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JIabopaTopHas pa6ora Ne 5

DYHKTOPBI, aNM/IMKAaTUBHbIE (DYHKTOPbI U MOHA/{bI

Ilesib paGoThI

Pa3ob6pathb TPH K/IFOUeBbIe abcTpakiuu (bYHKIIMOHATBHOTO
IIPOrpaMMHUpPOBaHUsl — (YHKTOp, AaMMUIMKaTUBHBIM (YHKTOp W MOHaZy — Ha

npuMepax cobCTBeHHOTO TUIIa, TWMa Maybe u criicka.

Teopernueckue cBeieHUsA

®DyHKTOP — TUIM-KOHTelHep, [Jii KOTOPOro Orlipe/ie/ieH0 OToOpakeHHe
BHYTDEHHEro 3HaueHus: (GYHKUWS TNpPUMeHsieTCsl K COJep>XUMOMy, a dopma
KOHTeMHepa COXpaHseTcs. AMNMUIMKaTUBHbIM  (GyHKTOp  Jo0aBisieT  fiBe
BO3MO>XHOCTH: TIOMECTUTh OObIYHOe 3HaueHWe B KOHTeWMHep W TPUMEHUTH
(GyHKLMIO, KOTOpasi camMa JIe)XUT B KOHTelHepe. MoHaza WAET Jasblie:
C/eAYIOIMIUM 1Iar BbIYMC/IEHHUS MOXXET 3aBHUCeTh OT pe3y/bTaTa MNpeAbIAyIlero,
M05TOMY B HeW BbIpaXKalOT TI0C/ie[joBaTe/lbHble BBIYMCIEHUS] C OTKa3aMU W
3¢ dekTamm.

Tpu kmacca o00pa3yloT wuepapxXui: KaKIbld CcreAyrommii  Tpebyer
npebiAyiero. MIx ornepanyy CBsi3aHbl 3aKOHaMU — 0TOOpa)keHHe TOX/IeCTBEHHOM
GYHKI[MM HAYEro He MeHsieT, OTOOpakeHWe KOMIIO3WIIMM PaBHO KOMIIO3UIUH
oToOpakeHU, a CBsA3bIBaHHWE ACCOI[MATMBHO W HMeeT HeWTpa/IbHBIM 3JIeMEeHT.

3aKOHbI He TIPOBEPSIFOTCS KOMIUISTOPOM, WX CO0/IF0/jaeT aBTOP K3eMIuisipa.

CpEﬂCTBa U NMMOPAAOK BbIITO/ITHEHUA

Kommunsitrop GHC 9.4.7, onepauuonHast cuctema Ubuntu 24.04. cxoaHbli
TEeKCT TporpamMMmbl pa3meléH B (aune Lab5.hs v mnpuBeféH MOMHOCTBIO B

nipuioykeHuu A. CHopka U 3aryck:

ghc -00 -Wall Lab5.hs -o lab5s
./lab5s

Kntou -Wall Bk/to4aeT mMosiHbIM HaboOp TpeAyrpeXxAeHud KOMITUISITOPaA;

cbopka rpoxoauT 6e3 3aMeuaHuii. B nporpaMMy BcTpoeHO 25 MPOBEPOK: KaxKzast



cBepsieT pe3y/bTaT (YHKLUUUA C OXKWJlJaéMbIM 3HaueHWeM M TeuyaTaeT OTMETKY B
MPOTOKO/Ie. BMeCTO 3KpaHHBIX CHUMKOB B OTYETe MPUBEEH TEKCTOBBIM MTPOTOKO
KOHCOJIbHOTO BBIBOZIA — OH BOCIIPOU3BOJUTCS 3allyCKOM MPOrpaMMBbl U COJEPXKUT

Te ’Ke JIaHHbIe.
Xo/ paboThbl

5.1 ®yHKTOp

OK3eMIIIp PyHKTOpA [/Isi KOHTeHepa ¢ OAHUM 3HaueHHeM pa30upaeT ero
obpasiioMm, MpuMeHsieT (YHKIMIO M YIaKOBbIBaeT pe3yibTaT obpatHo. Tum
OoTOOpa)KeHHsI JIONyCKAeT CMEHY THIMa COJep)KUMOro: MpUMeHeHue (QYHKIUH
J/TUHBI K KOHTEMHEePY CO CTPOKOM JaéT KOHTeWHep C UKC/IOM.

s mepeBa oToOpa’keHHe PEKYPCHUBHO: B JIUCTe (DYHKI[US MPUMEHSIETCS K
3HaUeHHIo, B y3/1e — K obouM mofzepeBbsiM. Popma [epeBa TIpU 3ITOM
COXpaHSIeTCsI, MEHSIIOTCS TOJILKO 3HAUeHWs B JIMCThSX; OTZe/bHas ITPOBEpKa
CBepsIeT pe3y/bTaT C IEPEBOM, BBITUCAHHBIM BPYUHYIO.

IlepeBo 00BsIB/IEHO B 3TOM (paiisie 3aHOBO, XOTSI TAKOM >Ke TUIT OTpeZiesiéH B
naboparopHoit pabote Ne 4: Kaxkzast paboTta cobrpaeTcst OT/jeIbHOM MTPOrpaMMOiA.
B peasbHOM MpOeKTe TUIT BbIHECTW Obl B OOIIUH MOY/b, KaK 3TO C/EIaHO C
byHKIMsIMH JlabopaTopHoii paboThl Ne 2 /151 paboThl Ne 6.

