3aMeHa CUCTEMHOMN PeEKYPCUN CTEKOM. Pasbop

doopmyn npwu
NOMOLLIK CTEKa - be3 npuoputeTa n ¢ NPUOPUTETOM.
buHapHble gepeBba. buHapHblie oepeBba NOUCKa.
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Pekypcua n ee npobnemsbl

- Pekypcus npocTa 1 NoHATHa 4S9 Yenoseka

- MawwuHe npnxogntca XpaHnTb Kyyy MHdopmMaumnm
KpOMe MonesHbIX AaHHbIX (NOpsaoK Bbi30Ba
yHKUMI, UX NOKasnbHble JaHHbIE)

- Ecnn pekypcus rnyboka -- y KomrnbloTepa
Ha4YMHaTCA TPYAHOCTH

€mor: STACK OVERFLOW



Kak xpaHsaTca BbI30Bbl PYyHKUNNT? CTEK BbI3OBOB

Beluncnsaercsa: main(5)

def main(Al):
rl = submain(Al) + 1
return rl

def submain(A2):
r2 = subsubmain(A2) + 1

return r2
main()

def subsubmain(A3): A1=5

return 2 + A3



Kak xpaHsaTca BbI30Bbl PYyHKUNNT? CTEK BbI3OBOB

Beluncnsaercsa: main(5)

def main(Al):
rl = submain(Al) + 1

return rl
def submain(A2): Zgﬁrgmo
r2 = subsubmain(A2) + 1
return r2
main()
Al1=5

def subsubmain(A3):
return 2 + A3



Kak xpaHsaTca BbI30Bbl PYyHKUNNT? CTEK BbI3OBOB

Beluncnsaercsa: main(5)

def main(Al):
rl = submain(Al) + 1
return rl

def submain(A2):
r2 = subsubmain(A2) + 1
return r2

def subsubmain(A3):
return 2 + A3

subsubmain()
A3 =5

submain()
A2=5

main()
A1=5



Kak xpaHsaTca BbI30Bbl PYyHKUNNT? CTEK BbI3OBOB

Beluncnsaercsa: main(5)

def main(Al):
rl = submain(Al) + 1

return rl
def submain(A2): Zgﬁrgmo
r2 = subsubmain(A2) + 1 =8
return r2
main()
A1=5

def subsubmain(A3):
return 2 + A3



Kak xpaHsaTca BbI30Bbl PYyHKUNNT? CTEK BbI3OBOB

Beluncnsaercsa: main(5)

def main(Al):
rl = submain(Al) + 1
return rl

def submain(A2):
r2 = subsubmain(A2) + 1

return r2
main()
def subsubmain(A3): ﬁt:;

return 2 + A3



XBOCTOBas peKkypcud

def bitshift(arg, shift):
return arg if shift==0 else bitshift(arg//2, shift-1)

def bitshift(arg, shift):
for i in range(shift):
arg //= 2
return arg




XBOCTOBasi pekypcua”?

def factorial(arg):
return 1 if arg==0 else arg * factorial(arg-1)



QSort.

4 8 7
partition

1 8 7

partition partition

KakoBa oxungaemasi AnnMHa cTeka Bbi30BOB?
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Ecnn cTeka He xBaTaeT -- caenam CBou

Uto Byaem xpaHuTb B CcTeke?
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NHnumnaums

push( (0, 8) )

0,8
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Xopa pabotbl. [lo Havyana uukna

while stack is not empty:
start, end = pop()
pivot_pos = partition( start, end )
push( (start, pivot_pos) )
push( (pivot_pos+1, end) )

0,8
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Xop pabortbl.l[locne nepBoro uukna

while stack is not empty: -

start, end = pop()

pivot_pos = partition( start, end )
push( (start, pivot_pos) )

push( (pivot_pos+1, end) )
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Xop paborhl. [locrne cnegyrowero unkna

while stack is not empty:
start, end = pop()
pivot_pos = partition( start, end )
push( (start, pivot_pos) )
push( (pivot_pos+1, end) )

