dyHKUMOHaNbHOE nporpammmpoBaHue. CemmHap
2.

Pa36op n3

o [oMHWTbL NPO 3axBaT NEPEMEHHON NPU NOACTAHOBKE

o Cneautb 3a acCOLMATUBHOCTLIO

o Ckasatb npo aTa-penykumio, YT0 eCi TEPM MOXKHO 3anncaTtb KOPoYe, TO ero Hy>XHO
3anucatb Kopoye

o CrTpaterum peoykumu, s HUKaKO He ykasan, noapasymesanacb HopmanbHas. bbinm nioam
OTNPAaBVBLINECS annAMKATUBHBIM NYTEM -- MONOALbI, BPOLE TOXE MNOMYYUI0Ch

e 3aMKHyTble TEPMbI -- OXMIAN0Ch, YTO MCKOMbIE TEPMbI NS xor W pow HE codepxar
CBOOOAHBIX NEPEMEHHbIX

Recap
41 3abbin pacckasatb, kak NpoBepsiTb Yncna Yépya Ha Honb.
> iszero = \n ->n (\x -> fls) tru

O6paTuTte BHUMaHUe Ha nsMbay BHyTpu. OHa ans noboro nepefaHHoro e napameTpa
BO3BpaLLaeT oxXb. Ybeammcs, 4to oHo paboTaeTt

> iszro 0

> = (\n ->n (\x -> fls) tru) 0

> =0 (\x -> fls) tru

>=(\s z ->z) (\x -> fls) tru = tru
>

> iszro 1

>=(\n ->n (\x -> fls) tru) 1

> =1 (\x -> fls) tru

>=(\s z ->s z) (\x -> fls) tru

> = (\x -> fls) tru = fls

MOXHO No MHAOYKUMM NoKa3aTh, YTO Ang noboro n > @ arta wryka Bo3spawaer fls. Ho mbl
OCTaBUM 3TO NOOUTENSIM CTPOTUX [OKA3ATENbCTB.

PaaMuHka
BepHo NN, 4TO 3TN TeprI (-)KBVIBaJ'IeHTHbI? B KakoOM CMbICJ‘Ie?

> \x -> X



>\y ->vy
>\xy ->xy
>\Xy z->XVyz

[MNepsble OBa -- anbda-sKBUBANEHTHbI(HANOMUHaHWE). BTopo BHE3aNHO 3KBMBANEHTEH NEPBbIM
LByM TOXe. DTa-npeobpasoBaHune 1 aTa-akcnaHeus pabotatot. Kpome Toro, ecnv Mbl BolBeAeM

TUMbl 3TUX TEPMOB(YTO Mbl HAY4YMMCS IenaTb Ha CNELYOWEM 3aHATUM), TO 3aMETUM, YTO BE3AE
6ynet T1n kak y kombrHatopa |

HopmanbHble chopMbl
Hanoute NF n WHNF onsa tepmos:

>w 1
> wn

foe w=\x ->x x.

HopmanbHas doopMa -- Hy TyT BCE SICHO, BCE YTO MOXXHO BbIYUCIUTb, Mbl Bbluncinam. Cnabas
3arofoBoYHast HopMarnbHas oopma -- 3T0 He4To 6onee CTpeMHoe. STo NMBO HopMarbHas hopma,
nmbo abcTpakums, Hanpumep:

> \x -> (\y > y) x

KappupoBaHue
Ha nekunn sam pacckasbiBasiu, 4to OT (pyHKLI,VIVI Had KopTeXaMn MOXHO rnepexoantb K qZ)yHKLl,VIFIM,
KOTOpble NPUHAMAIOT apryMeHTbl Mo OOHOMY. Takne (byHKLI,I/II/I MO>XHO NPUMEHATb YaCTUYHO,
gouKCHpyst oanH apryMeHT. Mbl y>xe Buaenu, 41o ato pabotaeTt Ha NpuMepe AOMaLIHEro 3a4aHus.
JaBaiite Hanvwem TepM KOTOpPbIA Obl 6pan goyHKLMIO, 3a4aHHYH0 Ha nape v Bo3spatuan bbl
PYHKLMIO, MPUHUMALOLLYIO apryMeHTbl Mo OAHOMY

> curry = \f -> (\x y -> f (pair x y))

A Tenepb HanvweM obpaTHyto nNpoueaypy, uncurry. OHa oenaeT poBHO o6parHoe.

> uncurry = \f -> (\p -> f (fst p) (snd p))

BbluntaHuve eguHULUbL.