JlucTuHr:

data Box a = Box a
deriving (Show, EQ)

instance Functor Box where
fmap f (Box x) = Box (f Xx)

-- [epeBo u3 nabopaTopHoi paboThl N 4 06bLABNEHO 3aHOBO, 4TOOGL dain
-- OCTaBaJ/IC CaMOCTOSAATE/IbHbIM; B MPOEKTEe ero BbHECAU Obl B 06WWiA MOAy/b .
data Tree a = Leaf a | Node (Tree a) (Tree a)

deriving (Show, EQ)

instance Functor Tree where
fmap f (Leaf x) Leaf (f x)
fmap f (Node 1 r) Node (fmap f 1) (fmap f r)

sampleTree :: Tree Int
sampleTree = Node (Node (Leaf 1) (Leaf 2)) (Node (Leaf 3) (Leaf 4))

Pe3ynbrat paboThI:

fmap (*2) (Box 5)

fmap length (Box "hello"
fmap (+1) sampleTree
fmap show sampleTree

Box 10
= Box 5
Node (Node (Leaf 2) (Leaf 3)) (Node (Leaf 4) (Leaf 5))

I 1~
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Node (Node (Leaf "1") (Leaf "2")) (Node (Leaf "3") (Leaf "4"))
fmap (*2) (Just 21) Just 42
fmap (*2) Nothing Nothing

5.2 AN/IMKaTUBHBIM (DYHKTOP

ANMIMKaTUBHBIM SK3eMIUISP 3aaéT YIaKOBKY 3HAuUeHUs] U TIPUMEHeHue
yMaKOBaHHOM (PYHKI[MM K YIakKOBaHHOMY apryMmeHTy. biaromapsi kKappyupoBaHUIO
I[eTIoYKa TaKWX ITPUMEHeHHI TO03BojisieT paboTaTh C (YHKIMSIMH HeCKOIbKHX
apryMeHTOB: /IByXMeCTHOe CJIO)KeHHWe, yIlaKOBaHHOe B KOHTelHep, MpUMeHseTCs
MoCJieJOBaTebHO K IBYM YIIaKOBAaHHBIM UMCJ/IaM.

Ha tume Maybe BugeH cMbICT KOHTEKCTa: €CTA XOTs Obl OIUH yUAaCTHUK —
OTCYTCTBYIOLl[ee 3HaueHHe, pe3y/bTaT TOXKe OTCYTCTBYeT, IPUUYEM MPOBEPSITh 3TO
BpyuHyl0 He TpeOyeTcs. [l CrMcKa KOHTEKCT O3HauaeT MHO>KeCTBEHHOCTb:
TpyiMeHeHre TiepebrpaeT Bce COUeTaHUs], U Mapa W3 JIBYX3JIEMEHTHOTO CITMCKA U
JBYXCUMBOJIbHOW CTPOKM /1aéT YeThIpe pe3y/ibTara.

JlucTuHr:

instance Applicative Box where
pure = Box
Box f <*> Box x = Box (f x)

Pe3ynbTar paboThI:

pure (*2) <*> Box 5 = Box 10
Box (+) <*> Box 3 <*> Box 4 = Box 7

Just (+3) <*> Just 5 = Just 8
Nothing <*> Just 5 = Nothing
Just (+3) <*> Nothing = Nothing

(;) <$> [1,2] <*> "ab" [(1,'a"),(1,'b"),(2,'a"),(2,'b")]

5.3 Monapga Maybe

Tpu yacTHUuUHBIE OTepary — ZiejieHue, KBaJpaTHbIA KOpeHb U Jiorapudm —
BO3BpAI[AlOT He UWCJIO, a 3HaueHWe Tura Maybe: oTKa3 OTpaXkéH B TWIle, U
o6paboTath ero 06s13aH BbI3LIBAIOIIHM.

CBs3biBaHMe COeJWHSET WX B IeN0ouky. JIaMOma TonydyaeT pe3ysbTatr
NpebIAYIero Iara, a OTCYTCTBYHOIjee 3HaueHHe TIpepbiBaeT BCHO I[ETIOUKY,
MHUHYSI OCTaBIIIMeCs IIard, — PYYHBIX IPOBEPOK TIOC/Ie KaKAOTO BbI30Ba He
Tpebyercsa. HoTtammst do 3amichIBaeT Ty ke I[ETIOUKY IO IaraMm; obe BepcHH
peasM30BaHbl OT/Ie/TbHO, W TIPOBEPKA TIOATBEP)KIAeT WX COBMa/ieHHe Ha BCEX

IeCTHU HUCIIbITaTe/IbHBIX IapdadX.



[TpoToKOJ TMOKa3biBaeT TPU pa3Hble TMPUUMHBI OTKasa: /iejieHHue Ha HOJb,
KOpEeHb M3 OTPULIATe/ILHOT0 UKCJ/Ia U jlorapudm Hysis. CHapy>Kd OHU Hepa3TMurMbI
— pe3yJ/bTaT OAIMH W TOT >Ke. Korza mpuurHa BaykHa, BMecTo Maybe 6epyT Either,
Kak CJle/laHo B KasbKy/iATope abopaTopHoi paboTel Ne 6.

