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CopepxaHue

o AATOPUTMBI COPTUPOBKU
@ TTocTaHOBKA 3apaduu
@ BricTpast COpTUPOBKa
o CopTUPOBKA CAUSHUEM
@ CopTHUPOBKa C IIOMOIIBIO Ky4H

Q AATOPUTMBI B CMEXXKHBIX 3apadax
@ MoTuBanus
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AATOPUTMEI COPTUPOBKH TMocTaHOBKa 3apaun

[locTaHOBKa 3apauu

IMTocTaHoOBKa 3aAaUH:
@ Ectn MaccuB U3 n 00LEKTOB: Ay, A1, ..., Un_1.

o K mpumepy, 3TO MOTYT OBITH YHCAQ, TTapbl UMCEA, CTPOKH,
IIOCAEAOBATEABHOCTH, . . .

AAst K&KAOU 1Iapel 00BEKTOB (X, y) U3BECTHO, BEPHO AU, YTO
x <y.

Hy>XHO pacrionOKUTE 3TH OO'BEKTHI B MOPSIAKE HEeyObIBAHUS.

QOopMarbHO, HY>KHO HAWUTU TaKylO I1epeCTaHOBKY Do, D1 - - -
Pn—1, 9TO Upy < Ap, < ... < Ap,_,-
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AATOPUTMEI COPTHPOBKHA TMocTaHOBKa 3apaun

[locTaHOBKa 3apauu

IMTocTaHoOBKa 3aAaUH:
@ Ectn MaccuB U3 n 00LEKTOB: Ay, A1, ..., Un_1.

o K mpumepy, 3TO MOTYT OBITH YHCAQ, TTapbl UMCEA, CTPOKH,
IIOCAEAOBATEABHOCTH, . . .

AAst K&KAOU 1Iapel 00BEKTOB (X, y) U3BECTHO, BEPHO AU, YTO
x <.

DopMarbHO, HY)KHO HAUTH TaKylO IIEPECTaHOBKY Po, Pi, - - -
Pn—1, 9TO Upy < Ap, < ... < Ap,_,-
Kputepun kauecTBa:

@ Bpems pa6orer: O(n?), O(nlogn), O(n), ...

@ AOIIOAHUTEABHO HCHOAB3yeMast namsate: O(n), O(1), ...

@ YCTOMUYMBOCTB: COXPaHSIETCS AWM UCXOAHBIU ITOPSAOK AAS
PaBHBLIX OOBEKTOB.

Weau Kasmernko et al. (CII6IY) CopTupoBKa 01.10.2024
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AATOPUTMEI COPTHPOBKIA BricTpas copTupoBka

BricTpas copTupoBKa

HNaess — aaroput™m Q {QuickSort):

Ql. BribepeM OAUH 3AEMEHT X = Q.

Q2. TlocTaBuUM X Ha TO MECTO, TA€ OH OKa>keTCs TTOCAe
COPTUPOBKMU.

Q3. IlocTaBuUM cAeBa OT X BCe DAEMEHTHI < X, @ CIIpaBa BCe
AAEMEHTHI > X.

Q4. OTcopTHPYyeM PEKYPCUBHO ITOAYUYUBIINECS AEBYIO U IIPABYIO
YacTH.
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Ql. BribepeM OAUH 3AEMEHT X = Q.

Q2. TlocTaBuUM X Ha TO MECTO, TA€ OH OKa>keTCs TTOCAe
COPTUPOBKMU.

Q3. IlocTaBuUM cAeBa OT X BCe DAEMEHTHI < X, @ CIIpaBa BCe
AAEMEHTHI > X.

Q4. OTcopTHPYyeM PEKYPCUBHO ITOAYUYUBIINECS AEBYIO U IIPABYIO
YacTH.

Kak BBIMOAHUTH IYHKTH Q2 1 Q3 — aaroputMm P (Partition):

P1. HalipéM y — caMbIW AE€BBLIM 3AE€MEHT, He MEHBIINU X.

P2. HaMipéMm z — caMbIlt IIpaBbIY IAEMEHT, He OOABIIUY X.

P3. EcAmM y CTOUT AeBee 7, TIOMeHSIeM MeCTaMU ¥ M Z M 3allyCTUM
aATOPUTM P AAS OTpe3Ka MacCuBa MeKAY HUMU.

P4 . B mpoTWMBHOM cAydae paboTa aAropuTMa P 3aBepllieHa.

Weau Kasmernko et al. (CII6IY) CopTupoBKa 01.10.2024 5/39



AATOPUTMEI COPTHPOBKH BricTpas copTupoBka

BricTpas copTupoBKa

HNaess — aaroput™m Q {QuickSort):

Ql. BribepeM OAUH 3AEMEHT X = Q.

Q2. TlocTaBuUM X Ha TO MECTO, TAE€ OH OKa’>kKeTCSI TIOCAE
COPTUPOBKM.

Q3. IlocTaBuUM cAeBa OT X BCe DAEMEHTHI < X, @ CIIpaBa BCe
AAEMEHTHI > X.

Q4. OTcopTHPYyeM PEKYPCUBHO ITOAYUYUBIINECS AEBYIO U IIPABYIO
YacTH.

Kak BBIMOAHUTH IYHKTH Q2 1 Q3 — aaroputMm P (Partition):

P1. HalipéM y — caMbIW AE€BBLIM 3AE€MEHT, He MEHBIINU X.

P2. HaMipéMm z — caMbIlt IIpaBbIY IAEMEHT, He OOABIIUY X.

P3. EcAmM y CTOUT AeBee 7, TIOMeHSIeM MeCTaMU ¥ M Z M 3allyCTUM
aATOPUTM P AAS OTpe3Ka MacCuBa MeKAY HUMU.

P4 . B mpoTWMBHOM cAydae paboTa aAropuTMa P 3aBepllieHa.

3aMeTHM, 4TO aAropuTM P paboTaeT 3a AMHEMHOe BpeMsi OT AAWHBI

MaCCHBaA.
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AATOPUTMEI COPTHPOBKIA BricTpas copTupoBka

BbeicTpasa coptupoBka: Hoare partition

quick_sort (a, 1, r):
ifr - 1<=1:
return
x = al[random (1, r)]
m = partition (a, 1, r, x)
quick_sort (a, 1, m)
quick_sort (a, m, r)
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AATOPUTMEI COPTHPOBKIA BricTpas copTupoBka

BbeicTpasa coptupoBka: Hoare partition

quick_sort (a, 1, r): partition (a, 1, r, x):
ifr - 1<=1: i=1, j=r-1
return while i <= j:

X = al[random (1, r)] while a[i] < x:
m = partition (a, 1, r, x) i +=1
quick_sort (a, 1, m) while x < a[j]:
quick_sort (a, m, r) j-=1

if i > 3:

break
swap (alil, aljl)
i+=1, Jj -=1

return i
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AATOPUTMEI COPTHPOBKIA BricTpas copTupoBka

BeicTpasg coOpTUpOBKAa: AABTEPHATUBHBIU KOA

Q quick sort (a, 1, r):
ifr-1<=1:
return
Q1 x = a[random (1, r)]
i=1, j=r -1

Q4 quick_sort (a, 1, i)
Q4 quick_sort (a, i, r)

Wean Kasmenko et al. (CII6IY) CopTupoBKa

01.10.2024
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AATOPUTMEI COPTHPOBKIA BricTpas copTupoBka

BeicTpasg coOpTUpOBKAa: AABTEPHATUBHBIU KOA

Q quick sort (a, 1, r):

if r -1 <= 1:
return

Q1 x = a[random (1, r)]
i=1, j=r -1

P while 1 <= j:

Pl while a[i] < x:

Pl i+=1

P2 while x < a[j]:

P2 j-=1

P4 if i > J:

P4 break

P3 swap (a[i], aljl)

P3 i+=1, j -=1

Q4 quick_sort (a, 1, i)

Q4 quick_sort (a, i, r)
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MBaun Kasmenko et al. (CII6IY)

AATOPUTMEI COPTHPOBKIA

quick_sort (a, 1, r):
ifr - 1<=1:

return
x = al[random (1, r)]
ml, mr = partition (a, 1, r, x)
quick_sort (a, 1, ml)
quick_sort (a, mr, r)

