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Preface 
 

5ŜŀǊ Cƛƴŀƭƛǎǘ ƻŦ .ǳōōƭŜ /ǳǇ уΣ   

¢Ƙŀƴƪ ȅƻǳ ŦƻǊ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ǘƘŜ ŜƛƎƘǘ ŜŘƛǘƛƻƴ ƻŦ ǘƘŜ .ǳōōƭŜ /ǳǇΦ L ƘƻǇŜ ȅƻǳ ƘŀŘ ŀ ƎǊŜŀǘ ǘƛƳŜ ƛƴ .ŜƭƎǊŀŘŜ 

ŀƴŘ ŜƴƧƻȅŜŘ ǘƘŜ ŜǾŜƴǘΦ  

a5/{ Ƙŀǎ ŀ ƪŜŜƴ ƛƴǘŜǊŜǎǘ ƛƴ ƻǊƎŀƴƛȊƛƴƎ .ǳōōƭŜ /ǳǇΦ aŀƴȅ ƻŦ ƻǳǊ ŜƴƎƛƴŜŜǊǎ ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ǎƛƳƛƭŀǊ ŎƻƳǇŜǘƛǘƛƻƴǎ 

ƛƴ ǘƘŜ ǇŀǎǘΦ hƴŜ ƻŦ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƻǳǊ ǘŜŀƳ ŎǳƭǘǳǊŜ ƛƴ a5/{ ƛǎ Ǉŀǎǎƛƻƴ ŦƻǊ ǎƻƭǾƛƴƎ ŎƘŀƭƭŜƴƎƛƴƎ ǘŜŎƘƴƛŎŀƭ 

ǇǊƻōƭŜƳǎΦ 

.ǳōōƭŜ /ǳǇ у Ƙŀǎ ŀǘǘǊŀŎǘŜŘ ǘƘŜ ƭŀǊƎŜǎǘ ƴǳƳōŜǊ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎƻ ŦŀǊΣ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ слл ǎǘǳŘŜƴǘǎ 

ǇŀǊǘƛŎƛǇŀǘƛƴƎ ŘǳǊƛƴƎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎΦ Cƛƴŀƭƛǎǘǎ ƘŀŘ ŀ ŎƘŀƴŎŜ ǘƻ ƘŜŀǊ ǿƻǊƭŘπŎƭŀǎǎ ŜȄǇŜǊǘǎ ƻƴ ƻǳǊ .ǳōōƭŜ /ǳǇ 

ŎƻƴŦŜǊŜƴŎŜΣ ƻǊƎŀƴƛȊŜŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ǘƘƛǎ ȅŜŀǊΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ŎƻǳƴǘǊƛŜǎ ǘƘŀǘ ƘŀǾŜ ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ .ǳōōƭŜ /ǳǇ 

Ŧƛƴŀƭǎ ōŜŦƻǊŜ ό{ŜǊōƛŀΣ /ǊƻŀǘƛŀΣ tƻƭŀƴŘύΣ ǿŜ ƘŀŘ ǎŜǾŜǊŀƭ ƴŜǿ ŎƻǳƴǘǊƛŜǎ ǘƘƛǎ ȅŜŀǊ ό[ŀǘǾƛŀΣ ¦ƪǊŀƛƴŜΣ .ŜƭŀǊǳǎΣ 

wǳǎǎƛŀύΦ !ƭǎƻ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ǿŜ ƻǊƎŀƴƛȊŜŘ ŀƴ ƻƴƭƛƴŜ ƳƛǊǊƻǊ ƻŦ ǘƘŜ ŦƛƴŀƭǎΣ ǿƛǘƘ ƻǾŜǊ нулл ǘŜŀƳǎ ǊŜƎƛǎǘŜǊŜŘ ŦƻǊ 

ǘƘŜ ŎƻƳǇŜǘƛǘƛƻƴΦ .ǳōōƭŜ /ǳǇ ŎƻƴǘƛƴǳŜǎ ǘƻ ƎǊƻǿ ŀƴŘ ƛƴŎǊŜŀǎŜ ƛǘǎ ǇƻǇǳƭŀǊƛǘȅ ȅŜŀǊ ōȅ ȅŜŀǊΦ  