JlucTuur:

safeDiv :: Double -> Double -> Maybe Double
safeDiv _ 0 Nothing
safeDiv x y Just (x /7 y)

safeSqrt :: Double -> Maybe Double
safeSqrt x

| x <0 = Nothing

| otherwise = Just (sqrt x)

safeLog :: Double -> Maybe Double

safelLog x
| x <=0 = Nothing
| otherwise = Just (log x)

-- lenoyka 4yepes3 onepaTop CBA3bBaHUA: NAM64a NpUHUMaeT pes3ynbTaT
-- npepgpigywero wara, Nothing npepbiBaeT BblYMC/IEHWE LE/TMKOM
safeComputeBind :: Double -> Double -> Maybe Double
safeComputeBind x y =

safeDiv x y >>= \d ->

safeSqrt d >>= \s ->

safelLog s

-- Ta xe uenodka B do-HoTauuu
safeComputeDo :: Double -> Double -> Maybe Double
safeComputeDo x y = do

d <- safeDiv x y

s <- safeSqrt d

safelLog s

Pe3sysnbTaT paboThI:

safeCompute 8.0 2.0 = Just 0.6931471805599453
safeCompute 1.0 1.0 = Just 0.0

safeCompute 1.0 0.0 = Nothing

safeCompute -8.0 2.0 = Nothing

safeCompute 0.0 5.0 = Nothing

safeCompute 100.0 4.0 = Just 1.6094379124341003

Bepcusa Ha do-HoTauuum [aéT Te Xe 3HadeHus (CBepeHO NPOBEpPKOI)
npudnHa Nothing gna (1,0): pesieHMe Ha HOJMb

npununHa Nothing gns (-8,2): KOpeHb W3 OTpUUATE/IbHOIO
npudnHa Nothing gna (0,5): norapuém Hyna

5.4 MoHaja cnucka

[lnsi crivcKa CBsi3bIBaHME O3HauaeT repe0op: KaKAbld Iar HoTauuu do
repeOMpaeT 37eMeHTHI, a pe3y/bTaTbl COOMPAIOTCSI B OAWH CIHUCOK. IlycToii
CIIMCOK B BETBU YCJIOBHSI OTCEMBAET HEMNOAXOJsIMe COYeTaHWsi, MOTOMY UTO
KOHKaTeHaI[us C IMyCThIM CIIMCKOM HUYero He Jo00aBsieT.

[lekapToBO TIpOM3Be[ileHMe 3alMuChIBaeTCsi [JBYyMsI TreHepaTopaMd U

YHaKOBKOﬁ IIapbl — 3TO B TOUHOCTH BBIJ€/IeHHE CITMCKAd, TOJILKO B ,qperﬁ HOTall1H.



Tpetuii npumep nepebupaeT mudaropoBbl TPOUKHU: TPH BJIOKEHHBIX TeHepaTopa C
OTCEBOM I10 YCJIOBHIO.

OrpaHvueHus1 Ha AuWanasoOHbl BO BJIOXKEHHBIX IeHepaTropax He C/ydarHbI:
KaKIbIM C/IeyIOL[MM HAuWHAeTCs C TeKyIlero 3HaueHus TMpebIAyLero, uTo
OTCeKaeT MepecTaHOBKM O/IHOM U TOM >Ke TPOWKU U COKpalllaeT riepe6op mprMepHO
B LIIECTh pas.

JIucTuHr:

-- CNUCOK KaK MoHaja nepebupaeT BCe COYeTaHus; NycTOl CMNUCOK WrpaeT pofb
-- 0TceBa, MO3TOMY ycnoBue 3anuceiBaeTcsa 6e3 ¢unbTpa
pairs :: [(Int, Int)]
pairs = do
X <- [1 .. 3]
y <- [1 .. 3]

if x + y == 4 then return (x, y) else []
cartesian :: [a] -> [b] -> [(a, b)]
cartesian xs ys = do

X <- XS

y <-ys

return (x, y)

-- Nudaroposbl TPOiKM: nepebop C OTCEBOM B TOWN Xe HoTauuu
triples :: Int -> [(Int, Int, Int)]
triples n = do

a<-[1..n]

b <- [a .. n]

c <- [b .. n]

ifa*a+b*b==c* c then return (a, b, c) else []

Pe3ynbTar paboThI:

pairs

cartesian [1,2] "ab"

cartesian [] "ab"

triples 20
[(3,4,5),(5,12,13), (6,

/1)1
), (2,'a"),(2,'b")]

I 11

,10),(8,15,17),(9,12,15),(12,16,20)]
5.5 CoO0cTBeHHass MOHaja

MoHaguueckuii 3K3eMIUIIp /i1 KOHTeliHepa COCTOUT W3 OJIHOW CTPOKM:
cofiep>KUMoOe U3BJieKaeTcss 00pa3ljoM U TrepefaéTcs (QyHKLWH, KOTOpas cama
BepHET KoHTeliHep. OOBSBUTL €ero MOXKHO JIMIITh MOC/e 9K3eMIUISIpoB (yHKTOpa U
anryIMKaTUBHOTO yHKTOpPA — K/IacChl 00pa3yrT Wepapxuio.

@DyHKIMSI YMAaKOBKU B MOHAJMUYeCKOM S5K3eMIUIspe He OripefiesiseTcs: B
coBpemMeHHOM Haskell oHa 3ajjaHa B camMmoM Kjacce KaK CUHOHUM aIlilyIMKaTHBHOU
YyIaKOBKM, U COOCTBEHHOe oripeJie/ieHe BbI3bIBaeT TpPeAyIpeXx/eHrue o
HEeKaHOHWYEeCKOM 3K3eMIuisipe. B MeToiWuKe 3Ta CTPOKa MPUCYTCTBYET, 3/leCb OHA

yOpaHa — B IMCTUHTe pa3ziesa 5.5 rpuBejeH0 000CHOBaHME.