CopTupoBKa

BrICTpasi copTHPOBKA

beicTpasa coptupoBka: Lomuto partition

partition (a, 1, r, x):
i=1
while i < r:
if a[i] < x:
swap (al[l++], al[i++])
else if x < a[il:
swap (al--r], alil)
else:
i4=1
return 1, r
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BeicTpasg copTrpoBKa: aHAAU3

O0611Me HabAIOACHUS:

e Ha raxaom YPOBHE BAOKEHHOCTU PEKYPCHUU AATOPUTMA Q
OTpPe3KU, Ha KOTOPbIX OH 3allyCKaeTCs, He UMeloT O6H_II/IX
TOYEK.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOe BpeMidAd OT AAMHEBI OTPE3Ka.

e OoOrmee BpeMst paboTsl — O(n - d), TAe d — MaKCUMaAbHBIH
YPOBEHb BAOKEHHOCTU PEKYPCHH.
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BeicTpasg copTrpoBKa: aHAAU3

O0611Me HabAIOACHUS:

e Ha raxaom YPOBHE BAOKEHHOCTU PEKYPCHUU AATOPUTMA Q
OTpPe3KU, Ha KOTOPbIX OH 3allyCKaeTCs, He UMeloT O6H_II/IX
TOYEK.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOe BpeMidAd OT AAMHEBI OTPE3Ka.

e OoOrmee BpeMst paboTsl — O(n - d), TAe d — MaKCUMaAbHBIH
YPOBEHb BAOKEHHOCTU PEKYPCHH.

AyUIlINA CAyYal:
@ ITycTh KaskKABIN OTPE30K AGAUTCSI aATOPUTMOM P TIOPOBHY.
e Torpa d = logy n u o61ee Bpemst paboTsl — O(nlogn).

o Ha mpakTHKe CAOKHO BBIOPATH X Tak, YTOOBI TTOAEAUTH
OTPEe30K [IOPOBHY.
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BeicTpasg copTrpoBKa: aHAAU3

O0611Me HabAIOACHUS:

e Ha raxaom YPOBHE BAOKEHHOCTU PEKYPCHUU AATOPUTMA Q
OTpPe3KU, Ha KOTOPbIX OH 3allyCKaeTCs, He UMeloT O6H_II/IX
TOYEK.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOe BpeMidAd OT AAMHEBI OTPE3Ka.

e OoOrmee BpeMst paboTsl — O(n - d), TAe d — MaKCUMaAbHBIH
YPOBEHb BAOKEHHOCTU PEKYPCHH.

XYALINHA CAyYAU:
e ITycTh KaKABIN OTPE30K AGAUTCS] AATOPUTMOM P Ha 9acTh U3
OAHOI'O DAEMEHTa U 4acCTh W30 BCeX OCTABIIMXCS.
e Torpa d = n — 1 u obiee Bpemst paboTsl — O(n?).

o Hanpumep, Tak OyaeT, eCAM BCe YMCAA PA3AWYHEL, & B
KauecTBe X Ha Ka’KAOM OTpe3Ke BhIOMpaeTcs AMOO caMbIi
MAaAEHbKUM, AUOO caMbIli OOABIIION BAEMEHT 3TOI'0 OTpe3Ka.
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BeicTpasg copTrpoBKa: aHAAU3

O0611Me HabAIOACHUS:

@ Ha xa’kpOM ypOBHE BAOKEHHOCTU PEKYPCHUU aATOPUTMA Q
OTPEe3KH, Ha KOTOPLIX OH 3allyCKaeTcs, He UMeIOT OOIIUX
TOUEK.

@ AaroputM P paboTaeT 3a AUHeHHOe BpeMsl OT AAUHBI OTpe3Ka.

e Obiee Bpemst paborsl — O(n - d), rae d — MaKCUMAaAbHBIN
YPOBEHb BAOKEHHOCTU PEKYPCHUHU.

Cpepnuil cAydai:

o [TycTh BEIGOP X CAyUYaeH.

@ Torpa c BEpPOSTHOCTBHIO > % B K&’KAOM OTpe3Ke AAWHEL Il
BBIOUPAETCS PA3AEAUTEAD, TTOMAAQIONIUN B TTO3ULIUU [%n; %n].

@ 3HAUUT, B CPeAHEM Ka’KAOe BTOPOE Pa3jpeAeHNe AeAUT
OTPE30K B OTHOIIEHUM He Oonee 3 : 1 (OOABIIAsA 4acTh UMeeT
AAUHY < %n).

o [TosToMy cpepHsa TAyOMHA peKypcuu OyAeT He OOABIIIe
2-log 4 1.
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AATOPUTMEI COPTUPOBKH COpPTUPOBKA CAUSHUEM

CopTupOBKa CAMSTHUEM

HNaesa — aaroputm M (MergeSort):
M1. TlopeAMM MacCHUB Ha ABe paBHBIE 10 AAWHE YacTH.
M2 . OTcopTupyeM PeKypPCHBHO AEBYIO U IIPABYIO YacCTH.

M3. M3 AByX OTCOPTHUPOBAHHBIX TTOAOBUH TTOAYUUM
OTCOPTUPOBAHHBIA MaCCUB.
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AATOPUTMEI COPTHPOBKHA COpPTUPOBKA CAUSHUEM

CopTupOBKa CAMSTHUEM

HNaesa — aaroputm M (MergeSort):
M1. TlopeAMM MacCHUB Ha ABe paBHBIE 10 AAWHE YacTH.
M2 . OTcopTupyeM PeKypPCHBHO AEBYIO U IIPABYIO YacCTH.

M3. M3 AByX OTCOPTHUPOBAHHBIX TTOAOBUH TTOAYUUM
OTCOPTUPOBAHHBIA MaCCUB.

Kax BBIMOAHUTH IYHKT M3 — aaropuTM MS (Merge Segments):
MS1. PaccMoTpuM HepBhie UMCAa A€BOM U IIPaBOM 4YacTel.

MS2. BribepeM M3 HUX MUHUMAABHOE, AOIIHUIIEM €ro K OTBETY U
YAQAKM M3 COOTBETCTBYIOIIEN YACTH.

MS3. EcaAu opHaA M3 YacTeU IyCTa, ACIHUIIEM K OTBETY APYTYIO
4acTb LIEAUKOM.

MS4. B IpOTHBHOM CAydae NeperpEM K mary MS1.
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AATOPUTMEI COPTHPOBKHA COpPTUPOBKA CAUSHUEM

CopTupOBKa CAMSTHUEM

HNaesa — aaroputm M (MergeSort):
M1. TlopeAMM MacCHUB Ha ABe paBHBIE 10 AAWHE YacTH.
M2 . OTcopTupyeM PeKypPCHBHO AEBYIO U IIPABYIO YacCTH.

M3. M3 AByX OTCOPTHUPOBAHHBIX TTOAOBUH TTOAYUUM
OTCOPTUPOBAHHBIA MaCCUB.

Kax BBIMOAHUTH IYHKT M3 — aaropuTM MS (Merge Segments):
MS1. PaccMoTpuM HepBhie UMCAa A€BOM U IIPaBOM 4YacTel.

MS2. BribepeM M3 HUX MUHUMAABHOE, AOIIHUIIEM €ro K OTBETY U
YAQAKM M3 COOTBETCTBYIOIIEN YACTH.

MS3. EcaAu opHaA M3 YacTeU IyCTa, ACIHUIIEM K OTBETY APYTYIO
4acTb LIEAUKOM.

MS4. B IpOTHBHOM CAydae NeperpEM K mary MS1.

