MoryT YntaTb
WHOpMaLMo MK NUcaTb B TepMuHan, gannosyto cuctemy, OC nnam cete". ECn BbIXOTUTE
NOJIy4YnUTb NOJIb30BaTEIbCKNIN BBOA, BbiBEANTE CoobLLeHne Nosb30BaTeso, MpoynTanTe
nHopMaunto U3 arnna, Nan caenanTe cCeTeBon BbI30B, A1 3TOro NnoHagobumTbca 10 MoHaga. 9Tn

BbI30Bbl UMeIOT "CTOPOHHUE 3(PheKThI", Mbl HHE MOXEeT Npoun3sBecTn nx n3 "4yuctoro" Haskell kopa.

Ba>xHas paboTa nmoyTun noboro KomMnbioTepa 3TO B3aMMOAENCTBME C BHELUHUM MUPOM, KakKUM-TO

obpa3om. Ha aTOoT cny4an, KopHeM Bcero BoinosHaemoro Haskell koga 3To hyHKUNS Ha3biBaeMas



main, C TUNoM I0() . MoaTomy ntobasa NnporpamMma Ha4YnHaeTcsA ¢ I0 MoHagbl. OTClo4a Bbl MOXeTe
nony4nTb Nobon HeobxoaAnMbI BBOA, Bbi3BaTb OTHOCUTE/IbHO "4YMUCTbIN" KO C MOMOLLbIO BBOAA, U
3aTeM BbIBECTU pe3ysibTaT KakuM-To obpa3om. ObpaTHoe He paboTaeT. Bbl He MOXKeTe B3blBaTb

BHYTpun I0 KOAda, KOA4, KaK TOT, KOTOprIZ Bbl MO>XE€Te BbI3BaTb B Maybe beHKLI,I/II/I M3 YHNCTOIro Koaa.

[aBaiTe B3rnsgHEM Ha NPOCTON NPMMEpP NOKA3bIBAOLLNIA HECKOJIbKO 6a30BbIX I0 (MYHKLWA. Mbl
6ynem ncnosb3oBaTb do-3annck AN TOro, YTo6bl MOKa3aTh CXOXXECTb C APYrMMU MOHaZaMu,

KOTOPbIE Mbl YXX€ BCTpeEYaJin. BbiBegem TUM Kaxkgon 10 q)yHKLI,I/II/I ona ACHOCTW.

main :: I0 ()
main = do
-- getlLine :: IO String
input <- getlLine
let uppercased = map Data.Char.toUpper input
-- print :: String -> I0 ()

print uppercased

Ka)kabll pa3 Mbl BUAMM CTPOKY Hallern NnporpaMmbl 1 oHa nmeeT Tun 10. Tak Xe Kak Mbl MOXeM
pa3BepPHYTb i B NpuMepe maybe OJ1S NOJy4YeHUS Int B3aMeH Maybe Int , Mbl MOXXEM
MCMNONb30BaTb <- , YTOObl pa3BepPHYTb Pe3ysibTaT getLine B KayecTBe String . Mbl MOXKEM 3aTeM
MCNOJIb30BaTb 3TO 3Ha4Y€HMe C MOMOLLbI0O CTPOKOBOW (hYHKLIMMK, N NepenaaBTb pe3y/bTaT B

PYHKUWMIO print .

3TO NPOCTO 3X0-NporpamMma. OHa YMTAEeT CTPOKY U3 TEPMMHAIA U 3aTEM BbIBOAUT CTPOKY 06paTHO
C KancoM. Hagetocb oHa faeT BaM 6a30Boe NMoHMMaHMe Toro Kak I0 paboTaeT. Mbl 3ane3em

rnyb>xe B netanu B cnenyloLlen nape ctaTen.

BbiBOAObI

C 3TOWN TOYKN, Mbl OSIXKHbI HAKOHEL, UMEeTb Jiyyllee NoHUMaHue Toro, 4To Takoe MoHaAbl. Ho ecnu
OHM HEe MMeloT CMbIC/1a A0 CUX MOop, He pa3aparkanTecb! MHe NPULLIOCL NOTPATUTL HECKO/bKO
MOMbITOK, NPEeXXAe YeM s CMOI NMOHATb UX. He 6oTech B3rnsiHyTb elle pa3ok Ha 1 1 2 vyacTu,

4yTobbl 0cBEXUTb Haskell 3HaHuA. I onpefeneHHo CTOUT NPoYMTaTh €lle Pa3oK 3Ty CTaTblo.



Ecnun >xe BaM BCE MOHATHO, Bbl FOTOBbI ABUIraTbCA K YacTu 4, rae Bbl N3y4ynTe O Reader U Writer
MOHadaX, 4TO MO3BOJINT BaM NMPUBHECTUN BO3MOXXHOCTb MCMOJIb30BaTb HeKNnmn QJYHKLI,VIOHaJ'I B

Haskell, 0 KoTOpOM Bbl AyManun, 4TO OH HE OOCTYrMeH.

If you've never programmed in Haskell before, hopefully I've convinced you that it's not that scary

and you're ready to check it out! Download our Beginners Checklist to learn how to get started.



MoHaabl Reader n Writer

B yacTun 3 3TON Cepun, Mbl HAaKOHEL, 3aTPOHYIN NAEK MOHaA. Mbl U3y4Ynn 4YTO OHW Takoe, U
YBUOENN KaK HEKOTOpPbIE 0b6LLMe TUMbI, HaNpuMmep I0 U Maybe , paboTaloT B Ka4ecTBe MOHaa. B
3TOW 4acTu, Mbl MOCMOTPUM Ha HEKOTOpPbLIE ApYyrune nosiesHble MoHaAbl. B 4aCcTHOCTU Mbl

pacCcMOTpPMM MOHAObl Reader W Writer .

[ nobanbHblIE
nepemMeHHble(nJin nx
HexBaTKa)

B Haskell, Haw kop B obwieM "4ncTbin", 4TO 3HAYUT, 4TO PYHKLUNM MOTYT TOJIbKO
B3aMMOOEeNCTBOBaTb C aprymeHTaMn nepefaHHbIMU UM, CMbIC/1 B TOM, 4TOObI Mbl HE MOr X
NMMeTb rnobasbHbIX NepeMeHHbIX. Mbl MOXKeM nneTb rnobanbHble Bblpa>XeHns, HO OHU
dukcupyroTCca Bo BpeMsa KoMnunasauun. Ecnm noseaeHue nonb3oBaTesnisi MOXXET U3MEHUTb UX, HaM

HY>XHO 06epHYTb UX B I0 MOHaAy, 4TO 3HAYUT, 4TO Mbl HE MOXXEM MCMNOJIb30BaTh €€ B "4MnCTOM"

Kon4e.

MpeacTtaBum cnegyownin npuMep. Mbl XOTUM MMeTb Environment coAep)kallee napameTpbl B
KayecTBe rnobasibHbiX NepemMeHHbIX. O4HAKO, Mbl AOJ/KHbI UX 3arpy3nTb Yepes

KOHUIYPaLMOHHbLIA haisl UM KOMaHIOHYO CTPOKY, 4TO TpybyeT I0 MOHany.

mainl :: IO0 ()
mainl = do
env <- loadEnv
let str = funcl env

print str

data Environment = Environment



{ paraml :: String
, param2 :: String

, param3 :: String

}
loadEnv :: IO Environment
loadEnv = ...
funcl :: Environment -> String
funcl env = "Result: " ++ (show (func2 env))
func2 :: Environment -> Int

func2 env = 2 + floor (func3 env)

func3 :: Environment -> Float

func3 env = (fromIntegral $ 11 + 12 + 13) * 2.1

where
11 = length (paraml env)
12 = length (param2 env) * 2
13 = length (param3 env) * 3

OYHKLMA Ha caMOM fesie ncnonbsyetcsa func3 . OgHaKo func3 4YucTaa PYyHKLUAK. DTO 3HAYNT,
OHa He MO)XET BbI3blBaTb HaAMpPsaMYyt loadenv , TaK Kak OHa He "4yucTtas" pyHKLUMSA. DTO 3HAYUT, 4TO
OKpY>XXeHne O0JIKHO BbITb NepefaHo Yepes nepeMeHHyo B ApYryto yHKUKI, 4ToObl MOXXHO 6b1J10
nepenaTtb €€ B PyHKUMIO func3 . B a3blke € rnobanbHbIMU NEepeEMEHHbIMU, Mbl LOJI>KHbI COXPAaHUTb
env B KayecTBe rnobanbHom nepeMeHon B main . ®yHKUMSA func3 O0JIXKHA UMETb AOCTYM
Hanpsamyto. He Hy>XHO nMeTb NapmeTpa Ans funcl M func2 . B 6onblunx nporpamMmmax 3Ta

nepenavya NepeMeHHbIX MOXXET YCTPOUTb roJIOBHYO 60Jib.