Hotarust do pabotaer maig HOBOro THma cpa3y TIIocje OObSIBIEHHS
5K3eMIUIsIpa: B MPOTOKOJIe OJIOK C JBYMsI CBSI3bIBAHUSMU U YTIAKOBKOW pe3yJibTaTa
[aéT o)Ku/laeMoe 3HaueHre, XOTsl HUUero CIel[laibHO JJisl 9TOTO He TIMCaoCh.

JIucTuHr:

-- return oTAenbLHO He onpegenseTcs: B coBpeMeHHOM Haskell oH 3agaH B kKnacce
-- KaK CUMHOHMM pure, u COOGCTBEHHOE ornpegesnieHne Bbi3biBaeT NpeaynpexgeHue
-- 0 HEeKaHOHWYEeCKOM 3K3emnaspe.
instance Monad Box where
Box x >>= f = f x

Pe3ynbTar paboThI:
Box 5 >>= \x -> Box (x*2) = Box 10

do x <- Box 3; y <- Box 4; return (x+y) = Box 7
uenovyka M3 TpPEX waros = Box 50



TecTupoBaHue

[TonHbIV BBIBOA, MPOrpaMMBbI 3a OJIMH 3aMyCK, BK/IKOUYasi BCTPOEHHbIe TIPOBEPKH:

=== 5.1. OyHKTOp ===

fmap (*2) (Box 5) = Box 10
fmap length (Box "hello") = Box 5
fmap (+1) sampleTree = Node (Node (Leaf 2) (Leaf 3)) (Node (Leaf 4) (Leaf 5))

fmap show sampleTree =

Node (Node (Leaf "1") (Leaf "2")) (Node (Leaf "3") (Leaf "4"))
fmap (*2) (Just 21) Just 42
fmap (*2) Nothing Nothing

=== 5.2. ANMNAuKaTuBHbIN GYHKTOp ===
pure (*2) <*> Box 5 = Box 10
Box (+) <*> Box 3 <*> Box 4 = Box 7

Just (+3) <*> Just 5 = Just 8
Nothing <*> Just 5 = Nothing
Just (+3) <*> Nothing = Nothing

(,) <$> [1,2] <*> "ab" [((1,'a"),(1,'0"),(2,'a"),(2,'b")]

=== 5.3. MoHaga Maybe ===

safeCompute 8.0 2.0 = Just 0.6931471805599453
safeCompute 1.0 1.0 = Just 0.0

safeCompute 1.0 0.0 = Nothing

safeCompute -8.0 2.0 = Nothing

safeCompute 0.0 5.0 = Nothing

safeCompute 100.0 4.0 = Just 1.6094379124341003

Bepcusa Ha do-HoTauuum [aéT Te Xe 3HadeHus (CBepeHO NPOBEpPKOI)
npudnHa Nothing gna (1,0): pefieHMe Ha HoJMb

npuunHa Nothing pgns (-8,2): KOpeHb W3 OTpUUATE/IbHOIO
npudnHa Nothing gna (0,5): norapuém Hyns

=== 5.4. MoHaja Crnucka ===

pairs = [(1,3),(2,2),(3,1)]

cartesian [1,2] "ab" = [(1,'a"),(1,'b"),(2,'a"),(2,'b")]

cartesian [] "ab" =[]

triples 20 =
[(3,4,5),(5,12,13),(6,8,10),(8,15,17),(9,12,15), (12,16, 20)]

=== 5.5. CB0oA MOHaja ===
Box 5 >>= \x -> Box (x*2) = Box 10
do x <- Box 3; y <- Box 4; return (x+y) = Box 7

uenoyka u3 Tpéx waros = Box 50
=== CamonpoBepKa ===
[oOK 1 fmap (*2) (Box 5) == Box 10
[OK ] nepBbli 3aKOH ¢yHKTOpa: fmap id == id
[OK ] BTopoi 3akoH ¢yHkTOpa: fmap (f . g) == fmap f . fmap ¢
[OK ] fmap gna gepeBa coxpaHAeT CTPYKTypy
[OK ] pure (*2) <*> Box 5 == Box 10
[OK ] Box (+) <*> Box 3 <*> Box 4 == Box 7
[OK ] Nothing <*> Just 5 == Nothing
[OK ] Just (+3) <*> Nothing == Nothing
[OK ] safeDiv 1 0 == Nothing
[OK ] safeSqgrt (-1) == Nothing
[OK ] safeLog © == Nothing
[OK ] safeCompute 8 2 == log 2
[OK ] geneHume Ha HOMNb O6pbIBaeT LEMOYKY
[OK ] kopeHb M3 oTpuuaTeNbHOro obpbiBaeT LEMNOYKY
[OK ] norapudm Hyns ob6pbiBaeT LENOYKY
[OK ] Bepcum 4epe3 bind n do cosnagawT
[OK ] pairs == [(1,3),(2,2),(3,1)]
[OK ] cartesian paéTt npousBegeHue ANVH
[OK ] cartesian ¢ nycTbM CAUCKOM NyCT
[OK ] triples 20 copepxut (3,4,5)
[OK ] Box 5 >>= ymHOXeHue == Box 10
[OK ] neBasa eguHunuya: return a >>= f == f a
[OK ] npaBas eguHuua: m >>= return == m
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[OK ] accoumaTMBHOCTb CBSi3biBaHUA
[OK ] 3aKoOHb MOHaj BbLINOAHAWTCA U Ana Maybe

NpolifeHo 25 n3 25 NpoBeEpPOK.
Bce 25 mpoBepok mpouzeHbl (25 U3 25), pacXokAeHUH C OXKWaeMbIMU

3HAYeHHWAMHU HeT.



