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AATOPUTMEI COPTHPOBKI TTocranoBka 3apaun

[locTaHOBKA 3apauu

IMTocTaHOBKa 3aAaYH:
@ Ectn MaccuB M3 n 0OBLEKTOB: ag, A1, ..., On_1.

¢ K mpumepy, 3To MOT'yT OBITh YHCAQ, TTapbl YMCEA, CTPOKH,
IIOCAEAOBATEABHOCTH, . . .

AAsT KaKAOH TIapbl 00BEKTOB (X, y) U3BECTHO, BEPHO AU, UYTO
x <y.

Hy>kHO pacnoAOXXUTb 3TU OOBEKTHI B IOPSIAKE HEyObIBAHUS.

QOopMarbHO, HY>KHO HAUTU TaKylO I1ePeCTaHOBKY Do, Pi, - - -
Pn—1, 9TO Qpy < Ap, < ... < dp,_;-
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AATOPUTMEI COPTHPOBKI TTocranoBka 3apaun

[locTaHOBKA 3apauu

IMTocTaHOBKa 3aAaYH:
@ Ectn MaccuB M3 n 0OBLEKTOB: ag, A1, ..., On_1.

¢ K mpumepy, 3To MOT'yT OBITh YHCAQ, TTapbl YMCEA, CTPOKH,
IIOCAEAOBATEABHOCTH, . . .

AAsT KaKAOH TIapbl 00BEKTOB (X, y) U3BECTHO, BEPHO AU, UYTO
x <y.

dopMarbHO, HYKHO HAUTH TaKylO IIEPECTaHOBKY po, Pi, - - -
Pn—1, 9TO Qpy < Ap, < ... < dp,_;-
Kpurepuu KayecTsa:

e Bpems pa6oter: O(n?), O(nlogn), O(n), ...

@ AOIIOAHUTEABHO HCIHOAB3yeMas namsath: O(n), O(1), ...

@ YCTOMUYMBOCTb: COXPAHIETCSI AU MCXOAHBIM IIOPSIAOK AAS
PaBHBIX OOBEKTOB.

MBan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021
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AATOPUTMBI COPTHPOBKA BricTpas copTupoBKa

bricTpas copTUpoBKa

Npess — aaroput™m Q (QuickSort):

Q1. BribepeM OAMH 3AEMEHT X = Q.

Q2. TlocTaBuUM X Ha TO MECTO, TA€ OH OKa’keTCsl TIOCAe
COPTUPOBKHU.

Q3. TlocTaBuM cAeBa OT X BCe DAEMEHTHI < X, a CIIpaBa Bce
AOAEMEHTHI > X.

Q4. OTcopTUpPyeM PEKYPCUBHO MOAYUYMBIIHNECST AEBYIO U IIPABYIO
YacTH.
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bricTpas copTUpoBKa

Npess — aaroput™m Q (QuickSort):

Q1. BribepeM OAMH 3AEMEHT X = Q.

Q2. llocTaBuUM X Ha TO MECTO, T'A€ OH OKa’keTCd IIOCAE
COPTHUPOBKH.

Q3. llocTaBuM cAeBa OT X BCe 3AEMEHTHI < X, @ CIIpaBa Bce
AOAEMEHTHI > X.

Q4. OTcopTUpPyeM PEKYPCUBHO MOAYUYMBIIHNECST AEBYIO U IIPABYIO
YaCTH.

Kaxk BBIIOAHUTH IYHKTHI Q2 U Q3 — aaroputMm P (Partition):

P1. HaMp€M y — caMBbIi A€BBIM SA€MEHT, He MEeHBIINN X.

P2. HalaéM z — caMbl¥ IPaBbIM 9AeMeHT, He OOABIIUYU X.

P3. EcAm y CTOUT AeBee z, IOMEHSIeM MeCTaMU ¥ U Z M 3allyCTUM
AATOPUTM P AAS OTpe3Ka MacCHBa MeXKAY HUMU.

P4 . B npoTuBHOM cAydae paboTa aArOpuTMa P 3aBeplieHa.
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Q1. BribepeM OAMH 3AEMEHT X = Q.

Q2. llocTaBuUM X Ha TO MECTO, T'A€ OH OKa’keTCd IIOCAE
COPTHUPOBKMU.

Q3. llocTaBuM cAeBa OT X BCe 3AEMEHTHI < X, @ CIIpaBa Bce
AOAEMEHTHI > X.

Q4. OTcopTUpPyeM PEKYPCUBHO MOAYUYMBIIHNECST AEBYIO U IIPABYIO
YacCTH.

Kaxk BBIIOAHUTH IYHKTHI Q2 U Q3 — aaroputMm P (Partition):

P1. HaMp€M y — caMBbIi A€BBIM SA€MEHT, He MEeHBIINN X.

P2. HalaéM z — caMbl¥ IPaBbIM 9AeMeHT, He OOABIIUYU X.

P3. EcAm y CTOUT AeBee z, IOMEHSIeM MeCTaMU ¥ U Z M 3allyCTUM
AATOPUTM P AAS OTpe3Ka MacCHBa MeXKAY HUMU.

P4 . B npoTuBHOM cAydae paboTa aArOpuTMa P 3aBeplieHa.

3aMeTuM, UTO aATOPUTM P paboTaeT 3a AMHENHOe BPeMSI OT AAWHBI

MaCCHBa.
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AATOPUTMBI COPTHPOBKA BricTpas copTupoBKa

BbeicTpaga coptupoBka: Hoare partition

quick_sort (a, 1, r):
if r -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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AATOPUTMBI COPTHPOBKA BricTpas copTupoBKa

BbeicTpaga coptupoBka: Hoare partition

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

X = a[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 1 >= j:

break
swap (ali]l, aljl)
i+=1, jJ -=1
return j

VMBan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021
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AATOPUTMBI COPTHPOBKA BricTpas copTupoBKa

BeicTpasg cOpTUPOBKA: 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)

VMBan Kasmesnko et al. (CIIGIY) CopTupoBKa
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AATOPUTMBI COPTHPOBKA BricTpas copTupoBKa

BeicTpasg cOpTUPOBKA: AAbTEPHATUBHBIU KOA

Q

Q1

P

Pl
Pl
P2
P2
P4
P4
P3
P3
Q4
Q4

quick_sort (a, 1, r):

ifr -1<=1:
return
x = al[random (1, r)]
i=1, j=r -1
while 1 <= j:
while a[i] < x:
i+=1
while x < a[j]:
j =1
if 1 >= j:
break
swap (a[il, aljl)
i+=1, Jj -=1
quick_sort (a, 1, i)
quick_sort (a, i, r)
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AATOPUTMBI COPTHPOBKA BricTpas copTupoBKa

BbeicTpasa coptupoBka: Lomuto partition

quick_sort (a, 1, r): partition (a, 1, r, x):
if r - 1 <= 1: i=1
return while i < r:
x = al[random (1, r)] if a[i] < x:
ml, mr = partition (a, 1, r, Xx) swap (al[l++], al[i++])
quick_sort (a, 1, ml) else if x < a[i]:
quick_sort (a, mr, r) swap (al[--r], alil)
else:
i4=1

return 1, r
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BeicTpasg copTUpOBKa: aHAAU3

OO01111e HaOAIOAEHUS:

@ Ha Ka’>)KAOM YPOBHE BAOKEHHOCTU PEKYPCHUU aATOPUTMA Q
OTpPEe3KH, Ha KOTOPBIX OH 3allTyCKaeTCs, He UMeIOT O6].LH/IX
TOYEeK.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOoe BpeMd OT AAMHBI OTPE3Ka.

e OoGmee BpeMs pabotsl — O(n - d), rae d — MaKCUMaAbHBIH
YPOBEHb BAOKEHHOCTU PEKYPCHUHU.
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OTpPEe3KH, Ha KOTOPBIX OH 3allTyCKaeTCs, He UMeIOT O6].LH/IX
TOYEeK.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOoe BpeMd OT AAMHBI OTPE3Ka.

e OoGmee BpeMs pabotsl — O(n - d), rae d — MaKCUMaAbHBIH
YPOBEHb BAOKEHHOCTU PEKYPCHUHU.

