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Âî ìíîãèõ çàäà÷àõ äàííûå óäîáíî ïðåäñòàâëÿòü â îòñîðòè-
ðîâàííîì âèäå:

Ñïèñêè ñëîâ, óïîðÿäî÷åííûå ïî ÷àñòîòíîñòè/ â àëôàâèòíîì
ïîðÿäêå (http://ruscorpora.ru/corpora-freq.html):

è 6829968
â 5190215
íå 3164900

Ñïèñêè ãèïîòåç ïî îïòèìàëüíîñòè.
áîëüøîé äîì
big house 0.92
large house 0.44
big home 0.02

Ðàñïèñàíèå çàäàíèé ïî ïðèîðèòåòó.

ïîîáåäàòü 2
ñäåëàòü äîìàøíþþ 4
ïîìûòü ïîëû 5
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Íóæíî óìåòü ñîðòèðîâàòü ïðîèçâîëüíûå ìàññèâû (ñïèñêè)
äàííûõ.

Êðîìå òîãî, â îòñîðòèðîâàííîì ñïèñêå ãîðàçäî ëåã÷å èñêàòü.
À ÷òî çíà÷èò ëåã÷å?

Óãàäàé ÷èñëî

Çàãàäàíî ÷èñëî îò 1 äî 100, óãàäàéòå ýòî ÷èñëî çà 7 âîïðîñîâ
�äà/íåò�.

Äàâàéòå ïîèãðàåì...
Ïóñòü çàãàäàíî ÷èñëî 39.
Áóäåì çàäàâàòü òîëüêî âîïðîñû âèäà �áîëüøå/ìåíüøå ëè
çàãàäàííîå ÷èñëî, ÷åì x?"
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Óãàäàé ÷èñëî

Çàãàäàíî ÷èñëî áîëüøå 50?

Íåò.
Òåïåðü íàñ èíòåðåñóþò òîëüêî ÷èñëà îò 1 äî 50.
Çàãàäàíî ÷èñëî áîëüøå 25?

Äà.
Òåïåðü çíàåì, ÷òî ÷èñëî èç îòðåçêà [26; 50].

Çàãàäàíî ÷èñëî áîëüøå 38?

Äà.

Çàãàäàíî ÷èñëî áîëüøå 44?

Íåò.

Çàãàäàíî ÷èñëî áîëüøå 41?

Íåò.

Çàãàäàíî ÷èñëî áîëüøå 40?

Íåò.

Çàãàäàíî ÷èñëî áîëüøå 39?

Íåò.

Ýòî ÷èñëî 39!
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Çàãàäàíî ÷èñëî áîëüøå 25? Äà.
Òåïåðü çíàåì, ÷òî ÷èñëî èç îòðåçêà [26; 50].
Çàãàäàíî ÷èñëî áîëüøå 38? Äà.
Çàãàäàíî ÷èñëî áîëüøå 44? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 41? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 40? Íåò.

Çàãàäàíî ÷èñëî áîëüøå 39?

Íåò.

Ýòî ÷èñëî 39!

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Óãàäàé ÷èñëî

Çàãàäàíî ÷èñëî áîëüøå 50? Íåò.
Òåïåðü íàñ èíòåðåñóþò òîëüêî ÷èñëà îò 1 äî 50.
Çàãàäàíî ÷èñëî áîëüøå 25? Äà.
Òåïåðü çíàåì, ÷òî ÷èñëî èç îòðåçêà [26; 50].
Çàãàäàíî ÷èñëî áîëüøå 38? Äà.
Çàãàäàíî ÷èñëî áîëüøå 44? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 41? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 40? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 39?

Íåò.

Ýòî ÷èñëî 39!

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Óãàäàé ÷èñëî

Çàãàäàíî ÷èñëî áîëüøå 50? Íåò.
Òåïåðü íàñ èíòåðåñóþò òîëüêî ÷èñëà îò 1 äî 50.
Çàãàäàíî ÷èñëî áîëüøå 25? Äà.
Òåïåðü çíàåì, ÷òî ÷èñëî èç îòðåçêà [26; 50].
Çàãàäàíî ÷èñëî áîëüøå 38? Äà.
Çàãàäàíî ÷èñëî áîëüøå 44? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 41? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 40? Íåò.
Çàãàäàíî ÷èñëî áîëüøå 39? Íåò.