OTBeTbI HAa KOHTPOJIbHbIE BONPOCHI

1. B uém pa3HuLIa MeXX/[y 0TOOpa)keHHeM, anM/IMKaTUBHBIM NPUMeHeHHeM U

CBA3LIBaAaHUEM?

OTtobpakeHue TIpUMeHsieT OO0bIUHYI0 GYHKIMI0O K 3HAaueHWI0 BHYTPU
KOHTeKCcTa. KOHTeKCT TIpM 3TOM He MeHsieTCsl: W3 KOHTeliHepa ToJydaeTcs
KOHTeliHep Tol ke ¢hOopMbl, U3 OTCYTCTBYIOILIEr0 3HAUeHUs] — OTCYTCTBYIOIllee, 13
CIMCKA — CIIMCOK TOW JKe JIMHBI.

ATIJIMKaTUBHOE TIpUMeHeHWe HY)KHO, Korja (yHKI[Ms camMa HaXOJUTCS B
KoHTeKcTe. OHO T03BOJISIeET TIPUMEHSITh (PYHKI[MM HECKOJbKUX apryMeHTOB K
HECKOJIbKUM 3HaueHussM B KOHTekcTe. CyIllecTBeHHO, 4YTO 3S(QeKTbl BCeX
yUaCTHUKOB M3BECTHbI 3apaHee 1 He 3aBUCAT APYT OT ApyTa: /Jisi CIIMCKOB 3TO JaéT
nepebop Bcex coueTaHuM, [ Maybe — oTKa3, ec/ii OTCyTCTBYeT XOTs Obl OAWH
apryMeHT.

CBsisbiBaHHE  [JIOMYCKaeT  3aBUCUMOCTb: (YHKLUS  TI0/iydaeT  yxKe
pacrakoBaHHOe 3HaueHWe M cama pellaeT, KakohM KOHTEKCT BepHYTb. I[losTomy
TOJIbKO UM BbIPa)KalOTCSI BLIUMC/IEHUS], B KOTOPBIX CJIeAYIOIIUM I11ar Oripefie/iseTcs
pe3yJIbTaTOM TpeAbIAYIIero, — HarpyuMep Iierouka, 0OphIBalOIIAsACs TPY TTEPBOM

OTKase, KaK B 3a/laHUM 5.3.

2. 3auem Hy>xeH Maybe, eciu ecTb UCK/TIOUeHHS?

OTcyTcTBME 3HaueHWs IOMaJaeT B TUI (PYHKLMW, a 3HAUUT MPOBEPSeTCs
KOMIUIATOPOM. Bbi3biBaroliuii 06s3aH pa3obpath oba ciayuasi, U MPOMYCTUTh
00pab0TKy Mo/ua HEBO3MOXKHO; HCK/IIOUeHWe >Ke HUTJe B CUTHaType He
OTPa’keHo, ¥ 0 HEM y3HAlOT B MOMEHT Ia/leHus IIpOrpaMMBl.

®dyHK1Ms, Bo3Bpaljaroias Maybe, oCcTaéTcs YUCTOM: TOT XKe apryMeHT JaéT
TOT K€ pe3y/bTaT, 3HaueHue MOJXKHO IepezaThb [ajblile, COXPAaHUTb, OTJIOXKUTH.
Vckmouenne — >(pQekT, U IepexBaTbIBAeTCS OHO TOJILKO B KOHTEKCTe BBOJa-
BbIBO/Ia, TO €CThb 3apakaeT UM BCIO LIe[I0UKY BbI30BOB.

Maybe KoMmmo3upyeTcsi: 1jeflouka M3 TPEX YaCTUYHBIX OrepaLyi B 3aZlaHUU

5.3 3anucaHa 0e3 eMHOM sIBHOMU MpoBepKu. [11aTa — OTCYTCTBHe TIPUUMHBI OTKa3a,
10



M03TOMY TaM, TAe TIPUUMHY HY>KHO coobmuth, OepyT Either, a uckmroueHus
OCTaBJIAIOT AJis1 [JeMCTBUTEbHO WCK/IHOUUTENBHBIX CUTYaLMd BPOJE MCYepIiaHus

IMaMsATH.

3. M0)XHO /I CUMTATh BBO/I-BBIBO/] MOHa/[0ii? UT0 OHa o0opaunBaer?

Ia, /s THMa BBOJA-BBIBO/A OTIpe/ie/IeHbl BCe TPH IK3EMILISAPa, U HOTAL|Ms
do B mabopaTopHoii pabote Ne 6 paboTaeT UMEHHO TTIOTOMY, UTO 3TO MOHA/Ia.