Ayumui caydain:
@ [TyCTh KaykKABIM OTPE30K AGAUTCS aATOPUTMOM P ITOPOBHY.
e Torpa d = logy n u o61ee Bpemst pabotel — O(n logn).

o Ha mpakTuKe CAOKHO BBIOPATH X TakK, YTOOBI IIOAEAUTH
OTPe30K ITOPOBHY.
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BeicTpasg copTUpOBKa: aHAAU3

OO01111e HaOAIOAEHUS:

@ Ha Ka’>)KAOM YPOBHE BAOKEHHOCTU PEKYPCHUU aATOPUTMA Q
OTpPEe3KH, Ha KOTOPBIX OH 3allTyCKaeTCs, He UMeIOT O6].LH/IX
TOYEeK.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOoe BpeMd OT AAMHBI OTPE3Ka.

e OoGmee BpeMs pabotsl — O(n - d), rae d — MaKCUMaAbHBIH
YPOBEHb BAOKEHHOCTU PEKYPCHUHU.

XyALIUYA CAy4dan:
@ TIyCcTh Ka’kAbIH OTPE30K AGAMTCS aATOPUTMOM P Ha 4acTb W3
OAHOTO DAEMEHTa U 9acCTh W30 BCeX OCTABIIUXCS.
@ Torpa d = n — 1 u obiee Bpemst paboTs — O(n?).

o Hanpumep, Tak OyaeT, eCAU BCe UMCAQ PA3AWUYHBL, a B
KauyecTBe X Ha Ka’KAOM OTpe3Ke BhIOMpaeTcs AMOO caMbli
MaAEHBKHM, AUOO caMbIi OOABIIIONW SAEMEHT 3TOTO OTpe3Ka.
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BeicTpasg copTUpOBKa: aHAAU3

OO01111e HaOAIOAEHUS:

o Ha Ka>kpOM ypOBHE BAOKEHHOCTH PEKypPCHH aATOPUTMa Q
OTpEe3KH, Ha KOTOPHIX OH 3allyCKaeTcs, He UMeIOT OOIIUX
TOYEK.

@ AaroputM P paboTaeT 3a AUHENHOe BpeMsl OT AAWHBI OTpe3Ka.

e Oo6mee Bpemst pabotsl — O(n - d), TAe d — MaKCUMAaABHBIN
YPOBEHb BAOKEHHOCTH PEKYPCHH.

CpepHUI CAy4dai:

o [TycTb BEIOOP X CAy4YaeH.

@ Torapa c BepOsITHOCTBIO > % B Ka’KAOM OTpe3Ke AAUHBL Il
BBIOUPAETCS Pa3AeAUTEAb, ITONAAAQOIINY B IIO3ULUU [%n; %n].

@ 3HAuUUT, B CPepHEeM KakAOe BTOPOe pasjpeAeHUue AeAUT
OTPEe30K B OTHOIIIeHUU He Oonee 3 : 1 (OOABIIaAsA 4acTh UMeeT
AAVHY < %n).

o [TosToMy cpepHsaa TAyOMHA peKypcuu OyAeT He OOAbIIe
2 log 4.
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTHUupoOBKa CAUSSHUEM

Hpea — aaroputm M (MergeSort):
M1. TlopeAmM MacCHUB Ha ABe paBHBIE TI0 AAWHE YaCTH.
M2 . OTcopTupyeM PeKypCHBHO AeBYIO U IIPaBYIO YacCTH.

M3. K3 AByX OTCOPTUPOBAHHBIX [IOAOBUH IIOAYYUM
OTCOPTHUPOBAHHBLIYN MaCcCUB.
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTHUupoOBKa CAUSSHUEM

Hpea — aaroputm M (MergeSort):
M1. TlopeAmM MacCHUB Ha ABe paBHBIE TI0 AAWHE YaCTH.
M2 . OTcopTupyeM PeKypCHBHO AeBYIO U IIPaBYIO YacCTH.

M3. K3 AByX OTCOPTUPOBAHHBIX [IOAOBUH IIOAYYUM
OTCOPTHUPOBAHHBLIYN MaCcCUB.

Kak BBIIOAHUTH IYHKT M3 — aaropuTtM MS (Merge Segments):
MS1. PaccMOTpuM IepBhIe UMCAA A€BOM M IPaBOM YacCTel.

MS2. BeiOGepeM M3 HUX MUHHUMAABHOE, AOIMIIEM ero K OTBETY U
YAQAUM M3 COOTBETCTBYIOIIEU YACTH.

MS3. EcAu opHA M3 YacTel IIyCTa, AOIUIIEM K OTBETY APYT'YIO
YaCTh LIEAUKOM.

MS4. B OpOTHBHOM CAyYae HeperpEéM K mary MS1.
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTHUupoOBKa CAUSSHUEM

Hpea — aaroputm M (MergeSort):
M1. TlopeAmM MacCHUB Ha ABe paBHBIE TI0 AAWHE YaCTH.
M2 . OTcopTupyeM PeKypCHBHO AeBYIO U IIPaBYIO YacCTH.

M3. K3 AByX OTCOPTUPOBAHHBIX [IOAOBUH IIOAYYUM
OTCOPTHUPOBAHHBLIYN MaCcCUB.

Kak BBIIOAHUTH IYHKT M3 — aaropuTtM MS (Merge Segments):
MS1. PaccMOTpuM IepBhIe UMCAA A€BOM M IPaBOM YacCTel.

MS2. BeiOGepeM M3 HUX MUHHUMAABHOE, AOIMIIEM ero K OTBETY U
YAQAUM M3 COOTBETCTBYIOIIEU YACTH.

MS3. EcAu opHA M3 YacTel IIyCTa, AOIUIIEM K OTBETY APYT'YIO
YaCTh LIEAUKOM.

MS4. B OpOTHBHOM CAyYae HeperpEéM K mary MS1.

