


1+1/(1+1/(1+...))

f(n-1)

fOo=1
fn=1+ 1/f (n-1)

0 CKONbKO nony4yuTca?

¢ = 1.618...

N
p

e




30A0TOE ceueHue

= Golden Ratio = Golden Mean = Divine Proportion

618. _ 1 _1618.
1 1618. 2618.

("Da-vine"-Divine)
13 ;m‘wi'*‘

Golden Rectangle nested
inside

3 Golden Rectangles nest
inside Icoschedro Architecture

The Golden Ratio, PHI, @, is the ratio between two quantities where the ratio of one to the other is the same as the ratio of larger
one or the smaller one fo the sum both numbers. Itis anirrational constant 1.6180339887....... or 6180339887........

Ot Fnnn

« Takown npeameT y Bac B cyMke?



0+1/(1+1/2+1/3+...))

bn = 0+1/ 1+1/(2+1/3@

0 lMpwu TpyaHOCTSAX NMoMoraeT Aomn.napameTp

= b kn=k+1/( +1+1/(...+1®

bn=b"0n

b'k n = if (k == n)
then n
elsek+1/b'(k+1)n



sumsin

sin(1+2+...+n)/(sin 1+sin 2+...+sin n)

tHakannueawLwme napameTpsbl

sl S2

0 0

1 sin 1

142 sin1 + sin 2

1+2+43 sinl+sin2 + sin 3

sumsin n = sumsin'n 0 0

sumsin' 0 s1 s2 = sinsl1/ s2

sl [ sl+n
s2 [ s2+sin n

sumsin' n s1 s2 = sumsin' (n-1) (s1+n) (s2+sin n)

w




sumfact

11421431+, +n!
0 XXenatenbHo O(n)

i P S
1 1 0
2 1 1
3 1*2 1+1%*2
4 1*%2%*3 1+1%24+1*2%*3
5 1*2*%3*%4  14+1*2+1*2*%34+1*%2%3*4

sumfactn = sumfact' n110

sumfact' Oips =s
sumfact' ni p s = sumfact' (n-1) (i+1) (p*i) (s+p*i)

§‘~R//




EIte cuHTaKCcUuc




bespvannas nepemennas (wildcard)

sumfact' 00 p)s = s

= Jlydlwe Tak:
sumfact’ O@s =S

_ - be3bIMAHHasa nepeMmeHHasa (wildcard)
= TOJIbKO C/1eBa oT =




let

sumfact' ni p s = sumfact' (n-1) (i+1) @*ID(s«p*0)

0 Ewe ogHa npobnema (Hebonblwas B AaHHOM Ciy4yae)
= p*i — AoBa pa3a
o DRY (Don’t Repeat Yourself)

sumfact' nips = let
P’ = p*i
in sumfact' (n-1) (i+1) p’ (s+p”)



let B oOmIem cayaae
ABYMEPHBIN CHHTAKCHUC

let e KOHYaeTcs NpaBuIo U
npasunol HauyMHaeTCca cneaywuee?
npaBunio2

0 AByMepHbIM CUHTaAKCUC
(off-side rule)

in Bblpa)XeHue

1MoryT 6bITb ¥ NpaBuna ¢ = 3anomuHaem nosnuuio
napamMeTpamm nepBon fiekceMbl nocne let
1 M.6. YacTbio BblpaXeHUs (i B npumepe)
= [lpaBee L npoagonxeHune

fn=1+let "pasmyia

i = 55 = Ha ToMm Xxe ypoBHe L] HOBOe

i = n*n + npaBwnao

5% n 4+ 8 = JleBee [ KoOHeLU
gk =k*j KOHCTPYKL MM

i b3
ingn>?2 o



i

ABHOE 3aAaHMIE CHHTAKCICA

let
npasunol
npaBunio2

in Bblpa)XeHue

MO>HO ncnonb3oBaTb { ; }, TOraa OTCTYMNbl HE UMEKOT 3HAYEHMNE

let {npaBunol; npaswnno2; npasnno3} in BbipaXeHue

11



where

sumfact' ni p s = sumfact' (n-1) (i+1) p’ (s+p’)
where p’ = p*i

JieBas 4acCcrtb = ripaBasd 4acCTb

[

[

where BcriomorartesibHble OoripegesieHns

Pa3sHuua:

let MOXKHO NncaTb rae yroaHo
where — yacTb nNpaBuia
To>xe ABYMEPHbIA CUHTAKCUC

12
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minlist

0 He coBceM npaBuibHOE 0 [lpaBunbHOE peweHune 2
PELLEHNE minlist [x] = X
. minlist (x:xs) =
minlist [X] = x ( )

oo . let m = minlist xs
minlist (x:xs) = if x < o
in if X < m then x else m

then x
else minlist xs O 0 [lpaBunbHOE peweHne 3
Ncnonb3yem
0 minlist [1..100] - oyeHb Oonro @

minlist [X] = x
minlist (x:xs) =
min X (minlist xs)

14



minlist — ¢ ¥ero HavYaTh?

