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

A | il

Mo>HO No MHAYKUMK AoKasatb, 4To Ans noboro n > 0 3aTa Wryka so3spalwaer fls. Ho mbl
OCTaBWM 3TO NOOUTENSM CTPOTNX AOKA3ATENbCTB.

0 (\x -> fls) tru
1 (\x -> fls) tru

(\s z -> z) (\x -> fls)
(\s z ->s z) (\x -> fl

Pa3smuHka
BepHo nn, 4TO 3T TEPMbI 9KBMBANEHTHbI? B Kakom cmbicne?

\X -> X

\y ->vy

\X y -> Xy
\Xy z->xyz

V V. V V

MepBble OBa -- anba-aKBrBaNEHTHbI(HaNoOM1MHaHKe). BTopoli BHe3anHoO akBMBANEHTEH NepPBbIM



LBYM TOXe. OTa-npeobpasoBaHue 1 aTa-akcnaHcms paboratot. Kpome Toro, eCnm Mol BbiBe4eM
TWMbl 3TUX TEPMOB(YTO Mbl HAYYMMCS [enaTb Ha CNefyloWeM 3aHATMN), TO 3aMETVM, YTO Be3ae
Oynet Tn kak y kombuHatopa |

HopmanbHble chopMbl
Hanonte NF n WHNF onsa Tepmos:

>w 1
> W n

oe w=\x ->x x.

HopmanbHas doopma -- Hy TyT BCE SICHO, BCE YTO MOXHO BbIYUCIUTb, Mbl Bbluncinamn. Cnabas
3aronoBoYHas HopManbHas goopma -- 3T0 He4To 6onee cTpeMHoe. OT1o NMBO HopMarbHas gopma,
nmbo abcTpakums, Hanpumep:

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

KappupoBaHue
Ha nekunu Bam pacckasbiBanu, 41O OT QOYHKUMIA HAL KOPTEXaMU MOXHO NepexoanTb K doyHKLNAM,
KOTOpblE NPUHNMAIOT apryMeHTbl MO OOHOMY. Takne prHKLI,I/II/I MO>XHO NPUMEHATb YaCTUYHO,
ouKCMpys OAMH apryMeHT. Mbl y>xe Buaenu, 4To a1o paboTtaeTt Ha NpuMepe AOMaLIHEro 3a4aHus.
JaBaiite Hanvwem TepM KOTOpPbI Bbl 6pan goyHKLMIO, 3a4aHHYI0 Ha nape v Bo3spatuan bbl
prHKLI,I/I}O, NnpMHAMAaKLWY aprymMeHTbl No 0aHOMY

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

A Tenepb Hanvwem obpaTHyto nNpoueaypy, uncurry. OHa oenaet poBHO o6paTHoe.

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

BbluutaHne eguHULbI.

Pewwrm onumoHanbHoe 3aaaHve u3 gomalwHein pabotsl. Ham noHanobatcs KoMbrHaTopbi:

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

Torpa npenwecTeoBaHve 4nst Yicen Yépya onpeaensieTcs cneayowmm obpasom:



> pred = \n -> fst (n sp zp)
JLlaBaiite noiMeM, 4TO OHO AECTBUTENLHO paboTaeT:

> pred 1 = fst (1 sp zp) = fst (sp zp) = fst ((\p -> pair (snd p) (succ (snd p))) (pe

01 M il

OnsTb Xe, MOXHO Mo MHOYKUMK AoKasatb, 4To Ans noboro n > 0 pred (\s z -> sA{n} (z)) =

\s z -> sr{n - 1} (z). EcTb6asH npo 10, 4TO BbIuMTAHME Npuayman KnuHn, koroa emy
BbIpbIBaNM 3y MyIpOCTH, @ HbIHYE HAPKO3 YXXe He Takoi 3abopucTbiil. BosHmkaeT Bonpoc, 3a
Kakoe BpeMsi paboTaeT ata KOHCTpykumusi? 3a O(n), 04eBUIHO.

Mpumpek

Lagaiite nonpobyem 0606WmnThb, TO 4TO y Hac 6bino. Beeoem cnenytowme KOMOMHATOPBI:

> 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))

KombrHatop rec u HasbiBaeTCst KOMOMHATOPOM NMPUMUTUBHON PEKYPCUN, 3HAKOMbTECH
MpenlwecTBOBaHWE TOrAa Bblpa3nTCs Kak:

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

> 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

Cnmncok -- KAHOHNYHbIA npuMmep tuna, KOTOprI7I onpenensaeTcd pekypcuBHo. Y cnuckos ecTtb
KOHCTpYKTOpbKTeprLHOSBOHQKMHMGKOHCprMpOBaTbCHMCKMY

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



MpumMep cnnckos:

> [] = nil -- nycTol cCNMCOK TOXe BMoSHe cebe CnuCOoK
> [1, 2, 3] =cons 1 (cons 2 (cons 3 nil)) =\c n ->c 1 (c 2 (c 3 n))

Hayummcst npoBepsTb, MYCT CMIMCOK MM HET(OYEHb NMOXOXe Ha iSzero).
> isempty = \1 -> 1 (\c n -> fls) tru
Hanpuwmep:

> isempty nil = (\c¢ n -> n) (\¢c n -> fls) tru = tru
> isempty (cons 1 nil) = (cons 1 nil) (\¢ n -> fls) tru = (\c n ->c 1 n) (\c n ->fl]
> ...