PeweHmne READER

MoHaga Reader pewaeT 3Ty npobnemy. OHa co3paeT rnobasibHOE TONIbKO 14 YTEeHUS 3Ha4YeHne
onpeneneHHoro Tmna. Bce hyHKUMM BHYTPU MOHaAbl MOryT NpoYynTaTh "Tun". laBanTte B3ragHEM
Ha TO Kak MOHada Reader MeHSAeT OpPMYy Hawero koga. Haww pyHkunm 6onblue He TpybytoT
Environment B KadecTe 06s3aTeNbHOro napaMeTpa, Tak Kak OHW MOFYT NOJIy4UTb OOCTYN K HEN

yepes MoHaay.



main :: IO ()
main = do
env <- loadEnv

let str = runReader funcl' env

print str
funcl' :: Reader Environment String
funcl' = do

res <- func2'

return ("Result: " ++ show res)
func2' :: Reader Environment Int
func2' = do

env <- ask
let res3 = func3 env

return (2 + floor res3)

-- as above

func3 :: Environment -> Float

dyHKLUMA ask pa3BepTbiBaeT OKPy>XeHWe A/ Toro, 4Tobbl Mbl MOTJIN €ro UCOoMJ/b30BaThb.
MpuBaA3bIBaHNE OENCTBUI K MOaHaAaM NO3BOJISET HAaM CBA3aTb pPa3/iMyHble Reader AencTBUS. 015
TOro, 4YTobbl BbI3BaTb AENCTBUE YTEHUSA U3 YACTOrO KOAQ, HY>KHO Bbi3BaTb runReader (QYHKLMIO W
nofaTb OKPY>XXeHMe B KayecTBe NapameTpa. Bce yHKUMN BHYTPU AencTeua 6ynyT obpawiatbesa

KaK K rnobasnbHOM nepeMeHHOoN.

Kop Bbllle Tak Xe BBOAUT Ba)kHOe NoHATMe. KaXkabl pa3, Korga Bbl BBOAUTE MOHATUE MOHaa
"X", Bcerpga ectb cooTBeTCTyoWada pyHKLMA "runX", KoOTOpasa roOBOPUT BaM KaK 3amMyCTUTb
onepauun Hag MOHa[oW N3 YACTOro KoHTekcTa(lO ncknyeHme). 3ta GyHkUna byaeT 4acTo
TpeboBaTbCA Npu onpefeseHHOM BBOAE, TaK e KaK M CaMu Bbl4UCeHns. 3aTeMm oHo byaeT
NPOVU3BOAUTb BbIBOL 3TUM CaMbIX BblYMC/IEHNN. B 3TOM Crly4ae Reader , Y Hac eCTb runReader

beHKLI,I/IFI. OHa Tpe6yeT 3Ha4YeHnme, KOTopoe Mbl 6y,ueM 4YNTaTb, N CaMW BbIYNCNEHUNA Reader .

runReader :: Reader ra ->r -> a

Mo>xeT 6bITb HE MOX0XKEe, YTO HaM MHOroe yaanocb, HO Hall Ko 6onee NoHATEH Tenepb. Mbl

COXpaHuUAM func3, TaK Kak OHa eCTb. OHa nmeeT cMbics, 4TObObI OnNncaThb €€ B Ka4yecTBe



nepemMeHHON 13 Environment C MOMOLLbIO PyHKUUN. OQHAKO, HaWK apyrue ase yHkumm 6osblue
He NPUHUMAIOT OKPY>XEeHMe KakK obsi3aTenbHble NapaMeTpbl. OHM NPOCTO CYLLECTBYIOT B KOHTEKCTE

raoe okpy>xeHue - rnobanbHas nepeMeHHas.

C6bop 3HaYeHUN

YT106bl NOHATL MOHaQy Winter , faBanTe norosopum o npobneme cbopa. MpennonoXmm y Hac ecTb
HECKOJIbKO Pa3/inyHbIX PYHKLUUN. KaXkxaasa feflaeT CTPOKOBbIe ornepaunn, KoTopble Yero-To CTo4T.
Mbl XOTUM OTCNEXUBATb CKOJNILKO "CcTOAT" BCE BblHUCEeHUA BMecTe. Mbl MOXKeM caenaTb
cnepytoulee, onsa cbopa apryMeHToOB 1 Cie)XXeHUs 3a "LeHON" KOTOPY Mbl MOAYyYUM. Mbl

npoAosHKaeM nepefasaTb COOpaHHbIE NEepeEMEHHbIE BMeCTe C pe3y/ibTaToM 06paboTKn CTPOKN.

-- Calls func2 if even length, func3 and func4 if odd
funcl :: String -> (Int, String)
funcl input = if length input "mod™ 2 ==
then func2 (0, input)
else (il + 12, strl ++ str2)
where

(i1, strl) func3 (0, tail input)

(i2, str2) = func4 (0, take 1 input)

-- Calls func4 on truncated version

func2 :: (Int, String) -> (Int, String)

func2 (prev, input) = if (length input) > 10
then func4 (prev + 1, take 9 input)

else (10, input)

-- Calls func2 on expanded version if a multiple of 3
func3 :: (Int, String) -> (Int, String)
func3 (prev, input) = if (length input) "mod® 3 ==
then (prev + f2resI + 3, f2resStr)
else (prev + 1, tail input)
where

(f2resI, f2resStr) = func2 (prev, input ++ "ab")

func4 :: (Int, String) -> (Int, String)
func4 (prev, input) = if (length input) < 10



then (prev + length input, input ++ input)

else (prev + 5, take 5 input)

Ina Havyana, MOXKHO OTMETUTb. YTO CTPYKTYpPa PYHKLMN HECKOJIbKO TPYAHO 0b6CNyXnBaeMas.
OnsaTb, Mbl NepegaemM OOMNOJIHUTE IbHbIE MApaMeTpPbl. B YaCTHOCTU, Mbl OTCNIEXMBAEM 06LLYIO
CTOMMOCTb, KOTOpas MNokKasbiBaeTCcs A/ BBOAA M BbIBOAA Ka)kAon pyHKUMN. MoHaga Writer gaeT
HaM MPOCTOW crocob oTcneXXnBaHUsa 3HaYeHUn. OHa TakK XXe AenaeT nerye ns Hac otobpakeHue
CTOVIOMCTW AJ151 Pa3/INYHbIX TUMNOB. HO 4TOObLI MOHATL, KAk Mbl AO/KHbI A1 HAYasla U3yy4nuTb OBa

TUNokKJfacca, Semigroup WM Monoid , KOTOpPbIE MOMOryT obownTb cOOp.

