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Ðàçáîð çàäà÷.

Ðàçáîð çàäà÷ Ñåäüìîé Èíòåðíåò-îëèìïèàäû
Àâòîð: Ôåäîð Öàðåâ

Ââåäåíèå
Â áàçîâîé íîìèíàöèè Ñåäüìîé Èíòåðíåò-îëèìïèàäû ñåçîíà 2006-2007 ó÷àñòíèêàì áûëî ïðåäëî-

æåíî äëÿ ðåøåíèÿ 8 çàäà÷. Â îëèìïèàäå ïðèíÿëî ó÷àñòèå 108 êîìàíä, èç íèõ 103 ðåøèëè õîòÿ áû
îäíó çàäà÷ó.

Íàèáîëåå ïðîñòîé îêàçàëàñü çàäà÷à ¾G. Ñëîâàðíûå êâàäðàòû¿ � åå ðåøèëè 96 êîìàíä. Íàèáîëåå
ñëîæíûìè � çàäà÷è ¾B. Öåïî÷êà ñëîâ¿ è ¾C. Øèôð Ðåøåòêà¿ � êàæäóþ èç íèõ ðåøèëî ïî 11
êîìàíä.

Óñëîâèÿ çàäà÷, ðåçóëüòàòû îëèìïèàäû, òåñòû è ðåøåíèÿ æþðè ìîæíî íàéòè íà ñàéòå
èíòåðíåò-îëèìïèàä http://neerc.ifmo.ru/school/io.

Çàäà÷à A. Àâòîãîíêè
Åñëè ïåðåôîðìóëèðîâàòü çàäà÷ó â òåðìèíàõ òåîðèè ãðàôîâ, òî îíà áóäåò çâó÷àòü òàê: ¾Çàäàí

íåîðèåíòèðîâàííûé ñâÿçíûé ãðàô. Ïðîâåðèòü, ñóùåñòâóåò ëè â íåì âåðøèííî-ïðîñòîé öèêë.¿.
Íàïîìíèì, ÷òî ñâÿçíûé íåîðèåíòèðîâàííûé ãðàô áåç öèêëîâ íàçûâàåòñÿ äåðåâîì. Èçâåñòíî,

÷òî íåîáõîäèìûì è äîñòàòî÷íûì óñëîâèåì òîãî, ÷òî ãðàô ñ n âåðøèíàìè (â òåðìèíîëîãèè äàííîé
çàäà÷è � â ãîðîäå n ïåðåêðåñòêîâ) � äåðåâî, ÿâëÿåòñÿ òî, ÷òî â íåì (n− 1) ðåáðî (äîðîãà) [?].

Òàêèì îáðàçîì, çàäà÷à ñâåëàñü ê îïðåäåëåíèþ êîëè÷åñòâà ðåáåð â ãðàôå. Äëÿ ýòîãî âîñïîëüçó-
åìñÿ òàê íàçûâàåìîé ìàòðèöåé ñìåæíîñòè. Ïóñòü a[i][j] = 1, åñëè ïåðåêðåñòêè i è j ñîåäèíåíû
äîðîãîé, è a[i][j] = 0 � â ïðîòèâíîì ñëó÷àå [?].

Ñîîòâåòñòâåííî, ïðè ÷òåíèè èç âõîäíîãî ôàéëà äîðîãè, îïèñàííîé ÷èñëàìè u è v, íåîáõîäèìî
âûïîëíèòü äâà ïðèñâàèâàíèÿ: a[u][v] = 1 è a[v][u] = 1.

Êîëè÷åñòâî äîðîã â ãîðîäå áóäåò ðàâíî êîëè÷åñòâó åäèíèö â äâóìåðíîì ìàññèâå a, äåëåííîìó
ïîïîëàì � òàê êàê êàæäàÿ äîðîãà â ìàññèâå a îòìå÷åíà äâà ðàçà.

Çàäà÷à B. Öåïî÷êà ñëîâ
Îòñîðòèðóåì âñå çàäàííûå ñëîâà ïî íåóáûâàíèþ äëèíû è ïåðåíóìåðóåì èõ ÷èñëàìè îò 1 äî n â

ïîëó÷åííîì ïîðÿäêå. Ïóñòü a[i][j] = 1, åñëè ñëîâî íîìåð i ÿâëÿåòñÿ ñîáñòâåííûì ïðåôèêñîì ñëîâà
íîìåð j.