DƛǾŜƴ ǘƘŀǘ ǿŜ ƭƛǾŜ ƛƴ ǘƘŜ ǿƻǊƭŘ ǿƘŜǊŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴ ǿƛƭƭ ǎƘŀǇŜ ŎƻƳƛƴƎ ŘŜŎŀŘŜǎΣ ȅƻǳǊ ǇƻǘŜƴǘƛŀƭ 

ŦǳǘǳǊŜ ƛƳǇŀŎǘ ƻƴ ƘǳƳŀƴƪƛƴŘ ǿƛƭƭ ōŜ ƎǊŜŀǘΦ ¦ǎŜ ǘƘŜǎŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ŀŘǾŀƴŎŜ ȅƻǳǊ ǘŜŎƘƴƛŎŀƭ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 

ǘƻ ōǳƛƭŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǘƘŀǘ ŎƻǳƭŘ ƭŀǎǘ ȅƻǳ ŀ ƭƛŦŜǘƛƳŜΦ  

¢ƘŀƴƪǎΣ  

5ǊŀƎŀƴ ¢ƻƳƛŏ 

a5/{ t!w¢b9w 9ƴƎƛƴŜŜǊ ƳŀƴŀƎŜǊκ5ƛǊŜŎǘƻǊ 
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About Bubble Cup and MDCS 
 

Bubble Cup is a coding contest started by Microsoft Development Center Serbia in 2008 with a purpose of 

creating a local competition similar to the ACM Collegiate Contest, but soon that idea was outgrown and the 

vision was expanded to attracting talented programmers from the entire region and promoting the values of 

communication, companionship and teamwork. 

Format of the competition has remained the same this year. All competitors battled for the place in finals 

during two qualifications rounds. Top high school and university teams were invited to the finals in Belgrade, 

where they competed in the traditional five hours long contest. Finalists also had the opportunity to listen to 

experts in competitive programming during the Bubble Cup Conference, which was organized for the first 

time this year.  

 

Microsoft Development Center Serbia (MDCS) was created with a mission to take an active part in 

conception of novel Microsoft technologies by hiring unique local talent from Serbia and the region. Our 

teams ŎƻƴǘǊƛōǳǘŜ ŎƻƳǇƻƴŜƴǘǎ ǘƻ ǎƻƳŜ ƻŦ aƛŎǊƻǎƻŦǘΩǎ ǇǊŜƳƛŜǊ ŀƴŘ Ƴƻǎǘ ƛƴƴƻǾŀǘƛǾŜ ǇǊƻŘǳŎǘǎ ǎǳŎƘ ŀǎ {v[ 

Server, Office & Bing. The whole effort started in 2005, and during the last 10 years a number of products 

came out as a result of great team work and effort. 

Our development center is becoming widely recognized across Microsoft as a center of excellence for the 

following domains: computational algebra engines, pattern recognition, object classification, computational 

geometry and core database systems. The common theme uniting all of the efforts within the development 

center is applied mathematics. MDCS teams maintain collaboration with engineers from various Microsoft 

development centers around the world (Redmond, Israel, India, Ireland, Japan and China), and Microsoft 

researchers from Redmond, Cambridge and Asia. 
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Bubble Cup 2015 

 
Problem set & Analysis 

 

 
Taken from xkcd.com ς A web comic of Romance, Sarcasm, Math, and Language 
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Finals 2015  

.ǳōōƭŜ /ǳǇ Ŧƛƴŀƭǎ ǿŜǊŜ ƘŜƭŘ ƻƴ {ŜǇǘŜƳōŜǊ п ŀƴŘ р ƛƴ aƛƪǎŜǊ IƻǳǎŜΦ ¢ƘŜ ŜǾŜƴǘ ǎǘŀǊǘŜŘ ǿƛǘƘ .ǳōōƭŜ /ǳǇ 

/ƻƴŦŜǊŜƴŎŜΣ ǿƘŜǊŜ aƛƪŜ aƛǊȊŀȅŀƴƻǾΣ aƛŎƘŀƭ CƻǊƛǑŜƪ ŀƴŘ tǊȊŜƳȅǎƱŀǿ 5ťōƛŀƪ όtǎȅƘƻύ ǎƘŀǊŜŘ ǘƘŜƛǊ ǎǘƻǊƛŜǎΣ 