Ýòî ÷èñëî 39!

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àíàëèç çàäà÷è

Ìîæíî ñ÷èòàòü, ÷òî ìû èñêàëè ýëåìåíò â óïîðÿäî÷åííîì
ñïèñêå îò 1 äî 100.

Êàæäûé ðàç ìû äåëèëè ñïèñîê ïîïîëàì, ïðîâåðÿÿ, â êàêóþ
ïîëîâèíó ïîïàäàåò íóæíîå ÷èñëî.
Ïî÷åìó ïîëó÷èëîñü 7 îïåðàöèé?
Íàïðèìåð, äëÿ 1000 ÷èñåë õâàòèò 10 ïîïûòîê. À äëÿ N?
Ýòî òèïè÷íàÿ ïðîáëåìà ñëîæíîñòè àëãîðèòìîâ: ñêîëüêî îïå-
ðàöèé íóæíî äëÿ âûïîëíåíèÿ êàêîé-ëèáî çàäà÷è äëÿ îáúåêòà
ðàçìåðà N.
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ïîëîâèíó ïîïàäàåò íóæíîå ÷èñëî.
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Êàæäûé ðàç ìû äåëèëè ñïèñîê ïîïîëàì, ïðîâåðÿÿ, â êàêóþ
ïîëîâèíó ïîïàäàåò íóæíîå ÷èñëî.
Ïî÷åìó ïîëó÷èëîñü 7 îïåðàöèé?
Íàïðèìåð, äëÿ 1000 ÷èñåë õâàòèò 10 ïîïûòîê. À äëÿ N?
Ýòî òèïè÷íàÿ ïðîáëåìà ñëîæíîñòè àëãîðèòìîâ: ñêîëüêî îïå-
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Ñëîæíîñòü ïîèñêà â óïîðÿäî÷åííîì ìàññèâå

Ïîñòàíîâêà çàäà÷è

Äàí óïîðÿäî÷åííûé ñïèñîê äëèíû N, ñîäåðæàùèé ýëåìåíòû
x1 6 x2 . . . 6 xN . Îïðåäåëèòü, åñòü ëè â í¼ì ÷èñëî x .

Àëãîðèòì ðåøåíèÿ

Íàéòè ñåðåäèííûé ýëåìåíò m òåêóùåãî ñïèñêà è ñðàâíèòü
x ñ íèì.
Åñëè x = m, òî ýëåìåíò íàéäåí.
Åñëè x > m, òî èñêàòü â ïðàâîé ïîëîâèíå, èíà÷å � â ëåâîé.

Òåîðåìà

Äàííûé àëãîðèòì òðåáóåò íå áîëåå dlog2Ne + 1 ñðàâíåíèé, ãäå
d·e � âåðõíÿÿ öåëàÿ ÷àñòü ÷èñëà.
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Äàí óïîðÿäî÷åííûé ñïèñîê äëèíû N, ñîäåðæàùèé ýëåìåíòû
x1 6 x2 . . . 6 xN . Îïðåäåëèòü, åñòü ëè â í¼ì ÷èñëî x .
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Ñëîæíîñòü ïîèñêà â óïîðÿäî÷åííîì ìàññèâå

Òåîðåìà (ïåðåôîðìóëèðîâêà)

Åñëè â ìàññèâå ìåíåå 2m ýëåìåíòîâ, òî äâîè÷íûé ïîèñê
îñóùåñòâèì çà íå áîëåå, ÷åì m + 1 ñðàâíåíèå.

Äîêàçàòåëüñòâî

Ïðèìåíèì èíäóêöèþ ïî m.
Áàçà: m 6 2 � ïîèñê çàíèìàåò íå áîëåå 2 ñðàâíåíèé.
Øàã: åñëè â ìàññèâå íå áîëåå 2m ýëåìåíòîâ, òî â êàæäîé èç
åãî ïîëîâèí íå áîëåå 2m−1. Ñîîòâåòñòâåííî, ïîèñê â êàæäîé
èç íèõ òðåáóåò íå áîëåå m ñðàâíåíèé.
Äîïîëíèòåëüíî íóæíî îäíî ñðàâíåíèå ñ ñåðåäèííûì
ýëåìåíòîâ, òî åñòü âñåãî íå áîëåå m + 1 ñðàâíåíèÿ.