3aMeTHnM, UYTO aATOPUTM MS paboTaeT 3a AMHEHHOe BpeMsl OT
AAVHBI MacCHUBa.
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AATOPUTMEI COPTUPOBKH COpPTUPOBKA CAUSHUEM

CopTHUpOBKa CAUMSTHUEM: KOA

merge sort (a, 1, r):
ifr-1<=1:
return
m=(1L+r) / 2
merge_sort (a, 1, m)
merge sort (a, m, r)
merge segments (a, 1, m, r)

VBau Kasmenko et al. (CII6IY) CopTupoBKa 01.10.2024
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AATOPUTMEI COPTUPOBKH COpPTUPOBKA CAUSHUEM

CopTHUpOBKa CAUMSTHUEM: KOA

merge sort (a, 1, r):
ifr-1<=1:
return
m=(1L+r) / 2
merge_sort (a, 1, m)
merge sort (a, m, r)
merge segments (a, 1, m, r)

merge_segments (a, 1, m, r):
i=1, j=m k=1
while i < mor j < r:
if jJ >= r or (i < m and al[i] <= al[jl]):
bl[k++] = al[i++]
else:
bl[k++] = a[j++]
a[l..r] = b[l..r]

VBau Kasmenko et al. (CI16IY) CopTupoBKa 01.10.2024
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AATOPUTMEI COPTUPOBKH COpPTUPOBKA CAUSHUEM

CopTHUpPOBKa CAMSHUEM: aAbTEPHATUBHBIN KOA

M merge_sort (a, 1, r):
ifr -1<=1:
return
M1 m=(lL+r) /2
M2 merge_sort (a, 1, m)
M2 merge_sort (a, m, r)
i=1, j=m k=1
MS while 1 < m or j < r:
MS1 if j >= r or (1 < m and a[i] <= a[j]):
MS2 blk++] = a[i++]
else:
MS2 blk++] = a[j++]

MS4 al[l..r] = b[l..r]
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AATOPUTMEI COPTUPOBKH COpPTUPOBKA CAUSHUEM

CopTHUpPOBKa CAMSHUEM: aHaAU3

O0611Me HabAIOACHUS:

o Ha Ka>kpOM ypOBHE BAOXKEHHOCTH PEKYPCHUM asropurma M
OTPEe3KU, Ha KOTOPBIX OH 3aITyCKaeTcs, He UMEeIOT OOITHUX
TOYEK.

@ Aaropurm MS paboTaeT 3a AMHEVMHOe BpeMs OT AAUHBI
oTpe3Ka.

e O6iuee Bpemst paborsl — O(n - d), rae d — MaKCUMAaAbHBIN
YPOBEHBL BAOKEHHOCTU PEKYPCHUU.

Meau Kasmernko et al. (CIIGIY) CopTupoBKa 01.10.2024 13/39



AATOPUTMEI COPTUPOBKH COpPTUPOBKA CAUSHUEM

CopTHUpPOBKa CAMSHUEM: aHaAU3

O0611Me HabAIOACHUS:

o Ha Ka>kpOM ypOBHE BAOXKEHHOCTH PEKYPCHUM asropurma M
OTPEe3KU, Ha KOTOPBIX OH 3aITyCKaeTcs, He UMEeIOT OOITHUX
TOYEK.

@ Aaropurm MS paboTaeT 3a AMHEVMHOe BpeMs OT AAUHBI
oTpe3Ka.

e O6iuee Bpemst paborsl — O(n - d), rae d — MaKCUMAaAbHBIN
YPOBEHBL BAOKEHHOCTU PEKYPCHUU.

Crnenmcuka arropurMma:
@ KaskKABIM OTPe30K AEAUTCS aATOPUTMOM MS TTIOpDOBHY.

e 3uauurt, d = log, n u oGmiee Bpems paborsr — O(n log n).
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AATOPUTMEI COPTUPOBKH COpPTUPOBKA CAUSHUEM

CopTHUpPOBKa CAMSHUEM: aHaAU3

O0611Me HabAIOACHUS:

o Ha Ka>kpOM ypOBHE BAOXKEHHOCTH PEKYPCHUM asropurma M
OTPEe3KU, Ha KOTOPBIX OH 3aITyCKaeTcs, He UMEeIOT OOITHUX
TOYEK.

@ Aaropurm MS paboTaeT 3a AMHEVMHOe BpeMs OT AAUHBI
oTpe3Ka.

e O6iuee Bpemst paborsl — O(n - d), rae d — MaKCUMAaAbHBIN
YPOBEHBL BAOKEHHOCTU PEKYPCHUU.

Crnenmcuka arropurMma:

@ KaskKABIM OTPe30K AEAUTCS aATOPUTMOM MS TTIOpDOBHY.

e 3uauurt, d = log, n u oGmiee Bpems paborsr — O(n log n).
Hcnoab3dyeMas 1aMsTh:

@ 3aMeTHM, UTO AAS MaccuBa b TpeGyetcst O(n)
AOTIOAHUTEABHOW TIaMSITH.
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CopTUpOBKa C IIOMOIIBIO Ky4H

ABOMYHasT Ky4a — 9TO MaccuB a[0..n), B KOTOPOM BBITTOAHEHBI
cootHomeHus alk| > a[2k + 1] u alk] > a[2k + 2] (cBoiicTBO Kyun)
AASI BCEX K, AASI KOTOPBIX CYUIECTBYIOT COOTBETCTBYIOIIHE IIaphI.

WBan Kasmenko et al. (CIIGLY)
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AATOPUTMEI COPTHPOBKIA COpTUPOBKA C TOMOIILIO Ky9n

CopTUpOBKa C IIOMOIIBIO Ky4H

ABOMYHasT Ky4a — 9TO MaccuB a[0..n), B KOTOPOM BBITTOAHEHBI
cootHomeHus alk| > a[2k + 1] u alk] > a[2k + 2] (cBoiicTBO Kyun)
AASI BCEX K, AASI KOTOPBIX CYUIECTBYIOT COOTBETCTBYIOIIHE IIaphI.

Hpest — pentuM 3apady B ABa JTama:
H. CnHauaaa mpeobpa3yeM MacCuB B ABOUYHYIO Ky4Uy.

HA. 3aTeM M3 ABOUYHOU KY4YHM CAEAaeM OTCOPTUPOBAHHBIN MaCCHB.

WBan Kasmenko et al. (CIIGLY)
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MIOMOIIBIO Ky4YW: aATOPUTM

Aaroputm H (Heapify):

H1. PaccMaTpuBast BEpIUIVHBI OT IIOCAEAHEHN K IIEPBOH,
IIOCAEAOBATEABHO AOOBLEMCSI TOr'O, YTOOBI AAS
paccMaTpuBaeMOM BepIIWHEBI, & TaKKe AAS BCeX BEPIIUH C
OOABIIIMM HOMEPOM, OBIAO BBITOAHEHO CBOWCTBO KYUM.
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AATOPUTMEI COPTHPOBKIA COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MIOMOIIBIO Ky4YW: aATOPUTM

Aaroputm H (Heapify):

HI1.

PaccmaTpuBasg BepIIMHBI OT TTOCAEAHEN K IIEPBOM,
IIOCAEAOBATEABHO AOOBLEMCSI TOr'O, YTOOBI AAS
paccMaTpUBAEMOM BEPIINHEBI, @ TAKKe AAS BCEX BEPLIUH C
OOABIIIMM HOMEPOM, OBIAO BBITOAHEHO CBOWCTBO KYUM.

Aaroputm HA (HeapToArray):

HA1.

HA2.
HA3.

HA4 .
HAS.

M3BAeuéM M3 KyYU HAUOOABITHM DAEMEHT {3TO BCETAA DAEMEHT
¢ Homepowm 0).

I[TomeHsieM ero MecTaMu C I[IOCACAHUM IAEMEHTOM Ky4dU.

YMeHBIIMM pa3Mep KyuM Ha 1, a MOCAepAHUN dAeMEeHT OO'bABUM
3AEMEHTOM HTOrOBOT'O MAaCCHBA.

BoccTaHOBUM AASL TIEPBOTO 3AEMEHTA CBOUCTBO KYUU.

Ecam Kyua emé He 1IycTa, IeperpEéM K mary HAL.
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MOMOIIBIO Ky4YH: TTOA3aAQYa

IToazapaua Anad aATOpUTMOB H 1 HA:
@ AaHBI MacCUB a[O..n) W HOMEP dAeMeHTa B HEM k.

@ M3BeCTHO, UTO AASL BCEX BAEMEHTOB C OOABIIMM HOMEPOM
CBOVICTBO KYYU BBIITOAHEHO.

e TpeGyeTcst CAEAQTh TaK, YTOOLI OHO OBIAO BBITTOAHEHO W AAST
alk].
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AATOPUTMEI COPTHPOBKIA COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MOMOIIBIO Ky4YH: TTOA3aAQYa

IToazapaua Anad aATOpUTMOB H 1 HA:
@ AaHBI MacCUB a[O..n) W HOMEP dAeMeHTa B HEM k.

@ M3BeCTHO, UTO AASL BCEX BAEMEHTOB C OOABIIMM HOMEPOM
CBOVICTBO KYYU BBIITOAHEHO.