O6opaurBaeT OHa OIHCAHUE JEHCTBUSI C BHEIIHWM MHPOM, KOTOpOe TIph
BBIITOJIHEHUM JIA6T 3HAUEHHe yKa3aHHOIo TWIa. 3HaueHHe TAKOro THMIa CaMo I10
cebe HUUYETO He [|e/IaeT — 3TO PELeNT; BLIMO/HAETCS OH paHTaliMOM TOr/a, Korja
BXOJIUT B COCTAaB TOYKM BXOJa IIpOrpaMMbl. II03TOMY [JeWCTBHE MOXKHO
repeziaBaTh apryMeHTOM M CKJIa/IbIBaTh B CIIMCOK, He 3aImycKasl.

Ces3bIBaHMe 33Ia6T TIOPSZIOK: BTOPOM IIIAar CTPOUTCS TI0 Ppe3yJbTaTy
TIepBOro, U UMEHHO OHO TpeBpalljaeT Habop PelenToOB B I0C/€/[0BaTETLHOCTb.
Otmnmuve or Maybe /uib B TIPUPOZie KOHTEKCTa — TaM KOHTEKCTOM Oblia

BO3MO>XHOCTB OTKd3d, 3[1eCb BBHHMOﬂeﬁCTBHe C BHEIIIHKM MHPOM.

4. CdhopmyupyiiTe 3aKOHbI MOHA/ MPOCTHIMY C/IOBAMU

JleBasi eHMIIA: YIIaKOBaTh 3HAUeHUe U Cpa3y mepefiaTh ero GyHKIUU — TO
)Ke camoe, 4TO BbI3BaTh (DYHKI[MIO HampsMyl0. YTIaKOBKa He /I0/KHa [100aB/sTh
HUYEero CBOETO.

[lpaBasi eAuHUIA: €C/IU TIOC/TAe BBIYMCIEHUS] TOABKO YIMaKOBaTb €ro
pe3y/abTaT, HU4ero He uaMeHUTCs. [lycToM 1miar B KOHI[e 11eTIOYKH He B/UsieT Ha
pe3y/ibTar.

ACCOLIMaTHBHOCTB: CII0COO pacCTaHOBKU CKOOOK B 1ierOoYke CBSI3bIBAHUI He
Ba)KeH — CrpynmypoBaTh MepBble [iBa Ilara WIM MOC/IeJHUe [ABa AaéT OAUH
pe3ysibTaT. BakeH MOpPSIOK I1aTOB, a He WX TPYIIIMPOBKa; Oyiarofjaps 3TOMY
3aKOHY HOTalusi do YMTaeTcs Kak JIMHelHas 1oc/ie/J0BaTe/TlbHOCTb.

Bce Tpu 3aK0Ha ITPOBEPSIIOTCS B TTPOrpaMMe /iJisi COOCTBEHHOT'O THITa, a AJIs
Maybe kK HUM Jo0aBieHa MpPOBepKa acCOI[MAaTUBHOCTH Ha I[eTIOuKe W3 Jle/ieHUs U

KBa/IpaTHOI'O KOPHH.
11
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BbiBoabI

Pa3zo0paHa viepapxusi U3 TPEX K/IacCOB: 00bSIBIEHBI SK3eMIUISIPbl (hYHKTOPA,
anTUIMKaTUBHOTO (PYHKTOPa M MOHA/IBI /1T COOCTBEHHOT'O THIIA, a TaKKe PYHKTOP
JIsT PEKYPCUBHOTO ZiepeBa. KaykapIii crieiyroluii Kinacc TpeOyeT rpeabiayiiero, v
TIOPSIIOK OOBSIB/IEHUS 9TO OTpaykaer.

Ha turne Maybe noka3aHo, pajii uero BBOJIUTCS MOHAJa: 1lefoyka 13 TPex
YaCTUYHBLIX OTepalvii 3armicaHa 0e3 sIBHBIX ITPOBEPOK, MPUUYEM OTKa3 Ha JH000M
1iare npepbiBaeT BhIUKC/IeHUe 1jeMKoM. HoTanus do okaszanach CUHTaKCHAUYeCKOU
3aMMCBhI0 TOW JKe 1I[eTIOYKH CBSI3bIBaHUN — 00e BepCHHM [Jai0T OJMHAKOBBIM
pe3y/bTaT Ha BCeX UCMbITaTe/IbHbIX JAaHHBIX.

MoHajia criMcka ToKasasa, 4TO TOT >Ke UHTep(eNC OMUChIBAeT He TOJILKO
OTKa3, HO W Tepebop: [eKapTOBO IIPOM3Be/leHHe M TTOMCK TH(haropoBbIX TPOEK
3alMChIBAlOTCSl CBS3bIBAHHWEM TakK ’Ke, KaK Bblle/leHHeM CIMCKa. 3aKOHbl MOHa/l
TIPOBepPeHbl BBIUMC/IUTENILHO [Jjis /BYX THUMOB. I[Iporpamma cobupaercs 06e3

ripeAynpeXxxeHuid rnpu kiatoue -Wall v mpoxoauT Bce 25 BCTPOEHHBIX MTPOBEPOK.
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IMPU/IOKEHMUE A. Iloasbii aucTuHT nporpammsl (Lab5.hs)

-- JlabopaTopHas pa6oTa N 5. ®YHKTOpb, anmnivKaTuWBHbe GYHKTOPH W MOHafbl
-- Pe3aHko A. A., MNMMM-61

-- C6opka: ghc -00 -wall Lab5.hs -0 lab5
-- 3anyck: ./lab5

module Main where

import System.IO (hSetEncoding, stdout, utf8)
import Text.Printf (printf)

-- 5.1. ®yHKTOp

data Box a = Box a
deriving (Show, Eq)

instance Functor Box where
fmap f (Box x) = Box (f x)