Äàëåå, ïðèìåíèì äëÿ ðåøåíèÿ çàäà÷è ìåòîä äèíàìè÷åñêîãî ïðîãðàììèðîâàíèÿ [?]. Ïóñòü l[i] �
ìàêñèìàëüíàÿ äëèíà öåïî÷êè ñëîâ, çàêàí÷èâàþùåéñÿ â ñëîâå íîìåð i. Òîãäà äëÿ l[i] ñïðàâåäëèâî
ñëåäóþùåå ðåêóððåíòíîå ñîîòíîøåíèå: l[i] = max1≤j<i,a[j][i]=1(l[j]) + 1.

Îòâåòîì íà çàäà÷ó ÿâëÿåòñÿ ìàêñèìóì èç l[i].

Çàäà÷à C. Øèôð ¾Ðåøåòêà¿
Ðàññìîòðèì ïîäêâàäðàò ðàçìåðà n/2× n/2 çàäàííîãî êâàäðàòà ñ ëåâûì âåðõíèì óãëîì â ëåâîì

âåðõíåì óãëå ¾áîëüøîãî¿ êâàäðàòà.
Çàïèøåì â êàæäóþ êëåòêó ýòîãî ïîäêâàäðàòà ÷èñëî îò 1 äî 4. Ýòè ÷èñëà áóäóò èìåòü ñëåäóþùèé

ñìûñë: 1 � ñîîòâåòñòâóþùàÿ êëåòêà áóäåò íàêðûòà âûðåçàííîé êëåòêîé â òîò ìîìåíò, êîãäà êëþ÷
ïîâåðíóò íà 0 ãðàäóñîâ, 2 � íà 90 ãðàäóñîâ, 3 � íà 180 ãðàäóñîâ, 3 � íà 270 ãðàäóñîâ.

Íåòðóäíî âèäåòü, ÷òî ëþáîìó ¾ïðàâèëüíîìó êëþ÷ó¿ ñîîòâåòñòâóåò íåêîòîðàÿ ðàññòàíîâêà ÷èñåë
îò 1 äî 4 â îïèñàííîì ïîäêâàäðàòå, è, íàîáîðîò, êàæäîé ðàññòàíîâêå ÷èñåë ñîîòâåòñòâóåò ¾ïðàâèëü-
íûé êëþ÷¿. Òàêèì îáðàçîì, êîëè÷åñòâî ¾ïðàâèëüíûõ êëþ÷åé¿ ðàâíî 4n2/4.

Äëÿ òîãî, ÷òîáû âû÷èñëèòü ýòî ÷èñëî ïî ìîäóëþ m, ìîæíî ïðèìåíèòü, íàïðèìåð, äèõîòîìè-
÷åñêîå âîçâåäåíèå â ñòåïåíü [?]. Êðîìå ýòîãî, íåîáõîäèìî áûòü âíèìàòåëüíûì è èñïîëüçîâàòü òèï
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long (â Java), long long (â Ñ++) èëè int64 (â Delphi), òàê êàê ïðîìåæóòî÷íûå ðåçóëüòàòû âû÷èñ-
ëåíèé ìîãóò ïðåâûøàòü 231 − 1 è íå ¾ïîìåùàòüñÿ¿ â òèï int (longint).

Çàäà÷à D. Ãèðëÿíäà
Çàäà÷à ðåøàåòñÿ ìåòîäîì ïåðåáîðà. Çàìåòèì, ÷òî êîëè÷åñòâî ðàçëè÷íûõ ñïîñîáîâ ðàñêðàñêè

ëàìïî÷åê ãèðëÿíäû ðàâíî kn. Â õóäøåì ñëó÷àå kn = 88 = 16777216, ÷òî äîñòàòî÷íî ìàëî. Äëÿ
òîãî, ÷òîáû ïðîâåðèòü, óäîâëåòâîðÿåò ëè êîíêðåòíàÿ ðàñêðàñêà ëàìïî÷åê ýñòåòè÷åñêèì âçãëÿäàì
çàêàç÷èêîâ, íåîáõîäèìî äëÿ êàæäîãî ïðîâîäà ïðîâåðèòü, ÷òî îí ñîåäèíÿåò ëàìïî÷êè ðàçíûõ öâåòîâ.

