


findMajor

Hantn uncno 6onblle CyMMbl BCEX OCTasIbHbIX
0 Waoesa: MOXHO CHavasa cocuymTaTb CYMMY S BCeX YMCer
= lorga ycnosume: x > s - X

0 C noMouwblo maximum
findMajor xs = let s = sum xs
X = maximum Xs
in if x > s - x then Just x else Nothing
= He paboTaeT gns nycroro cnucka (=

1 C nomouwsto filter
findMajor xs = let s = sum xs
xsl = filter (\x -> x > s - X) xs
in if xs1 == [] then Nothing else Just (head xs1)



findMajor - mpoaokeHnE

0 Hanwucatb cneymanbHbiM find

find cond [] = Nothing
find cond (x:xs) =

if cond X

then Just x

else find cond xs

= (Ha camom gene MMeHHO 3TO M AenaeTt ctaHaapTHbIM find B
Data.List, T.e. ero n nucaTtb He Haao)

findMajor xs = let
S = sum Xs
in find (\x -> x > s - x) xs



allD1ffl ists

allDiffLists n k = allDiffLists' n k []

0 allDiffLists' n ks (s — Te aneMeHTbl, KOTOpPbI€ Mbl YXe BK/IYNUIN)
allDiffLists' n 0 _ = [[]]
allDiffLists' n k s = [x:xs | x<-[1..n], not (elem x s),

allDiffLists' n k (x:s)]
0 To e c npueMoM "npeacraslieHne MHOXeCTBa C NoMoLWb GyHKLMnN"
allDiffLists n k = allDiffLists' n k (\t -> False)

0 allDiffLists' n k cond (cond - ycnoeue, KOTOpoe Mbl NpOBEpPHAEM)
allDiffLists' n 0 _ = [[]]
allDiffLists' n k cond = [x:xs | x<-[1..n], not (cond x),
xs <- allDiffLists' n (k-1)
(\t->condt||t==x)]



findInl ists

1 be3s failure continuation kak-To Tak:
NCKaTb B NMepBOM I10ACIMNCKE
if HaLwIn
then BepHyTb TO, 4TO HaLU/IN
else uckarb B XBoCTe

0 C uncnonb3oBaHueM failure continuation
findInLists cond (xs:xss) err =
find cond xs

( -- ECnv He Hawnu, To...
findInLists cond xss err

)

findInLists cond [] err = err
= Ob6ownunce 6e3s if!



Continuations (IIPOAOAKEHHUSA).
Continuation-passing style (CPS)




Continuation-passing style

0 Continuation: napameTp-dyHKUMA. 3a4aeT, YTO ge/s1aTb 1ocsie
OKOHYaHunsi paboTbl yHKLUNMN

= failure continuation — BbI3biBaeM, ecnun yHKUMSA 3aBepLUnIaCb He
yCnewHo

= Continuation-passing style (CPS) - Bbi3biBaeM Bceraa!



Continuation-passing style — mpocron

HpHM@p
0 O6blyHas PyHKUUSA:
sgr X = X*X YTO fAenaTb C pe3ynbTaToM,
1 CPS / Korga Mbl ero nosiy4ymm
sqr_cps x f =
f (x*x)

0 [lpuMepbl BbI3OBA:
= CocuutaTtb sin(5*5) 3ayem??
sqr_cps 5 sin
= Cocuyumtath 5*5+ 1
sqr_cps 5 (+1)
= Cocuutatb 5*%5
sqr_cps 5 id

*CM. Cliegytowme
cnanasl...



CPS u pexypcus.
[Tpumep: daxropran

1 O6blyHas nporpamMmMma 01 Wnu 1O Xe:
fact_cps n f = fact_cps (n-1)
fact 0 = 1 (\res -> f(res*n))

fact n = fact (n-1) * n
0 Wnun, kopoue:

1 CPS cTUAb fact_cps n f = fact_cps (n-1)

(f.(*n))
fact cps0f="f1 1 BbI3OB:
fact_cps 3 (~2)
fact_ cps nf = ] 36
fact_cps (n-1) f1 fact_cps 5id O 120

where

f1 res = f~{res *
[Mocne BbluncneHunsa (n-1)! Ham ewe Hapo:
*JOMHOXWTb Ha N

*HY 1 NOTOM BbI3BaThb f



Kak ato paooraer?

0 O6blyHbIN fact 0 fact_cps
fact 4 [ fact_cps 4 id O
fact 3 [ fact_cps 3 id.(*4) O
fact 2 [ fact_cps 2 id.(*4).(*3) O
fact 1 [ fact_cps 1 id.(*4).(*3).(*2) O
fact 0 O 1 fact_cps 0 id.(*4).(*3).(*2).(*1) O
* 1 (id.(*4).(*3).(*2).(*1)) 1 O

* 2 24
* 3
§ \
[TocTeneHHO coopy>XaeM
dyHKUMIO, NPUMEPHO KaK

NOrnyeckyr pyHKuUMIO B
3agadax npo allDiff
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Yero Tak MOKHO AOOUTHCH?