-- [JepeBo u3 nabopaTopHoit paboThl N 4 06bABNAEHO 3aHOBO, 4TOO6bLI daiin
-- OCTaBaJ/iICA CaMOCTOATEe/IbHbIM; B MPOEKTe ero BbiHECU Obl B 06WMIA MOAY/b .
data Tree a = Leaf a | Node (Tree a) (Tree a)

deriving (Show, Eq)

instance Functor Tree where
fmap f (Leaf x) Leaf (f x)
fmap f (Node 1 r) Node (fmap f 1) (fmap f r)

sampleTree :: Tree Int
sampleTree = Node (Node (Leaf 1) (Leaf 2)) (Node (Leaf 3) (Leaf 4))

-- 5.2. ANNANKaTUBHbIA QYHKTOP

instance Applicative Box where
pure = Box
Box f <*> Box x = Box (f x)

-- 5.5. CBoA MoHaga

-- return oTgenbHO He onpegensietcsi: B coBpemeHHOM Haskell oH 3agaH B Knacce
-- KaK CMHOHUM pure, u cObBCTBEHHOE oOnpefesieHMe Bbi3biIBAET nNpegynpexpeHve
-- O HEeKaHOHWYEeCKOM 3K3emnaspe.
instance Monad Box where
Box x >>= f = f x

-- 5.3. MoHaga Maybe

safeDiv :: Double -> Double -> Maybe Double
safeDiv _ 0 = Nothing
safeDiv x y = Just (x / y)

safeSqrt :: Double -> Maybe Double
safeSqrt x

| x <0 = Nothing

| otherwise = Just (sqrt x)

safeLog :: Double -> Maybe Double

safelLog x
| x <=0 = Nothing
| otherwise = Just (log x)

-- lenoyka 4yepes3 onepaTop CBA3bBaHUA: NAM64a NpPUHUMMaeT pes3ynbTaT
-- npepgpigywero wara, Nothing npepbiBaeT BblYMC/EHWE LE/TMKOM
safeComputeBind :: Double -> Double -> Maybe Double
safeComputeBind x y =

safeDiv x y >>= \d ->

safeSqrt d >>= \s ->

safelLog s

14



-- Ta xe uenoyka B do-HoTauyuu
safeComputeDo :: Double -> Double -> Maybe Double
safeComputebDo x y = do

d <- safeDiv x y

s <- safeSqrt d

safelLog s

-- 5.4. MoHaga cnucka

-- CnNncokK Kak mMoHaja nepebupaeT BCe cCOYeTaHus; NycTOW CNUCOK urpaeTt pofb
-- OoTceBa, MNO3TOMYy Yyc/noBMe 3anuchbiBaetca 6e3 duabTpa
pairs :: [(Int, Int)]
pairs = do
x <- [1 .. 3]
y <- [1 .. 3]
if x + y == 4 then return (x, y) else []

cartesian :: [a] -> [b] -> [(a, b)]
cartesian xs ys = do

X <- XS

y <-ys

return (x, y)

-- NudaropoBbl TPOWKK: nepebop C OTCEBOM B TOI Xe HoTauuu
triples :: Int -> [(Int, Int, Int)]
triples n = do

a<-[1..n]

b <- [a .. n]

c <- [b .. n]

ifa*a+b *b==c* c then return (a, b, c) else []

-- NMPOTOKON BbINOSTHEHUS

section :: String -> IO ()
section t = printf "\n=== %s ===\n" t

check :: String -> Bool -> IO Bool

check label ok = do
printf " [%s] %s\n" (if ok then "OK " else "FAIL" :: String) label
return ok

main :: I0 ()
main = do
hSetEncoding stdout utfs8

section "5.1. ®yHKTOpP"

printf " fmap (*2) (Box 5) = %s\n" (show (fmap (* 2) (Box (5 :: Int))))
printf " fmap length (Box \"hello\") = %s\n" (show (fmap length (Box "hello")))
printf " fmap (+1) sampleTree = %s\n" (show (fmap (+ 1) sampleTree))

printf " fmap show sampleTree =\n %s\n" (show (fmap show sampleTree))
printf " fmap (*2) (Just 21) = %s\n" (show (fmap (* 2) (Just (21 :: Int))))
printf " fmap (*2) Nothing = %s\n"

(show (fmap (* 2) (Nothing :: Maybe Int)))

section "5.2. AnnaukaTuBHbI GyHKTOP"
printf " pure (*2) <*> Box 5 = %s\n"

(show (pure (* 2) <*> Box (5 :: Int)))
printf " Box (+) <*> Box 3 <*> Box 4 = %s\n"

(show (Box (+) <*> Box (3 :: Int) <*> Box 4))
printf " Just (+3) <*> Just 5 = %s\n"

(show (Just (+ 3) <*> Just (5 :: Int)))
printf " Nothing <*> Just 5 = %s\n"

(show ((Nothing :: Maybe (Int -> Int)) <*> Just 5))
printf " Just (+3) <*> Nothing = %s\n"

(show (Just (+ 3) <*> (Nothing :: Maybe Int)))
printf " (,) <$> [1,2] <*> \"ab\" = %s\n"