Pewwum onumoHanbHoe 3aaaHne 13 fjomallHein pabotbl. Ham noHanobsTcs KoMbmHaTopbI:



> zp = pair 0 0
> sp = \p -> pair (snd p) (succ (snd p))

Torpa npenwecTteoBaHue ons Yicen Yépya onpenensietcs cnenyowmm obpasom:
> pred = \n -> fst (n sp zp)
LaBariTe noiMeMm, 4TO OHO AeicTBUTENBHO paboTaer:

pred 1

= fst (1 sp zp)

fst (sp zp)

= fst ((\p -> pair (snd p) (succ (snd p))) (pair 0 0))
= fst (pair 0 1)

=0

V V.V V V V
|

OnsATb e, MOXHO MO MHAOYKLUMM [oKa3aTb, YTO Ans moboro n > 0 pred (\s z -> sA{n} (z)) =
\s z -> s~r{n - 1} (z). EcTtb 6asH npo 10, 4TO BblYMTaHWE Npuayman KnuHu, korna emy
BbIpblBaNN 3y6 MyapoCTH, @ HbIHYE HAPKO3 yXXe He Takoi 3abopucTblid. BosHukaeT Bonpoc, 3a
Kakoe Bpemsi pabotaet ata KoHCTpykums? 3a O(n), 04EBMAOHO.

Mpumpek
Lagaiite nonpobyem 0606wWMTb, TO 4TO Y HaC Obino. Beenem cnepytowme KOMBUHATOPbI:

> xz = \x -> pair x 0
> fs = \f p -> pair (f (fst p) (snd p)) (succ (snd p))
>rec = \m f x -> fst (m (fs f) (xz x))

KOM6MHaTOp rec MHa3HBaeTCﬂKOM6MHaTOpOMﬂpMMMTMBHOﬂpeKprMM,3HaKOMbTer
npe,D,LLIeCTBOBaHVIe TOoraa Bblpa3nTCA Kak:

> pred' = \n ->recn (\xy ->y) 0
dakTopuan?

> fac = \n -> rec n (\x y -> mult x (succ y)) 1
Cymma uncen ot 0 oo n?

> sum = \n ->rec n (\x y -> plus x (succ y)) 0



Cnuckm

Cnncok -- KaHOHWYHbI NPUMEP TUMa, KOTOPbIV ONpPeaenseTcs PeKypcuBHo. ¥ CriMcKoB ecTb
KOHCTPYKTOPbI(TEPMbI, MO3BOSISIIOWME KOHCTPYMPOBATL CMUCKN):

>nil = \c n ->n
>cons =\elcn->ce (1lcn)

MpumMep cnmckos:

> [] = nil -- nycToOi CNWCOK TOXe BMNOSHE cebe CnuCcoK
> [1, 2, 3] = cons 1 (cons 2 (cons 3 nil)) =\cn ->c 1 (c 2 (c 3n))

Hayunmcsa nposepsTb, MyCT CAUCOK WX HET(OYEHb MOXOXEe Ha iSzero).

> isempty = \1 -> 1 (\¢ n -> fls) tru

Hanpwumep:
> isempty nil
>=(\cn->n) (\c n ->fls) tru
> = tru
>
> isempty (cons 1 nil)
> = (cons 1 nil) (\c¢ n -> fls) tru
>=(\cn->c1n) (\cn->fFfls) tru
> = (\c n ->fls) 1 tru
> = fls

Mo>Ho N1 HanmcaTb 6onee KOPOTKYH BEPCUIO 3TON OYHKLIMW(S BOT HE YMEH0)?

W Hayummcs 6paTb y HEro ronosy:

> head = \1 -> 1K
> head (cons 1 nil) = (\¢c¢n ->c1n) K=\n->K1n=\n->1

3aMeTnM, 4TO Mbl Kak-TO CTPEMHO B35IM FONOBY Crnvcka. XO4ETCS NOMyYnTb NEMEHT, a He
CPYHKLIMIO, GoWr MOMYM OT Yero. Ho ecnm npurnsiaeTbes, To TakuM 06pa3oM Mbl MOXEM
3acTpaxsoBatb cebs OT B3STUS ronoBbl y NycToro cnucka. C noMoLLbio 3Ta-8KCnaHCum 3ToT TEPM
nobviBaetcs 00 headOrDefault , KOTOPbIV KPOME CNMCKA, MPUHUMAET HEKOTOPOE 3HAYEHME MO
yMON4aHuIo, KOTOPOE 1 BO3BPALLAETCS B KAYECTBE rOMIOBbI NyCTOrO Cnucka.