0 OKa3bIBaeTCs, K TAKOMYy BUAY MOXHO MPUBECTU NOOYI0 nporpammy

0 fact_cps nf = fact_cps (n-1) ...
= YTO MOXXHO cka3zaTb fact_cps?
o0 XBOCTOBad peKypcus

0 [ns XBOCTOBOM PEKYPCUU HE HYXEH CTeK
= 3HaumT CPS nporpamMMaM BoobLye He HYXeH CcTekK!
o Yypec He bbiBaeT! Kyna gencs crek?

o Ctek — 3TO 1 ecTb napameTp f. TaM XpaHUTbCSH TO, YTO HaM
elje Hago caenartb
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HeKOTopre IIPUMEHECHUA

i

i

i

MOXHO peasin30BbiBaTb C/IOXHYIO Nepeaavy ynpaBiieHus

= Peter Landin: kak nporpamMmmy c goto nepesecTtn B
(YHKUMOHANbHYIO nporpaMmy?

BapunaHT npu pa3spaboTke KOMNMAsaTOpa: aBTOMATUYECKU NepeBOANTb
B CPS ctunb

m TOrga He HyXeH byaeTt cTek
= Hanpumep, Scheme

ACVIHXpOHHbIe BblYNCITEHUA

= BbINONHUTL Aencreme A, a NOTOM, KOraa OHO 3aBepLINTbCH,
BbIMOJIHUTb C pe3y/ibTaTOM Aenctene B

= Hanpumep, .NET Task Parallel Library
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Erre nmpo >>=.
> 2= AASl ADYTUX THIIOB




Tpu moncka

0 Hawntm B cnucke:
= MepBOe 4YNUC/I0, MeHbLUee 5
= NepsBoe 4ucno, 6onblee 10
= MepBOe 4YNC/o, He paBHoe /

BepHyTb CyMMY 3TUX Yucen,
nnun [], ecnn 4To-TO HE HalIKn

find cond [] = []
find cond (x:xs) =
if cond X
then [x]
else find cond xs

0 MoXHO ncnonb3oBaThb list
comprehension!

f xs = [x+y+z | x<- find (<5) Xxs,
y<-find (>10) xs,
z<- find (/=7) xs]

01 Wcnonb3ysa do

f xs = do
x <- find (<5) xs
y <-find (>10) xs
z <-find (/=7) xs
return (x+y+z)
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«BBITOAHATE AO IIEPBOU HEYAAYID»

f xs = do
x <- find (<5) xs
y <-find (>10) xs
z <-find (/=7) Xxs
return (x+y+2z)

0 Ecnun nycton cnncok obo3sHavaeT Heyaadvy noucka
TO dO — «BbIINOJIHATH 40 MNepPBON HeyAa4un»

0 W MOXHO TO Xe yepe3 >>=
f xs = find (<5) xs >>= \x ->
find (>10) xs >>=\y ->
find (/=7) xs >>=\z ->
return (x+y+z)
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do aas Maybe

0 >> ureturn (n, cnegosartenbHo, do) onpeneneHbl n ana Maybe
= CMbICN Takomn Xe — «BbINOSIHATb A0 NepBON Heyaaun»

0 Hanpumep: Hantm uncno, kotopble 60/bLUe BCEX OCTaAlIbHbIX
BMeCTe B XS, YMCJI0 KOTopoe 6onblue BCeX OCTasIbHbIX B YX U
BEPHYTb UX rnpomnsseaeHne. ECnm He nonyymnTcs, BEPHYTb
Nothing.

do
X <- findMajor xs
y <- findMajor ys
return (x*y)
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Yro Takoe MOHAABL, POPMAABHO

MoHana — 3TO TN, 4519 KOTOPOro onpeaesieHbl onepaunmn
[ >>=

s return

1CTporo roBopsi onepaumm ewie A0/ XKHbl YAOBNETBOPSATb HEKOTOPbLIM
npasunam (Monadic laws)

return a >>=f
m >>= return

= fa
= m
(m>>=f)>>=qg =

m>>= (\x -> f x >>=Qg)

nY>ke 3HaeM ABa npmnMmepa MOoHaA.
m List

] Maybe
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B kaknx cAyJasx ncroAb3yIOT MOHAABI?

f xs = do
X <- find (<5) xs Boluncnutb find (<5) xs, notom
y <- find (>10) xs —_ Bbluncamnts find (>10) xs, noTom
7z <- find (/=7) xs Bblumncnutb find (/=7) xs

return (x+y+z) N, KpoMe 3TOro BbINO/HATbL

AOMNOJIHUTENIbHbIE AENCTBUSA
(NnpoBepsATb, YAAYHO SN 3aBEpPLININCH
BbI30Bbl)