@ TpebGyercsa cAeraThb TaK, YTOOBI OHO OBIAO BBIIOAHEHO W AAS
alk].
Pemrenne — aaropurm SD (SiftDown):

SD1. Ecau 2k + 1 >=n, CBOUCTBO KYYU BBIIOAHEHO
aBTOMATUYECKHU.

SD2. B mpoTuBHOM cAyuae BeiOepeMm u3 a[2k + 1] u a[2k + 2]
HaUuOOABIINN 3A€MEHT X.

SD3. Ecam alk] > x, CBOMCTBO Ky4YH BBITOAHEHO.

SD4. Muaue momeHsieM MecTaMu alk| u x, ocAe yero 3amycTUM
aAroOpUTM SD AASL HOMEpPa dA€MEeHTa X.
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHPOBKAa C TTOMOIIBIO KyYHU: KOA

heapify (a, n):
for i = (n - 1) / 2 downto O:
sift_down (a, i, n)

VBau Kasmenko et al. (CII6IY) CopTupoBKa 01.10.2024
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHPOBKAa C TTOMOIIBIO KyYHU: KOA

heapify (a, n): heap_to_array (a, n):
for i = (n - 1) / 2 downto O: for i = n - 1 downto 1:
sift_down (a, i, n) swap (a[0], al[i])

sift down (a, 0, 1)

VBau Kasmenko et al. (CII6IY) CopTupoBKa 01.10.2024 17/39



AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHPOBKAa C TTOMOIIBIO KyYHU: KOA

heapify (a, n): heap_to_array (a, n):
for i = (n - 1) / 2 downto O: for i = n - 1 downto 1:
sift_down (a, i, n) swap (a[0], al[i])

sift down (a, 0, 1)

sift_down (a, i, n):
y = al[i]
while True:
J=1*2+1
if j >= n:
break
if j + 1 < n and al[j] < a[j + 1]:
j+=1
if y >= al[jl:
break
ali] = alj]
1=7
a[i] =

y
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MTOMOIIBIO KyYHW: aHAAU3

O0611Me HabAIOACHUS:

e Aaropurm SD pabotaet 3a O(logn): Ha KaXkAOM IlIare HOMep
3AeMeHTa yBEeAMYMBAeTCsl XOTsi Obl BABOE.

e Aaroputm HA paGotaeT 3a O(nlogn): on n — 1 pa3 BbI3BIBaeT
AATOPUTM SD AAY KyuM M3 n, n— 1, ..., 2 3AeMEHTOB.

e AaropurM H paGoraer 3a O(nlogn): oH n/2 pa3 BbI3bIBaeT
aAropuT™ SD.

e OoCree BpeMst pabotsl — O(n log n).
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MTOMOIIBIO KyYHW: aHAAU3

O0611Me HabAIOACHUS:

e Aaropurm SD pabotaet 3a O(logn): Ha KaXkAOM IlIare HOMep
3AeMeHTa yBEeAMYMBAeTCsl XOTsi Obl BABOE.

e Aaroputm HA paGotaeT 3a O(nlogn): on n — 1 pa3 BbI3BIBaeT
AATOPUTM SD AAY KyuM M3 n, n— 1, ..., 2 3AeMEHTOB.

e AaropurM H paGoraer 3a O(nlogn): oH n/2 pa3 BbI3bIBaeT
aAropuT™ SD.

e OoCree BpeMst pabotsl — O(n log n).
Ha camom pene aaroputm H paGortaeT 3a O(n).
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MTOMOIIBIO KyYHW: aHAAU3

Ha camom pene aaroputm H pabdotaet 3a O(n).
IToapoOHBIM aHaAU3 aAropuTMa H:
@ DAeMeHTOB Ky4H, AAS KOTOPBIX aArOpUTM SD pAeaaeT MHOI'O
HIaroB, HEMHOTO.

o AAst % SAEMEHTOB C HOMEepaMu % -1, % -2, ... % OH AeAaeT He
OoAee OAHOTO ITara.
@ AASl g DAEMEHTOB C HoMepaMM y — 1, § —2, ..., g OH AenaeT He

Oonee ABYX IIArOB.
° ...

@ MaKcuMaAbHOE KOAMYECTBO IIaroB (logn) aAropuT™M MOKeT
CAEAAThb TOABKO AAS dAeMeHTa ¢ HoMepoM 0.
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AATOPUTMEI COPTUPOBKH COpTUPOBKA C TOMOIILIO Ky9n

CopTHpOBKa C MTOMOIIBIO KyYHW: aHAAU3

Ha camom apene aaroputm H paGoraet 3a O(n).

n n n
S 4243 4. =
4+ 8+ 16+
4 8 16 7 =2
E_|_£_|_ + (<E)
8 16 !
£+ + (<E)
16 8
<
n+n+n+ <
2 4 8 N

Tem He MeHee, Bcsi copTupoBka paboraet 3a O(nlogn).
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AATOPUTMEI B CMEJKHBIX 3aAZ

CopepxaHue

Q AATOPUTMBI B CMEXXKHBIX 3apadax
@ MoTuBanus
@ [TopsipAkoBas cTaTHUCTHKA
@ [Toacu€T KoAnvYecTBa WHBEPCUU
@ ABomuHad Kyua

renko et al. (CIIoIY) CopTupoBKa 01.10.2024
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AATOPUTMEI B CMEKHBEIX 3aAa9ax MoTusanus

MoTuBaiius
C++: std::sort (a, a + n)
Java: Arrays.sort (a)
C#, Visual Basic .NET: Array.sort (a)
Kotlin, Python, Rust: a.sort ()
D, PascalABC .NET: sort (a)
Haskell: sort a
C: gsort (a, n, sizeof (int), cmp)

MO>KHO MCHIOAB30BaTh OMOAMOTEUHYIO (PYHKITMIO COPTUPOBKH.
3ayeM 3HaTb, Kak OHa paboTaeT?
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AATOPUTMEI B CMEKHBEIX 3aAa9ax MoTusanus

MoTuBaiius

C++:

Java:

C#, Visual Basic .NET:
Kotlin, Python, Rust:
D, PascalABC .NET:
Haskell:

C:

std::sort (a, a + n)
Arrays.sort (a)
Array.sort (a)
a.sort ()

sort (a)

sort a

int cmp (const void * a, const void * b)

{return * (int *) a - * (int *) b;}

gsort (a, n, sizeof (int), cmp)

MO>KHO MCHIOAB30BATh OMOAMOTEUHYIO (PYHKITMIO COPTUPOBKH.
3ayeM 3HaTb, Kak OHa paboTaeT?

WBan Kasmenko et al. (CIIGLY)

CopTupoBKa 01.10.2024
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AATOPUTMEI B CMEKHBEIX 3aAa9ax MoTuBanus

MoTuBaiius

PazanuHbIe aATOPUTMBI COPTUPOBKHY, B cpepaHeM paboTaromiue 3a
BpeMsi O(nlogn), 0OAAAQIOT PAa3HBIMU AOCTOMHCTBAMM U
HEAOCTATKaMU:

@ QuickSort:

- B XyalIeM cAydae paGortaer 3a O(n?);
+ Ha IPAaKTUKE SIBASETCS CaMbIM OBICTPHIM B CPEAHEM CAydae.
@ MergeSort:

- TpeGyeT O(n) AOITOAHUTEABHOH MaMsITH;

+ AErKO MOXKET OBITb MOAUMDUITUPOBAH AAS TTapPaAAEABHBIX
BBIYMCACHUH;

+ dABASETCH yCTOfI‘-IHBbIM.
o HeapSort:
— TINOXO CO4YeTaeTCd C KIIIUPOBAHUEM;

+ Tpebyer O(nlogn) Bpemenu u O(1) AOIIOAHUTEABHON IIaMSTH B
XyAlIeM CAyYae.

WBan Kasmenko et al. (CIIGLY)
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AATOPHUTMEI B CMEKHBIX 3aAadax MoTusanus

MoTuBaiius

Kpome Toro, moaXoABl ¥ UAEH, UCIIOAB30OBAHHBIE B 3TUX
COPTMPOBKAX, OKa3bIBAIOTCS TTOAE3HBI M B APYTHX 3ajpadax:
e QuickSort: HaxoRAE€HME k-1 TIOPSIAKOBOM CTAaTUCTUKH 3a O(n).
@ MergeSort: MOACYET KOANMYECTBA WHBEPCUM B TTepeCcTaHOBKeE 3a
O(nlogn).
@ HeapSort: cTpykTypa AQHHBIX, o0eclieunBaromas A00aBAeHNE
anreMmeHTa 3a O(logn), mouck makcumyMma 3a O(1) u yrareHume
makcumyma 3a O(logn).
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TlopsiaAkOBass CTaTUCTUKA

[TopspkoBasg cTaTUCTUKA

[TocTanoBKa 3apaun:
@ AaH maccuB a pas3Mepa n 1 4ucAo k (1 < k < n).