4,7

0,3
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Xop paborTel. [locrie elle Tpex LUMKNoB

while stack is not empty:
start, end = pop()
pivot_pos = partition( start, end )
push( (start, pivot_pos) )
push( (pivot_pos+1, end) )

0,3
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Xop paboTel. [Nocre eule napbl LUKIOB

Crek nycT. MaccuB oTCOPTUPOBAH.
KoHe4yHo He cTouT 3abbiBaTb 0 6a3oBOM
criyyae -- MaccuB U3 OHOIo driemMeHTa
BCeraa OTCopTUPOBaH

17



Pa3bop dpopmyn

CTek onepartopoB

CTtek uncen
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Pa3bop dpopmyn

2 +

A

CTek onepartopoB

CTtek uncen
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Pa3bop dpopmyn

2 4+ |3 4

&

CTek onepartopoB

CTtek uncen
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Pa3bop dpopmyn

2 4+ |3 4

A

CTek onepartopoB

CTtek uncen
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Pa3bop dpopmyn. BeINorHEHO crioXeHue

CTek onepartopoB CTtek uncen
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Pa3bop dpopmyn

2 4+ |3 4

()

CTek onepartopoB

CTtek uncen
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Pa3bop dpopmyn

2 4+ |3 4

)

CTek onepartopoB

CTtek uncen
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Pa3bop dpopmyn. BeINOMHEHO YMHOXEHME

CTek onepartopoB CTtek uncen

20
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Pa3bop dpopmyn

CTek onepartopoB

CTtek uncen

20
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Pa3bop dpopmyn

CTek onepartopoB

CTtek uncen

20
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Pa3bop dpopmyn

CTek onepartopoB

CTtek uncen

20
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Pa3bop dpopmyn

Ctek oneparopos

CTtek uncen

20
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Pa3bop dpopmyn

CTek onepartopoB CTek uncen
+ 5
( 2

20
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Pa3bop dpopmyn. BeinonHaem crnoxeHume

CTek onepartopoB CTtek uncen
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Pa3bop dpopmyn

A

Ctek oneparopos

CTtek uncen

20
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Pa3bop dpopmyn. 3akpbiBaemM CKObKM

A

CTek onepartopoB CTtek uncen

A 4yTO ecnu gBe
CKOOKM He Oblnu
6bl pagom B
cTeke?
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Pa3bop dpopmyn. lNocnegHee yMHOXEHME

A

CTek onepartopoB CTtek uncen

140
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[Mpmnoputet un
accouuaTUBHOCTb

- Onepauuu MMeKT pasHbI NPUOPUTET

- Onepauuu MOryT BbINOJTHATLCA B pa3HOM Mopsiake,
MHOrOa He cneea Hanpaso

- TpocTO BbIMNCNNTBL 3TO HE MONMY4YNTCS

2+2*21=8

2A2A3=7
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HoTauuwu

- OBbI4YHO Mbl UCNOSb3YyEM MHGUKCHYIO HOoTaumio (2 + 2)

- To e camoe MOXHO 3anucatb B nNpeduKCHOM HoTaumn (+ 2 2) nnn nocTUKCHOM
HoTaumn (2 2 +)

- [locTdmkcHas HoTauma HasbiBaeTCA 10/1bCKOU obpamHou Homauueu

- Takast HoTaums npoue pasbupaeTcs Ha KOMMblOTEPe

[ns pasbopa BblpaXeHUs1 C NPMOPUTETOM Ha NPUAETCH CHavana nepeBecTy BbipaXKeHue B
0o6paTHYH NOMNbCKYI0 HOTALIMIO U TONbKO 3aTEM BbIYUCINUTD.
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AnropuTtm

- Ecnv Buaum 4mcno -- n1Mem ero B BbIXOOHY odepeb
- Y onepatopoB HEOGX0ANMO NPOBEPUTL MPUOPUTET.
- Ecnu cTek nycT nnu onepauun B HEM UMEIT MEHbLLINIA NPUOPUTET -- NOMELLLaeEM
ornepaTop B CTek
- Ecnu onepauus B cTeke Gonblie U paBHa rno npuopuTeTY -- U3BMNEKaeM ee u3
CTeKa 1 NepeHoCMM B ovepe/b Noka BbINONHAETCA 310 ycrosue. [lobaBnsaem
oneparop B CTek
- [pwn BCcTpeye co ckobKoW -- OCTaeM U3 CTeKa Bce 40 OTKPbIBatOLLIE CKOOKM U
nepeHocum B odepenb
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[Tpumep