T.e. Mbl ONNCbIBAaEM HEKOTOpble AENCTBUS
= KoTOopble A0/1KHbI BbIMOJIHATLCA O4HO 3a APYrMM

s U Mpn 3TOM AOJIXXHO aBTOMATUYECKU NMPONCXOANTb YTO-TO
AOMOJIHUTEJIbHOE

o [lMpumepHO Kak ecnun 6bl B 06bIMHOM A3blIKe Mbl MOr/n 6bl
nepeonpeaennTb TOYKY C 3aNATOMN
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Oyukiua print

print BeipakeHune

print 56
56

0 Hwndyero He Bo3BpallaeT, TOJIbKO
neyaTtaeTt

0 CMbICN O4YeHb MOHATEH

0 HO HenoHATHO KakK 3TOo
co4yeTaeTcs OTCYCTBMEM
No60oYHbIX 3 (EeKTOB M T.A4.

= O6 3TOoM B cnegyrowmnn pas

0 [locnegoBaTtenbHOCTb print
3anuncbiBaeTCcs C noMoLlbio do

0 Hanpumep:

do print 56
print 3.14159
print "abc"

56
3.14159
"abc
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[ Ipumep: BeIBOA + pekypcus

pr 0 = print O
prn =do
print n
pr (n-1)

rS

O N WPH U1
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3aaada IIpo >>> U ee
IIPOAOAKEHHE



>>>

0 YTO-TO BpOAE KOMMO3MLUMMN, HO CcneunanbHo Ansa @yHKUMN BUAA
CMUCOK -> (3Ha4yeHue, CNmMcok)

0 [Npumep BbI3OBa:
f = find (>3) >>> find (>5)

f>>>g=\xs->
let
(_, xs1) =fxs
in g xsl
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Heaocrarkm >>>

0 HyXHO nun ewe 4TO-TO, YTO6BLI TMOKO KOMBMHNPOBATDL
dyHKUMM Takoro emaa?

= [lpnmep 1:
HanTtn yncno 6onbliee 3, NoToM yuncno, 6onbuie 5 un
BEPHYTb UX CYyMMY
= [lpnmep 2:
HanTtn uncno t, bonblee 3, a NOTOM HANTU YUCO,
6onbluee t

0 C noMmolblo >>> He HanucaThb...
= [.3.: 0606WKNTE >>>, yTO6bI YCTPAHUTb 3TOT HEAOCTATOK
0 Moackaska: a9 6bl NpeanoXun BBeCTn MGYHKLUID >>>=
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CHUMBOABHBIE

BBIYMMCACHUA




eval

data Expr = Num Integer | X | Add Expr Expr | Mult Expr Expr
0 eval BoipaxeHne 3HaueHne_a1s_X

eval (Numi) _ =i

eval X n =n

eval (Add xy)n =eval xn + evalyn
eval (Mult xy) n =eval xn *evalyn
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diff

data Expr = Num Integer | X | Add Expr Expr | Mult Expr Expr
deriving Show

1B Expr obs3aTenbHo deriving Show

diff (Num _) = Num O

diff X = Num 1

diff (Add x y) = Add (diff x) (diff y)

diff (Mult x y) = Add (Mult (diff x) y) (Mult (diff y) x)
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EcAan xoruM MCIIOAB30BATDH
HECKOABKO HepeMeHHbIX?

X O
Var "a", Var "sum" n 1.4.

Add (Mult (Num 10) (Var uan)) (Var nbn)
nsobpaxaet 10*a + b

0 Kakon gonxeH 6bITb NapameTp y eval?
= Cnucok nap (CTpoka, 3Ha4veHune)

0 Hanpwumep:
eval (Add (Mult (Num 10) (Var "a")) (vVar "b"))
[("a", 5), ("b", 7)]
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| Ipo HEKOTOPEIE AOTT.
3aAAYH
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fromStr

toStr Empty = 'e'
toStr (Node v I r) = 'n":toStr | ++ toStr r

0Co34aTb CTPOKY [ gonucaTtb CTPOKYy!
fromStr’ t s — gponncaTtb NnpeacrasneHne t K cTpoke s

toStr' Empty s = 'e':s
toStr’ (Node vir) s = let
sl =toStr'rs
s2 = tpStr' | s1
in 'n':s2

03afaYa Ha 3aHATUM Ha JINCTKE: 3anucaTb 3TU NpaBu/ia He NCNOJb3YS
NpsIMO CTPOKM S, S1, s2 — T.e. C NOMOLWbIO onepaunn Hag PyHKUNAMU
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