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BcnoMmHuM nepBble neKuun

+ Haskell — neHusebit A3bIKk NPOrpamMMmnpoOBaHus
« Ecnu 6bITb TOUHbIM, TO call-by-need

YTO 3TO 3HAUUT?
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Call-by-need evaluation

+ 3HAUEeHMe CYMTAETCA TOMbKO TOrAa, KOraa HYy)KHO
+ 3HaueHnn 6e3 NapameTpPoB MOXKHO MOCUYUTATb TOMbKO
OAVH pa3

+ JTO TaKe Ha3blBaeTca Memousayuel
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NeHUBOCTb HA YPOBHE CTPYKTYP AAHHBIX

« CTpyKTypbl AaHHbIX B Haskell Toxe neHusble!

x = Just $ error "Ooops!”

isNothing Nothing = True
isNothing _ = False
isNothing x -- does not crash!
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NeHUBOCTb HA YPOBHE CTPYKTYP AAHHbBIX: CUCKK

* CNUCKM TOXe NeHnsble

list = [0, 1, 2, 3, error "Slap!”, 5]

show $ take 3 list -- [0, 1, 2]
show $ take 5 list -- Slap!
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NeHUBOCTb HA YPOBHE CTPYKTYP AAHHbBIX: CUCKK

+ CMUCOK COCTOUT U3 20/108bl 1 X80CMA
* W 1O, M Apyroe cumtaeTca N€HNBO TONbKO TOrAa, Koraa
HYXHO
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NeHUBOCTb HA YPOBHE CTPYKTYP AAHHbBIX: CUCKK

* CNMCOK COCTOUT 13 20/108bl N X80CMA

* W 1O, M Apyroe cumtaeTca N€HNBO TONbKO TOrAa, Koraa
HYXHO

* Mouemy 6bl He cUNTaTb XBOCT NO Mepe NPoxoaa no
CrunCKy?
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NeHUBOCTb HA YPOBHE CTPYKTYP AAHHbBIX: CUCKK

list = 1 : list -- perfectly legal

Tenepb B list cogepxutca 1 u list. Kotopbin 1 u list.
KoTopbin 1 u list...

Mbl nonyunnun 6eckoOHeYHbIl CNNCOK eANHULL.
Yrto byget, ecnu mbl nonpobyem ero HanevaTtaTb?
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NeHUBOCTb HA YPOBHE CTPYKTYP AAHHbBIX: CUCKK

'TEKOM6MHaT0pH,KOTOpHN|HeHymeHBerCHMCOK,Ha
6eCKOHEeUHbIX CUCKAxX TOXe paboTatoT
map, filter, zip, zipWith

* Te, KOTOpPble NPOXOAAT BeCb CMNUCOK ANA NonyvyeHus
pe3ynbTaTa, MOryT He paboTaTb
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beckoHeuUHble CNUCKN

KaK 3TO MOXXHO MCnonb3oBaTb?
MOXXHO flenaTb memou3ayuro Ha cnuckax

-- becKoHeuHbli cnuMcok Bcex umcen OuéoHauuw
fibs = 0 : 1 : zipwith (+) fibs (tail fibs)
-- [o0,1,1,2,3,5,8,13,21,34,55,89,144,233,377]]
take 15 fibs

370 3¢ppekTMBHAA peanusaumsa uncen GubéoHauuu, 3a O(N)
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BecKoHeuHble CMNCKU: eLLe Npumepbl

-- HaTypanbHble uyucna
nats = 1 : map (+1) nats

-- Bce kBagparthl

squares = map sq nats where sq x = x * X
-- YeTHble uncna

evens = filter isEven nats
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BecKoHeuHble CMNCKU: eLLe Npumepbl

CDyHKLI,VIVI, KOTOpPble HE CTOUT HUKO020a BbI3blBaTb Ha
6eCKOHEUHbIX CNUCKax

* show

* length
* reverse
* last

+ etc.
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becKkoHeuHble CMUCKN: 3ajaUKa

3afaua ¢ 1 Kypca Ha LUKl
HaneuataTb N-t0 yuchpy B CUCKe BCEX KBAAPaTOB
HaTypanbHbIX Uncen
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becKkoHeuHble CMUCKN: 3ajaUKa

3apaya ¢ 1 Kypca Ha UMKbl:

HaneuataTb N-t0 yuchpy B CUCKe BCEX KBAAPaTOB
HaTypanbHbIX Uncen

square X = X * X
allSquares = square <$> [1..]
result n = (concatMap show allSquares) !! n
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Y10, €C/1N Mbl XOTUM rapaHTUPOBATb 6@CKOHEUHOCTb?

imap f = foldr ((:).f) $
error "infinite list expected!”