ŜȄǇŜǊƛŜƴŎŜΣ ǘƛǇǎ ŀƴŘ ǘǊƛŎƪǎ ǿƛǘƘ ǘƘŜ ŎƻƳǇŜǘƛǘƻǊǎΦ 

¢ƘŜ Ŧƛƴŀƭ ŎƻƳǇŜǘƛǘƛƻƴ ǊŜƳŀƛƴŜŘ ƛƴ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ рπƘƻǳǊǎ ŦƻǊƳŀǘΣ ǎƛƳƛƭŀǊ ǘƻ !/a L/t/Φ ¢Ƙƛǎ ȅŜŀǊΣ ǳƴƛǾŜǊǎƛǘȅ 

ŀƴŘ ƘƛƎƘ ǎŎƘƻƻƭ ǎǘǳŘŜƴǘǎ ŎƻƳǇŜǘŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ŎŀǘŜƎƻǊȅΦ Lƴ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŜȄŎƛǘƛƴƎ .ǳōōƭŜ /ǳǇ Ŧƛƴŀƭǎ ǎƻ ŦŀǊΣ 

нм ǘŜŀƳǎ ǿŜǊŜ ǇǊŜǎŜƴǘŜŘ ǿƛǘƘ ŀ ǘƻǘŀƭ ƻŦ ф ǇǊƻōƭŜƳǎΦ 

Cƛƴŀƭ ǎǘŀƴŘƛƴƎǎ ǿŜǊŜ ǳƴƪƴƻǿƴ ǳƴǘƛƭ ǘƘŜ ǾŜǊȅ ŜƴŘ ƻŦ ǘƘŜ ŎƻƳǇŜǘƛǘƛƻƴΦ aŀƴȅ ǎǳŎŎŜǎǎŦǳƭ ǎǳōƳƛǎǎƛƻƴǎ ŀƴŘ 

ŎƘŀƴƎŜǎ ƻƴ ǘƘŜ ǎŎƻǊŜōƻŀǊŘ ƘŀǇǇŜƴŜŘ ƛƴ ǘƘŜ ƭŀǎǘ мр ƳƛƴǳǘŜǎ ƻŦ ǘƘŜ ŦƛƴŀƭǎΦ ¦ƭǘƛƳŀǘŜƭȅΣ ǘƘŜ ǘŜŀƳ оκп LhL tƻƭƛǎƘ 

¢ŜŀƳ όtƻƭŀƴŘΣ ƘƛƎƘ ǎŎƘƻƻƭύ ǊƻǎŜ ǘƻ ǘƘŜ ǘƻǇΣ ŀǎ ǘƘŜ ƻƴƭȅ ǘŜŀƳ ǘƘŀǘ ǎƻƭǾŜŘ т ǇǊƻōƭŜƳǎΦ ¢ƘŜ ǎŜŎƻƴŘ ǇƭŀŎŜ ǿŜƴǘ 

ǘƻ [b¦ tŜƴƎǳƛƴǎ ό¦ƪǊŀƛƴŜΣ ǳƴƛǾŜǊǎƛǘȅύΣ ŦƻƭƭƻǿŜŘ ōȅ ǘŜŀƳ ǳƴǳǎǳŀƭ ό[ŀǘǾƛŀΣ ǳƴƛǾŜǊǎƛǘȅύ ǿƛǘƘ с ǇǊƻōƭŜƳǎ ǎƻƭǾŜŘ 

ŀƴŘ ƻƴƭȅ м ƳƛƴǳǘŜ ǇŜƴŀƭǘȅ ōŜƘƛƴŘΦ 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ƻƴπǎƛǘŜ Ŧƛƴŀƭǎ ƛƴ .ŜƭƎǊŀŘŜΣ ŀƴ ƻƴƭƛƴŜ ƳƛǊǊƻǊ ƻŦ ǘƘŜ Ŧƛƴŀƭǎ ǿŀǎ ƻǊƎŀƴƛȊŜŘ ƻƴ /ƻŘŜŦƻǊŎŜǎ 