3aMeTnM, UTO aATOPUTM MS paboTaeT 3a AWHEWMHOe BpeMs OT
AAUWHBI MacCHBA.
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTHUpOBKa CAUSSHUEM: KOA

merge_sort (a, 1, r):
if r -1 <= 1:
return
m=(1l+r) /2
merge_sort (a, 1, m)
merge_sort (a, m, r)
merge_segments (a, 1, m, r)

MBan KasmeHko et al CopTupoBKa

14.10.2021
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CopTHUpOBKa CAUSSHUEM: KOA

merge_sort (a, 1, r):
ifr -1<=1:
return
m= (1 +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, jJj=m k=1
while i < m or j < r:
if j > r or (1 < m and af[i] <= a[j]):
blk++] = al[it++]
else:

blk++] = a[j++]
al[l..r] = b[l..r]
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTHUPOBKa CAMSHUEM: aAbTEPHATUBHBIN KOA

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

MS4 al[l..r] = b[l..r]
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTUpPOBKa CAMSHUEM: aHaAU3

Oo611e HaOAIOASHUS:

@ Ha ka>xpoM ypoBHE BAOKEHHOCTU PEKYPCHUU aATopuUTMa M
OTPe3KH, Ha KOTOPHIX OH 3aITyCKaeTcs, He UMeIOT OOIINUX
TOYEK.

@ AaroputM MS paboTaeT 3a AMHENHOe BpeMs OT AAWHBL
OTpe3Ka.

e O6mee Bpemst pabotsl — O(n - d), TAe d — MAKCUMAaABHBIN
YPOBEHBb BAOJKEHHOCTU PEKYPCHUU.
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTUpPOBKa CAMSHUEM: aHaAU3

Oo611e HaOAIOASHUS:

@ Ha ka>xpoM ypoBHE BAOKEHHOCTU PEKYPCHUU aATopuUTMa M
OTPe3KH, Ha KOTOPHIX OH 3aITyCKaeTcs, He UMeIOT OOIINUX
TOYEK.

@ AaroputM MS paboTaeT 3a AMHENHOe BpeMs OT AAWHBL
OTpe3Ka.

e O6mee Bpemst pabotsl — O(n - d), TAe d — MAKCUMAaABHBIN
YPOBEHBb BAOJKEHHOCTU PEKYPCHUU.

Crnenmcuka arropuTMa:
@ KasKABIN OTPe30K AEAUTCS aATOPUTMOM MS IOPOBHY.

e 3uauut, d = log, n u obiee BpeMs pabotsl — O(n log n).
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AATOPUTMEI COPTHPOBKI CopTHpOBKa CAWSHEEM

CopTUpPOBKa CAMSHUEM: aHaAU3

Oo611e HaOAIOASHUS:

@ Ha ka>xpoM ypoBHE BAOKEHHOCTU PEKYPCHUU aATopuUTMa M
OTPe3KH, Ha KOTOPHIX OH 3aITyCKaeTcs, He UMeIOT OOIINUX
TOYEK.

@ AaroputM MS paboTaeT 3a AMHENHOe BpeMs OT AAWHBL
OTpe3Ka.

e O6mee Bpemst pabotsl — O(n - d), TAe d — MAKCUMAaABHBIN
YPOBEHBb BAOJKEHHOCTU PEKYPCHUU.

Crnenmcuka arropuTMa:

@ KaXkABIM OTPE30K AEAUTCSI aATOPUTMOM MS TTOPOBHY.

e 3uauut, d = log, n u obiee BpeMs pabotsl — O(n log n).
Vicmoab3dyeMas IIaMATh:

@ 3amMeTuM, U4TO AASL MaccuBa b Tpebyercst O(n)
AOIIONHUTEABHOM ITaMSATH.

VMBan Kasmesnko et al. (CII6I'Y) CopTupoBKa 14.10.2021
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CopTUpPOBKA C IIOMOIBIO Ky4yU

ABomuHast Ky4a — 3TO MaccuB a[0..n), B KOTOPOM BBIITIOAHEHBI
cooTHomeHusa afk| > a[2k + 1] u a[k] > a[2k + 2] (cBoiicTBO Ky4H)
AMAS BCEX K, AAS KOTODBIX CYIIECTBYIOT COOTBETCTBYIOIIHE IIaphI.

Nean Kasmenko et al. (CII6I'Y)
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AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTUpPOBKA C IIOMOIBIO Ky4yU

ABomuHast Ky4a — 3TO MaccuB a[0..n), B KOTOPOM BBIITIOAHEHBI
cooTHomeHusa afk| > a[2k + 1] u a[k] > a[2k + 2] (cBoiicTBO Ky4H)
AMAS BCEX K, AAS KOTODBIX CYIIECTBYIOT COOTBETCTBYIOIIHE IIaphI.

Vpest — pentuM 3apady B ABa JTara:
H. CHauanra mpeo0Opa3dyeM MacCuB B ABOUYHYIO Ky4y.

HA. 3aTeM U3 ABOMYHOU Ky4UHM CAEAdeM OTCOPTUPOBAHHBIN MaCCHUB.

WNean Kasmenko et al. (CII6I'Y)
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AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTUpOBKa C MTOMOIIIBIO Ky4W: aATOPUTM

Anaroputm H (Heapify):

H1. PaccMaTpuBast BEpUIUHBI OT IIOCAEAHEUN K IIEPBOH,
IIOCAEAOBATEABHO AOOLEMCS TOI'O, YTOOBLI AAS
paccMaTpuBaeMoOM BEPIIUHBI, @ TAK)Ke AAS BCeX BEpIIUH C
OOABIIIMM HOMEPOM, OBIAO BBIIIOAHEHO CBOWUCTBO KYYH.

Mpan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021 15739



AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTUpOBKa C MTOMOIIIBIO Ky4W: aATOPUTM

Anaroputm H (Heapify):

H1. PaccMaTpuBast BEpUIUHBI OT IIOCAEAHEUN K IIEPBOH,
IIOCAEAOBATEABHO AOOLEMCS TOI'O, YTOOBLI AAS
paccMaTpuBaeMoOM BEPIIUHBI, @ TAK)Ke AAS BCeX BEpIIUH C
OOABIIIMM HOMEPOM, OBIAO BBIIIOAHEHO CBOWUCTBO KYYH.

Anaroputm HA (HeapToArray):

HA1l. M3BAedéM M3 KyuHd HAaUOOABIINM 3AeMEHT (3TO BCETAd dAEMEHT
¢ HoMepowMm 0).

HA2. TlomeHsieM ero MeCcTaMu C IIOCAEAHUM 3AEMEHTOM KY4YU.

HA3. YMeHbIINM pa3Mep Ky4Hu Ha 1, a IIOCAeAHUMN 3AeMeHT OObSIBUM
3AEMEHTOM HUTOIOBOI'O MAaCCHBA.

HA4 . BoCCTaHOBUM AAS NIEPBOTO 3A€MEHTA CBOMCTBO KY4YHU.

HAS5. Ecam Ky4a ellé He IIyCTa, IIEPeUAEM K mary HAL.

Mpan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021 15739



AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHpOBKa C MOMOIIBIO KyYHU: MMOA3aAaYa

IToa3apaua aAnd aATOpUTMOB H m HA:
e Aaubl MaccuB af0..n) u HOMep 3AeMeHTa B HEM k.