> imap (+1) [1,2,3]

[2,3,4%xx%x Exception: infinite 1list expected!
> take 5 $ imap (+1) [1..]

[2,3,4,5,6]
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+ beckoHeuHble CMUCKN — 3TO NPUKObHO
* Mouemy 6bl He caenaTb CTPYKTYPY AAHHbIX, KOTOpPas
Bcerga 6ecKkoHeyHa?
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data Stream a = Cons a (Stream a)

QU

shead (Cons h _) = h
stail (Cons _ t) =t
srepeat x =
let rec = Cons x rec in
rec

generate x f =
Cons x $ generate (f x) f
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instance Functor Stream where
fmap f (Cons h t) = Cons (f h) (fmap f t)
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YeM oTnmnuaeTcsa noTok OT cnmcka?
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Lar Bnepéa: NoTOKU

YeM oTnmnuaeTcsa noTok OT cnmcka?

MoToK BCeraa, rapaHTUPOBAaHHO 6€CKOHEUHbIN
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MoHaga HaA MOTOKOM

Kak peanusoBaTtb return?
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MoHaga HaA MOTOKOM

Kak peanusoBaTtb return?

sreturn x = srepeat x
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MoHaga HaA MOTOKOM

Kak peanu3sosatb flatten?

sflatten :: Stream (Stream x) -> Stream X
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MoHaga HaA MOTOKOM

Kak peanu3sosatb flatten?
sflatten :: Stream (Stream x) -> Stream Xx
BapuaHTbI:

+ B3sTb nepBbIN
* B35iTb NepBbifi 3NEMEHT N3 KAXKAOTO
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MoHaga HaA MOTOKOM

Kak peanu3sosatb flatten?

I'IpanmbelVI OTBeT — B3ATb ANArOHaAa/lb

diag (Cons h t) = Cons (shead h) $ diag (stail <$> t)
sflatten = diag
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MoHaga HaA MOTOKOM

xplusy =
do

X <- X

y <-y
return $§ x' + vy
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MoHaga HaA MOTOKOM

xplusy =
do

X <- X

y <-y
return $§ x' + vy

xplusy (generate 0 (+1))
(generate 1 (*2)) -- {1, 3, 6, 11, ... }
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MoHaga HaA MOTOKOM

HGCGMOMaeﬂeﬂHﬂ0K3TOOﬂMHM3HpMMep031H.
KOMOHaAbl.

class Comonad w where
extract :: wa -> a
extend :: wa ->w (w a)

Ho 3To y)ke coBcem fpyrasi UCTOpUS...
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YTO elé MOXXHO cenaTtb € IGHUBOCTbIO U CNUCKaMU

[lByHanpaBneHHble cnncku!

data DList a = DEmpty | DCons (DList a) a (DList a)

23/39



JiByHanpaBneHHble CNUCKU: KaK?!?

Hy)XHO BCero nulib B €BYI0 YaCTb CBOEV NPABOM YacTU
NoONOXUTb cebs

Laziness to the rescue!

24/39



JiByHanpaBneHHble CNUCKU: KaK??

list2dlist' _ [] = DEmpty

list2dlist' left (h:t) =
let rec = DCons left h (list2dlist' rec t) in
rec

list2dlist 1st = list2dlist' DEmpty 1lst
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JlByHanpasBneHHble CNUCKN

« YT0 ByAeT, ecnin HanucaTb B KOHLE TUna Cnucka
deriving (Show, Eq)?
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JlByHanpasBneHHble CNUCKN

« YT0 ByAeT, ecnin HanucaTb B KOHLE TUna Cnucka
deriving (Show, Eq)?

instance (Eq a) => Eq (DList a) where
DEmpty == DEmpty = True
(DCons _ 1h 1t) == (DCons _ rh rt) =
(lh == rh) && (1t == rt)
instance (Show a) => Show (DList a) where
show 1st = "[” ++ show' 1lst ++ "]”
where
show' DEmpty = ""
show' (DCons _ h DEmpty) = show h
show' (DCons _ h t) =

” ”

show h ++ ", ++ show' t
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UTOo NO3BONAIOT AenaTb ABYHANpPaBE€HHbIe CNUCKNU?

BcnomHum Cu.
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UTOo NO3BONAIOT AenaTb ABYHANpPaBE€HHbIe CNUCKNU?

BcnomHum Cu.

[la nouTn HNMYero. MOXXHO MTEPUPOBATLCA KaK Cnesa
HanpaBo, TaK U CnpaBa Ha/neBO
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UTOo NO3BONAIOT AenaTb ABYHANpPaBE€HHbIe CNUCKNU?