όǿǿǿΦŎƻŘŜŦƻǊŎŜǎΦŎƻƳύΣ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ нулл ǘŜŀƳǎ ǊŜƎƛǎǘŜǊŜŘ ŦƻǊ ǘƘŜ ŎƻƳǇŜǘƛǘƛƻƴΦ ¢ƘŜ ǿƛƴƴŜǊ ƻŦ ǘƘŜ ƻƴƭƛƴŜ 

ŎƻƳǇŜǘƛǘƛƻƴ ǿŀǎ ǘƻǳǊƛǎǘ όDŜƴƴŀŘȅ YƻǊƻǘƪŜǾƛŎƘύΣ ǎƻƭǾƛƴƎ ŀƭƭ ф ǇǊƻōƭŜƳǎ ƛƴ п ƘƻǳǊǎ ŀƴŘ мт ƳƛƴǳǘŜǎΦ  

tƭŀŎŜ ¢ŜŀƳ {ŎƻǊŜ tŜƴŀƭǘȅ 

м оκп LhL tƻƭƛǎƘ ¢ŜŀƳ т монр 

н [b¦ tŜƴƎǳƛƴǎ с млст 

о ¦ƴǳǎǳŀƭ с млсу 

п CǊƻȊŜƴ IŜŀǊǘ р рлм 

р aŜώbϐǘŀƭŎƛ /ƻǊǇΦ р рфо 

с ²ǊƻŎƭŀǿ /ƘŜŜǘŀƘǎ р упм 

т [ŀȊƻ ƛ ǇǊƛƧŀǘŜƭƧƛ п офп 

у w!C w!C D{a п ртм 

ф Lǎ ǘƘŜǊŜ ŀƴȅōǳƴƴȅ ǘƘŜǊŜΚ п ртс 

мл tŀǇƛǊƴŀǘŜ ƳŀǊŀƳƛŎŜ п смо 

мм !ƛǊ ǇŜƴƎǳƛƴǎ п снл 

мн bǳƭƭŀ ŘƛŜǎ ǎƛƴŎŜ !/ п снп 

мо ·¸½ п тлу 

мп wƻȊƻŎƘƻŎƻƴŜ {ȊŎȊŜǊȊƻȍŜǊȊŀŎȊƪƛ о пор 

мр .ƻƻƭŜŀƴǎ о пфу 

мс aŀǎǘƻǾƛǘƻ ƛƳŜ о ррн 

мт ¢ŜŀƳнƪмр м πмс 

му ˽͎͔͙ͪͦͪ͊ͣͪͫ͟ ˸ͦΐ͊ͤ ͔̅͊ͯͭͭ͟͡ ͯ ˹͙΄ͯ м мп 

мф .ǳōōƭŜŎǳǇ /ǳƴƴƛƴƎǎƴŀǘŎƘ м рп 

нл {ǇŀŎŜƳŜƴ м уп 

нм DƛƳƴŀȊƛƧŀ {ƻƳōƻǊ м мрф 

Table 1. Final results of Bubble Cup 

http://www.codeforces.com/
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Problem A: Fibonotci  

 

Authors 

Vanja Petroviŏ ¢ŀƴƪƻǾƛŏ 

 

Implementation and analysis 

Vanja Petroviŏ ¢ŀƴƪƻǾƛŏ 

 

CƛōƻƴƻǘŎƛ ǎŜǉǳŜƴŎŜ ƛǎ ŀƴ ƛƴǘŜƎŜǊ ǊŜŎǳǊǎƛǾŜ ǎŜǉǳŜƴŎŜ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ǊŜŎǳǊǊŜƴŎŜ ǊŜƭŀǘƛƻƴ 

Ὂ ὧ ϽὊ ὧ ϽὊ  

ǿƛǘƘ 

Ὂ πȟὊ ρΦ 

{ŜǉǳŜƴŎŜ ὧ ƛǎ ƛƴŦƛƴƛǘŜ ŀƴŘ ŀƭƳƻǎǘ ŎȅŎƭƛŎ ǎŜǉǳŜƴŎŜ ǿƛǘƘ ŀ ŎȅŎƭŜ ƻŦ ƭŜƴƎǘƘ ὔΦ ! ǎŜǉǳŜƴŎŜ ί ƛǎ ŀƭƳƻǎǘ ŎȅŎƭƛŎ ǿƛǘƘ 
ŀ ŎȅŎƭŜ ƻŦ ƭŜƴƎǘƘ ὔ ƛŦ ί ί  Σ ŦƻǊ Ὥ ὔΣ ŜȄŎŜǇǘ ŦƻǊ ŀ ŦƛƴƛǘŜ ƴǳƳōŜǊ ƻŦ ǾŀƭǳŜǎ ίΣ ŦƻǊ ǿƘƛŎƘ ί ί   
όὭ ὔύΦ  