SEMIGROUPS n MONOIDS

Semigroup 3TO Nt06OM TUM, KOTOPbLIN Mbl CObMpaeM c nNoMoLbio "append" onepaTopa. 3Ta PyHKLKNS

ncrnonb3lyeT onepatop <>. OHa obbeAnHSET OBa 3/1IeMeHTa TuUMna B HOBbIN, TPETU.

class Semigroup a where

(<>) :: a ->a ->a

Ins Hawero NepBoro NPoCcToro NPUMepa, Mbl MOXKEM AyMaTb NPeAcTaBUTb Int TWUM Kak 4acTb

Semigroup Mo orepaunen CloXXHEHNS.

instance Semigroup Int where

a<>b=a+b

Monoid paclmMpsaeT onpeneneHne Semigroup , HTO6bI MOXKHO ObII0 BK/IIOYNTL ONpenenstowmnmn
3JIEMEHT. DTOT 3JIEMEHT Ha3blBaeTCHd mempty , TaK Kak 3TO "empty" 3/1eMeHTO COPTUPOBKMU.

OT™MeTuMm, 41O orpaHn4yeHmne Monoid B TOM, YTO OH Yy>Xe OOJI>KEH ObITb Semigroup .

class (Semigroup a) => Monoid a where

mempty :: a

OnpenenawoLniA 31eMeHT A0JIeH UMEeTb CBONCTBA, eC/iv Mbl NpubaBLusem Ntobol Apyron sneMeHT
a, B l06OM HanpaBneHUn, pe3ysibTaToM A0/KeH bbiTb a . [103TOMYy pe3y/ibTaTOM a <> mempty ==
a M mempty <> a == a BCerpfa O0J/IKHbl ObITb true . Mbl MOXXEM pacLUMPUTL Hallle onpeaeneHune

Int Ona Semigroup nobaBnB 0 B KavecTBe onpegensaowero sanieMeHTa gnga Monoid .



instance Monoid Int where

memty = 0

Mbl MOXKEM MPOAYKTUBHO MCMOJIb30BaTb Int U cobmpaTb Knacc. DyHKUMS mempty npennaraer
HavasibHoe 3HayeHue 415 Hewero MoHouaa. 3aTeM C MoOMOLLbIO mappend , Mbl 06beAnHsAeM [Ba
3Ha4YeHUs 3TOro TUNa B pe3ysibTaT. ITO AOBOJILHO NIerko, cAenaTh 3K3eMnasp Monoid Ana Int.

Haw cyeTYnk Ha4YMHaeTCca C 0, U Mbl MOXKEM 00BbEeAVMHUTL 3Ha4YeHUsa oasa nobasneHus.

DTOT Int 3K3eMnasp He JOCTYMNEH Mo YMOHaHUS. DTO NOTOMY, YTO Mbl MOXKET TakK e
NpenocTaBUTb Monoid M3 Int WUCMOJSb3ys NEPEMHOXXEHMEe BMECTO C/IoKeHus. B 3Tom cnyyae, 1

CTaHOBUTCA onpeaendaromnm.

instance Semigroup Int where

a<>b=a*hb

instance Monoid Int where

mempty = 1

B o6oux cnyydaax Int npumep, Hawa append (PyHKUUSA cymmumpytowasn. basosas bubanorteka
BKJILOYET 3K3eMnasap Monoid Ans nwboro Tuna List . OnepaTop append UCNOAb3yeT onepaTop
npubaBneHns CNNUCKa ++, KOTOPbIA HE CYMMUPYOLWNIA. B 3TOM ciydae onpeaensiowmm snemMeHT

3TO NYCTON CMUNCOK.

instance Semigroup [a] where

XS <> yS = XS ++ ys

instance Monoid [a] where

mempty = []

-- Not commutative!
- [1: 2] <> [3r 4] == [11 2! 3: 4]
- [31 4] <> [11 2] == [31 41 11 2]



icnonb3oBaHe WRITER ons

OTCNIEXNBAHUA
ACCUMULATOR

Kak »ke 3To noMoraeT HaM C npobaeMoi CnoXeHns Bbille?

MoHapa Writer MapaMeTPU3yeTCAd C NOMOLWbLKO HEKOTOPOIro MOHOMAOHOIO TUra. Ero 3apava
CieAnTb 3a CKJaAblBAE€MbIM 3HAaYEHMEM 3TOro Tuna. Ero uenb »Xntb B KOHTEKCTE raobasbHOn
nepeMeHHon KOTOPYK OHUN MOTYT MEHATD. [Mloka Reader gaeT HaM BO3MOHOCTb YMTaTb
rno6aany}o nepeMeHHyr, HO He MeHATb €é Writer MO3BOJIAET HAM MEHSATb 3Ha4YeHMe C NMOMOLLbIO
CNoXeHun4d, rnpun 3ToM HeJlb34 eé ynTtaTb npun BbIYNCTIEHUN. Mbl MO)XeM BbI3BaTb onepauuto

nobaBneHnsa ncnonb3ys tell (PYHKLMIO B LIENM HALLEro BblpaXkeHnsa Writer .
tell :: a -> Writer a ()

TaK >Xe KakK N C Reader W runReader , €CTb runWriter (PyKHUMA. N BbIFrIALUT OHA HEMHOIO Mo

Apyromy.
runWriter :: Writer w a -> (a, w)

Ham He HY>XHO NMpenoCTaBNATbL OOMOJIHUTENbHbIA BBOJ KPOME BbIYMCNEHN Ana 3anycka. Ho
runWriter ocyulecTBisieT 2 BbiBoAa! MepBbiii 3TO pe3ybTaT Hallero BblYMcaeHns. BTopol -
nocsiegHee CNOXKeHHoe 3HaYeHne oNs writer . Mbl He NpPefoCTaBUIN BXOAHOMO 3HAYEHMS, TaK Kak

OH aBTOMaTUYeCKN UCMOoJib3yeT mempty W3 Monoid !

HaBanTte N3y4MM KakK U3MeHWUTb Hall Ko/ BblLlUeE, 4TObbl NCNONL30BATh 3Ty MOHaAy. HA4YHEM C acc2

acc2' :: String -> Writer Int String
acc2' input = if (length input) > 10
then do
tell 1



acc4' (take 9 input)
else do
tell 10

return input

Co30aeM oTAeNbHY BETKY MO KOJIMYECTBYIO BBXOAHbIX AaHHbIX, U AJ1S KaZlO BETKMW BbINOJIHAEM
do . Byaem ncnosnb3oBaTb tell ANA NpenoCTaB/IEHMS COOTBETCTBYOLWEro 3Ha4YeHWs ANs
yBeJINYNBaAHNA CyMMaTOpa, U 3aTeM [BUraeTCcs K Bbi30BY caeayouen pyHKLUX, U BO3BpaLlaem

OTBEeT. 3aTeéM acc3 U accd.

acc3' :: String -> Writer Int String
acc3' input = if (length input) "mod™ 3 ==
then do
tell 3
acc2' (input ++ "ab")
else do
tell 1

return $ tail input

acc4' :: String -> Writer Int String
acc4' input = if (length input) < 10
then do
tell (length input)
return (input ++ input)
else do
tell 5

return (take 5 input)

HakoHel, Mbl HE MEHSAEM TUN NoANUCK Hallen OpI/IFI/IHaJ'IbHOIZ prHKLI,I/I, BMeCTO 3TOIro Mbil

NCNosb3yeM runWriter [OJ18 Bbl30Ba MOMOLLHWKA, KaK N MOJZIOXKEHO.

accl' :: String -> (String, Int)
accl' input = if length input "mod’ 2 ==
then runWriter (acc2' input)
else runWriter $ do
strl <- acc3' (tail input)
str2 <- acc4' (take 1 input)

return (strl ++ str2)



OTeMTUM, HaM BoJblLLEe HE HY)KHO SIBHO OTC/IeXMBaTb CyMMaTop. OH He 06epHYT C MOMOLLbIO

writer MoHagbl. Mbl MOXXEM yBEINYUTL €ro B Ntobon Halwen yHKUM Bbi3BaB tell . Tenepb Hall

KOoJ rpa3no npoLllie a TUuMbl sicHee.