0 C yero HauyaTb?
minlist [X] = x
NN
minlist [] = oueHb 60/1bLLIOE YNCIIO

—
minlist [] = 1/0

Bam uto 60sibLle HpaBUTCA?
0 3a minlist[] = 1/0
m B 6osiee cnoxHbix cnyyasx (MMHUMYM YeTHbIX Yynucen)
0 3a minlist [X] = X
s PaboTaeT He TONbKO AN uncen
o minlist [“kim”, “abc”, “pqr”]
1 "abc"

15



minsum

minsum [_] = 1/0
minsum (X:y:xs) = min (x+y) (minsum (y:Xs))

16



rcv

0 BapwuaHT 1, ncnonbsys ++ [Xx] 0 BapwuaHnT 3, 6bicTpbii (O(N))
rev [] =[] rev Xxs = rev’ xs []
rev (X:Xs) = rev xs ++ [X]

= MepaneHHo... rev' [] ys = ys

rev' (x:xs) ys = rev’ xs (X:ys)

0 lMpuem:
Hakannueatowmm napamMeTp

17



320bBIA CKA3ATh

0 ANVHA cruncka

length [] =0
length (_:xs) = 1 + length xs

0 CTpOKl/I — CNMMCKn CMMBOJ10B

"abc" - cokpaweHHas 3anucb ansa ['a’, ‘b’, 'c’]
"abc" ++ "kim" O "abcklm"

head "abc" [ 'a’

length "abc" [ 3

18



Koprexn




Koprexu (tuples)

-

-

(1,2) - napbl
(3,7,11) — Tpoukn
(3, 4, 88, 9) nr.a.

[ANna nap eCTb BCTPOEHHbIE CIJYHKLLMM@/I@
fst (x, _) = X
sdn (L, y) =Y

O6bIvHO o6bpabaTbiBaeM C NOMOLLbK CONOCTaBNeHns ¢ o6pa3u oM
abs (x, y) = sqrt (x*x+y*y)

B uem pa3sHuua co cnmckamm?
= 3HayeHus MoryT 6bITb pa3HbIX TUMOB
o ("Cnpopos"“, 1990, 178, 4.7, True)
= Henb3a opraHn3oBaTb UMK/ MO BCEM a5ieMeHTaM Habopa

20



Z1p

i COeANHUTb ABa CNUCKa B
CrMCOK nap

zip [1,2,3] [33,55,22]

[l
[(1,33), (2,55), (3,22)]

i

PasHoli aAnuHbl [0 ykopaumBaeM

zip (x:xs) (y:ys) =
(X,y) : zip Xs ys

zip [] _ =[]
zip _[] =[]

oAnu
zip _ _ =[]

21



Pattern binding

0 [TlycTb pyHKUMA BO3BpaLLAET
napy:
areaPerim r =
(3.14*r"2, 2*%3.14%r)
areaPerim 10 [ (314, 62.8)

0 Kak nonyuymTb pe3ynbtaT?

s fst n snd:

let res = areaPerim 10
in fst res / snd res

= CneBa oT = M.6. wabnoH:

let (s, p) = areaPerim 10
ins/p

N B nambaa-BblpaxeHUsaX:
cneBa OT -> MOryT bbITb
lWabnoHbI

map (\(x, y) -> X+y)) xs

[(1,2), (3,4)]
O[3, 7]

[MToxoxkaa Bewb B C++:

tie
tie(s, p) = areaPerim(10);

22



AATEOpPATYIECKIE TUITHI

AAHHDBIX




Kak Ha3BIBarOTCA CTAHAAPTHBIC TUIIBI?

1 Integer, Char, Bool, Double

0 Cnuncku
[Integer]

0 CTtpoka
String — cokpaweHune gns [Char]

0 KopTtexwu
(Integer, String)

24



data — IpocToit cAyJaii.