@ Hy>x#o HaniTy k-10 MOPSAAKOBYIO CTATUCTHUKY MAaCCHUBA d, TO
€CThk 3AeMeHT, KOTOPBIM IIOCA€ COPTUPOBKH OKAJKETCs B
HO3UIINU K.
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AATOPHUTMEI B CMEKHBIX 3aAadax TlopsiaAkOBass CTaTUCTUKA

[TopspkoBasg cTaTUCTUKA

ITocTaHOBKa 3apayum:

@ AaH maccuB a pas3Mepa n 1 4ucAo k (1 < k < n).

@ Hy>x#o HaniTy k-10 MOPSAAKOBYIO CTATUCTHUKY MAaCCHUBA d, TO
€CTh 3AEMEHT, KOTOPBbIM IIOCAE COPTUPOBKM OKa’KEeTCSH B
HO3UIINU K.

Upesa — aaropur™m QS (QuickSelect):

QS1. BrnibepeM OAUH DAEMEHT X = Q.

Q0S2. TlocTaBMM X Ha TO MECTO, A€ OH OKaykKeTCs IIOCAe
COPTHPOBKHM; ITyCTh 3TO OKAa3aAach MO3UITUSA M.

0S3. TlocTtaBUMM cAeBa OT X BCe DAEMEHTHI < X, a CIipaBa BcCe
AOAEMEHTHI > X.

Q0S4 . Ecam k < m, HaiAEM aATOPUTMOM QS K-U SA€MEHT Ha OTpe3Ke
Maccuea oT 1 Ao m.

Q0S5. B mpoTHBHOM cAyd4ae HaMAEM aaropuTMmMoM QS (k — m)-i
9AEMEHT Ha oTpe3Ke MaccuBa oT m+ 1 po n.
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TlopsiaAkOBass CTaTUCTUKA

[TopspkoBasg cTaTUCTUKA

Kaxk BBITOAHUTHL TYHKTHI QS2 m QS3 — aaroput™m P (Partition):
P1. Ha#AEM y — caMBIi A€BBIM SAE€MEHT, He MEHBIINN X.
P2. HalaéM z — caMbI¥ OPaBbIM 9AeMEHT, He OOABIIUY X.

P3. EcAm y CTOUT AeBee z, IOMEHsIeM MeCTaMH y U Z U 3allyCTUM
AATOPUTM P AAST OTpe3Ka MacCUBa MeXAY HUMMU.

P4. B mpoTHMBHOM cAydae paboTa aATOpUTMa P 3aBepIleHa.

CopTupoBKa 01.10.2024 21/39
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AATOPHUTMEI B CMEKHBIX 3aAadax TlopsiaAkOBass CTaTUCTUKA

[TopspkoBasg cTaTUCTUKA

Kaxk BBITOAHUTHL TYHKTHI QS2 m QS3 — aaroput™m P (Partition):
P1. Ha#AEM y — caMBIi A€BBIM SAE€MEHT, He MEHBIINN X.
P2. HalaéM z — caMbI¥ OPaBbIM 9AeMEHT, He OOABIIUY X.

P3. EcAm y CTOUT AeBee z, IOMEHsIeM MeCTaMH y U Z U 3allyCTUM
AATOPUTM P AAST OTpe3Ka MacCUBa MeXAY HUMMU.

P4. B mpoTuBHOM cAydae paboTa aArTOpUTMa P 3aBepliieHa.
3aMeTrM, 9TO aATOpUTM P paboTaeT 3a AMHEUHOe BpeMsl OT AAWHBI

MacCCHBaA.

CopTupoBKa 01.10.2024 21/39
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AATOPUTMEI B CMEKHBIX 3aAa9ax TlopsiaAkOBass CTaTUCTUKA

ITOpHAKOBaﬂICTaTHCTHKaIKOA

quick_select (a, k, 1, r):

ifr -1 ==
return 1
x = al[random (1, r)]
m = partition (a, 1, r, x)
if k < m:
return quick_select (a, k, 1, m)
else:

return quick_select (a, k, m, r)
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AATOPUTMEI B CMEKHBIX TlopsiakOBasi CTaTUCTUKA

ITOpHAKOBaﬂICTaTHCTHKaIKOA

quick_select (a, k, 1, r):
ifr -1 ==
return 1
x = al[random (1, r)]
m = partition (a, 1, r, x)
if k < m:
return quick_select (a, k, 1, m)
else:
return quick_select (a, k, m, r)

MBaun Kasmenko et al. (CII6IY)

CopTupoBKa

partition
i=1,
while i

(al ll rl
j=r -1
<= j:

while a[i] < x:

i 4=

1

while x < a[jl:

j_=

1

if i >= j:
break

swap (al[il, aljl)
i+=1, 4§ -=1

return i

01.10.2024
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TlopsiaAkOBass CTaTUCTUKA

[TopssaAKOBasi CTaTUCTUKA: aAbTEPHATUBHBIN KOA,

QS quick select (a, k, 1, r):
while r - 1 > 1:
Qs1 x = al[random (1, r)]
i=1, j=r -1

QsS4 if k < 1i:

QsS4 r =1

QS5 else:

QS5 1 =1
return 1
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TlopsiaAkOBass CTaTUCTUKA

[TopssaAKOBasi CTaTUCTUKA: aAbTEPHATUBHBIN KOA,

QS quick select (a, k, 1, r):
while r - 1 > 1:

Qs1 x = al[random (1, r)]
i=1, j=r -1
P while i <= j:
Pl while a[i] < x: 1 +=1
P2 while x < a[j]l: Jj =1
P4 if i >= j: Dbreak
P3 swap (a[i], aljl)
P3 i+=1, j -=1
QsS4 if k < i:
QsS4 r =1
QS5 else:
QS5 1 =1
return 1
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AATOPHUTMEI B CMEKHBIX 3aAadax TlopsiaAkOBass CTaTUCTUKA

HOpHAKOBaH CTATUCTHUKA. dHAAN3

O0611Me HabAIOACHUS:

® AATOPUTM QS OTAMYAETCS OT AATOPUTMA Q TOABKO TeM, UTO
PEeKyPCHUBHO 3aITyCKAeTCs AUIIL OT OAHOI'O OTpe3Ka U3 ABYX —
TOTO, B KOTOPOM COAEPIKUTCSI MICKOMBIA DAEMEHT.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOe BpeMidAd OT AAMHEBI OTPE3Ka.

@ OOmiee BpeMsa pabOTHI NPONOPIIMOHAABHO CYMMAapHOU AAWHE
BCEX OTPE3KOB, Ha KOTOPBIX ObIA 3allyleH aAI'OPUTM.
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AATOPHUTMEI B CMEKHBIX 3aAadax TlopsiaAkOBass CTaTUCTUKA

HOpHAKOBaH CTATUCTHUKA. dHAAN3

O0611Me HabAIOACHUS:

® AATOPUTM QS OTAMYAETCS OT AATOPUTMA Q TOABKO TeM, UTO
PEeKyPCHUBHO 3aITyCKAeTCs AUIIL OT OAHOI'O OTpe3Ka U3 ABYX —
TOTO, B KOTOPOM COAEPIKUTCSI MICKOMBIA DAEMEHT.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOe BpeMidAd OT AAMHEBI OTPE3Ka.

@ OOmiee BpeMsa pabOTHI NPONOPIIMOHAABHO CYMMAapHOU AAWHE
BCEX OTPE3KOB, Ha KOTOPBIX ObIA 3allyleH aAI'OPUTM.