Íàèáîëåå ïðîñòîé ñïîñîá îðãàíèçàöèè ïåðåáîðà â ýòîé çàäà÷å � èñïîëüçîâàíèå ðåêóðñèè [?].
Ïðèâåäåííàÿ íèæå ïðîöåäóðà (íà ÿçûêå Delphi) ðåàëèçóåò ýòîò ïîäõîä.
procedure go ( pos : l ong i n t ) ;
var

i : l o ng i n t ;
good : boolean ;

begin
i f ( pos = n + 1) then begin

good := true ;
for i := 1 to m do begin

i f ( cur [ e [ i ] [ 1 ] ] = cur [ e [ i ] [ 2 ] ] ) then begin
good := fa l se ;
break ;

end ;
end ;
i f ( good ) then begin

i n c ( ans ) ;
end ;
e x i t ;

end ;
for i := 1 to k do begin

cur [ pos ] : = i ;
go ( pos + 1) ;

end ;
end ;

Çàäà÷à E. Èãðà ¾Æèçíü¿
Ðåøåíèå ýòîé çàäà÷è ñîñòîèò â ìîäåëèðîâàíèè ïðîöåññà, îïèñàííîãî â óñëîâèè çàäà÷è. Ïðè ðà-

çóìíîé ðåàëèçàöèè íà ïåðåõîä îò îäíîãî ïîêîëåíèÿ ê ñëåäóþùåìó áóäåò òðåáîâàòüñÿ ïîðÿäêà 8·n·m
îïåðàöèé. Òàê êàê n, m ≤ 100, òî 8 ·n ·m ≤ 80000. Îáùåå âðåìÿ ðàáîòû ïðîãðàììû áóäåò ñîñòàâëÿòü
ïîðÿäêà 8 · k · n ·m ≤ 8000000. Òàêèì îáðàçîì, òàêîå ðåøåíèå ëåãêî óêëàäûâàåòñÿ â îãðàíè÷åíèå ïî
âðåìåíè.

Ïðèâåäåì îäíó èç âîçìîæíûõ ðåàëèçàöèé ýòîãî ïîäõîäà (íà ÿçûêå Delphi, ïðèâîäèòñÿ òîëüêî òà
÷àñòü ïðîãðàììû, êîòîðàÿ îñóùåñòâëÿåò ïåðåõîä ê ñëåäóþùåìó ïîêîëåíèþ):

for i := 1 to n do begin
for j := 1 to m do begin

cnt := 0 ;
for di := −1 to 1 do begin

for dj := −1 to 1 do begin
i f ( d i = 0) and ( dj = 0) then begin

cont inue ;
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end ;
n i := ( i + di + n − 1) mod n + 1 ;
nj := ( j + dj + m − 1) mod m + 1;
i f ( cur r [ n i ] [ n j ] = ' ∗ ' ) then begin

i n c ( cnt ) ;
end ;

end ;
end ;
i f ( cur r [ i ] [ j ] = ' . ' ) then begin

i f ( cnt = 3) then begin
next [ i ] [ j ] : = ' ∗ '

end else begin
next [ i ] [ j ] : = ' . '

end ;
end else begin

i f ( cnt = 2) or ( cnt = 3) then begin
next [ i ] [ j ] : = ' ∗ ' ;

end else begin
next [ i ] [ j ] : = ' . ' ;

end ;
end ;

end ;
end ;
for i := 1 to n do begin

for j := 1 to m do begin
curr [ i ] [ j ] : = next [ i ] [ j ]

end ;
end ;

Çàäà÷à F. Îïòèìèçàöèÿ íà îêðóæíîñòè
Òàê êàê A,B > 0, òî ÿñíî, ÷òî èñêîìûé ìàêñèìóì äîñòèãàåòñÿ ïðè x, y > 0. Òàêèì îáðàçîì,

y =
√

R2 − x2.
Îñòàëîñü ìàêñèìèçèðîâàòü ôóíêöèþ Ax + B

√
R2 − x2. Äëÿ ýòîãî íàéäåì åå ïðîèçâîäíóþ è

ïðèðàâíÿåì åå íóëþ:
(Ax + B

√
R2 − x2)