CƻƭƭƻǿƛƴƎ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀƴ ŀƭƳƻǎǘ ŎȅŎƭƛŎ ǎŜǉǳŜƴŎŜ ǿƛǘƘ ŀ ŎȅŎƭŜ ƻŦ ƭŜƴƎǘƘ τΦ 

ί υȟσȟψȟρρȟυȟσȟχȟρρȟυȟσȟψȟρρȟȣ  

bƻǘƛŎŜ ǘƘŀǘ ǘƘŜ ƻƴƭȅ ǾŀƭǳŜ ƻŦ ί ŦƻǊ ǿƘƛŎƘ ǘƘŜ Ŝǉǳŀƭƛǘȅ ί ί   ŘƻŜǎ ƴƻǘ ƘƻƭŘ ƛǎ ί όί χ ŀƴŘ ί ψύΦ 

¸ƻǳ ŀǊŜ ƎƛǾŜƴ ὧȟ ὧȟȣȟὧ   ŀƴŘ ŀƭƭ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ǎŜǉǳŜƴŎŜ ὧ ŦƻǊ ǿƘƛŎƘ ὧ ὧ   όὭ ὔύΦ  

CƛƴŘ Ὂ άέὨ ὖΦ 

LƴǇǳǘΥ 

¢ƘŜ ŦƛǊǎǘ ƭƛƴŜ Ŏƻƴǘŀƛƴǎ ǘǿƻ ƴǳƳōŜǊǎ ὑ ŀƴŘ ὖΦ ¢ƘŜ ǎŜŎƻƴŘ ƭƛƴŜ Ŏƻƴǘŀƛƴǎ ŀ ǎƛƴƎƭŜ ƴǳƳōŜǊ ὔΦ ¢ƘŜ ǘƘƛǊŘ ƭƛƴŜ 
Ŏƻƴǘŀƛƴǎ ὔ ƴǳƳōŜǊǎ ǎŜǇŀǊŀǘŜŘ ōȅ ǎǇŀŎŜǎΣ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŦƛǊǎǘ ὔ ƴǳƳōŜǊǎ ƻŦ ǘƘŜ ǎŜǉǳŜƴŎŜ ὧΦ ¢ƘŜ ŦƻǳǊǘƘ 
ƭƛƴŜ Ŏƻƴǘŀƛƴǎ ŀ ǎƛƴƎƭŜ ƴǳƳōŜǊ ὓΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǾŀƭǳŜǎ ƻŦ ǎŜǉǳŜƴŎŜ ὧ ŦƻǊ ǿƘƛŎƘ ὧ ὧ  Φ 9ŀŎƘ ƻŦ ǘƘŜ 
ŦƻƭƭƻǿƛƴƎ ὓ ƭƛƴŜǎ Ŏƻƴǘŀƛƴǎ ǘǿƻ ƴǳƳōŜǊǎ Ὦ ŀƴŘ ὺΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ὧ ὧ   ŀƴŘ ὧ ὺΦ   

hǳǘǇǳǘΥ 

hǳǘǇǳǘ ǎƘƻǳƭŘ Ŏƻƴǘŀƛƴ ŀ ǎƛƴƎƭŜ ƛƴǘŜƎŜǊ Ŝǉǳŀƭ ǘƻ Ὂ άέὨ ὖΦ 

/ƻƴǎǘǊŀƛƴǘǎΥ 

¶ ρ ὔȟὓ υπȢπππ 

¶ π ὑ ρπ 

¶ ρ ὖ ρπ 

¶ ρ ὧ ρπΣ ŦƻǊ Ὥ πȟρȟȣȟὔ ρ 

¶ ὔ Ὦ ρπ 

¶ ρ ὺ ρπ 

¶ !ƭƭ ǾŀƭǳŜǎ ŀǊŜ ƛƴǘŜƎŜǊǎ 

9ȄŀƳǇƭŜ ƛƴǇǳǘΥ 9ȄŀƳǇƭŜ ƻǳǘǇǳǘΥ 

10 8  
3 
1 2 1  
2 
7 3  
5 4  

4 

 