@ M3BeCTHO, YTO AAS BCEX DAEMEHTOB C OOABIIIUM HOMEPOM
CBOUCTBO KYYU BBIITIOAHEHO.

@ TpeGyeTcst CAeAATh Tak, YTOObI OHO OBIAO BBITOAHEHO U AAST
alk].
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AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHpOBKa C MOMOIIBIO KyYHU: MMOA3aAaYa

IToa3apaua aAnd aATOpUTMOB H m HA:
e Aaubl MaccuB af0..n) u HOMep 3AeMeHTa B HEM k.

@ M3BeCTHO, YTO AAS BCEX DAEMEHTOB C OOABIIIUM HOMEPOM
CBOUCTBO KYYU BBIITIOAHEHO.

@ TpebOyeTcsa cpenraTh TaK, YTOOBI OHO OBIAO BBIIIOAHEHO U AAS
alk].
Pemenne — aaropurm SD (SiftDown):

SD1. Ecau 2k + 1 >=n, CBOUCTBO KYy4YU BBIIIOAHEHO
aBTOMATUYECKU.

SD2. B mpoTuBHOM cAydae BeiOepeMm u3 a[2k + 1] u a[2k + 2]
HauOOABIINN 3AEMEHT X.

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

SD4. HMuaue nomeHsieM MecTaMu alk| u x, Iocae 4ero 3amycTuMm
aATOPUTM SD AASL HOMepa dAeMeHTa X.

Mpan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021 16 /39



CopTHUpOBKa C MOMOIIBIO KY4YM: KOA

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

VMBan Kasmesnko et al. (CIIGIY) CopTupoBKa
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AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHPOBKAa C MOMOIIBIO 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)

Mpan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021 17/39



AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHPOBKAa C MOMOIIBIO 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:
3 =1i*2+1
if j >= n:
break
if j + 1 < n and al[j] < a[j + 1]:
j+=1
if y >= al[j]:
break
alil = al3]
1 =7
af[i] =

Yy
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AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHpPOBKa C MOMOIIBIO KyUYU: aHAAU3

Oo611e HaOAIOASHUS:

e Aaropurm SD pabotaet 3a O(logn): Ha KaXkAOM IlIare HoMep
3AeMeHTa yBEeAMYUBAeTCsl XOTs Obl BABOE.

e Aaropurm HA pabotaet 3a O(nlogn): on n — 1 pa3 BbI3bIBaeT
AATOPUTM SD AAY KyuM U3 n, n — 1, ..., 2 3AeMEeHTOB.

e AaroputM H paGotaet 3a O(nlogn): o n/2 pa3 BbI3bIBaeT
aAroputm SD.

e OoGee BpeMs pabortsl — O(n log n).

Mpan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021 18739



AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHpPOBKa C MOMOIIBIO KyUYU: aHAAU3

Oo611e HaOAIOASHUS:

e Aaropurm SD pabotaet 3a O(logn): Ha KaXkAOM IlIare HoMep
3AeMeHTa yBEeAMYUBAeTCsl XOTs Obl BABOE.

e Aaropurm HA pabotaet 3a O(nlogn): on n — 1 pa3 BbI3bIBaeT
AATOPUTM SD AAY KyuM U3 n, n — 1, ..., 2 3AeMEeHTOB.

e AaroputM H paGotaet 3a O(nlogn): o n/2 pa3 BbI3bIBaeT
aAroputm SD.

e OoGee BpeMs pabortsl — O(n log n).
Ha camom apene aaroputm H paGortaet 3a O(n).
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AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHpPOBKa C MOMOIIBIO KyUYU: aHAAU3

Ha camom apene aaroputMm H paGortaet 3a O(n).
IToaApoOHBIN aHaAW3 aATopuTMa H:
@ DAEeMEeHTOB Ky4UH, AASL KOTOPBIX aATOPUTM SD AeAaeT MHOTO
1IaroB, HEMHOTO.

@ AAst § oAeMeHTOB ¢ HOMepaMu 5 — 1, 5 —2, ..., § OH AeA@eT He
6oAee OAHOTO IIIara.
@ AAfl g DAGMEHTOB C HoMepaMH y — 1, § — 2, ..., g OH AenaeT He

Oonee ABYX IIIArOB.
° ...

@ MaKkcuMaAbHOE KOAMYECTBO I1aroB (logn) aATOPUTM MOKET
CAEAAThb TOABKO AAS dAeMeHTa ¢ HoMepoM 0.

Mpan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021 18/39




AATOPUTMBI COPTUPOBKY  [INEediziin: RNl yad

CopTHpPOBKa C MOMOIIBIO KyUYU: aHAAU3

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

n n n
- 43—t =
4+2 8+ 16+
n n n n
ot <=
4+8+16+ + 2)
n n n
_ _ < =
8+16+ + (\4)
£+ + (<E)
16 =~ 8
<
n+n+n+ < n
2 4 8 =

TeMm He MeHee, BCsi COPTHPOBKA padoTaet 3a O(nlogn).
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AATOPUTMBI B CMEJKHBIX 3apadax

CoaepxaHue

e AATOPUTMBI B CME>KHBIX 3apadax
@ MoTuBalusg
@ [lopsipAKOoBast CTaTUCTUKA
@ [ToapcuéT KoAnYecTBa MHBEPCUU
@ ABomMYHadA Kyua

VMBan Kasmesnko et al. (CII6I'Y) CopTupoBKa 14.10.2021
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AATOPUTMBI B CMEJKHBIX 3apadax MoTuBanus

MoTuBaius
CH++: 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 MCIIOAB30BATh OMOAMOTEUHYIO (PYHKIIMIO COPTUPOBKH.
3ayeM 3HATh, Kak OHa paboTaeT?
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AATOPUTMBI B CMEJKHBIX 3apadax MoTuBanus

MoTuBaius

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 MCIIOAB30BATh OMOAMOTEUHYIO (PYHKIIUIO COPTUPOBKH.
3ayeM 3HATh, Kak OHa paboTaeT?

Wean Kasmenko et al. (CII6I'Y)

CopTupoBKa 14.10.2021
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AATOPUTMBI B CMEJKHBIX 3aAadyax MoTuBanus

MoTuBaius

Pa3zamuHbIe aATOPUTMBI COPTUPOBKY, B CpepHEM padoTarollue 3a
BpeMsi O(nlogn), 00AaAQIOT PAa3HBIMU AOCTOMHCTBAMU U
HEAOCTATKaMU:
@ QuickSort:
- B XyAllleM caydae paGoraet 3a O(n?);
+ Ha OPAKTHUKE SIBASIETCSI CaMbIM 6bICprIM B CpepHEM CAy4dae.
@ MergeSort:

+

TpebyeT O(n) AOLIOAHUTEALHON IIaMSITH;

AETKO MOJKeT OBITh MOAUMUIIMPOBAH AAS ITapaAAEABHBIX
BBLIYHUCACHUH;

+ SIBASIETCSA YCTOI‘/’IT-II/IBBIM.
o HeapSort:
— IINOXO CcO4YeTaeTCd C KOIINPOBaHUEM;

+ TpebyeTr O(nlogn) Bpemenu u O(1) AOIIOAHUTEABHOMN IIaMSITH B
XYALLIEM CAydYae.