AyUIlINA CAyYal:
@ [TycTh Ka’KABIM pa3 aATOPUTM PEKYPCUBHO 3aIlyCKaeTcsl OT
MeHbIIIeN U3 ABYX IOAOBUH.

e Torpa cyMMa AAMH PACCMOTPEHHBIX OTPE3KOB He IIPEBOCXOAUT
n+ 444 +... < 2n, mosromy obIee BpeMst paGoTs — O(n).

e Ha mpakTuKe CAOKHO BBIOHMPATh X TaK, YTOOBI CITyCKAThCS B
MEHBIIYIO IIOAOBUHY.
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AATOPHUTMEI B CMEKHBIX 3aAadax TlopsiaAkOBass CTaTUCTUKA

HOpHAKOBaH CTATUCTHUKA. dHAAN3
XYALINHA CAyYAU:
@ [TycTh Ka’KABIM OTPE30K AEAUTCS aATOPUTMOM P Ha 4acThb M3

OAHOI'O 2A€eMeHTa U 4aCThb M30 BCeX OCTABIIUXCHA, B KOTOPYIO U
HY>XHO 3aTeM PEeKYPCHBHO CIITyCKATBLCA.

e Torpa ob6iiee Bpemst paGoTel — O(n?).

o Hampumep, Tak OyAeT, eCAU BCe YHUCAA PA3AWYHEI, @ B
KaueCcTBe X HAa Ka’KAOM OTpe3Ke BbiOMpaeTcsd AMOO caMbli
MaAeHBbKHMM, AMOO caMbI¥i OOABINION BAEMEHT 3TOT'O OTpe3Ka, U
P 3TOM HAaWTH HY>KHO TOT JAEMEHT, KOTOPhIN OyAeT BhIOpaH
HOCAEAHUM.
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AATOPHUTMEI B CMEKHBIX 3aAadax TlopsiaAkOBass CTaTUCTUKA

HOpHAKOBaH CTATUCTHUKA. dHAAN3

CpepHUIT CAydal:

[TycTe BEIOOD X CAydYaeH.

Torpa c BEpPOSITHOCTLIO > % B Ka>KAOM OTpe3Ke AAWMHLI I

BBIOMPAETCS PA3SACAUTEAD, IIOIAAAIOIINNA B IIO3UIINN [%n; %n].
3HAUUT, B CPeAHEM Ka’kAOe BTOPOe Pa3AEAeHUe AEAUT
OTPEe30K B OTHOIIEHMM He Oonee 3 : 1 (OOABIIAsA 4acTh UMeeT
AAUHY < %n).

[MosToMy, B KaKyio ObI TTOAOBWHY MBI HU CITYCKAAWCH, B
CpeAHEM 3a Ka’KABIe ABa CIIyCKa MBI YMEHBIIIaeM AAMHY
TEKyIIero oTpe3ka XoTs Ol Ha YeTBepTh.

A 3HauuT, M 006IIee BpeMs paGoTH He MPeBOCXOAUT O(n), BeAb
2n+2-3n+2-n+...<2n-4.
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TToaCcuéT KOAMYEeCTBa MHBEPCHH

[ToacuéT KoAnYecTBa MHBEPCUM

ITocTaHOBKa 3apaumn:

@ AaHa TlepeCcTaHOBKa a pa3Mepa 1.

e Hy>kxHO Ha¥THM KOAMYECTBO IMap MHAEKCOB (I,]) Takux, uTo i < j
ua; > aq.
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TToaCcuéT KOAMYEeCTBa MHBEPCHH

[ToacuéT KoAnYecTBa MHBEPCUM

IMTocTaHOBKa 3apavuw:
@ AaHa TlepeCcTaHOBKa a pa3Mepa 1.

o Hy>XxHO HaNTH KOAMYECTBO Iap UHAEKCOB (I,]) Takux, 4To i < j
ua; > aq.
Naess — aaroputm CI (Countlnversions):
CI1. TMopeAmM MacCuUB Ha ABe paBHBIE IO AAWHE YacTH.

CI2. OTcopTHUpyeM PEKYPCUBHO AEBYIO U TIPABYIO YaCTH U PENIM
33p84y AAS HUX.

CI3. IMoAy4uM yIHOPSAOYEHHBIM MAaCCUB U3 ABYX YIIOPSIAOYEHHBIX
IIOAOBHH, MOIYTHO MOAYYMB OTBET B HAIllEW 3aAdve.
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AATOPATMEI B CMEKHEIX 33Aa9aX TToaCcuéT KOAMYEeCTBa MHBEPCHH

[ToacuéT KoAnYecTBa MHBEPCUM

Naess — aaroputm CI (Countlnversions):

CI1. TlopeamM MaccuB Ha ABe pPaBHBIE IO AAWHE YacCTU.

CI2. OTcopTHpyeM PEKYPCHUBHO AEBYIO U TIPABYIO YaCTH U PENM
33p84y AASL HUX.

CI3. [loAyuynM yIIOpPSIAOYEHHBINM MAcCHUB M3 ABYX YIIOPSAOUEHHBIX
IIOAOBUH, IIOIIyTHO IIOAYYMB OTBET B HAllleM 3ajade.

Kaxk BemoaHUTE TYHKT CI3 — aaroputMm MC (Merge And Count):

MC1. PaccMOTpuUM HEepBble UMCAA AEBOU U IIPaBOM 4YacTew.

MC2. BeibepeM M3 HUX MUHUMAABHOE, AOIHUIIEM €ro K OTBETY U
YAQAMM U3 COOTBETCTBYIOLIEH 4acCTu.

MC3. EcAum MeHBIIee UHMCAO M3 BTOPOW 4acTH, AOOABUM K OTBETY
KOAWYECTBO UMCEA, OCTABIINXCS B TTIEPBOM YacTH: BCE OHU
OOABIIIe TEKYILIero 4YMCAd, HO B NUCXOAHOM MacCUBE CTOAT
AeBee.

MC4. Ecaum XOTb OpAHA M3 4aCTEeU HEIYCTa, leperpéM K mary MCL.
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AATOPATMEI B CMEKHEIX 33Aa9aX TToaCcuéT KOAMYEeCTBa MHBEPCHH

[ToacuéT KoAnYecTBa MHBEPCUM

Naess — aaroputm CI (Countlnversions):
CI1l. TlopeAMM MaccuB Ha ABe paBHBIE 10 AAWHE YacTH.

CI2. OTcopTHpyeM PEKYPCHUBHO AEBYIO U TIPABYIO YaCTH U PENM

3apa4y AASL HUX.

CI3. lloAy4MM yHOPSAOYEHHBIM MACCHUB M3 ABYX YIIOPSAOYEHHBIX
IIOAOBMH, IIOIIyTHO IIOAYYMB OTBET B HAlllel 3apade.

Kaxk BemoaHUTE TYHKT CI3 — aaroputMm MC (Merge And Count):

MC1. PaccMOTpuUM HEepBble UMCAA AEBOU U IIPaBOM 4YacTew.

MC2. BriGepeM M3 HUX MUHHUMAABHOE, AOIIMIIEM €ro K OTBETY U
YAQAKM M3 COOTBETCTBYIOIIEN YACTH.

MC3. EcAum MeHBIIee UHMCAO M3 BTOPOW 4acTH, AOOABUM K OTBETY
KOAMYECTBO UUCEA, OCTABIINXCS B IIepPBOY YaCTU: BCE OHU
OOoABlIIe TEeKyLIero YUCAd, HO B MCXOAHOM MacCCHBE CTOSIT
AeBee.

MC4. Ecaum XOTb OpAHA M3 4aCTEeU HEIYCTa, leperpéM K mary MCL.