BbiBO bl

Tenepb, 3Haa NPO Reader W Writer MOHaAbl, MPULLJO BPEMS ABUraThCa Aasblie. Janblie Mbl
obcyanmm MoHaay State . 9Ta MOHada o6beOuHSET 3T OBE UAEN B read/write state , €CTECTBEHHO

Mo3BOJISAS UCMNOJIb30BaTb rnobasbHble rnepemMeHHble Ha MNoJiHyt. Ecnm 3T ngen 0o cux nop sac

CMyLLAOT, He boTecb NepevynTaTb CTaThblO.



State MoHapna

B npoLwsion 4acTu, Mbl N3y4nam MoHaabl Reader M Writer . OHM NakKak3uJ, 4TO Ha CaMOM ferie
nMveeM antepHaTuBy rniobasbHbIM NepeMeHHbIM. HaM MPOCTO HY>XXHO KaKMM-TO obpa3om
3aKJII0YNTb UX B onpefeneHHbI TUM, 3TO TO ANS Yero OHU HY>XHbl. B 3TOM YacTn n3y4ymm State

MOHagy, KoTopas 06beAnHAET HEKOTOPYIO PYHKLIMOHANBLHOCTL A1 060MX naen.

MoTumBauUnKM NoCT: KpeCcTunku-
HOJTUKW

18 3Ton 4acTu Mbl BOCMNOJIb3yeMCs MPOCTON MoAesbio Ans urpbl KpecTKku-HoanKnu. I nasHbIn
00beKT 3TO TUN AaHHbIX GameState COAEPKALLUUA HECKOJIbKO Ba>XHbIX KYCOYKOB UHopMaLnn.
lMepBoe N Ba)KHOE, OH COOEPXXUT "AOCKY", N OBYMEPHbIN MacCUB NHOEKCOB COCTOAHUA nonen(x/0

nNu NycTo). Tak xe 3HaeT Yen Xo4 U UMeeT CNyYalHbIN reHepaTop.

data GameState = GameState
{ board :: A.Array TileIndex TileState
, currentPlayer :: Player

, generator :: StdGen

data Player = XPlayer | OPlayer

data TileState = Empty | HasX | HasO

deriving Eq

(Int, Int)

type TilelIndex

[laBali B3rNsiHEM Ha TO, Kak HEKOTopble U3 PYHKLNIA Halen urpbl 6yayT paboTaTk. Hanpumep
HY>XHO NpuayMaTb PYHKLUMIO OS5 C/lyYalHoro Belbopa xoaa. OHa A0JIHA BbIBOAUTbL TileIndex W

M3MEHATb reHepaTop Hawlen Urpbl. 3aTeM OCHOBbIBasACb Ha HEM JeJslaeM LWar n nepepgaemM xopn



OPYyroMy Urpoky. ,D,pyFI/IMI/I cyioBaMn, y HaC eCTb onepaunn KOTopble 3aBNCAT OT TEKYLLEro

COCTOAHUA UTrpbl, HO TaK Xe 0BHOB/ISIET 3TO COCTOSIHME.

THE STATE MONAD

This is exactly the situation the State monad deals with. The State monad wraps computations in
the context of reading and modifying a global state object. This context chains two operations
together in an intuitive way. First, it determines what the state should be after the first operation.

Then, it resolves the second operation with the new state.

It is parameterized by a single type parameter s, the state type in use. So just like the Reader has a
single type we read from, the State has a single type we can both read from and write to. There are
two primary actions we can take within the State monad: get and put. The first retrieves the state,
the second modifies it by replacing it with a new object. Typically though, this new object will be

similar to the original:

-- Retrieves the state, like Reader.ask

get :: State s s

-- Overwrites the existing state

put :: s -> State s ()

There is also a runState function, similar to runReader and runWriter. Like the Reader monad, we
must provide an initial state, in addition to the computation to run. But then like the writer, it

produces two outputs: the result of our computation AND the final state:
runState :: s -> State s a -> (a, s)

If we wish to discard either the final state or the computation's result, we can use evalState and

execState, respectively:
evalState :: State s a -> s -> a
execState :: State s a ->s -> s

So for our Tic Tac Toe game, many of our functions will have a signature like State GameState a.



OUR STATEFUL FUNCTIONS

Now we can examine some of the different functions mentioned above and determine their types.

We have for instance, picking a random move:

chooseRandomMove :: State GameState TileIndex
chooseRandomMove = do
game <- get
let openSpots = [ fst pair | pair <- A.assocs (board game), snd pair == Empty]
let gen = generator game
let (i, gen') = randomR (0, length openSpots - 1) gen
put $ game { generator = gen' }

return $ openSpots !! i

This outputs a Tilelndex to us, and modifies the random number generator stored in our state! Now

we also have the function applying a move:

applyMove :: TileIndex -> State GameState ()
applyMove i = do
game <- get
let p = currentPlayer game
let newBoard = board game A.// [(i, tileForPlayer p)]

put $ game { currentPlayer = nextPlayer p, board = newBoard }

nextPlayer :: Player -> Player
nextPlayer XPlayer = OPlayer
nextPlayer OPlayer = XPlayer

tileForPlayer :: Player -> TileState
HasX

tileForPlayer XPlayer

tileForPlayer OPlayer = HasO

This updates the board with the new tile, and then changes the current player, providing no output.

So finally, we can combine these functions together with do-syntax, and it actually looks quite
clean! We don't need to worry about the side effects. The different monadic functions handle them.

Here's a sample of what your function might look like to play one turn of the game. At the end, it



returns a boolean determining if we've filled all the spaces:

resolveTurn :: State GameState Bool
resolveTurn = do

i <- chooseRandomMove

applyMove i

isGameDone

isGameDone :: State GameState Bool
isGameDone = do
game <- get
let openSpots = [ fst pair | pair <- A.assocs (board game), snd pair == Empty]

return $ length openSpots ==

Obviously, there are some more complications for how the game would work in full, but the general

idea should be clear. Any additional functions could live within the State monad.

STATE, 10, AND OTHER
LANGUAGES

When thinking about Haskell, it is often seen as a restriction that we can't have global variables
like you could with Java class variables. However, we see now this isn't true. We could have a data
type with exactly the same functionality as a Java class. We would just have many functions that

can modify the global state of the class object using the State monad.

The difference is in Haskell we simply put a label on these types of functions. We don't allow it to
happen for free. We want to know when side effects can potentially happen, because knowing
when they can happen makes our code easier to reason about. In a Java class, many of the
methods won't actually need to modify the state. But they could, which makes it harder to debug

them. In Haskell we can simply make these pure functions, and our code will be simpler.

IO is the same way. It's not like we can't perform IO in Haskell. Instead, we want to label the areas
where we can, to increase our certainty about the areas where we don't need to. When we know

part of our code cannot communicate with the outside world, we can be far more certain of its



behavior.

SUMMARY

That wraps it up for the State monad! Now that we know all these different monad constructs, you
might be wondering how we can combine them. What if there was some part of our state that we
wanted to be able to modify (using the State monad), but then there was another part that was
read-only. How can we get multiple monadic capabilities at the same time? To learn to answer,
head to part 6! In the penultimate section of this series, we'll discuss monad transformers. This

concept will allow us to compose several monads together into a single monad!

Now that you're starting to understand monads, you can really pick up some steam on learning
some useful libraries for important tasks. Download our Production Checklist for some examples of

libraries that you can learn!