A | 2

Mo>HO nn Hanmucatb 6onee KOPOTKYHO BEPCMIO 3TO COYHKLIMW(S BOT HE YMet0)?

W Hayuumcs 6patb y HEro ronoey:

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

3aMeTuM, 4TO Mbl Kak-TO CTPEMHO B35/IM FONOBY Cnvcka. XO4ETCS NOMyYUTb ANEMEHT, a He
CPYHKLIMIO, GoWr MOMYM OT Yero. Ho ecnm npurnsaeTbes, To TakuM 06pa3oM Mbl MOXEM
3acTpaxsoBatb cebsl 0T B3STUS rofoBbl y MycToro cnucka. C noMoLybio 3Ta-aKCnaHCum 3ToT TEpM
nobveaetcst 00 headOrDefault , KOTOPbIV KPOME CNMcKa NPUHUMAET HEKOTOPOE 3HAYEHME MO
yMOM4aHUIO, KOTOPOE 1 BO3BPALLAETCS B KAYECTBE FOMIOBbI NYCTOrO CIncKa.

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

HenopnBuXHble TOYKHU

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

Hy 3ameTuM, 4T0 y Hac BoobLLe-TO eCTb KOMOMHATOPbI, KOTOPbIE YMEOT BO3BpaLLaTh NEPBbIA 1nn
BTOPOV apryMeHT. Toraa MoXHO 3anucath 310 A06po B BUIE:
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=KFM
\m -> K Fm
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MoxHo Tenepb fennTb Yicna(npencTasnM, YTO CPaBHUBATL Mbl YMEEM).

> div = \m n -> if (le m n) O (succ (div (minus m n) n))
>div=Y (\fmn -> (lemn) ©® (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 ymaeTe, 4To fenaet aToT TepM?

L=\abcdefghijklmnopqgstuvwxyzr->(r(thisisafixedpointcombina
tor))
Yk=(LLLLLLLLLLLLLLLLLLLLLLLLLL)

B obuieM, ecTb NpukonbHas cTatbsl, B KOTOPOI aBTOP NMOKa3blBaeT, Kak MOXHO CO3[1aBaTb CBOU
KOMOMHATOPbI HEMOABWXHOW TOYKW. [pUMep Bblle B3ST UMEHHO OTTy A

JoMallHee 3apaHue

1. NpuBeaute NpumMep TepMa(3aMKHYTOr0) KOTOPbIA Obi:

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

2. Hanuwwute cnepytowme coyHKLMM Haa Ymicnamm Yepya:

o BbluntaHme m - n:
minus =\mn->?

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

o CpaBHEHMSS m < n m>n m<=n m>=n:
lt=\mn->7?
gt=\mn->?
le=\mn->?
ge=\mn->?

3. Hanvwwure npegukart iskven , BO3BpaLLlaOWUA tru , €CNN €ro apryMeHT YETHOE YMCO U
fls -- B NPOTUBHOM cryyae. B aToM 3a1aHum Henb3st Ncronb3oBaTh KOMOUHATOP
HEernoOBUXXHOW TOYKW.


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

isEven =\m -> ?
4. Hanwvwwute cnegytowme oyHKLUMM Ha g CrIMCKamu.

o length -- ONMHA Ccnincka
length =\l -> ?

o sum -- CyMMa 3/IEMEHTOB crmcka
sum =\l -> ?

o map -- MPUMEHSET CPYHKLUMIO f KO BCEM 3NIEMEHTaM crnmcka map succ [1, 2, 3] = [2,
3, 4]

map =\f|->?

o reverse -- Ppa3BoOpa4vMBaET CNNCOK. reverse [1,2,3] = [3,2,1]
reverse =\l -> ?

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

5. Wcnonb3ys KOMBMHATOP HEMOABMXHON TOYKM HainamTe TepM F Takol 4To:

o Insanobbix M N N 6biNO 6bI BEPHO F M = M F
o Insanobbix M N N 6blNOObIBEPHO F M N = N F (M N F)

6. Nyctb f 1 g onpeneneHbl B3aMMHO-PEKYPCUBHO:

f=Ffg
g=Gfg

Mcnonb3yst KoMBMHATOP HEMOABMXHON TOYKM HANANTE HEPEKYPCUBHBIE ONpeneneHns
PyHKUMA f U g