Òåîðåìà (ïåðåôîðìóëèðîâêà)

Àëãîðèòì äâîè÷íîãî ïîèñêà â ìàññèâå äëèíû N òðåáóåò íå áîëåå
Cdlog2Ne ýëåìåíòàðíûõ àðèôìåòè÷åñêèõ îïåðàöèé.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñëîæíîñòü ïîèñêà â óïîðÿäî÷åííîì ìàññèâå

Òåîðåìà (ïåðåôîðìóëèðîâêà)

Åñëè â ìàññèâå ìåíåå 2m ýëåìåíòîâ, òî äâîè÷íûé ïîèñê
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Äîêàçàòåëüñòâî

Ïðèìåíèì èíäóêöèþ ïî m.
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Äîêàçàòåëüñòâî

Ïðèìåíèì èíäóêöèþ ïî m.
Áàçà: m 6 2 � ïîèñê çàíèìàåò íå áîëåå 2 ñðàâíåíèé.
Øàã: åñëè â ìàññèâå íå áîëåå 2m ýëåìåíòîâ, òî â êàæäîé èç
åãî ïîëîâèí íå áîëåå 2m−1. Ñîîòâåòñòâåííî, ïîèñê â êàæäîé
èç íèõ òðåáóåò íå áîëåå m ñðàâíåíèé.
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Èùåòñÿ èíäåêñ ýëåìåíòà x â óïîðÿäî÷åííîì ìàññèâå a.

Ïîääåðæèâàåì äâà èíäåêñà i , j , îçíà÷àþùèå, ÷òî ïîèñê ïðî-
èçâîäèòñÿ â ìàññèâå a[i : j ].
Íà êàæäîì øàãå íàõîäèì èíäåêñ ñåðåäèíû m = i+(j−i)//2.
Åñëè a[m] == x , òî âûäà¼ì m.
Åñëè a[m] < x , òî i = m + 1.
Åñëè a[m] > x , òî j = m.
Çàâåðøàåì ðàáîòó, åñëè j = i .
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Ðåàëèçîâàíî â ìîäóëå bisect (https://docs.python.org/
3.1/library/bisect.html).
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Ïîñòàíîâêà çàäà÷è

Èíîãäà áûâàåò íóæíî îáúåäèíèòü äâà óæå îòñîðòèðîâàííûõ
ñïèñêà â íîâûé, ñîõðàíèâ ñîðòèðîâêó.

Êàæåòñÿ, ÷òî ýòî äîëæíî áûòü ïðîùå, ÷åì îòñîðòèðîâàòü
ñïèñîê (÷àñòè÷íàÿ óïîðÿäî÷åííîñòü óæå åñòü).
Îáùàÿ èäåÿ:

åñëè îäèí èç ñïèñêîâ ïóñò, âåðíóòü âòîðîé.
âûäåëèòü ìèíèìàëüíûé ýëåìåíò (ýòî îäèí èç äâóõ ïåðâûõ
ýëåìåíòîâ a[0] è b[0]),
ïðèñîåäèíèòü ê íåìó ñïðàâà îòâåò äëÿ a[1:] è b (åñëè ìèíèìóì
âûáðàí èç a) èëè äëÿ a è b[1:].

Íà �ôóíêöèîíàëüíîì� ÿçûêå:

merge(a, b) = b if len(a) == 0 else a if len(b) == 0 else

a[0] + merge(a[1 :], b) if a[0] 6 b[0] else
b[0] + merge(a, b[1 :])
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ñïèñîê (÷àñòè÷íàÿ óïîðÿäî÷åííîñòü óæå åñòü).
Îáùàÿ èäåÿ:

åñëè îäèí èç ñïèñêîâ ïóñò, âåðíóòü âòîðîé.
âûäåëèòü ìèíèìàëüíûé ýëåìåíò (ýòî îäèí èç äâóõ ïåðâûõ
ýëåìåíòîâ a[0] è b[0]),
ïðèñîåäèíèòü ê íåìó ñïðàâà îòâåò äëÿ a[1:] è b (åñëè ìèíèìóì
âûáðàí èç a) èëè äëÿ a è b[1:].