AATopuTMm MC paboTaeT 3a AMHEWHOe BpeMsi OT AAUHELI MacCHuBa.
MBau Kasmerko et al. (CII6IY) CopTupoBKa 01.10.2024
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TToacuéT KOAUYECTBA WHBEPCHt

[ToaCcu€T KoAnuecTBa MHBEPCUM: KOA,

count inversions (a, 1, r):
if r - 1<=1: return O
m= (1 +r) / 2
res = count_inversions (a, 1, m)
res += count_inversions (a, m, r)

res += merge and count (a, 1, m, r)
return res
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TToaCcuéT KOAMYEeCTBa MHBEPCHH

[ToaCcu€T KoAnuecTBa MHBEPCUM: KOA,

count inversions (a, 1, r):
if r - 1<=1: return O
m= (1 +r) / 2
res = count_inversions (a, 1, m)
res += count_inversions (a, m, r)
res += merge and count (a, 1, m, r)
return res

merge_and_count (a, 1, m, r):
i=1, jJ=m k=1, res =0
while i < mor j < r:
if jJ >= r or (i < m and af[i] <= a[jl): bl[k++]
else: res +=m - i, Dbl[k++]
afl..r] = b[l..r]
return res

afi++]
alj++]
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TToaCcuéT KOAMYEeCTBa MHBEPCHH

[ToaCcu€T KoOAnYecTBa MHBEPCUM: AAbTEPHATUBHBIN
KO,

CI count_inversions (a, 1, r):
if r - 1 <= 1:
return 0
CIl m=(lL+r) /2
CI2 res = count inversions (a, 1, m)
CI2 res += count_inversions (a, m, r)
i=1, jJ=m k=1
MC while i < m or j < r:
MC1 if j > r or (i < m and a[i] <= a[j]):
MC2 blk++] = a[i++]
else:
MC3 res +=m - i
MC2 bl[k++] = a[j++]

al[l..r] = b[l..r]
return res
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AATOPUTMEI B CMEKHBEIX 3aAa9ax TToaCcuéT KOAMYEeCTBa MHBEPCHH

[ToaCcu€T KoOAnYecTBa MHBEPCUM: AAbTEPHATUBHBIN
KO,

CI count_inversions (a, 1, r):
if r - 1 <= 1:
return 0
CIl m=(lL+r) /2
CI2 res = count inversions (a, 1, m)
CI2 res += count_inversions (a, m, r)
i=1, jJ=m k=1
MC while i < m or j < r:
MC1 if j > r or (i < m and a[i] <= a[j]):
MC2 blk++] = a[i++]
else:
MC3 res +=m - 1i
MC2 bl[k++] = a[j++]

al[l..r] = b[l..r]
return res
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AATOPATMEI B CMEKHEIX 33Aa9aX TToaCcuéT KOAMYEeCTBa MHBEPCHH

[TopaCY€T KOAMYEeCTBa MHBEPCUU: @HAANU3

O0611Me HabAIOACHUS:

@ Aaropurm CI OTAHMYAETCH OT AaATOPUTMA M TOABKO TeM, UTO
AOTIOAHUTEABHO BBIYHCASET OTBET Ha 3aAadvy.

@ Ha xa>kpOM ypOBHE BAOJKEHHOCTHU PEKypcHU aaropurma CI
OTPEe3KH, Ha KOTOPBIX OH 3aITyCKaeTcCs, He UMEeIOT OOITHUX
TOYEK.

@ AAropuTM MC paboTaeT 3a AUHEMHOE BPeMSI OT AAUHBI
oTpe3sKa.

e O6iee Bpemst pabotsl — O(n - d), raAe d — MAKCUMAaAbHbBIN
YPOBeHb BAOKEHHOCTU PEKYPCHUMN.
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AATOPATMEI B CMEKHEIX 33Aa9aX TToaCcuéT KOAMYEeCTBa MHBEPCHH

[TopaCY€T KOAMYEeCTBa MHBEPCUU: @HAANU3

O0611Me HabAIOACHUS:
@ Aaropurm CI OTAHMYAETCH OT AaATOPUTMA M TOABKO TeM, UTO
AOTIOAHUTEABHO BBIYHCASET OTBET Ha 3aAadvy.
¢ Ha KakpoM ypOBHE BAOXKEHHOCTH peKypcuu aaropurma CI
OTPEe3KH, Ha KOTOPBIX OH 3aITyCKaeTcCs, He UMEeIOT OOITHUX
TOYEK.
@ AAropuTM MC paboTaeT 3a AUHEMHOE BPeMSI OT AAUHBI
oTpe3sKa.
e O6iee Bpemst pabotsl — O(n - d), raAe d — MAKCUMAaAbHbBIN
YPOBeHb BAOKEHHOCTU PEKYPCHUMN.
Crnenimcurka aArropuTM™a:
o KasRABIM OTPe30K AeAUTCS aATOPUTMOM MC TIODOBRHY.
e 3Hauurt, d = log, n u obuiee BpemMs: padorsl — O(nlogn).
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AATOPATMEI B CMEKHEIX 33Aa9aX TToaCcuéT KOAMYEeCTBa MHBEPCHH

[TopaCY€T KOAMYEeCTBa MHBEPCUU: @HAANU3

O0611Me HabAIOACHUS:
@ Aaropurm CI OTAHMYAETCH OT AaATOPUTMA M TOABKO TeM, UTO
AOTIOAHUTEABHO BBIYHUCASIET OTBET Ha 3aAauy.
¢ Ha KakpoM ypOBHE BAOXKEHHOCTH peKypcuu aaropurma CI
OTPEe3KH, Ha KOTOPBIX OH 3allyCKaeTcs], He MMEIOT OOIINX
TOYEK.
@ AAropuTM MC paboTaeT 3a AUHEMHOE BPeMSI OT AAUHBI
oTpe3sKa.
e O6iee Bpemst pabotsl — O(n - d), raAe d — MAKCUMAaAbHbBIN
YPOBEHEL BAOKEHHOCTU PEKYPCUU.
Crnenimcurka aArropuTM™a:
@ KaXkKABIM OTPE30K AEAMTCS aATOPUTMOM MC TTOpOBHY.
e 3Hauurt, d = log, n u obuiee BpemMs: padorsl — O(nlogn).
Hcmioabsyemasi maMsATh:
@ 3aMeTuM, 4TO AASL MaccuBa b TpeGyercs O(n)
AOTIOAHUTEABHOU TTaMsITH.
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AATOPATMEI B CMEKHEIX 33Aa9aX ABouuHasg Kyda

ABONYHAA Kyua

[TocTaHOBKa 3aAaUM — PEAAU30BATh CTPYKTYPY AAQHHBIX,
IIOAAEP KUBAIOIIYIO CACAYIOLIYE Ollepalluu:

e AoGaBaenue snementa 3a Bpemsi O(logn).
e TMomck MakcuMyMa 3a Bpemst O(1).

@ Yaarenme Makcumyma 3a Bpems O(logn).

Meau Kasmernko et al. (CIIGIY) CopTupoBKa 01.10.2024
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AATOPHUTMEI B CMEKHBIX 3aAadax ABouuHasg Kyda

ABONYHAA Kyua

[TocTaHOBKa 3aAaUM — PEAAU30BATh CTPYKTYPY AAQHHBIX,
IIOAAEP KUBAIOIIYIO CACAYIOLIYE Ollepalluu:

e AoGaBaenue snementa 3a Bpemsi O(logn).
e TMomck MakcuMyMa 3a Bpemst O(1).
@ Yaarenme Makcumyma 3a Bpems O(logn).

ABomYHasT Ky4a — 9TO MaccvB a[0..n), B KOTOPOM BBITTOAHEHBI
cooTHomeHus alk| > a[2k + 1] u alk] > a[2k + 2] (cBoiifcTBO Kyun)
AASI BCEX K, AASI KOTOPBLIX CYHUIECTBYIOT COOTBETCTBYIOIIHME TIapHhI.
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AATOPHUTMEI B CMEKHBIX 3aAadax ABouuHasg Kyda

ABOWYHAg Ky4da: aATOPUTMBI

o [Ipu pobaBaeHUU 3A€MeHTa yBeAU4YMBaeM pa3Mep Kydu Ha
eAVHUITY ¥ AONIMCHIBAEM HOBBIM dAeMEeHT B KoHell. [locae
3TOI'0 CBOMCTBO Ky4U BBIIIOAHEHO AASL BCEX DAEMEHTOB, KPOME,
MOJKET OBITh, TIOCAEAHETO.,

o ITpu momcke MakKCHMyMa IIPOCTO BO3BpAIllaeM 3AEMEHT
MaccrBa a[0].

e [lpu ypAaAeHWM MaKCHMyMa yMeHbIIaeM pa3Mep Ky4u Ha
eAMHHIY U Ha MecTo a[0] 3anuceiBaeM a[n — 1], rae n —
pasMep Kyur A0 yAaAeHwus. [Tocae 9TOTO CBOMCTBO KyuM
BBIIIOAHEHO AASL BCEX IAEMEHTOB, KPOME, MOJKET ObITb,

IIEPBOTO.
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AATOPUTMEI B CMEKHBEIX 3aAa9ax ABouuHasg Kyda

ABOWYHag Kyya: IIOA3aAa4a

[Toa3apada, BO3HMKAIOWIAS TIPU AOOABACHUM M YAAACHUHU JSAEMEHTA!
e Aambl MaccuB a[0..n) ¥ HOMEpP dAEMEHTa B HEM k.