KOHCTPYKTOPHI
data Point = Pt Integer Integer 0 Pt - KOHCTpyKTOp
= CoBceM He TO, 4TO
Pt 33 50 KOHCTPYKTOP B 06bIYHbIX
A3blKax (X

= [lOXOXe Ha CTPYKTYypbl B
06bIYHbIX A3blKaX

= [ln4a aoctyna K nossm -
pattern matching

s 3aaaeTcs B data

s MOXEeT NCnoJib30BaTbCH B
pattern matching

= HauyumHaeTcs c 3arnaBHOM

abs (Pt x y) = sqrt (x"2+y~2) Oykael

= MOXHO OnpesenuTs u « WMa MoXeT coBnaaatb C
nMeHeM data:

MMEHOBAHHbIE NOJIS
data Point = Point Integer Integer

25



data ¢ BapmagTamMu

data Person =
Student String Integer Integer |
Professor String String

Student "Cunpgopos" 5 541
Professor "Ymxukos" "anrebpa”

[Student "Cupopos" 5 541,
Professor "Ymxukos" "anrebpa®,

Student “"Opnosa" 5 545]

0 MpuMmep dyHKkumn: hello
Person -> CTpoKa-rnpuBecTBue

hello (Student name _ _) =
"MpuseT, " ++ name
hello (Professor name _ ) =

"3apaBcTynTe, npodeccop "
++ name

0 Ewe npuMmep: BMecTo enum:
data Suit =
Spade | Heart | Club | Diamond

O V&



data c pekypcuBHBIM

OHP CACACHHUCM

data Tree = Empty |
Node Integer Tree Tree

Node 1 (Node 2 Empty Empty)
(Node 3 Empty Empty)

1
[\
2 3

olfMpumep: cymma
sumTree Empty = 0
sumTree (Node val | r) =
val + sumTree | + sumTree r

0 Kcratu: deriving Show

data Tree = Empty |
Node Integer Tree Tree

deriving Show

data Point = Pt Integer Integer
deriving Show

4T06bl MOXHO 6bINIO
neyartaTb

27



CHOBa PO PYHKIITNN
BBICITIETO ITOPAAKA




check

check cond [] = False
check cond (x:xs) =
if cond X
then True
else check cond xs

0 [Mpnmepbl BbI30OBA:
check (\x -> x * x <= 100) xs

mycond X = x*x < 100
check mycond xs

check mycond xs where
mycond X = x*x < 100

0 Ewe BapuaHT

check cond [] = False

check cond (x:xs) = cond x ||
check cond xs

29



Crasnpaprasle pyaknmn all i any

- MPOBEPUTb, YTO XOTHA Obl OANH 3NEMEHT YA40BNETBOPSAET YC/I0BUIO
any (\x->x»0) [5,-1,8] [1 True

— NPOBEPUTL, UTO BCE 3/1IEMEHTbI YA0BNETBOPAIT YC/IOBUIO
all (\x->x»0) [5,-1,8] [1 False

30



checkDifferent

checkDifferent [] = True 0  Crtunnb Haskell!!
checkDifferent (x:xs) = (ncnonb3oBaTtb QYHKLUN
if X coaepxutcs B xs BbICLLUEro nopsiaka)
then False
else checkDifferent xs 1 Ewe BapuaHT, 6e3 if
checkDifferent (x:xs) =
0 X COOAEpPXWUTCH B XS: not any (\t -> t == x) xs &&
check (\t -> t == x) xs checkDifferent xs

= Nnn any(\t->t==x)
0 bonee apdpekTnBHOE peweHne?

checkDifferent (x:xs) = = NLogN
if any(\t -> t == x) xs 1 Hanpumep, cHavana
then False OTCOPTUPOBATb

else checkDifferent xs

31



ACTUYHAS IIapaMETPU3AIINA

0 3agada 1: Hanucatb QyHKLUIO
AN BblYUNCNEHNSA KBagpaTHOMo
TpexuseHa

fabcx=a*x"2 + b*x +c

0 3apada 2: Ko BCceM aneMeHTaMm
CMUCKa NPUMEHUTb OYHKLUMIO
XN2+2*x+4

= [lpocToun cnocob:
map (\x ->f1 24 x) xs

= YacTnyHag napameTp3auus
map (f124) xs

O

MOXHO 3agdaBaTb 4YacTb
napamMeTpoB (TOJIbKO
HECKOJIbKO MepBbIX)

= [lonyyaetcsa dyHKUUNA OT
OCTaBLINXCS NapaMeTpoB

f124 - dyHKums oT X
f12-dyHKUNa ot c n X
f 1 - dyHkuna ot b, c n x

= MOXHO Ucnonb3oBaTb NMpu
onpeaeneHnn GyHKLNn

{f\
Wy

&

fl=f124



section

0 YacTnyHad napaMmeTpusaumda angd - MoxeT 6bITb
6MHapHbIX oNepaTopoB “uMs_yHKUMN®
(' mod 10)

(+2) — cokpaweHune ang \x -> x+2
(>0) - cokpaweHune anga \x -> x>0

) 0 Ewe BapuaHT checkDifferent
MoO>HO 3a4aBaTb /1t06on napamMeTp

(27) - cokpauenme Ans \X -> 27X chackDifferent (x:xs) =
not any(== x) xs &&

MO>XHO MCMNOJSIb30BaTb NMNepeMeHHble checkDifferent xs

N BblpaXeHUs:

(+a)
(+sin y)

33