Íà �ôóíêöèîíàëüíîì� ÿçûêå:

merge(a, b) = b if len(a) == 0 else a if len(b) == 0 else

a[0] + merge(a[1 :], b) if a[0] 6 b[0] else
b[0] + merge(a, b[1 :])

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ïîñòàíîâêà çàäà÷è

Èíîãäà áûâàåò íóæíî îáúåäèíèòü äâà óæå îòñîðòèðîâàííûõ
ñïèñêà â íîâûé, ñîõðàíèâ ñîðòèðîâêó.
Êàæåòñÿ, ÷òî ýòî äîëæíî áûòü ïðîùå, ÷åì îòñîðòèðîâàòü
ñïèñîê (÷àñòè÷íàÿ óïîðÿäî÷åííîñòü óæå åñòü).
Îáùàÿ èäåÿ:

åñëè îäèí èç ñïèñêîâ ïóñò, âåðíóòü âòîðîé.
âûäåëèòü ìèíèìàëüíûé ýëåìåíò (ýòî îäèí èç äâóõ ïåðâûõ
ýëåìåíòîâ a[0] è b[0]),
ïðèñîåäèíèòü ê íåìó ñïðàâà îòâåò äëÿ a[1:] è b (åñëè ìèíèìóì
âûáðàí èç a) èëè äëÿ a è b[1:].

Íà �ôóíêöèîíàëüíîì� ÿçûêå:

merge(a, b) = b if len(a) == 0 else a if len(b) == 0 else

a[0] + merge(a[1 :], b) if a[0] 6 b[0] else
b[0] + merge(a, b[1 :])

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àëãîðèòì ñëèÿíèÿ ñïèñêîâ
Ìîæíî ïåðåïèñàòü �ôóíêöèîíàëüíûé� âàðèàíò ñ ïîìîùüþ
ðåêóðñèè, íî ýòî íåýôôåêòèâíî.

Áîëåå òðàäèöèîííûé àëãîðèòì:

Çàâåñòè äâà èíäåêñà i è j � òåêóùèå ïîçèöèè â îáîèõ ñïèñêàõ,
Íà êàæäîì øàãå ñðàâíèâàòü a[i ] è b[j ].

Åñëè a[i ] 6 b[j ], äîáàâèòü â îòâåò a[i ], óâåëè÷èòü i ;
Èíà÷å äîáàâèòü â îòâåò b[j ], óâåëè÷èòü j .

Åñëè îäèí èç ñïèñêîâ çàêîí÷èëñÿ, äîáàâèòü â îòâåò îñòàòîê
âòîðîãî.

Ïðèìåð âûïîëíåíèÿ àëãîðèòìà:

a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 0 answer = []
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 1 answer = [1]
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 1 j = 1 answer = [1, 2]
a = [2, 3, 6, 6, 9] b = [1, 5, 7, 8] i = 2 j = 1 answer = [1, 2, 3]
. . .
answer = [1, 2, 3, 5, 6, 7, 8, 9]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àëãîðèòì ñëèÿíèÿ ñïèñêîâ
Ìîæíî ïåðåïèñàòü �ôóíêöèîíàëüíûé� âàðèàíò ñ ïîìîùüþ
ðåêóðñèè, íî ýòî íåýôôåêòèâíî.
Áîëåå òðàäèöèîííûé àëãîðèòì:

Çàâåñòè äâà èíäåêñà i è j � òåêóùèå ïîçèöèè â îáîèõ ñïèñêàõ,

Íà êàæäîì øàãå ñðàâíèâàòü a[i ] è b[j ].

Åñëè a[i ] 6 b[j ], äîáàâèòü â îòâåò a[i ], óâåëè÷èòü i ;
Èíà÷å äîáàâèòü â îòâåò b[j ], óâåëè÷èòü j .

Åñëè îäèí èç ñïèñêîâ çàêîí÷èëñÿ, äîáàâèòü â îòâåò îñòàòîê
âòîðîãî.