(show ((,) <$> [1, 2 :: Int] <*> "ab"))

section "5.3. MoHaga Maybe"
let cases = [(8, 2), (1, 1), (1, ©), (-8, 2), (O, 5), (100, 4)]
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[(Double, Double)]

mapM_ (\(x, y) -> printf " safeCompute %5.1f %4.1f = %s\n"
X y (show (safeComputeBind x y)))

cases
printf " Bepcua Ha do-HOoTauum JaéT Te xe 3HaudyeHusa (cBepeHo nposepkoii)\n"
printf " npuyuHa Nothing gna (1,0): pgeneHue Ha Hosnb\n"
printf " npuuuHa Nothing gnsa (-8,2): KopeHb M3 oTpuuatenbHoro\n"
printf " npuyuHa Nothing gna (0,5): norapu¢m Hyna\n'"
section "5.4. MoHaga cnucka"
printf " pairs = %s\n" (show pairs)
printf " cartesian [1,2] \"ab\" = %s\n" (show (cartesian [1, 2 :: Int] "ab"))
printf " cartesian [] \"ab\" = %s\n" (show (cartesian ([] [Int]) "ab"))
printf " triples 20 =\n %s\n" (show (triples 20))

section "5.5. CBoA moHaga"
printf " Box 5 >>= \\x -> Box (x*2) = %s\n"
(show (Box (5 :: Int) >>= \x -> Box (x * 2)))

printf " do x <- Box 3; y <- Box 4; return (x+y) = %s\n"
. (show (do { x <- Box (3 :: Int); y <- Box 4; return (x +vy) }))
printf " uyenoyka u3 Tpéx waros = %s\n"

(show (Box (2 :: Int) >>= \a -> Box (a + 3) >>= \b -> Box (b * 10)))

section "CamonpoBepka'"
results <- sequence
[ check "fmap (*2) (Box 5) == Box 10" (fmap (*

5))
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check "nepBbii 3akoH ¢yHKTOpa: fmap id == id"
(fmap id (Box (7 :: Int)) == Box 7)

check "BTopon 3akoH ¢yHKTOpa: fmap (f . g) ==

(fmap ((+ 1) . (* 2)) (Box (5 :: Int)) == (

check "fmap gna pgepeBa coxpaHseT CTPYKTypy"
(fmap (+ 1) sampleTree

== Node (Node (Leaf 2) (Leaf 3)) (Node (Leaf 4) (Leaf 5)))

check "pure (*2) <*> Box 5 == Box 10"
((pure (* 2) <*> Box (5 :: Int)) == Box 10)
check "Box (+) <*> Box 3 <*> Box 4 == Box 7"
((Box (+) <*> Box (3 :: Int) <*> Box 4) ==
check "Nothing <*> Just 5 == Nothing"
(((Nothing :: Maybe (Int -> Int)) <*> Just
check "Just (+3) <*> Nothing == Nothing"

2) (Box (5 ::

fmap f . fmap g"

== Box 10)

fmap (+ 1) . fmap (* 2)) (Box

Box 7)

5) == Nothing)

((Just (+ 3) <*> (Nothing :: Maybe Int)) == Nothing)
check "safeDiv 1 ® == Nothing" (safeDiv 1 ® == Nothing)

check "safeSqrt (-1) == Nothing" (safeSqrt (-

1) == Nothing)

check "safeLog 0@ == Nothing" (safeLog © == Nothing)

check "safeCompute 8 2 == log 2"

(fmap (\v -> abs (v - log 2) < 1le-12) (safeComputeBind 8 2)
check "peneHue Ha HoNb o6pbiBaeT uenoyky" (safeComputeBind 1 0

check "KopeHb M3 oTpuuaTenbHOro obpbiBaeT LEeno4vKy"

(safeComputeBind (-8) 2 == Nothing)

check "norapmném Hyns obpbiBaeT uenouvky" (safeComputeBind 0 5

check "Bepcun yepes bind n do cosnagawT"
(and [safeComputeBind x y == safeComputeDo

check "pairs == [(1,3),(2,2),(3,1)]" (pairs == [(1, 3), (2, 2),

check "cartesian paéTt npou3BegeHne panH"
(length (cartesian [1, 2, 3 :: Int] "abcd")

check "cartesian c¢ nycTbim cnuckom nycTt" (null (cartesian ([]
check "triples 20 cogepxut (3,4,5)" ((3, 4, 5)

check "Box 5 >>= ymHOXeHue == Box 10"
((Box (5 :: Int) >>= \x -> Box (x * 2)) ==
check "neBas eguHuua: return a >>= = f a"
((return (5 :: Int) >>= \x -> Box (x * 2))
check "npaBas eguHuuya: m >>= return == m"

((Box (5 :: Int) >>= return) == Box 5)
check "accoumaTMBHOCTb CBsA3biBaHUA"

(let m = Box (5 :: Int); f x = Box (x + 1); g x = Box (x * 2)

Just True)
Nothing)

Nothing)

xy | (x, y) <- cases])

== 12)

Box 10)

== Box 10)

in ((m >>= f) >>= g) == (m >>= \x -> f x >>= g))

check '"3akoHbl MOHaZ BbiMoNHAWTCA WM Ansa Maybe"

(let m = Just (5 :: Double)
f x = safeDiv x 2
g = safeSqrt
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(3, 1))

[Int]) "ab"))

‘elem” triples 20)



in (m >>= return) ==
&& (return (5 :: Double) >>= f) == f 5
& & ((m >>= f) >>= g) == (m >>= \x -> f x >>= g))

printf "\nMpoigeHo %d n3 %d npoBepok.\n"
(length (filter id results)) (length results)
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