[lpeobpa3oBaTenm MoHan

B HECKOIBbKNX MPOLLJILIX YaCTAX CEPUN, Mbl N3YHUIIN MHOXKECTBO HOBbIX MOHaA. B 3 4acTun mbl
YBUOENN KaK YacTOo BELLM KaK Maybe M I0 MOryT 6bITb MOHagaMu. 3aTeM B 4 N 5 4acTax Mbl
n3y4mnum Reader, Writer n State moHagbl. C 3TMMK MOHaZaMM Ha Nosce, Bbl BO3MOHO AyMaeTe Kak

MO>XHO X 00beanHATL. OTBET, KakK Mbl 0OOHApPY»XX B 3TOW 4YacTu, 3TO npeobpasoBaTenn MoHag.

C noHMMaHnem MoHag, Bbl OTKpbiBaeTe 6osnblue Haskell Bo3mMo)xHOCTen. HoO BaM BCE eLé HY KHbI

noen 6mbnnotek Haskell, KOTopbI MO3BOSIAT BaM UX UCMbITaTb.

[Tpmep MoTuBaL K

PaHee, Mbl y)xe BUOeNN Kak MOHafa maybe nmomoraeT musbe)xaTb TpeyrojsibHUKa cyabbbl WwabnoHoB
Koda. be3 HMX, HaM HY>KHO NMPOBEPATb Ka KAy PYHKLUMIO Ha ycrnex. OgHako, NnpuMepbl Ha

KOTOpPbIE€ Mbl CMOTPWUM, FOe BCE SABNSIETCHA YNCTbIM KOLOM npeanosaraeT cneayroulee:

mainl :: I0 ()
mainl = do
maybeUserName <- readUserName
case maybeUserName of
Nothing -> print "Invalid user name!"
Just (uName) -> do
maybeEmail <- readEmail
case maybeEmail of
Nothing -> print "Invalid email!"
Just (email) -> do
maybePassword <- readPassword
Case maybePassword of
Nothing -> print "Invalid Password"

Just password -> login uName email password

readUserName :: IO (Maybe String)
readUserName = do

putStrLn "Please enter your username!"



str <- getlLine
if length str > 5
then return $ Just str

else return Nothing

readEmail :: IO (Maybe String)
readEmail = do
putStrLn "Please enter your email!"
str <- getlLine
if '@' “elem” str & '.' “elem  str
then return $ Just str

else return Nothing

readPassword :: I0 (Maybe String)
readPassword = do
putStrLn "Please enter your Password!"
str <- getlLine
if length str < 8 || null (filter isUpper str) || null (filter isLower str)
then return Nothing

else return $ Just str

login :: String -> String -> String -> IO ()

B 3ToM npumepe, BCe Hawun noTeHUManbHble NpobaiemMbl Koga nayT U3 I0 MoHanbl. Kak Mbl MOXXe

NCNO/1b30BaTb Maybe MOHaAy KOrAa Mbl Y>K€ BHYTPU )J,pyr0|7| MOHanabl?

[lpeobpa3oBaTenin MoHan

K cHaCTbio, Mbl MOXKEM MOJTYYMUTh XKelaeMoe NoBedeHmne UCrnosnb3ys npeobpasoBaTenn MoHaa as
obbeanHeHus. B 3ToM npumMepe, Mbl 0bepHeM 10 OeicTBUEE BHYTPb Npeobpa3oBaHHOM MOHabI

MaybeT .

MNpeobpa3zosaTenn MoHag 3710 obepTo4HbI TUN. B obuwem napameTpusnpyemMblin 4pyrm
MOHaANYECKMM TUMNOM. 3aTEM Bbl MOXKETE 3anyCTUTb AEACTBUE N3 BHYTPEHHEN MOHaAbl, B TO
BpeMs noka nobasnseTe Bawe cobcTBeHHOe noBegeHne ana oencrTena obbeanHEHNSA B HOBYIO

MoHaay. Obwunin npeobpasoBaTesb gobaensgeT T B KOHeL, CyLeCTBYOLWEN MOHaabl. Huxe



npencTtaBJ/IeHHO oripenesneHne MaybeT :
newtype MaybeT m a = MaybeT { runMaybeT :: m (Maybe a) }

instance (Monad m) => Monad (MaybeT m) where
return = lift . return
x >>= f = MaybeT $ do
vV <- runMaybeT x

case v of
Nothing -> return Nothing

Just y -> runMaybeT (f y)

MaybeT caM ro cebe 3To newtype. OH cofep>x1T 06epTKy Hah 3Ha4YeHMeM Maybe . ECiv Tun m 3TO

monad , Mbl MOXKEM TaK Xe cAeJlaTb MOHaay U3 MaybeT .

MpencTaByM Hal NpuMep. Mbl XOTUM UCMOJIb30BaTb MaybeT A1 obopaymBaHUs I0 MOHanAbl,
4TOObI 3aMyCTUTL I0 AENCTBUS. DTO 3HAYMT, YTO Halla HOBasi MOHaZa MaybeT I0 . Haww Tpu
BCMOMOraTesibHble PYHKLUN BCE BO3BPALLAIOT CTPOKN, MOITOMY Ka)KAas U3 HUX NoslyyYaeT Tun

MaybeT I0 String . N5 npeobpa3oBaHMs cTaporo I0 Konda B MaybeT MOHagy, BCE, YTO HYXKHO -

00epHyTb I0 AencTBMEe B MaybeT KOHCTPYKTOP.

readUserName' :: MaybeT IO String
readUserName' = MaybeT $ do
putStrLn "Please enter your Username!"
str <- getlLine
if length str > 5
then return $ Just str

else return Nothing

readEmail' :: MaybeT IO String
readEmail' = MaybeT $ do
putStrLn "Please enter your Email!"
str <- getlLine
if length str > 5
then return $ Just str

else return Nothing

readPassword' :: MaybeT IO String
readPassword' = MaybeT $ do



putStrLn "Please enter your Password!"

str <- getlLine

if length str < 8 || null (filter isUpper str) || null (filter isLower str)
then return Nothing

else return $ Just str

Tenepb bl MOXXKeM 06epHYTb BCE TPW 3TUX Bbi30Ba B 04HO MOHaANYEeCKOe AeNCTBME, U CaenaTb
NpPOCTOEe CpaBHEHME OJ1 NOoSlyYeHUs pe3dynbTaTa. Mbl BOCNONb3YeMCS runMaybeT (pyHKLUMEN ANs

pa3BepTbiBaHNSA 3HA4YeHUsA Maybe K3 MaybeT :

main2 :: I0 ()
main2 = do
maybeCreds <- runMaybeT $ do
usr <- readUserName
email <- readEmail
pass <- readPassword
return (usr, email, pass)
case maybeCreds of
Nothing -> print "Couldn't login!"

Just (u, e, p) -> login u e p

N 3TOT HOBbLIN KO 6AyeT MMEeTb NpaBuIbHOE NMPOCTOE NoBeAeHMe AN Maybe MOHazabl. Ecnm

KaKas-To yHKUMSA read ynageT, Hall KO Cpa3y )Ke BepHeT Nothing .

[1lobaBneHne ypoBHeWN.

BOoT 1 Mbl [OXAaNNCh AONTOXAAHHOE YacTm 0 Npeobpa3oBaTenax MoHaA. Tak Kak Halwl
HOBOCO34aHHbIN TN caM no cebe MoHada, Mbl MeXxeM 0b6epHYTb €€ BHYTpU APYroro
npebopa3zoBaTens. No4Tn BCe pacnpoCTpaHHEHbIe MOHaAbl MMeloT npeobpa3oBaTenb TUNa, MaybeT

B TOM 4ucse, 3To npeobpasoBaTesib A5 06bI4YHOWM Maybe MOHabl.