Ïðèìåð âûïîëíåíèÿ àëãîðèòìà:

a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 0 answer = []
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 1 answer = [1]
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 1 j = 1 answer = [1, 2]
a = [2, 3, 6, 6, 9] b = [1, 5, 7, 8] i = 2 j = 1 answer = [1, 2, 3]
. . .
answer = [1, 2, 3, 5, 6, 7, 8, 9]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àëãîðèòì ñëèÿíèÿ ñïèñêîâ
Ìîæíî ïåðåïèñàòü �ôóíêöèîíàëüíûé� âàðèàíò ñ ïîìîùüþ
ðåêóðñèè, íî ýòî íåýôôåêòèâíî.
Áîëåå òðàäèöèîííûé àëãîðèòì:

Çàâåñòè äâà èíäåêñà i è j � òåêóùèå ïîçèöèè â îáîèõ ñïèñêàõ,
Íà êàæäîì øàãå ñðàâíèâàòü a[i ] è b[j ].

Åñëè a[i ] 6 b[j ], äîáàâèòü â îòâåò a[i ], óâåëè÷èòü i ;
Èíà÷å äîáàâèòü â îòâåò b[j ], óâåëè÷èòü j .

Åñëè îäèí èç ñïèñêîâ çàêîí÷èëñÿ, äîáàâèòü â îòâåò îñòàòîê
âòîðîãî.

Ïðèìåð âûïîëíåíèÿ àëãîðèòìà:

a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 0 answer = []
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 1 answer = [1]
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 1 j = 1 answer = [1, 2]
a = [2, 3, 6, 6, 9] b = [1, 5, 7, 8] i = 2 j = 1 answer = [1, 2, 3]
. . .
answer = [1, 2, 3, 5, 6, 7, 8, 9]

Àëåêñåé Ñîðîêèí
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Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àëãîðèòì ñëèÿíèÿ ñïèñêîâ
Ìîæíî ïåðåïèñàòü �ôóíêöèîíàëüíûé� âàðèàíò ñ ïîìîùüþ
ðåêóðñèè, íî ýòî íåýôôåêòèâíî.
Áîëåå òðàäèöèîííûé àëãîðèòì:

Çàâåñòè äâà èíäåêñà i è j � òåêóùèå ïîçèöèè â îáîèõ ñïèñêàõ,
Íà êàæäîì øàãå ñðàâíèâàòü a[i ] è b[j ].

Åñëè a[i ] 6 b[j ], äîáàâèòü â îòâåò a[i ], óâåëè÷èòü i ;

Èíà÷å äîáàâèòü â îòâåò b[j ], óâåëè÷èòü j .
Åñëè îäèí èç ñïèñêîâ çàêîí÷èëñÿ, äîáàâèòü â îòâåò îñòàòîê
âòîðîãî.

Ïðèìåð âûïîëíåíèÿ àëãîðèòìà:

a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 0 answer = []
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 1 answer = [1]
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 1 j = 1 answer = [1, 2]
a = [2, 3, 6, 6, 9] b = [1, 5, 7, 8] i = 2 j = 1 answer = [1, 2, 3]
. . .
answer = [1, 2, 3, 5, 6, 7, 8, 9]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àëãîðèòì ñëèÿíèÿ ñïèñêîâ
Ìîæíî ïåðåïèñàòü �ôóíêöèîíàëüíûé� âàðèàíò ñ ïîìîùüþ
ðåêóðñèè, íî ýòî íåýôôåêòèâíî.
Áîëåå òðàäèöèîííûé àëãîðèòì:

Çàâåñòè äâà èíäåêñà i è j � òåêóùèå ïîçèöèè â îáîèõ ñïèñêàõ,
Íà êàæäîì øàãå ñðàâíèâàòü a[i ] è b[j ].

Åñëè a[i ] 6 b[j ], äîáàâèòü â îòâåò a[i ], óâåëè÷èòü i ;
Èíà÷å äîáàâèòü â îòâåò b[j ], óâåëè÷èòü j .

Åñëè îäèí èç ñïèñêîâ çàêîí÷èëñÿ, äîáàâèòü â îòâåò îñòàòîê
âòîðîãî.

