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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Çàäà÷à �2 ¾Ðàçáèåíèå òàáëèöû¿

Ñóììà âñåõ ýëåìåíòîâ òàáëèöû n×m


1 2 . . . m

m+ 1 m+ 2 . . . 2m
...

...
. . .

...

(n− 1)m+ 1 (n− 1)m+ 2 . . . nm


Ñóììà àðèôìåòè÷åñêîé ïðîãðåññèè:

Σ = (1 + nm)
nm

2
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Çàäà÷à �2 ¾Ðàçáèåíèå òàáëèöû¿

Ïîäçàäà÷à 1

Ïåðåáåðåì ëèíèþ ðàçäåëåíèÿ. Çàòåì çà n ·m ïîñ÷èòàåì ñóììó

â ðàçäåëåííîé òàáëèöå.

Ðàçáèåíèå ïî ñòðîêàì:∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
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∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
Ðàçáèåíèå ïî ñòîëáöàì:∣∣∣∣∣∣∣∣

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
∣∣∣∣∣∣∣∣

Âûáåðåì ëó÷øèé ðàçðåç. Â ñóììå ðåøåíèå ðàáîòàåò çà

n ·m · (n+m).
Îãðàíè÷åíèÿ: t = 1, 1 6 n, m 6 100
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Çàäà÷à �2 ¾Ðàçáèåíèå òàáëèöû¿

Ïîäçàäà÷à 2

Çàìåòèì, ÷òî ïðè ïåðåìåùåíèè ëèíèè ðàçðåçà íà 1 â êàæäîé

èç ïîëîâèí äîáàâëÿåòñÿ èëè óäàëÿåòñÿ òîëüêî O(n) èëè O(m)
êëåòîê. Çíà÷èò ìîæíî ïåðåáðàòü âñå âàðèàíòû çà O(nm).
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

Îãðàíè÷åíèÿ: t = 1, 1 6 n, m 6 2000
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Ãîðèçîíòàëüíîå ðàçáèåíèå òàáëèöû

Ñóììà ýëåìåíòîâ ïåðâûõ k ñòðîê



1 2 . . . m
m+ 1 m+ 2 . . . 2m

...
...

. . .
...

(k − 1)m+ 1 (k − 1)m+ 2 . . . km

km+ 1 km+ 2 . . . (k + 1)m
...

...
. . .

...

(n− 1)m+ 1 (n− 1)m+ 2 . . . nm


Ñóììà àðèôìåòè÷åñêîé ïðîãðåññèè:

ΣU = (1 + km)
km

2
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Ãîðèçîíòàëüíîå ðàçáèåíèå òàáëèöû

Ñóììà ýëåìåíòîâ îñòàâøèõñÿ ñòðîê



1 2 . . . m
m+ 1 m+ 2 . . . 2m

...
...

. . .
...

(k − 1)m+ 1 (k − 1)m+ 2 . . . km

km+ 1 km+ 2 . . . (k + 1)m
...

...
. . .

...

(n− 1)m+ 1 (n− 1)m+ 2 . . . nm


ΣD = Σ− ΣU
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Ãîðèçîíòàëüíîå ðàçáèåíèå òàáëèöû

Îïòèìàëüíîå ãîðèçîíòàëüíîå ðàçäåëåíèå òàáëèöû

Ðàçíîñòü âåðõíåé è íèæíåé ÷àñòåé òàáëèöû

∆H = ΣU − ΣD = 2ΣU − Σ = 2(1 + km)
km

2
− (1 + nm)

nm

2

∆H =
m

2

[
2k + 2k2m− n(1 + nm)

]
Ðåøàåì êâàäðàòíîå óðàâíåíèå

∆H = 0⇒ 2mk2 + 2k − n(1 + nm) = 0

ñ äèñêðèìèíàíòîì:

D = 4 + 8nm(1 + nm)

Ïîëîæèòåëüíûé êîðåíü óðàâíåíèÿ:

KH =

√
2n2m2 + 2nm+ 1− 1

2m
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Ñóììà ýëåìåíòîâ ïåðâûõ k ñòîëáöîâ


1 . . . k k + 1 . . . m

m+ 1 . . . m+ k m+ k + 1 . . . 2m
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

(n− 1)m+ 1 . . . (n− 1)m+ k (n− 1)m+ k + 1 . . . nm


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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Ñóììà ýëåìåíòîâ ïåðâûõ k ñòîëáöîâ

Ñóììà ýëåìåíòîâ ïîñòðî÷íî:

i = 1 : σ1 = (1 + k)
k

2

i = 2 : σ2 =
(
(m+ 1) + (m+ k)