Nean Kasmenko et al. (CII6I'Y)
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AATOPUTMBI B CMEJKHBIX 3apadax MoTuBanus

MoTuBaius

Kpome TOro, ITOAXOABL ¥ MAEH, UCIIOAb30BAHHBIE B 3THUX
COPTHPOBKAX, OKa3bIBAIOTCSI TTOAE3HBI U B APYTHX 3aAavyax:
@ QuickSort: HaxokAeHHe k-1 TIOPSIAKOBOM cTaTUCTUKH 33 O(n).
@ MergeSort: TOACUET KOANYECTBA MHBEPCHI B IIepecTaHOBKe 3a
O(nlogn).
@ HeapSort: cTpykTypa A@HHBIX, 00eCIleunBarolas A0OaBAeHUe
anreMeHTa 3a O(logn), mouck makcumyMma 3a O(1) u yrareHue
makcumymMma 3a O(logn).
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

[TopsgakoBasg CcTaTUCTUKA

[TocTaHoOBKa 3apauu:
@ AaH MaccuB a pa3Mepa n u uncao k (1 < k < nj.

o Hy>xHo HanTu k-10 NOPAAKOBYIO CTATUCTHUKY MAacCHUBA d, TO
€CTh 3Ae€MeHT, KOTOPBIH II0CAe COPTUPOBKU OKAKETCs B
IO3UIIUN K.
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

[TopsgakoBasg CcTaTUCTUKA

[TocTaHoOBKa 3apauu:

@ AaH MaccuB a pa3Mepa n u uncao k (1 < k < nj.

o Hy>xHo HanTu k-10 NOPAAKOBYIO CTATUCTHUKY MAacCHUBA d, TO
€CTb 3AEMEHT, KOTOPBIU IIOCAE COPTHUPOBKU OKAa’KETCS B
IO3UIIUN K.

Naesa — aaroputMm QS (QuickSelect):

QS1. BribepeM OAUH 3A€MEHT X = Q.

Q0S2. TlocTaBUM X Ha TO MECTO, T'Ae OH OKaykKeTCs IIOCAe
COPTHPOBKH; IIyCTh 3TO OKA3aAacCh MO3UIUA M.

QS3. TIlocTaBUM CAeBa OT X BCe 3AEMEHTHI < X, a CIIpaBa BCe
AOAEMEHTHI > X.

0S4. Ecam k < m, HaUAEM aATOPUTMOM QS k-1 DAEMEHT Ha OTpe3Ke
MaccuBa oT 1 Ao m.

Q0S5. B mpoTuBHOM cAydae HaMAEM aaropurMmoM QS (k — m)-i
SA€MEHT Ha OTpe3Ke MaccuBa oT m+ 1 A0 n.

Mpan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021 21/39



AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

[TopsgakoBasg CcTaTUCTUKA

Kak BBIMTOAHUTH TYHKTH QS2 u QS3 — aaroputM P (Partition):
P1. HaMaEM y — caMBI A€BBIM SAE€MEHT, He MEHBIIUN X.
P2. HalipéM z — caMbIi IPaBbIM 9AeMeHT, He OOABIIUYU X.

P3. EcAm y CTOUT AeBee z, IOMEHsIEM MeCTaMH y U Z U 3allyCTUM
AATOPUTM P AASL OTpe3Ka MacCHBa MeXXAY HUMMU.

P4. B mpoTHBHOM cAydae paboTa aATOpUTMa P 3aBeplleHa.
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

[TopsgakoBasg CcTaTUCTUKA

Kak BBIMTOAHUTH TYHKTH QS2 u QS3 — aaroputM P (Partition):
P1. HaMaEM y — caMBI A€BBIM SAE€MEHT, He MEHBIIUN X.
P2. HalipéM z — caMbIi IPaBbIM 9AeMeHT, He OOABIIUYU X.

P3. EcAm y CTOUT AeBee z, IOMEHsIEM MeCTaMH y U Z U 3allyCTUM
AATOPUTM P AASL OTpe3Ka MacCHBa MeXXAY HUMMU.

P4. B mpoTuBHOM cAydae paboTa arropuTMa P 3aBepiiieHa.
3aMeTuM, YTO aATOPUTM P paboTaeT 3a AMHEWHOe BpeMs OT AAWHBI

MacCcCHBa.
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AATOPUTMBI B CMEJKHBIX 3 TTopsiankoBasi CTaTUCTUKA

IIOpHAKOBaﬂICTaTHCTHKaZKOA

quick_select (a, k, 1, r):

if r -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)

VMBan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021
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AATOPUTMBI B CMEJKHBIX 3 TTopsiankoBasi CTaTUCTUKA

HOpHAKOBaH CTATHUCTHUKA: KOA

quick_select (a, k, 1, r):
if r -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)

VMBan Kasmesnko et al. (CIIGIY) CopTupoBKa

partition (a, 1, r,

i=1, 3

=r -1

while i <= j:
while af[i] < x:

i+=1
while x
J =1

if i >=
break

swap (al
i+=1,
return i

< aljl:
J:

il, aljl)
j-=1

14.10.2021
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

[TopssAKOBasi 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

Qs4 if k < 1i:

QsS4 r =1

QS5 else:

QS5 1 =1
return 1

VMBan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

[TopssAKOBasi 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 (al[i], aljl)
P3 i+=1, jJ -=1
Qs4 if k < 1i:
QsS4 r =1
QS5 else:
QS5 1 =1
return 1

VMBan Kasmenko et al. (CII6I'Y) CopTupoBKa 14.10.2021

23/39



AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

HOpHAKOBaH CTAaTUCTHUKA. dHAAN3

OO01111e HaOAIOAEHUS:

© AATOPUTM QS OTAMYAETCS OT AATOPUTMA Q TOABKO TeM, UTO
PEKYPCHUBHO 3aIllyCKAeTCsI AUIIb OT OAHOT'O OTpe3Ka U3 ABYX —
TOI'0, B KOTOPOM COAEPKUTCSI UCKOMBIN 3A€MEHT.

o AaropuTtM P paGoTaeT 3a AMHENMHOe BpeMs OT AAUHBI OTPe3Ka.

@ OO1ee BpeMd pabOTHI IPONOPIIUOHAABHO CYMMAapHOU AAWHE
BCeX OTPEe3KOB, Ha KOTOPBIX ObIA 3amyIlleH aATOPUTM.
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

HOpHAKOBaH CTAaTUCTHUKA. dHAAN3

OO01111e HaOAIOAEHUS:

© AATOPUTM QS OTAMYAETCS OT AATOPUTMA Q TOABKO TeM, UTO
PEKYPCHUBHO 3aIllyCKAeTCsI AUIIb OT OAHOT'O OTpe3Ka U3 ABYX —
TOI'0, B KOTOPOM COAEPKUTCSI UCKOMBIN 3A€MEHT.

4 AAI‘OpI/ITM P pa60TaeT 3a AMHEWHOoe BpeMd OT AAMHBI OTPE3Ka.

@ OO1ee BpeMd pabOTHI IPONOPIIUOHAABHO CYMMAapHOU AAWHE
BCeX OTPEe3KOB, Ha KOTOPBIX ObIA 3amyIlleH aATOPUTM.