Ons 6biCTporo Nnpumepa, NPeanoNoXnM, y Hac ecTb Env TUN COAep Kallnii NoNb30BaTEsIbCKYHO
NHpopMaLNio. Mbl MOXKeM 06epHYTb 3TO OKPY>KeHMne B Reader . OHAaKO, Mbl XOTUW BCE elle UMEeTb
LOCTYN K I0 (pyHKLUMOHANBHOCTMW, MO3TMY Mbl BOCMONb3YMCS Reader npeobpa3oBaTenem. 3aTeM

obepHeM pe3ynaTaT C NOMOLLbI MaybeT .



type Env = (Maybe String, Maybe String, Maybe String)

readUserName'' :: MaybeT (ReaderT Env I0) String
readUserName'' = MaybeT $ do
(maybeOldUser, , ) <- ask

case maybeOldUser of

Just str -> return $ Just str

Nothing -> do
-- lift allows normal IO functions from inside ReaderT Env IO!
lift $ putStrLn "Please enter your Username!"
input <- lift getlLine
if length input > 5

then return (Just input)

else return Nothing

3aMeTuM, 4TO Y HaM HY>KHO MCMNosib30oBaTb lift ANs 3anycka I0 (YHKUMWU getline . B
npeobpa3oBaTene MoHaabl, lift (YHKLMS NO3BONSET HAM 3aNyCTUTb OEACTBUS HUXKENeKalleln

MOHazbl. OTO NoBeAeHVe 3axBaTblBaeTCA KJ1ACCOM MonadTrans :

class MonadTrans t where

1ift :: (Monad m) => ma -> tma

Ncnonb3oBaHme lift B ReaderT Env I0 OENCTBUW NO3BASET I0 prHKLI,I/IFIIO Mcnonb3oBaHMe TUMNa

wabsioHa 13 KNnacca, Mbl MOXKEM 3aMEHUTb Reader Env Ha t U I0 Ha m.

BHYyTpuM MaybeT (ReaderT Env I0) (hYHKLMW, Bbl3biBAaeMOW lift MO3BOJISIET BaM 3anyCTUTb
pYyHKLMIO Reader . HaM He HY>KHO TO 4YTO Bbllle, Tak Kak Habop Koda NeXXUT B Reader OENCTBUU B

obepTKe MaybeT KOHCTPYKTOpa.

YT106bI NOHSATL NAE NNPTUHIA, NOAYMaNTe 0 YPOBHE Ballel MoHaAbl Kak o cTeke. Koraa Bbl
nmeeTe ReaderT Env I0 OeNCTBME, NPEACTaBbTE, YTO Reader Env MOHajZa CcBepxy IO MoHagbl. I0
NEeNCTBNE NNIEXNT Ha HMXKHEM ypoBHeE. MNo3ToMy, 4YTobbl 3aNyCTUTbL BCE 3TO [e/10 C BEPXHEro cjos,
BaM HY>XHO CHayvaJsia NoAHATbCS. Ecnm Baw cTek umeeT Hosiblue YeM 2 CJ10sl, Bbl MOXKETEe
NOAHUMATbCS HECKObLKO pa3. Bbi3biBas ABaXkAbl MaybeT (ReaderT Env I0) MOHaAy NO3BOJIUT BaM

BbI3blBaTb 10 (QYHKLMIO.

He yno6HO KaXkAblll pa3 3HaTb CKOMIbKO pa3 Tebe HY>XXHO BbI3biBaTb (OYHKUMIO lift O14 NonyyYyeHus

TeKyLlero ypoBHA. OTctofa BcnoMoraTesibHas qf)yHKIZI/IFI H4aCTO NCMOJIb3YETCA OJid 3TOro.



Bnobasok, nocsie npeobpa3oBaHNs MOHAAbl, MOXKHO 3aMyCTUTb HECKOIbLKO YPOBHEN, TUMbI MOFYT

CTaAHOBUTCSA CcNoXHee. [Mo3ToMy 00bIYHO NCNOAbL3YIOT 6UGINOTEKY synonyms .
type TripleMonad a = MaybeT (ReaderT Env I0) a

performReader :: ReaderT Env I0 a -> TripleMonad a

performReader = lift

performIO :: I0 a -> TripleMonad a
performI0 = lift . lift

Tnnoknacceol

B KayecTBe Noxo)xen naeun, ecTb typeclass KOTOPbIA MO3BOASET HaM CAeNaTb onpeaeieHHble
NnpeanonoXXeHns o cTeke MoHaabl. [1na npruMmepa, Bac YaCcToO He BOJIHYET, YTO MMEHHO B CTEKE, HO

BaM Hy>XeH IO rge-Tto BHYTpPW. B 3TOM 1 3aksto4aeTcs uesb UCNoJsb30BaHNA Mondal0 TUMoKJsacca.

class (Monad m) => MonadI0O m where

1iftIO :: I0 a ->m a
We can use this behavior to get a function to print even when we don't know its exact monad:

debugFunc :: (MonadIO m) => String -> m ()
debugFunc input = 1iftIO $ putStrLn ("Successfully produced input: " ++ input)

Ja>ke He cMOTpPSA Ha TO, 4TO PYHKLUNA ABHO HE HAXOAUTCA B MaybeT I0, Mbl MOXXEM HanMcaTb Hally

BEPCUIO main (PYHKUUM 4TODObI NCMOSIb30BATL €€.

main3 :: IO0 ()
main3 = do
maybeCreds <- runMaybeT $ do

usr <- readUserName'
debugFunc usr
email <- readEmail'’
debugFunc email
pass <- readPassword'’

debugFunc pass



return (usr, email, pass)
case maybeCreds of
Nothing -> print "Couldn't login!"

Just (u, e, p) -> login u e p

44 Bb! HE MOXeTe, B 06LeM, 06epHYTb PYryt0 MOHAAY C MOMOLLbI0 10 MOHaAbI
ncnonb3ys npeobpasoBaTesb. OQHAKO, MOXKHO CAeNaTh APYroe MOHaanyeckoe

3Ha4vyeHue 4yTobbl BpeHyTb TUM I0 OEeNCTBUS.

func :: I0 (Maybe String)

-- This type makes sense

func2 :: IO T (ReaderT Env (Maybe)) string

-- This does not exist

BbiBO bl

Tenepb, Bbl 3HaeTE, Kak 06beANHATL BallX MOHafbl, Bbl MOYTY 3aBEPLUNAN NMOHUHMaHNE
KJIlOYEBbIX naen! Bbl, BO3MOXHO, XOTUTE NONpoboBaTbh Ha4YaTb NMUCAaTb AOCTATOYHO CJIOXKHbIN KOL,.
Ho, 4T0bbl Hay4YnTbCA BNafeTb MOHaAaMu, BaM HY>KHO 3HaTb Kak AeslaTb CBOO COBCTBEHHYIO
MOHaAy, U AN TOro BaM HY)>XHO MOHSATb NOCAeAH0 naetn. 3To naea Tuna laws . Kaxxpasn
CTPYKTYpPa, KOTOPYIO Mbl MPOLLAN B 3TOM YaCTu NeKLUMiA, CBsA3aHa C laws . M1 4TOObI BalLn npumepsl
NMENN CMbIC/, OHW AOJIKHbI cefoBaTh laws (T.€. 3aKOHY). MpoBepbTe 7 rnaBy, YTOObI MOHATD,

NMOHMUMaeTE /1IN Bbl HTO MNPONCXOOUNT.



3aKOHblI MOHa

[o6po noxXkasnoBaTb B 3aK/IO4YNTESIbHYIO YaCTb cepun 0 MoHagax B Haskell. Cennyac mMbl y)xe 3HaeM
60NbWMLLIHCTBO NAEN Nexawmx B OCHOBE 3Has X TOHKOCTU A1 NCMOJIb30BaHUSA B MporpaMmmax.
Ho ecTb ewe abcTpakTHble ngen, KOTopble HaM HY>XHO U3Y4UTb, KOTOPbIe CBSA3aHHbI CO BCEMMU
3TUMUN CTPYKTYpPaMn. DTO 3aNnUCU CTPYKTYPHbIX "3aKOHOB". 9Tn npasuna anga typeclass oosxkHsbl

BbIMOJIHATHLCSA 4YTOObI nepecekaTbCAa C OXKMaAaHNAMN APYrnx nporpaMmMmmncToOB.