> headOrDefault = \1 d -> 1 K* d



HenopnBuXHble TOYKHU

Bam nokasanu Ha nekuum Kak ¢ NomoLLblo KOMBUHaTOpa HEMOABUXHO TOYKM BBECTU PEKYPCUIO B
namMbaa-ncuHncneHne 1 nokasanv NnpuMep, Kak MoXHo nocuntatb doaktopran. C nomMoLblo Hero
MO>HO Hanpumep pellaTtb YypaBHEHUS Ha TEPMbl. Hanpumep nasanTe CKOHCTPyUpyeM TeEpM,
KOTOpbI "noenaet" Bce 4TO eMy fatoT. To eCTb HaindeM TepM F Takol, YTo toboro M
BbIMOSHSANOCH Obl

Hy 3ameTuM, 4To y Hac BoobLLe-TO eCTb KOMOMHATOPbI, KOTOPbIE YMEOT BO3BpaLLaTh NEPBbIA 1nn
BTOPOV apryMeHT. Toraa MoXHO 3anucatb 310 A06po B BUIE:

M=KFM
\m -> K Fm
= KF

MoxHo Tenepb OenuTb Yucna(npencTaBmM, YTO CPaBHNBATD Mbl YMEEM).

> div = \mn -> if (le m n) © (succ (div (minus m n) n))
>div =Y (\Mf mn -> (lemn) 0 (succ (f (minus m n) n)))

\%

mod = \m n -> if (le m n) m (mod (minus m n) n)
mod Y (\fmn->(lemn) m (f (minus m n) n))

\

Kak Bbl IymaeTe, 4To fenaet aToT TepM?

>L=Nabcdefghijklmnopgstuvwxyzr
> (r(thisisafixedpointcombinator))
>Yk=(LLLLLLLLLLLLLLLLLLLLLLLLLL)

B obuieM, ecTb NpukonbHas cTatbsi, B KOTOPOI aBTOP NMOKa3blBaeT, Kak MOXHO CO3[1aBaTb CBOU
KOMOMHATOPbI HEMOABWXHOW TOUKW. [MpUMep Bblle B3ST UIMEHHO OTTy A

JloMalluHee 3agaHue

1. NpuBeaute NnpumMep TepMa(3aMKHYTOro) KOTOPbIA Obi:

o Haxoouncsa B WHNF, Ho He B HNF
o Haxoguncs 6bl B HNF, HO He B NF

2. Hanuwwute cnepytowme coyHKLMM Hag Ymicnamm Yepya:

o BbluutaHme m - n:


http://www.cs.ru.nl/barendregt60/essays/klop/art16_klop.pdf

minus =\mn -> ?

o [lpoBepka Ha paBeHCTBO m == n :
equals=\mn ->?

o CpaBHEHMS m < n m>n m<=n m>=n:
t=\mn->7?
gt=\mn->?
le=\mn->?
ge=\mn->?

3. Hanvwwute npenmkar isEven , BO3BpALLAIOWMWIA tru , €CNM €70 apPryMEHT YETHOE YMCHO 1
fls -- B MPOTUBHOM cnyyae. B aToM 3anaHnm Henb3s NCNonb3oBaTb KOMOMHATOP
HEMOABUXHOW TOYKM.

isEven =\m -> ?
4. Hanvwwute cnegyowme pyHKUMN HAL CrINCKaMU.

o length -- ONMHAa cnncka
length =\l -> ?

o sum -- CyMMa 3/IEMEHTOB Crucka
sum=\->?

o

map -- NPUMEHSET CPYHKLUMIO f KO BCEM 3NeMeHTaM cnucka map succ [1, 2, 3] = [2,
3, 4]
map =\fl->?

o reverse -- pa3BopayMmBaeT CMNCOK. reverse [1,2,3] = [3,2,1]
reverse =\l -> ?

o tail -- XBOCT crmcka. tail [1, 2, 3] = [2, 3] .TyT MOXET NOMOYb NMPUMUTNBHASA
pekypcus
tail =\l -> ?

5. Wcnonb3yst KOMBMHATOP HEMOABMXHON TOYKM HainamTe TepM F Takoli 4to:

o [Insg noboro M 6bino ObIBEPHO F M = M F
o Insanobbix M N N ObiNoObIBEPHO F M N = N F (M N F)

6. MNyctb f U g onpeneneHbl B3aVMHO-PEKYPCUBHO:

f=Ffg
g=Gfg

Mcnonb3ys koMbrHaTop HEMOABUXHON TOYKM HARAMTE HEPEKYPCUBHbIE ONpeneneHns
oyHKUMA f U g