Ïðèìåð âûïîëíåíèÿ àëãîðèòìà:

a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 0 answer = []
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 1 answer = [1]
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 1 j = 1 answer = [1, 2]
a = [2, 3, 6, 6, 9] b = [1, 5, 7, 8] i = 2 j = 1 answer = [1, 2, 3]
. . .
answer = [1, 2, 3, 5, 6, 7, 8, 9]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àëãîðèòì ñëèÿíèÿ ñïèñêîâ
Ìîæíî ïåðåïèñàòü �ôóíêöèîíàëüíûé� âàðèàíò ñ ïîìîùüþ
ðåêóðñèè, íî ýòî íåýôôåêòèâíî.
Áîëåå òðàäèöèîííûé àëãîðèòì:

Çàâåñòè äâà èíäåêñà i è j � òåêóùèå ïîçèöèè â îáîèõ ñïèñêàõ,
Íà êàæäîì øàãå ñðàâíèâàòü a[i ] è b[j ].

Åñëè a[i ] 6 b[j ], äîáàâèòü â îòâåò a[i ], óâåëè÷èòü i ;
Èíà÷å äîáàâèòü â îòâåò b[j ], óâåëè÷èòü j .

Åñëè îäèí èç ñïèñêîâ çàêîí÷èëñÿ, äîáàâèòü â îòâåò îñòàòîê
âòîðîãî.

Ïðèìåð âûïîëíåíèÿ àëãîðèòìà:

a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 0 answer = []
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 1 answer = [1]
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 1 j = 1 answer = [1, 2]
a = [2, 3, 6, 6, 9] b = [1, 5, 7, 8] i = 2 j = 1 answer = [1, 2, 3]
. . .
answer = [1, 2, 3, 5, 6, 7, 8, 9]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Àëãîðèòì ñëèÿíèÿ ñïèñêîâ
Ìîæíî ïåðåïèñàòü �ôóíêöèîíàëüíûé� âàðèàíò ñ ïîìîùüþ
ðåêóðñèè, íî ýòî íåýôôåêòèâíî.
Áîëåå òðàäèöèîííûé àëãîðèòì:

Çàâåñòè äâà èíäåêñà i è j � òåêóùèå ïîçèöèè â îáîèõ ñïèñêàõ,
Íà êàæäîì øàãå ñðàâíèâàòü a[i ] è b[j ].

Åñëè a[i ] 6 b[j ], äîáàâèòü â îòâåò a[i ], óâåëè÷èòü i ;
Èíà÷å äîáàâèòü â îòâåò b[j ], óâåëè÷èòü j .

Åñëè îäèí èç ñïèñêîâ çàêîí÷èëñÿ, äîáàâèòü â îòâåò îñòàòîê
âòîðîãî.

Ïðèìåð âûïîëíåíèÿ àëãîðèòìà:

a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 0 answer = []
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 0 j = 1 answer = [1]
a = [2, 3, 6, 9] b = [1, 5, 7, 8] i = 1 j = 1 answer = [1, 2]
a = [2, 3, 6, 6, 9] b = [1, 5, 7, 8] i = 2 j = 1 answer = [1, 2, 3]
. . .
answer = [1, 2, 3, 5, 6, 7, 8, 9]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.

Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.

íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].

ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.

óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

Àëåêñåé Ñîðîêèí
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Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.

åñëè i = len(a), çàâåðøèòü ðàáîòó.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]
[2, 3, 4, 6, 10, 7, 5]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñîðòèðîâêà âûáîðîì

Äàí ñïèñîê a, åãî ýëåìåíòû íàäî óïîðÿäî÷èòü â ïîðÿäêå
âîçðàñòàíèÿ a1 6 . . . 6 an.
Ïðîñòåéøèé âàðèàíò: ñîðòèðîâêà âûáîðîì

i � äëèíà óæå îòñîðòèðîâàííîãî ó÷àñòêà, âíà÷àëå i = 0.
íàéòè j � èíäåêñ ìèíèìàëüíîãî ýëåìåíòà â a[i:].
ïåðåñòàâèòü a[i] è a[j] ìåñòàìè.
óâåëè÷èòü i íà 1.
åñëè i = len(a), çàâåðøèòü ðàáîòó.

[3, 2, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]
[2, 3, 6, 4, 10, 7, 5]
[2, 3, 4, 5, 6, 7, 10]

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñëîæíîñòü ñîðòèðîâêè âûáîðîì

Óòâåðæäåíèå

Íà ïîèñê ìàêñèìóìà â ìàññèâå äëèíû n íóæíî n− 1 ñðàâíåíèå.