MoeT nu AByHANpaBAeHHbI CMUCOK 6bITb
6eCKOHEUHbIM???
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UTOo NO3BONAIOT AenaTb ABYHANpPaBE€HHbIe CNUCKNU?

MoeT nu AByHANpaBAeHHbI CMUCOK 6bITb
6eCKOHEUHbIM???

Tak OH yxe.
infDList = list2dlist [1..]

MOXeT N1 OH 6bITb 6€CKOHEUHbIM 8 06 CMOPOHbI? :-)
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YTO ewwé MOXXHO AenaTthb C IeHNBOCTbIO?

B o6uiem cnyyae, BO3MOXHbI Nto6ble rpachoBble CTPYKTYpbI
AAHHbIX, B T.U. cofiepXalime camu cebs B KauecTse

3/1IeMeHTa

[laHHaa ngnoma B nuTepaType Ha3blBaeTCA
«Tying the Knot»
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NodaHTasupyem

data Twin a b ¢ =
Twin { value :: a, bro :: Twin b c a }
instance (Show a) => Show (Twin a b c) where
show = show.value
twins x y z =

2
let _\\X
' Twin x y' //—/}

Twin y z' "Hello"

' Twin z x' < *\\\__//

- N < X
1

in x

twins 2 "Hello” 'c'
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Kak pa6ortaeT call-by-need evaluation

B nto60M NeHNBOM KOHTEKCTE BMECTO 3HAYeHMA B NamMaATu
XpaHATCA T.H. thunks

B npocTtom cnyyae MOXHO paccmatpusath thunk kak
Either a (() -> a)
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Kak pa6ortaeT call-by-need evaluation

* -- thunk

i}

1 : = -- weak-head normal form
i}

1:2 : * -- weak-head normal form
i}

1:2 :3: % -- weak-head normal form
1

1 :2:3:[] -- normal form
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Kak pa6ortaeT call-by-need evaluation

« Ecnn 3HaueHune BHyTpu thunk 3auem-To HYXXHO, OHO
BbICUMTbIBAETCA M 3aMEHAETCA HA NOMTHOE 3HAaYeHue

« Mocne 3TOro HUKAKOW NEHUBOCTYU YXKe HET — BCE
cumTaeTcAa ToNbKo 1 pas
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Koraa He cTtouT 6bITb NeHUBbIMU?

+ Pa3 BCE Tak XOpoLo, 3a4em BOObLEe He NCMONb30BaTb
NeHNBOCTb?
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Koraa He cTtouT 6bITb NeHUBbIMU?

+ Pa3 BCE Tak XOpoLo, 3a4em BOObLEe He NCMONb30BaTb
NeHNBOCTb?

« OueHb CNOXHO OLLEHUTb COXHOCTb
+ Mporpamma TOPMO3UT B HEOXUAAHHbIE MOMEHTbI
+ OWNBKN OTKNAAbIBAOTCA O HEM3BECTHOIO MOMEHTa

Noapo6Hee pacCMOTPUM NO3Xe
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Koraa He cTtouT 6bITb NeHUBbIMU?

sum = foldl (+) 0

sum [1..10000000] -- ~20 seconds

sum = foldl' (+) 0O

sum [1..10000000] -- <1 second
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Kak n36aButbcsl OT N1€HUBOCTU

seq X y -- Ccyntaet X, BO3BpallaeT Yy

seq CUNTAET TO/IbKO Ha 1ypOBEHb BHU3!

deepseq U3 OAHOMMEHHOIO NaKeTa CUMTAET [0 KOHLA
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Kak n36aButbcsl OT N1€HUBOCTU

func !(h:t) = ... -- #BangPatterns

func = f $! h

In60 ncnonb3oBaTb CTpOrne Bepcuu hyHKLMN

 foldl' BmecTo foldl

(BCE 3TO peann3oBaHO Ha OCHOBE seq)
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« JleHnBOE BbINONHEHNE NO3BONAET AeNaTb OUEHb
KpyTble BeLLK

+ BecKkoHeuHble CTPYKTYpPbl AAHHbIX

+ becnnaTHoe AMHamMUyeckoe NporpammupoBaHme

+ HekoTopbie anropuTmbl TakK 6bin OTKPbITbI
«Packrat parsing»

* TIOHATb TIEHUBYIO NPOrpamMmy 3a4acTylo C/IOXKHOBATO
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http://kspt.icc.spbstu.ru/course/lang
belyaevakspt.icc.spbstu.ru

KA®EZPA KOMMbIOTEPHbIX CUCTEM M nonur EX
MPOTPAMMHbIX TEXHONIOTWIA C6NY i yasepcurer
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