Ayumui caydain:
@ [lycTh Ka>XABIM pa3 aATOPUTM PEeKYPCUBHO 3allyCKAeTCs OT
MeHBbIIIeN U3 ABYX IIOAOBUH.

e Torpa cyMMa AAMH PaCCMOTPEHHBIX OTPE3KOB He IIPEBOCXOAUT
n+ 544 +... < 2n, moaromy obGiee BpeMst paGoTsl — O(n).

e Ha mpakTuKe CAOKHO BBIOMpPATH X TaK, YTOOBI CITyCKaThCS B
MEHBIIYIO IIOAOBUHY.
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

HOpHAKOBaH CTATHUCTHUKA:. dHAANU3
XyALIUHA CAy4dan:
@ [lycTh KaXABIM OTPE30K AEAMTCS aATOPUTMOM P Ha 4acThb U3

OAHOI'O SA€MEeHTa U Y4aCThb U30 BCeX OCTABIIUXCHA, B KOTOPYIO U
HY>XHO 3aTeM PEeKYpPCHUBHO CIITyCKATbCA.

e Torpa o6iiee Bpemsi pa6oTel — O(n?).

o Hampumep, Tak OyAeT, eCAM BCe YUCAA PA3AUYHEL, @ B
KauecTBe X Ha Ka’kKAOM OTpe3Ke BLIOUpaeTcss AMOO caMbli
MaAeHBKUY, AMOO caMbI¥ OOABIION DAEMEHT 3TOTO OTPe3Ka, U
IIPU 3TOM HAWUTU HY’KHO TOT 3AE€MEHT, KOTOPHII OyAeT BbIOpaH
TTOCAEAHUIM.
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AATOPUTMBI B CMEJKHBIX 3aAadyax TTopsiaAkoBast CTaTHCTHKA

HOpHAKOBaH CTAaTUCTHUKA. dHAAN3

CpepHuUlt cAy4aii:

[TycTh BEIOOP X CAy4YaeH.

TOI‘Aa C BEpPOSATHOCTEBIO > % B Ka>XKAOM OTpe3Ke AAMHEI I

BBIOMPAETCSI PASACAMTEAD, IIOMAAAIOIINYA B IIO3UIINN [%n; %n].
3HAUYUT, B CPeAHEM Ka>XAOe BTOPOe Pa3AeAeHUe ASAUT
OTPEe30K B OTHOIIeHUU He Oonee 3 : 1 (OOABIIAA 4acTh UMeeT
AAVHY < %n).

[ToaTOoMy, B KaKylO Obl IIOAOBUHY MBI HU CITYCKAAUCH, B
CpeAHEM 3a Ka’KABIE ABa CITyCKa MBI YMEHbIIIaeM AAMHY
TEKyIIero oTpe3ka XOTs Obl Ha YeTBEepPTh.

A 3HaumT, U olIee BpeMs pabOTHl He MPeBOCXOAUT O(n), BeAb
2n+2-3n+2-jn+...<2n-4.
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[ToaCUu€T KOAMUYeCcTBa MHBEPCUM

I[TocTaHOBKa 3apayum:

@ AaHa mepecTaHOBKa d pa3Mepa n.

e Hy>kxHO HaUTH KOAMYECTBO Iap MHAEKCOB (i,j) Takux, 4To i < j
ua; > aqj.
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[ToaCUu€T KOAMUYeCcTBa MHBEPCUM

[MTocTaHOBKA 3apauw:
@ AaHa mepecTaHOBKa d pa3Mepa n.

e Hy>kxHO HaUTH KOAMYECTBO Iap MHAEKCOB (i,j) Takux, 4To i < j
ua; > aqj.
HNpess — aaroputm CI (Countlnversions):
CI1. TlopeamM MaccuUB Ha ABe paBHBbIE IO AAMHE YacCTH.

CI2. OTcopTuUpyeM PEKYPCUBHO AEBYIO U IIPABYIO YAaCTU U PelIuM
33784y AASA HUX.

CI3. TloayuyuM yHOpPSAOUYEHHBIM MAacCHUB U3 ABYX YIIOPSIAOUYEHHBIX
IIOAOBHUH, MOIIYTHO IIOAYYUB OTBET B HAIllEU 3apade.
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[ToaCUu€T KOAMUYeCcTBa MHBEPCUM

Npess — aaroputm CI (Countlnversions):

CI1l. TlopeAmMM MacCHUB Ha ABe paBHBIE IIO AAMHE YaCTH.

CI2. OTcopTUpyeM PeKyPCUBHO AEBYIO U IIPABYIO YAaCTH U PELIUM
33AQ4y AAS HUX.

CI3. IloAyuyuM yIIOpSIAOUYEHHBINM MACCHUB M3 ABYX YIIOPSAOUYEHHBIX
IIOAOBHUH, IOIIYTHO IIOAYYUB OTBET B HAIlleU 3apauve.

Kak BeIMOAHUTH NYHKT CI3 — aaroputMm MC (Merge And Count):

MC1. PaccMOTpuUM HepBble UMCAA A€BON U ITPAaBON YacCTeM.

MC2. BriOGepeM W3 HUX MUHUMAABHOE, AOIUIIEM €0 K OTBETY U
YAQAUM U3 COOTBETCTBYIOIEU YaCTHU.

MC3. Ecau MeHBIIee YMCAO U3 BTOPOU 4acTU, AOOABUM K OTBETY
KOAMUECTBO UUCEA, OCTABIIMXCS B IepBOU YaCTHU: BCe OHU
OOABIIle TEKYIEr0 YHCAQ, HO B HICXOAHOM MAacCCUBE CTOSAT
AeBee.

MC4. Ecau XOThb OpHA U3 4YacTel HeIyCTa, IlepelpEM K mary MCL.
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[ToaCUu€T KOAMUYeCcTBa MHBEPCUM

Npess — aaroputm CI (Countlnversions):

CI1l. TlopeAmMM MacCHUB Ha ABe paBHBIE IIO AAMHE YaCTH.

CI2. OTcopTUpyeM PeKyPCUBHO AEBYIO U IIPABYIO YAaCTH U PELIUM
33AQ4y AAS HUX.

CI3. IloAyuyuM yIIOpSIAOUYEHHBINM MACCHUB M3 ABYX YIIOPSAOUYEHHBIX
IIOAOBHUH, IOIIYTHO IIOAYYUB OTBET B HAIlleU 3apauve.

Kak BeIMOAHUTH NYHKT CI3 — aaroputMm MC (Merge And Count):

MC1. PaccMOTpuUM HepBble UMCAA A€BON U ITPAaBON YacCTeM.

MC2. BriOGepeM W3 HUX MUHUMAABHOE, AOIUIIEM €0 K OTBETY U
YAQAUM U3 COOTBETCTBYIOIEU YaCTHU.

MC3. Ecau MeHBIIee YMCAO U3 BTOPOU 4acTU, AOOABUM K OTBETY
KOAMUECTBO UUCEA, OCTABIIMXCS B IepBOU YaCTHU: BCe OHU
OOABIIle TEKYIEr0 YHCAQ, HO B HICXOAHOM MAacCCUBE CTOSAT
AeBee.