Óòâåðæäåíèå

Íà ñîðòèðîâêó ìàññèâà äëèíû n òðåáóåòñÿ íå áîëåå n(n−1)
2

ñðàâíåíèé è (n − 1) ïåðåñòàíîâîê.

Èíäóêöèÿ ïî n, äëÿ ìàññèâà äëèíû 1 î÷åâèäíî.
Ñîðòèðîâêà ìàññèâà äëèíû n çàíèìàåò n − 1 èòåðàöèé,
íà êàæäîé èç êîòîðûõ òðåáóåòñÿ 1 ïåðåñòàíîâêà äëÿ
ïîìåùåíèÿ ìèíèìàëüíîãî ýëåìåíòà â íà÷àëî⇔ âñåãî (n−1)
ïðèñâàèâàíèé.
Ïóñòü íà ñîðòèðîâêó ìàññèâà äëèíû n íóæíî S(n)
ñðàâíåíèé, òîãäà S(n) = S(n − 1) + (n − 1).

S(n) = S(n − 1) + (n − 1) 6 (n−1)(n−2)
2

+ (n − 1) = (n−1)(n)
2

.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñëîæíîñòü ñîðòèðîâêè âûáîðîì

Óòâåðæäåíèå

Íà ïîèñê ìàêñèìóìà â ìàññèâå äëèíû n íóæíî n− 1 ñðàâíåíèå.

Óòâåðæäåíèå

Íà ñîðòèðîâêó ìàññèâà äëèíû n òðåáóåòñÿ íå áîëåå n(n−1)
2

ñðàâíåíèé è (n − 1) ïåðåñòàíîâîê.

Èíäóêöèÿ ïî n, äëÿ ìàññèâà äëèíû 1 î÷åâèäíî.
Ñîðòèðîâêà ìàññèâà äëèíû n çàíèìàåò n − 1 èòåðàöèé,
íà êàæäîé èç êîòîðûõ òðåáóåòñÿ 1 ïåðåñòàíîâêà äëÿ
ïîìåùåíèÿ ìèíèìàëüíîãî ýëåìåíòà â íà÷àëî⇔ âñåãî (n−1)
ïðèñâàèâàíèé.
Ïóñòü íà ñîðòèðîâêó ìàññèâà äëèíû n íóæíî S(n)
ñðàâíåíèé, òîãäà S(n) = S(n − 1) + (n − 1).

S(n) = S(n − 1) + (n − 1) 6 (n−1)(n−2)
2

+ (n − 1) = (n−1)(n)
2

.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñëîæíîñòü ñîðòèðîâêè âûáîðîì

Óòâåðæäåíèå

Íà ïîèñê ìàêñèìóìà â ìàññèâå äëèíû n íóæíî n− 1 ñðàâíåíèå.

Óòâåðæäåíèå

Íà ñîðòèðîâêó ìàññèâà äëèíû n òðåáóåòñÿ íå áîëåå n(n−1)
2

ñðàâíåíèé è (n − 1) ïåðåñòàíîâîê.

Èíäóêöèÿ ïî n, äëÿ ìàññèâà äëèíû 1 î÷åâèäíî.

Ñîðòèðîâêà ìàññèâà äëèíû n çàíèìàåò n − 1 èòåðàöèé,
íà êàæäîé èç êîòîðûõ òðåáóåòñÿ 1 ïåðåñòàíîâêà äëÿ
ïîìåùåíèÿ ìèíèìàëüíîãî ýëåìåíòà â íà÷àëî⇔ âñåãî (n−1)
ïðèñâàèâàíèé.
Ïóñòü íà ñîðòèðîâêó ìàññèâà äëèíû n íóæíî S(n)
ñðàâíåíèé, òîãäà S(n) = S(n − 1) + (n − 1).

S(n) = S(n − 1) + (n − 1) 6 (n−1)(n−2)
2

+ (n − 1) = (n−1)(n)
2

.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñëîæíîñòü ñîðòèðîâêè âûáîðîì

Óòâåðæäåíèå

Íà ïîèñê ìàêñèìóìà â ìàññèâå äëèíû n íóæíî n− 1 ñðàâíåíèå.