XU3Hb 6e3 3aKOHOB

MomHuTe, 4TOo Haskell oTpa)kaeT Ka)kabin abCTpaKTHbIN KacC C NoMoLlblo type class. Kaxabin 13
3Tux type class nmeeT oAMHY A OBe raaBHble QYHKUUK. [TO3TOMY, KaXKabI pa3 peannsysa 3Tu

PYHKLMN 1 e€ NPoBEepKN TUMOB, Mbl MoJsiy4aeM PyHKTOp/annankaTue/MoHany, NnpaBuiibHO?

He coscem. [a, Bawa nporpamma bynet cobmpaTtbcs n y Bac byaeT BO3MOXKHOCTb MCMOJIb30BaTb
€é 06beKTbl. HO 3TO He 3Ha4YuT, 4TO Baw 06BHEKT cnefyeT MaTeMaTUYECKMM KOHCTPYKTaM. Ecan
HeT, Baw 06beKT He ByaeT NOSIHOLEHHbIM ANS APYTrMX nMporpaMmMncToB. Kaxabin type class nmeet
CBOW 3aKOHbI. [1na npumepa, faBanTe BepHEMCH K GovDirectory TWUMy, KOTOPbIA Mbl CO34aBan B

CTaTbe Npo pyHKTOPbLI. MPeanosoXXnm Mbl caenann pasndHble 06beKTbl PYHKTOPOB:

data GovDirectory a = GovDirectory {

mayor :: a,
interimMayor :: Maybe a,
cabinet :: Map String a,
councilMembers :: [a]

instance Functor GovDirectory where
fmap f oldDirectory = GovDirectory {
mayor = f (mayor oldDirectory),
interimMayor = Nothing,
cabinet = f <$> cabinet oldDirectory,

councilMembers = f <$> councilMembers oldDirectory



HackosibKo BUAHO, 3TO HapyLlaeT OAMNH U3 3aKOHOB (hyHKTOpa. B 3ToM cnyyae, 310 6yaeT He
HacToALWMIA yHKTOp. Ero noBeaeHne 00/HKHO CMyLLaTh 1t060ro NporpaMMmnCTa nNbiTaloLerocs
€ro Ucnosib3oBaTb. Mbl AO/IKHbBI N03a60TUTLCS 0 TOM, 4TObObl yHEeANTLCSA YTO Hall 3K3eMnaap
nmeeT cMbIC/. Kak TO/IbKO, Bbl 3TO NMOYyBCTBYEeTe AN type class , 3HAYUT Bbl CAEANM IK3EMMAAP
no npasBuay. He nepexxnBanTe ecan Bac 4TO-TO CMyLLL@eT. OTa CTaTbsa O4YEHb MaTeMaTuyKa, U Bbl
He cpa3y nonmeTe, BCE UAEWN, YTO TYT MPenNoXeHbl. Bbl MOXXeTe MOHSATb N UCMO0JIb30BaTb 3TU

Knacchbl 6e3 3HaHMSA 3TUX 3aKOHOB. Hy 4TO Xe, OKyHeMCH bes3 CyeTbl B 3TN 3aKOHbI.

3aKOHbl QYHKTOPOB

EcTb oBa 3aKOoHa (PYHKTOPOOB. NepBblil - 3aKOH NOEHTUYHOCTU. Mbl MOCMOTPUM Ha HEKOTOPObLIN
BapuaHT 3TOM naen Ona KaxAoro n3 3Tux type class . BCnomMHUTe, Kak fmap (PyHKUUS paboTaeTc
copep>xaHmem. Ecnm Mbl NpUMeHNM Halwly PYHKUUIO NOEHTUYHOCTU K KOHTENHepy, pe3y/ibTaToM

OyoeT TOT e 00beKT.
fmap id = id

OpyrvumMmm cnoBamm, Haw PyHKTOP HE LOJIKEH MPUMEHATb KaKue-TO LOMNOJIHUTEbHbIE
npeobpa3oBaHUs UM CTOPOHHME 3pdeKTbl. OH OO0/IXKEH TONIbKO MPUMEHATb hyHKUMIO. BTOopon
3aKOH 3TO KOMMO3UNLUWOHHBIA. OH raacuT, 4TO peanm3aumns Hawro QyHKTopa He O0J1)KHa IoMaTb

naer Hawen pyHKLUNn.
fmap (g . f) = fmap g . fmap f

-- For reference, remember the type of the composition operator:

(.) :: (b ->c) ->(a ->Db) -> (a -> )

C [pyrou cTopobl, Mbl MOXXeM cobpaTb ABe PYHKLUNU, N 00beANnHUTb pe3ysbTaT B PYHKLUN
noeepx KoOHTenHepa. C opyron CTOPOHbI, Mbl MPUMEHSEM MePBYIO PYHKLNIO, NOSly4aeM pe3ybTarT,
N NpUMeHsieM BTOPYIO PYHKLUMM NoBepX. BTOpom 3aKoH roBOPUT, YTO pe3ysibTaTbl LO/KHbI ObITb
OOVHAKOBbIMMW. 3BYYUT 3TO CJIOXKHO. HO BaM He Hy>XHO nepexxuBaTb. CKOpen BCEro esncau Bbl

c/ioMaeTe 3akKoH komnosuumm B Haskell, CKOpeVI BCero Bbl CJioMaeTe N 3aKOH NOEHTUNHYHOCTMW.



Y Hac Bcero aBa 3aKoHa, nos3ToOMYy ABUHEM OaJiblLUe.

ANNINKATUBHbIE@ 3aKOHDbI

AnnavkaTuBHbIE (byHKTOpr - 3TO HEMHOI O C/NIOXKHee YyeM KaxkeTcsa. OHu nmeroT 4 Pa3/IN4YHbIX

3aKoHa. lNMepBbIl 4OCTAaTOYHO MPOCTO. DTO elle OANH 3aKOH NOEHTUYHOCTU:
pure id <*> v = v

CneBa - obepTka ANa MOEHTUYHON DYHKLUNW. 3aTEM Mbl MPUMEHSIEM €€ K KOHTEeNHepy. 3aKoH
annaNKaTUBHON NOEHTUYHOCTU FOBOPUT, YTO B pe3yibTaTe A0J/IKEH ObiTh TOT Ke 00beKT.

JocTaTo4HO NpocCToO.

BTopoli 3aKOH 3TO 3aKOH roMoMopdun3ma. MpeactaBmm, Mbl 06opayinBaemM hyHKLMIO U Opyrue
06BbEKTbI B YNCTble. Mbl MOXXEM 3aTeM NPUMEHUTb 06epHYTYI0 PyHKLIMIO NOBEPX HOPMAJIbHOIO
0b6bekTa, 1 3aTeM 06epyHTb UX B YACTbIE. 3aKOH FrOMOMOPMdM3Ma rOBOPUT, YTO 3TU pe3ysibTaThbl

OOJIXKHbI ObITb O4ANHaAKOBbI.
pure f <*> pure x = pure (f x)

Mbl 0OJIKHbBI YBUAETb YACTbIN WabnoH. MoBepx 3TOro MOXKHO CKa3aTbk, 4TO 6osbLIasA YacTb 3TUX
3aKOHOB MJ1TACUT, 4TO type class 3TO KOHTeHepbl. DHYKUMS type class He AOJIXKHA UMETb
CTOPOHHUX 3hHeKTOB. BCce OHU, 4TO OHW AO0JIKHbI - obneryaTb o6epTbiBaHUE, pa3BepTbiBaHNE U

npoeobpasoBaHMe OaHHbIX.