′
= A−B

x√
R2 − x2

= 0

Ðåøèâ ýòî óðàâíåíèå, ïîëó÷àåì:
x =

AR√
A2 + B2

y =
B R√

A2 + B2

Çàäà÷à G. Ñëîâàðíûå êâàäðàòû
Ïðî÷èòàåì ýëåìåíòû çàäàííîãî âî âõîäíîì ôàéëå êâàäðàòà â ìàññèâ A. Íåòðóäíî âèäåòü,

÷òî ðåøåíèå çàäà÷è ïîñëå ýòîãî ñâîäèòñÿ ê ïðîâåðêå ñëåäóþùåãî ñâîéñòâà: ∀i, j (1 ≤ i, j ≤ 4)
A[i][j] = A[j][i].

Ýòî ìîæíî ñäåëàòü, íàïðèìåð, ñ ïîìîùüþ ñëåäóþùåé ïðîãðàììû (íà ÿçûêå Delphi):
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for i := 1 to 4 do begin
for j := 1 to 4 do begin

i f ( a [ i ] [ j ] <> a [ j ] [ i ] ) then
begin

writeln ( 'SOMETHING OTHER' ) ;
ha l t ( 0 ) ;

end ;
end ;

end ;
writeln ( 'WORD SQUARE' ) ;

Çàäà÷à H. Äèàëîãè ïî UCM
Ðåøåíèå çàäà÷è ñîñòîèò â àêêóðàòíîé ðåàëèçàöèè òîãî, ÷òî îïèñàíî â åå óñëîâèè.
Íèæå ïðèâåäåíà îäíà èç âîçìîæíûõ ðåàëèçàöèé ðåøåíèÿ (íà ÿçûêå Delphi):

var
name : array [ 1 . . 2 ] of s t r i n g ;

function secondToken ( s : s t r i n g ) : s t r i n g ;
var

l : l o ng i n t ;
i : l o ng i n t ;
r e s : s t r i n g ;

begin
l := length ( s ) ;
r e s := ' ' ;
i := 1 ;
while ( s [ i ] <> ' ' ) do begin

r e s := r e s + s [ i ] ;
i n c ( i ) ;

end ;
r e s := ' ' ;
i n c ( i ) ;
while ( s [ i ] <> ' ' ) do begin

r e s := r e s + s [ i ] ;
i n c ( i ) ;

end ;
r e s u l t := r e s ;

end ;

var
s t : s t r i n g ;
r e p l i c a : s t r i n g ;
cur : l ong i n t ;
l : l o ng i n t ;

begin
reset ( input , 'ucm . in ' ) ;
rewrite ( output , 'ucm . out ' ) ;
name [ 1 ] : = ' Fedya ' ;
readln ( s t ) ;
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name [ 2 ] : = secondToken ( s t ) ;
cur := 1 ;
while ( true ) do begin

readln ( s t ) ;

r e p l i c a := copy ( st , 1 1 , l ength ( s t ) − 10) ;

i f ( r e p l i c a = name [ 2 ] + ' s igned o f f ' ) then begin
break ;

end ;

i f not ( r e p l i c a [ l ength ( r e p l i c a ) ] in [ ' . ' , ' ! ' , ' ? ' ] ) then begin
r e p l i c a := r e p l i c a + ' . ' ;

end ;

i f ( r e p l i c a [ l ength ( r e p l i c a ) ] = ' . ' ) then begin
r e p l i c a := copy ( r ep l i c a , 1 , l ength ( r e p l i c a ) − 1) + ' , ' ;

end ;

writeln ( ' " ' + r e p l i c a + '" −−− skaza l ' + name [ cur ] + ' . ' ) ;
cur := 3 − cur ;

end ;

end .

Ñïèñîê ëèòåðàòóðû
[1] Ñâîáîäíàÿ ìíîãîÿçû÷íàÿ ýíöèêëîïåäèÿ http://ru.wikipedia.org/wiki

[2] Àñàíîâ Ì.Î., Áàðàíñêèé Â.À., Ðàñèí Â.Â. Äèñêðåòíàÿ ìàòåìàòèêà: Ãðàôû, ìàòðîèäû, àëãîðèò-
ìû.
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