)k
2

= (2m+ 1 + k)
k

2

i = 3 : σ3 =
(
(2m+ 1) + (2m+ k)

)k
2

= (22̇m+ 1 + k)
k

2
...

i = n : σn =
(
((n− 1)m+ 1) + ((n− 1)m+ k)

)k
2

=

= ((n− 1)2m+ 1 + k)
k

2
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Ñóììà ýëåìåíòîâ ïåðâûõ k ñòîëáöîâ

Ñóììà ýëåìåíòîâ:

ΣL =

n∑
i=1

((i− 1)2m+ 1 + k)
k

2
= n(1 + k)

k

2
+ km

n∑
i=1

(i− 1)

n∑
i=1

(i− 1) = 0 + 1 + . . .+ (n− 1) = (n− 1)
n

2

ΣL = n(1 + k)
k

2
+ km(n− 1)

n

2
= (1 + k +m(n− 1))

kn

2
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Ñóììà ýëåìåíòîâ îñòàâøèõñÿ ñòîëáöîâ


1 . . . k k + 1 . . . m

m+ 1 . . . m+ k m+ k + 1 . . . 2m
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

(n− 1)m+ 1 . . . (n− 1)m+ k (n− 1)m+ k + 1 . . . nm



ΣR = Σ− ΣL
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Îïòèìàëüíîå âåðòèêàëüíîå ðàçäåëåíèå òàáëèöû

Ðàçíîñòü ëåâîé è ïðàâîé ÷àñòåé òàáëèöû

∆V = ΣL−ΣR = 2ΣL−Σ = 2(1+k+m(n−1))
kn

2
−(1+nm)

nm

2

∆V =
n

2

[
2k2m+ 2k(1 + nm−m)− (m+ nm2)

]
Ðåøàåì êâàäðàòíîå óðàâíåíèå

∆V = 0⇒ 2k2m+ 2k(1 + nm+m)− (m+ nm2) = 0

ñ äèñêðèìèíàíòîì:

D = 4
(
(1 + nm)2 +m2

)
Ïîëîæèòåëüíûé êîðåíü óðàâíåíèÿ:

KV =
√

(nm+ 1)2 +m2 − (1 + nm−m)
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Ïîäçàäà÷è 3 è 4

Èñïîëüçóÿ ôîðìóëû ìîæíî ïîñ÷èòàòü ñóììû ïðè

ôèêñèðîâàííûõ ãîðèçîíòàëüíûõ è âåðòèêàëüíûõ ðàçðåçàõ çà

O(1), à çíà÷èò, ìîæíî íàéòè ëó÷øèé ðàçðåç çà (n+m).

Îãðàíè÷åíèÿ:

t = 1, 1 6 n, m 6 107

1 6 t 6 1000, 1 6 n×m 6 10000
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Ïîäçàäà÷à 5

Çäåñü àðèôìåòè÷åñêàÿ ïðîãðàññèÿ îäíîìåðíàÿ è íàäî íàéòè

òàêîå k, ÷òîáû
1 + k

2
k ≈ 1 +m

4
m

Ðåøåíèå 1

Óïðîùàÿ, ïîëó÷èì êâàäðàòíîå óðàâíåíèå íà k, è íàéäåì

ëó÷øåå k çà O(1). Èç-çà îêðóãëåíèé âîçìîæíà ïîãðåøíîñòü,

ïîýòîìó íóæíî ïåðåáðàòü îòâåò â äèàïàçîíå ±1.
Ðåøåíèå 2

Ìîæíî íàéòè ëó÷øåå k, èñïîëüçóÿ äâîè÷íûé ïîèñê (ñóììà

ïåðâûõ k çíà÷åíèé âîçðàñòàåò ïðè óâåëè÷åíèè k).

Îãðàíè÷åíèÿ: 1 6 t 6 100000, n = 1, m 6 109
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Ðåãèîíàëüíûé ýòàï Âñåðîññèéñêîé îëèìïèàäû øêîëüíèêîâ ïî èíôîðìàòèêå

Âåðòèêàëüíîå ðàçáèåíèå òàáëèöû

Ïîäçàäà÷à 6

Ñðàâíèâàåì ðàçíîñòü ïîäòàáëèö ïðè îïòèìàëüíîì

ãîðèçîíòàëüíîì (KH) è âåðòèêàëüíîì (KV ) ðàçáèåíèÿõ.

Îãðàíè÷åíèÿ: 1 6 t 6 100000, 1 6 n,m 6 109
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