TpeTuin 3aKOH - 3aKoH obMeHa. OH Mo-C/loXKHee. 3aKOH FOBOPUT, YTO OT nopsiika obopaymBaHus
HNYero He O0JIXKHO 3aBuceTb. C 0QHOWN CTOPOHbI, Mbl MpMMeHseM Nobon annInKTop Hag
06epHYTbIM B YNCTYO QPYHKLMIO 06BbekToM. C Apyron - nepBoe Mbl MPUMEHSAEM (PYHKLMIO K
06BEKTY KaK K apryMeHTy. 3aTeM NpUMeHseM eé K NepBOMY annankaTuBy. LOSKHO MOJy4YnTbCS

OOHO N TO Xe.
u <*> pure y = pure ($ y) <*>u

MNMocneaHnn 3aKOH anmnMJINKAaTUBHOCTU, KOMMUPYET BTOPOW 3aKOH PYHKTOPA. 3TO 3aKOH KOMMO3ULMN.

OH rnacuT, 4TO KOMMNO3MLMUS (hYHKTOPOB He AOJIKHA BAUATbL Ha pe3ynbTaT.



pure (.) <*> u <*> v <> w = u <k (v <k w)

FBHOE 4YKMC/10 3aKOHOB, MOXXET ObITb nepenoiHAKLWLNM. OnHako, SK3eMIIAp KOTOprVI Bbl

cosgaaunae ckopen Bcero byaeTt cnenosaTh 3akoHaM. [IBuraemcs ganblue!

3aKOHblI MOHAL

Y MoHapn ecTb TPW 3aKOHa. I'IepBble OBa 3TO NMPOCTO 3aKOHbl MOEHTUHYHOCTN. Kak u B npowsibie

pasbl.

return a >= f = f

m >>= return =m

EcTb neBas n npaBas 4acTtun. OHM YyTBEPXKOAKT, YTO € AUHCTBEHHOE YTO MOXXHO AefnaTb (PyHKLUMN
3T0 o6opaymBaTbh 06BbEKT(3HAaKOMO?). Henb3a N3MEHATL AaHHbIe KaK YyroaHo. [aBHbIN BbIBOA

TaKoN: 4TO HMXKE I'IpVIBeJJ,HHbII7I npmnmMmep KogoB 0ANHaKOB.

funcl :: IO String
funcl = do
str <- getlLine

return str

func2 :: IO String

func2 = getlLine

TpeTunin 3aKOH 3BYYUT UHTepecHee. OH rOBOPMT HaM, YTO aCOLMATUBHOCTb XPaHUTCA BHYTPH

MOHa/,
(m>>= f) >>=g =m >>= (\x -> f x >>= g)

Ho Mbl BUAWUM 3TOT TPETUI 3aKOH MMeeT napanesibHble CTPYKTYPbl C APYFMMU KOMMNO3MLMOHHbIMM
3aKOHaMu. B nepBomM ciyyvae, Mbl NpUMeHsaeM ABe PYyHKLUM B ABa 3axona. Bo BTopoMm ciyyae, Mbl
cobupae cHayvasna QYHKLMIO, N TOJIbKO Y>KE NMOTOM NMpuMeHsieM pe3ybTaTb. OHU O0/KHbI ObIThb

OOVNHAKOBBbI.



B pe3ynbTaTe, ecTb ABE UAEN N3 BCEX 3aKOHOB. [epBbI, NAEHTUYHOCTb A0JIXKHA COXPAHATHLCA U B
06epHYTbIX YHKLMSAX, KaK YNCTbIX Tak 1 B BO3BpaLLsieMbIX. BTopoe, pyHKLMNA KOMNO3ULINK

LOJIKHA XPaHUTbCS BO BCEX CTPYKTYpax.

[TlpoBepKa 3aKOHOB.

Kak s rosopun, 6onblias 4acTb 3K3eMMASPOB, KOTOpble Bbl Npown, byayT ecTeCTBEHHO
cneposaTb npasuaaM. C oNbITOM UCMOJIb30BaHUA Pa3/IMYHbIX TUMNO KJACCoB, 3T0 byneTt
CTaHoBUTCA NpaBaon. Haskell oTAWYHBIN NHCTPYMEHT NPOBEPKM BalLMX 3K3EMMIAPOB NPOXOANLLNX

onpeneneHHbIn 3aKOoH.

dTa yTuanTa QuickCheck . OHa MOXXeT NpuHUMaTb Ntoboe NpaBnIo, CO34aBaTb MHOXECTBO Pa3HbIX
c/ly4aeB TECTUPOBAHMS B HalleM 3K3emnasape PyHKTopa GovDirectory . [NOCMOTPUM, Kak
QuickCheck [OOKa3blBae€T CBOE Ha4daj/bHOE NaAeHne, 1 NMoHbIN ycnex. ns Havyana HY>KHO
peann3oBaTb TMUMNO KJACC Hag HaWUM TUNOM. Mbl MOXKEM cAenaTb 3TO BMeCTe C BHYTPEHHUM
TUMNOM Arbtrary , TAKOM KakK BCTPOEHHbIA TUM string . 3aTeM Mbl ByaeM NcnonbL30BaTb BCE Apyrme

3K3eMnagapbl Arbitrary , KOTOpbl€ CYLLECTBYOT BOKPYI Hallero TuUno Ksjacca.

instance Arbitrary a => Arbitrary (GovDirectory a) where
arbitrary = do
m <- arbitrary
im <- arbitrary
cab <- arbitrary
cm <- arbitrary
return $ GovDirectory
{ mayor = m
, interimMayor = im
, cabinet = cab

, councilMembers = cm

Kak TO/IbKO Bbl 3TO BbINOJIHUTE, Bbl MOXKETE ONncaTb TECTOBLIN cnyqa|7| Ona 4aCTHOro npaswia.

Torpa, Mbl nposepdaemMm NMoeHTN4YHOCTb d)yHKLI,I/II/I ons beHKTOpa.

main :: IO ()

main = quickCheck govDirectoryFunctorCheck



govDirectoryFunctorCheck :: GovDirectory String -> Bool

govDirectoryFunctorCheck gd = fmap id gd == gd

Terlepb, haBanTte nposepmMm Ha CJIOMaHHOM 3K3eMnnepAd, npmneBeageHHOM BblLLE. Mbl MOXeM

YyBUOETb, 4TO MPOCTON TeCT ynagerT.
*** Failed! Falsifiable (after 2 tests):
GovDirectory {mayor = "", interimMayor = Just "\156", cabinet = fromList [("","")],

councilMembers = []}

CoobLleHre yTOYHAET HaM YTO TeCT arbitrary 3K3emnsipa He NponfeH. Tenepb NPEANOsI0OKMNM

I'IpaBI/IJ'IbHIZ 3K3eMnnsAap:
interimMayor = f <$> (interimMayor oldDirectory),
TecT npongeH!

+++ OK, passed 100 tests.

BbiBO bl

Tak Mbl MOXXeM 06epTbiBaTb HallK MoHaAabl! MoOMHUTE, 4TO ecnun ntobas U3 3TUX NAen 0o CUX nop
BaC CMMYLLAET, He NepeXxunsanTe, N NnepedynTbiBanTe NHMOPMALM KOTOPYIO Bbl Y)KE YNTaNn. Mbl
HaYaJIn C N3yYeHUs OCHOB: PYHKTOPbI, annanKaTUBHbIE PYHKTOPbLI U MOHaAdbl. Mowan fanblie n
yBUOENN MOHabl elle rnosie3Hee Reader , Writer U State . Tenepb Mbl U3y4MNIN KAk 3TO BCE

0bbeanHATL BMecTe NCcnosb3yA npeo6pa3OBaTen|/| MOHaA.