2+3+3%(1+2)

Cumson Onepauus CTek Bbixo4Has CTpPoOKa
2 [06aBUTbL K BbIXOAHOW CTPOKe 2
+ NOMeCcTUTb B CTeK + 2
3 [o06aBUTb K BbIXOAHOW CTPOKe + 23
+ 1) NpycoeaAnHUTb CTEK B 06paTHOM NMopsaaKe K BbIXOAHOW CTPOKE; 2) NOMECTUTb HOBYIO ONepauuio B CTeK. + 2,3+
3 [06aBUTb K BbIXOAHOW CTPOKe + 2,3,+,3
* NOMECTUTb B CTeEK . 2,3,+&; 3
( NOMeCcTUTb B CTEK 4+ 2,-3,755°3
1 n06aBUTb K BbIXOAHOW CTPOKE +,%, ( 2;3, +:°3, 1
+ NoMecTUTb B CTEK +: % Gk 2,:3;+:3,1
2 [06aBuTb K BbIXOAHOW CTPOKe +, % (, + 2,3,+,3,1,2
) 1) NpUCcoefnHUTbL COAEPXKUMOE CTeKa A0 CKOBKK B obpaTHOM NopsaaKe K BbIXOAHOW CTPOKe; 2) yaannTb CKOBKY U3 cTeka. +, * 2,3,+,3,1,2, +

23+312+*+ 38



BbluncneHue

23+312+*+

+

*
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BbluncneHue

23+312+*+

+

*
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BbluncneHue

23+312+*+

+

*
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BbluncneHue

23+312+*+

+

*
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BbluncneHue

23+312+*+

+

*
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BbluncneHue

23+312+*+

+

*
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BbluncneHue

23+312+*+

+

*
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BbluncneHue

23+312+*+

+

D *
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BbluncneHue

23+312+*+

[+

*




BbluncneHue

23+312+*+

+

*

14
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BbluncneHue

23+312+*+

+

*

14
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buHapHble oepeBbs.

e CocTouT U3 anemeHToB (HoA)
Kaxxgas Hoga XpaHUT 3Ha4YeHMe U CCbINKM Ha HEKOTOPbIe Apyrue Hoaa.

e JOTUMM OPYrMMUM HOgaMU MOTYT BbITb poaUTENbCKas Hoaa, NEBbIN NOTOMOK U
npasbI MOTOMOK.

i
Poautenb = @
/

/ \\

3HayeHue
(OOOZ) @) 06 ( 0008)
\// B
JleBbIN NOTOMOK MpaBbI NOTOMOK

https://www.cs.usfca.edu/~galles/visualization/BST.html
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buHapHble oepeBbsa Noucka. BcTaBka anemMeHTa
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BuHapHble gepeBbsa noucka. Nouck anemeHTa
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BuHapHble oepeBbsi noucka. YaaneHume anemeHTa.

Cny4yan nepsbi. Korga notomkoB Het. Yaansem 40.
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buHapHble OepeBbs NOUCKa. YaaneHne anemMeHTa.

e Cnyyau BTopoun. Korga korga ectb oguH NoTOMOK. Yaansiem 15.

oo )
m/( )
!
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buHapHbIe AepeBbsA NouUcka. YaaneHme afieMeHTa.

e Cny4an tpetuin. Korga notomkoB aga. Yaansem 30.
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Bpemsa paboTtsl buuHapHoro gepesa noucka.

B cpeaHem cnyyae B xygwem crnyyae

[lo6asneHue anemeHTa O(logN) O(N) -
x
Mouck anemeHTa O(logN) O(N) 0015 )
.
YpaneHve anemeHTa O(logN) O(N) |
.
W s 4
¥y 4 "

Xyawmunm cny4yan
Tyswwmn cnyqan https://www.cs.usfca.edu/~galles/visualization/BST.html
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