MC4. Ecau XOThb OpHA U3 4YacTel HeIyCTa, IlepelpEM K mary MCL.

Aaroputm MC paboTaeT 3a AMHEHHOoe BpeMia OT A AMHBI MaCCHBaA.
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AATOPUTMBI B CMEFKHBIX \agax TToacuéT KoAMYeCTBa WHBEPCHM

[Topcy€T KOAMYEeCTBa 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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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[Topcy€T KOAMYEeCTBa 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, j=m k=1, res =20
while i < m or j < r:
if j > r or (1 < m and af[i] <= a[j]): Dblk++]
else: res +=m - i, Dbl[k++]
all..r] = b[l..r]
return res

a[i++]
alj++]
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[ToaCU€T KOAMUYeCcTBa MHBEPCUM: AAbTEPHATUBHBIN
KOA,

CI count_inversions (a, 1, r):
if r -1 <= 1:
return 0
CI1l m=(lL+1r)/ 2
CI2 res = count_inversions (a, 1, m)
CI2 res += count_inversions (a, m, r)
i=1, jJj=m k=1
MC while 1 < m or j < r:
MC1 if j > r or (i < m and af[i] < a[j]):
MC2 blk++] = a[i++]
else:
MC3 res += m - i
MC2 blk++] = al[j++]

al[l..r] = b[l..r]
return res
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[ToaCU€T KOAMUYeCcTBa MHBEPCUM: AAbTEPHATUBHBIN
KOA,

CI count_inversions (a, 1, r):
if r -1 <= 1:
return 0
CI1l m=(lL+1r)/ 2
CI2 res = count_inversions (a, 1, m)
CI2 res += count_inversions (a, m, r)
i=1, jJj=m k=1
MC while 1 < m or j < r:
MC1 if j > r or (i < m and af[i] < a[j]):
MC2 blk++] = a[i++]
else:
MC3 res +=m - i
MC2 blk++] = al[j++]

al[l..r] = b[l..r]
return res
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[TopCcy€T KOAMYeCcTBa MHBEPCUU: @HAAUS

Oo611e HaOAIOASHUS:

@ Aaroputm CI OTAUYAETCS OT aATOPUTMA M TOABKO TeM, UTO
AOTIONHUTEABHO BBIYKUCASIET OTBET Ha 3apaydy.

@ Ha ka>xpoM YpOBHE BAOKEHHOCTHU PEKypcUU asropurma CI
OTPe3KH, Ha KOTOPHIX OH 3aITyCKaeTcs, He UMeIOT OOIINUX
TOYEK.

@ AaroputMm MC paboTaeT 3a AUHEWMHOEe BpeMs OT AAUHBI
OoTpesKa.

e Oo6mee Bpemst pabotsl — O(n - d), TAe d — MaKCUMAaABHBIN
YPOBEHb BAOKEHHOCTU PEKYPCHUMU.
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[TopCcy€T KOAMYeCcTBa MHBEPCUU: @HAAUS

Oo611e HaOAIOASHUS:

@ Aaroputm CI OTAUYAETCS OT aATOPUTMA M TOABKO TeM, UTO
AOIIOAHUTEABHO BBIUHCAGET OTBET Ha 3aAady.

@ Ha ka>xpoM ypoBHE BAOKEHHOCTU PeKypcuu aaroputma CI
OTPe3KH, Ha KOTOPHIX OH 3aITyCKaeTcs, He UMeIOT OOIINUX
TOYEK.

@ AaroputMm MC paboTaeT 3a AUHEWMHOEe BpeMs OT AAUHBI
oTpe3Ka.

e Oo6mee Bpemst pabotsl — O(n - d), TAe d — MaKCUMAaABHBIN
YPOBeHb BAOKEHHOCTU PEKYPCHUM.

Coenudguka arAropurMa:
o KaRABIN OTPe30K AeAUTCS aATOPUTMOM MC MOPOBHY.
e 3uauurt, d = log, n u obiiee BpeMs paboTsl — O(nlogn).
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AATOPUTMBI B CMEJKHBIX 3apadax TToacuéT KoAMYeCTBa WHBEPCHM

[TopCcy€T KOAMYeCcTBa MHBEPCUU: @HAAUS

Oo611e HaOAIOASHUS:

@ Aaroputm CI OTAUYAETCS OT aATOPUTMA M TOABKO TeM, UTO
AOTIOANHUTEABHO BBIYHCASIET OTBET Ha 3aAady.

@ Ha ka>xpoM ypoBHE BAOKEHHOCTU PeKypcuu aaroputma CI
OTPEe3KH, Ha KOTOPBIX OH 3allyCKaeTcs, He MMEIOT OOIINX
TOYEK.

@ AaroputMm MC paboTaeT 3a AUHEWMHOEe BpeMs OT AAUHBI
oTpe3Ka.

e Oo6mee Bpemst pabotsl — O(n - d), TAe d — MaKCUMAaABHBIN
YPOBEHb BAOJKEHHOCTH PEKYPCHH.

Coenudguka arAropurMa:

o KaRABIN OTPe30K AeAUTCS aATOPUTMOM MC MOPOBHY.

e 3uauurt, d = log, n u obiiee BpeMs paboTsl — O(nlogn).
Hcrnioab3yemasi maMsATh:

@ 3ameTuM, 4TO AAS MaccuBa b TpeGyercst O(n)

OIIOAHUTEALHOM MHaMsSITH.
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOWYHAA Kyua

ITocTaHOBKA 3aAa4M — PEAAU30BATh CTPYKTYPY AAHHBIX,
ITIOAAEPSKUBAIOITYIO CACAYIOIYE Olepalluu:

e AoGaBaenue saementa 3a Bpemsi O(logn).
e [Mouck makcumyMa 3a Bpemst O(1).

@ Yaarenme mMakcumyma 3a Bpems O(logn).
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOWYHAA Kyua

ITocTaHOBKA 3aAa4M — PEAAU30BATh CTPYKTYPY AAHHBIX,
ITIOAAEPSKUBAIOITYIO CACAYIOIYE Olepalluu:

e AoGaBaenue saementa 3a Bpemsi O(logn).
e [Mouck makcumyMa 3a Bpemst O(1).
@ Yaarenme mMakcumyma 3a Bpems O(logn).