@ 113BeCTHO, UTO AAST BCEX IAEMEHTOB, KpoMe alk], CBOHCTBO
KYy4Y4 BBIIIOAHEHO.

@ Tpebyercs cAenaThb TAK, 9TOOBI OHO OBIAO BBIIIOAHEHO W AAS
alk].
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AATOPHUTMEI B CMEKHBIX 3aAadax ABouuHasg Kyda

ABOWYHag Kyya: IIOA3aAa4a

[Toa3apada, BO3HMKAIOWIAS TIPU AOOABACHUM M YAAACHUHU JSAEMEHTA!
e Aambl MaccuB a[0..n) ¥ HOMEpP dAEMEHTa B HEM k.

@ 113BeCTHO, UTO AAST BCEX IAEMEHTOB, KpoMe alk], CBOHCTBO
KYy4Y4 BBIIIOAHEHO.

@ Tpebyercs cAenaThb TAK, 9TOOBI OHO OBIAO BBIIIOAHEHO W AAS
alk].
Pemtenne nipu k = 0 — aaropurm SD (SiftDown):

SD1. Ecaum 2k 4+ 1 >=n, CBOUCTBO Ky4HU BBIIIOAHEHO
ABTOMATHUYCCKH.

SD2. B mpoTuBHOM cAyuae BhiOepeM u3 a[2k + 1] u a[2k + 2]
HAMOOABLIMHI 3A€MEeHT X.

SD3. Ecawm alk] > x, CBOMCTBO Ky4H BBIIIOAHEHO.

SD4. Muaue momeHsieM MecTaMu alk| u x, ocAe 4ero 3amycTUM
aAroOpUTM SD AASL HOMEpa dA€MEeHTa X.

Meau Kasmernko et al. (CIIGIY) CopTupoBKa 01.10.2024 31/39



AATOPATMEI B CMEKHEIX 33Aa9aX ABouuHasg Kyda
ABOWYHag Kyya: IIOA3aAa4a

[Toa3apada, BO3HMKAIOWIAS TIPU AOOABACHUM M YAAACHUHU JSAEMEHTA!
e Aambl MaccuB a[0..n) ¥ HOMEpP dAEMEHTa B HEM k.

@ 113BeCTHO, UTO AAST BCEX IAEMEHTOB, KpoMe alk], CBOHCTBO
KYy4Y4 BBIIIOAHEHO.

@ Tpebyercs cAenaThb TAK, 9TOOBI OHO OBIAO BBIIIOAHEHO W AAS
alk].
Pemenve nipu k = n — 1 — aaropurm SU (SiftUp):
SUl. Ecaum k = 0, CBOMCTBO Ky4YH BBIIIOAHEHO aBTOMATUYECKU.
SU2. Ecau a[(k — 1)/2] > a[k], cBOMCTBO Kyun TakXe BBIIOAHEHO.

SU3. Huaue nomensiem mectamu af(k — 1)/2] u a[k|, mocae gero
3aIlyCTUM aATOPUTM SU aast (k — 1)/2.
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AATOPUTMEI B CMEKHBEIX 3aAa9ax ABOWYHASA Kyda

ABOWYHag Ky4a: KOp UHTepdeuca

insert (a, n, x):
a[ln] = x
n +=1
sift_up (a, n - 1, n)
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AATOPUTMEI B CMEKHBIX ABouuHasg Kyda

ABOWYHag Ky4a: KOp UHTepdeuca

insert (a, n, x):
a[ln] = x
n +=1
sift_up (a, n - 1, n)

get_max (a, n):
return a[0]
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AATOPUTMEI B CMEKHBEIX 3aAa9ax ABouuHasg Kyda

ABOWYHag Ky4a: KOp UHTepdeuca

insert (a, n, x):
a[ln] = x
n +=1
sift_up (a, n - 1, n)

get_max (a, n):
return a[0]

remove_max (a, n):
n-=1
a[0] = a[n]
sift_down (a, 0, n)

Vsau Kasmenko et al. (CI16IY) CopTupoBKa 01.10.2024 32/39



AATOPUTMEI B CMEKHBEIX 3aAa9ax ABouuHasg Kyda

,ABOHqHBﬂIKanZKOA:peaAHBaHHH

sift_up (a, i, n):
y = ali]
while 1 > O0:
j=(1-1) /2
if a[j] >= y:
break
ali] = al[j]
1 =173
al[i] =

y
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AATOPUTMEI B CMEKHBEIX 3aAa9ax ABouuHasg Kyda

,ABOHqHBﬂIKanZKOA:peaAHBaHHH

sift_up (a, i, n): sift_down (a, i, n):
y = ali] y = al[i]
while 1 > O0: while True:
j=1(1-1) /2 j=1i*2+1
if a[j] >= y: if j >= n:
break break
ali] = aljl if § + 1 < n and al[j] < a[j +
i=3 1]:
a[i] =y j+=1
if y >= a[jl:
break
afil = aljl
1i=7
ali] =y

VBau Kasmenko et al. (CII6IY) CopTupoBKa 01.10.2024 33/39



AATOPUTMEI B CMEKHBEIX 3aAa9ax ABouuHasg Kyda

ABOVYHAag Ky4ya: aHAAU3

O0611Me HabAIOACHUS:
o Aaropurm SU pabotaet 3a O(logn): Ha KaXkAOM IlIare HOMep
3AeMeHTa yMeHbBIIaeTCss XOTs1 Obl BABOE.
e Aaroputm SD pabGoTaeT 3a O(logn): Ha KaXkAOM IlIare HOMep
3AeMeHTa YBEeAWYMBAETCsl XOTsI Obl BABOE.
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[Tpumepst

CopepxaHue

9 [Tpumephb!
o CopTUpoOBKa AAMHHBIX YUCEA
@ CopTUpOBKa TOUYEK
@ 1HTepakKTHBHAg COPTHUPOBKA

Weau Kasmernko et al. (CII6IY) CopTupoBKa
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CopTUpOBKa AAMHHBIX UYHCEA

1 #include <algorithm> BBoa:
2 #include <iostream> 10
3 #include <string> 20
4  #include <vector> 999
5 using namespace std; 9

6 23
7 bool lessNum (string const & a, string const & b) { 3

8 if (a.size () != b.size ()) 333
9 return a.size () < b.size ();

10 return a < b;

11 }

12 BreiBOA:
13  int main () { 3
14 vector <string> s; 9
15 string t; 10
16 while (cin >> t) 20
17 s.push_back (t); 23
18 sort (s.begin (), s.end (), lessNum); 333
19 for (auto e : s) 999
20 cout << e << endl;

21 return 0;

22 }
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CopTHupoBKa TOYEK

1 #include <algorithm>

2 #include <iostream>

3 #include <vector>

4 using namespace std;

5

6 struct Point {int x, y:}:

7 bool operator < (Point const & a, Point const & b)
8 if (a.y != b.y) return a.y > b.y;
9 return a.x < b.x;

10 }

11

12 int main () {

13 int n; cin >> n;

14 vector <Point> a (n);

15 for (auto & [x, y] // C++17
16 cin >> x >> y;

17 sort (a.begin (), a.end ()):

18 for (auto [x, y] : a) // C++17
19 cout << x << " " << y << endl;
20 return O;

21 }

(CIIorY)

1eHKO et al.

CopTupoBKa

Broa:

9
01
0 -1
10
-1 0

t o0
1 -1
11
-1 -1
11

BriBoa:

-11
01
11
-1 0
00
10
-1 -1
0 -1
1 -1

01.10.2024

37/39



MHTepakTUBHAs COPTUPOBKA

1 #include <algorithm> BBoa, | BBIBOA:
2 #include <iostream> 4 |

3 #include <numeric> | 221
4  #include <vector> < |

5 using namespace std; | 232
6 > |

7 bool ask (int a, int b) { | 231
8 cout << "? " << a << " " << b << endl; < |

9 string s; «c¢in >> s; | 232
10 return s == "<"; > |

113 | 242
12 >

13  int main () { | 241
14 int n; cin >> n; > |

15 vector <int> p (n); | 1231 4
16 iota (p.begin (), p.end (), 1);

17 sort (p.begin (), p.end (), ask):

18 cout << "!l";

19 for (auto i : p)

20 cout << " " << i;

21 cout << endl;

22 return O;
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3aBepiienne

Bomipocsr?

Bormipocsr?
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