Óòâåðæäåíèå

Íà ñîðòèðîâêó ìàññèâà äëèíû n òðåáóåòñÿ íå áîëåå n(n−1)
2

ñðàâíåíèé è (n − 1) ïåðåñòàíîâîê.

Èíäóêöèÿ ïî n, äëÿ ìàññèâà äëèíû 1 î÷åâèäíî.
Ñîðòèðîâêà ìàññèâà äëèíû n çàíèìàåò n − 1 èòåðàöèé,
íà êàæäîé èç êîòîðûõ òðåáóåòñÿ 1 ïåðåñòàíîâêà äëÿ
ïîìåùåíèÿ ìèíèìàëüíîãî ýëåìåíòà â íà÷àëî⇔ âñåãî (n−1)
ïðèñâàèâàíèé.

Ïóñòü íà ñîðòèðîâêó ìàññèâà äëèíû n íóæíî S(n)
ñðàâíåíèé, òîãäà S(n) = S(n − 1) + (n − 1).

S(n) = S(n − 1) + (n − 1) 6 (n−1)(n−2)
2

+ (n − 1) = (n−1)(n)
2

.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñëîæíîñòü ñîðòèðîâêè âûáîðîì

Óòâåðæäåíèå

Íà ïîèñê ìàêñèìóìà â ìàññèâå äëèíû n íóæíî n− 1 ñðàâíåíèå.

Óòâåðæäåíèå

Íà ñîðòèðîâêó ìàññèâà äëèíû n òðåáóåòñÿ íå áîëåå n(n−1)
2

ñðàâíåíèé è (n − 1) ïåðåñòàíîâîê.

Èíäóêöèÿ ïî n, äëÿ ìàññèâà äëèíû 1 î÷åâèäíî.
Ñîðòèðîâêà ìàññèâà äëèíû n çàíèìàåò n − 1 èòåðàöèé,
íà êàæäîé èç êîòîðûõ òðåáóåòñÿ 1 ïåðåñòàíîâêà äëÿ
ïîìåùåíèÿ ìèíèìàëüíîãî ýëåìåíòà â íà÷àëî⇔ âñåãî (n−1)
ïðèñâàèâàíèé.
Ïóñòü íà ñîðòèðîâêó ìàññèâà äëèíû n íóæíî S(n)
ñðàâíåíèé, òîãäà S(n) = S(n − 1) + (n − 1).

S(n) = S(n − 1) + (n − 1) 6 (n−1)(n−2)
2

+ (n − 1) = (n−1)(n)
2

.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python



Óïîðÿäî÷åííûå ñïèñêè Ñëèÿíèå óïîðÿäî÷åííûõ ñïèñêîâ Àëãîðèòìû ñîðòèðîâêè

Ñëîæíîñòü ñîðòèðîâêè âûáîðîì

Óòâåðæäåíèå

Íà ïîèñê ìàêñèìóìà â ìàññèâå äëèíû n íóæíî n− 1 ñðàâíåíèå.

Óòâåðæäåíèå

Íà ñîðòèðîâêó ìàññèâà äëèíû n òðåáóåòñÿ íå áîëåå n(n−1)
2

ñðàâíåíèé è (n − 1) ïåðåñòàíîâîê.

Èíäóêöèÿ ïî n, äëÿ ìàññèâà äëèíû 1 î÷åâèäíî.
Ñîðòèðîâêà ìàññèâà äëèíû n çàíèìàåò n − 1 èòåðàöèé,
íà êàæäîé èç êîòîðûõ òðåáóåòñÿ 1 ïåðåñòàíîâêà äëÿ
ïîìåùåíèÿ ìèíèìàëüíîãî ýëåìåíòà â íà÷àëî⇔ âñåãî (n−1)
ïðèñâàèâàíèé.
Ïóñòü íà ñîðòèðîâêó ìàññèâà äëèíû n íóæíî S(n)
ñðàâíåíèé, òîãäà S(n) = S(n − 1) + (n − 1).

S(n) = S(n − 1) + (n − 1) 6 (n−1)(n−2)
2

+ (n − 1) = (n−1)(n)
2

.

Àëåêñåé Ñîðîêèí

Ââåäåíèå â Python
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