ABouuHas Kyda — 3TO MaccHuB a[0..n), B KOTOPOM BBLIIIOAHEHBI
cootHomenus alk| > a[2k + 1] u alk] > a[2k + 2] (cBoiicTBO Ky4H)
AAS BCEX K, AAST KOTOPBIX CYIIECTBYIOT COOTBETCTBYIOIIHE IaphI.
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMYHAA Ky4a: aATOPUTMBI

o [Tpu pobaBAEHUU dAEMEHTa YBEeAWYHBaeM pa3Mep Kyuu Ha
€AVHUILY U AOIIMCHIBAEM HOBBIU dA€MEHT B KoHell. ITocae
3TOr'0 CBOMCTBO KYyYU BBITIOAHEHO AAS BCEX DAEMEHTOB, KpoMe,
MOKEeT OBITh, IIOCAEAHETO.

o [Ipu mouMcKe MaKCHMyMa IIPOCTO BO3BPAI[a€M SAEMEHT
maccuBa af0].

e [lpu ypareHMM MaKCHMyMa yMeHbIIaeM pa3Mep Ky4u Ha
€AMHUILY U Ha MecTo a[0] 3anuceiBaeM a[n — 1], rae n —
pasMep Kyuu A0 yAaAeHHs. [Tocae 9TOro CBOMCTBO Ky4H
BBITIOAHEHO AASL BCEX 9AEMEHTOB, KPOME, MOJKET OBbITb,

IIEPBOTO.
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMUYHAA Kyya: II0OA3aAd4a

ITop3apavua, BO3HUKAIOIIAS Ipu AO6aBAeHI/II/I n YyAAACHUU SAEMEeHTa:

e Aaubl MaccuB af0..n) u HOMep dAeMeHTa B HEM k.

@ lI3BecTHO, UTO AASI BCEX DAEMEHTOB, KpoMe alk], CBOMCTBO
Ky4H BBIIIOAHEHO.

@ TpelbyeTcsa cAeAaThb TaK, YTOOBI OHO OBIAO BBIIIOAHEHO W AAS
alk].
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMUYHAA Kyya: II0OA3aAd4a

ITop3apavua, BO3HUKAIOIIAS Ipu AO6aBAeHI/II/I n YyAAACHUU SAEMEeHTa:

e Aaubl MaccuB a[0..n) ¥ HOMep dAeMeHTa B HEM k.

@ l3BeCcTHO, YTO AASI BCEX IAEMEHTOB, KpoMe a[k|, CBOMCTBO
Ky4HU BBIIIOAHEHO.
@ TpeOyeTcsa cAeraThb TaK, YTOOBI OHO OBIAO BBIIIOAHEHO U AAS
alk].
Pemienne npu k = 0 — aaroputm SD (SiftDown):
SD1. Ecau 2k + 1 >=n, CBOUCTBO Ky4YU BBIIIOAHEHO
aBTOMATHUYECKU.

SD2. B mpoTuBHOM cayuae BeiOepeM u3 a[2k + 1| u a[2k + 2]
HauOOABIINN 3A€MEHT X.

SD3. Ecawm a[k| > x, CBOMCTBO Ky4U BBIIIOAHEHO.
SD4. VHaue moMeHsieM MecTaM¥ alk] u x, IIOCAe Yero 3alyCTHM
AATOPUTM SD AAS HOMEpa 3AeMEeHTa X.
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMUYHAA Kyya: II0OA3aAd4a

ITop3apavua, BO3HUKAIOIIAS Ipu AO6aBAeHI/II/I n YyAAACHUU SAEMEeHTa:

e Aaubl MaccuB af0..n) u HOMep dAeMeHTa B HEM k.

@ lI3BecTHO, UTO AASI BCEX DAEMEHTOB, KpoMe alk], CBOMCTBO
Ky4H BBIIIOAHEHO.

@ TpelbyeTcsa cAeAaThb TaK, YTOOBI OHO OBIAO BBIIIOAHEHO W AAS
alk].
Pemennvie ipu k = n — 1 — aaroputm SU (SiftUp):
SUl. Ecau k = 0, CBOMCTBO Ky4YM BBIIIOAHEHO aBTOMATUYECKU.
SU2. Ecawm a[(k — 1)/2] > a[k|, cBOHCTBO Ky4uu TakXe BBIIIOAHEHO.

SU3. Mnuaue nomensiem mectamu af(k — 1)/2] u a[k|, mocae gero
3aIlyCTUM aATOPUTM SU aast (k — 1)/2.
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMYHAs Ky4da: KOp HMHTepdenca

insert (a, n, x):
aln] = x
n +=1
sift_ up (a, n - 1, n)
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMYHAs Ky4da: KOp HMHTepdenca

insert (a, n, x):
aln] = x
n +=1
sift up (a, n - 1, n)

get_max (a, n):
return a[0]
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMYHAs Ky4da: KOp HMHTepdenca

insert (a, n, x):
aln] = x
n +=1
sift up (a, n - 1, n)

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

remove_max (a, n):
n =1
a[0] = aln]
sift_down (a, 0, n)
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

{ABOHqHaﬂﬁquaIKOA:peaAHBaHHH

sift_up (a, i, n):
y = alil
while i > O:
j=(1-1) /2
if al[j] >= y:
break
a[il = aljl
i =
afi]

[y

y
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

{ABOHqHaﬂﬁquaIKOA:peaAHBaHHH

sift_up (a, i, n):
y = a[i]
while i > 0:
j=4(i-1) / 2
if al[j] >= y:
break
ali]l = aljl
l =
aflil

[y

y

Nean Kasmenko et al. (CII6I'Y)

sift_down (a, i, n):
y = alil
while True:
j=1*2+1
if j >= n:
break

if j + 1 < n and alj] < al[j +

171:
j+=1
if y >= al[jl:
break
afi] = alj]
1 =7

afi] y

CopTupoBKa 14.10.2021
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AATOPUTMBI B CMEJKHBIX 3aAadyax ABoWYHas Kyya

ABOMYHAA Kyya: aHAAU3

Oo611e HaOAIOASHUS:
e Aaropurm SU pabotaet 3a O(logn): Ha KaXkAOM IlIare HoOMep
3AeMeHTa yMeHbIIaeTCcss XOTsI Obl BABOE.

e Aaroputm SD pabotaeT 3a O(logn): Ha KaXKAOM IlIare HOMep
SAeMeHTa YBEeAMYUBaeTCs XOTs OBl BABOeE.
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CopTUpPOBKa 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 BrIBOA:
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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CopTupoBKa TO4YeK

1 #include <algorithm> Bsoa:

2 #include <iostream> 9

3 #include <vector> 01

4 using namespace std; 0 -1

S 10

6 struct Point {int x, y;}; 10

7 bool operator < (Point const & a, Point const & b) { 00

8 if (a.y != b.y) return a.y > b.y; 1 -1

9 return a.x < b.x; 11
10 3} -1 -1
1 11
12 int main () {
13 int n; cin >> n; Brrsoa;
14 vector <Point> a (n); -1 1
15 for (auto & [x, y] : a) // C++17 01
16 cin >> x >> y; 11
17 sort (a.begin (), a.end ()); -10
18 for (auto [x, y] : a) // C++17 00
19 cout << x << " " << y << endl; 10
20 return 0; -1 -1
21 } 0 -1

1 -1
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MHTepakTUBHAs COPTUPOBKA

1 #include <algorithm> Bsop, | BriBoa:
2 #include <iostream> 4 |

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

5 using namespace std; | 232
7 bool ask (int a, int b) { | 231
8 cout << "? " << a << " " << b << endl; < ‘

9 string s; «cin >> s; | 232
10 return s == "<"; > [

11 | 242
12 s

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 << "!I";

19 for (auto i : p)

20 cout << " " << i;

21 cout << endl;

22 return 0;

23 }
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3aBepIiieHne

Bormpocsr?

Bormipocsr?
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