¢ƛƳŜ ŀƴŘ ƳŜƳƻǊȅ ƭƛƳƛǘΥ  оǎ κ спa. 
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Solution and analysis: 

[ŜǘΩǎ ŬǊǎǘ ǎƻƭǾŜ ŀ ǎƛƳǇƭŜǊ ǇǊƻōƭŜƳ ς ǿƘŜƴ ǘƘŜ ǎŜǉǳŜƴŎŜ ὧ ƛǎ ŎȅŎƭƛŎΣ ƛΦ ŜΦ ǿƘŜƴ ὧ ὧ  Σ ŦƻǊ Ὥ πΦ 

¢Ƙƛǎ ǎƛƳǇƭŜǊ ǾŜǊǎƛƻƴ ƛǎ ǎƛƳƛƭŀǊ ǘƻ CƛōƻƴŀŎŎƛ ǎŜǉǳŜƴŎŜΦ !ŎǘǳŀƭƭȅΣ ŦƻǊ ὔ ρ ŀƴŘ ὧ ρΣ ƛǘ ƛǎ ǘƘŜ CƛōƻƴŀŎŎƛ 

ǎŜǉǳŜƴŎŜΦ ¢ƻ ŬƴŘ ǘƘŜ ὑ  ƴǳƳōŜǊ ƻŦ ǘƘŜǎŜ ƪƛƴŘ ƻŦ ǊŜŎǳǊǎƛǾŜ ǎŜǉǳŜƴŎŜǎ Ŧŀǎǘ ǿŜ ǎƘƻǳƭŘ ŬǊǎǘ ǿǊƛǘŜ ǘƘŜƳ ƛƴ 

ǘƘŜƛǊ ƳŀǘǊƛȄ ŦƻǊƳΦ aŀǘǊƛȄ ŦƻǊƳ ƻŦ ǘƘƛǎ ǎŜǉǳŜƴŎŜ ƛǎΥ 

Ὂ
Ὂ

ὧ ὧ
ρ π

Ὂ
Ὂ

 

9ȄǇŀƴŘƛƴƎ ǘƘƛǎΣ ǿŜ Ŏŀƴ ǎŜŜ ǘƘŀǘ 

Ὂ
Ὂ

ὅ ὅ ȣὅὅ
Ὂ
Ὂ
Σ ǿƘŜǊŜ ὅ

ὧ ὧ
ρ π

Φ 

Iƻǿ Řƻ ǿŜ ŎŀƭŎǳƭŀǘŜ ǘƘƛǎ ŜŶŎƛŜƴǘƭȅΚ  

CƻǊ ǊŜƭŀǝǾŜƭȅ ǎƳŀƭƭ ὑΣ ŀƴŘ ǿŜ ǿƛƭƭ ǘŀƪŜ ὑ ὔ ŦƻǊ ǘƘƛǎ ŎŀǎŜΣ ǿŜ Ŏŀƴ Řƻ ǘƘƛǎ Ƨǳǎǘ ōȅ ƳǳƭǝǇƭȅƛƴƎ ŀƭƭ ǘƘŜ ƳŀǘǊƛŎŜǎΦ 

CƻǊ ƭŀǊƎŜ ὑ ὑ ὔΣ ǿŜ ǿƛƭƭ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ὧ ƛǎ ŎȅŎƭƛŎΦ {ƛƴŎŜ ὧ ƛǎ ŎȅŎƭƛŎ ǿƛǘƘ ŎȅŎƭŜ ƻŦ ƭŜƴƎǘƘ ὔΣ 

ǿŜ ƪƴƻǿ ǘƘŀǘ ὅ ὅ ȣὅὅ ὅ ὅ ȣὅ ὅ Σ ŦƻǊ Ὥ π όƴƻǘŜ ǘƘŀǘ ὅ
ὧ ὧ
ρ π

ύΦ 

[ŜǘΩǎ ŘŜŬƴŜ ǘƘƛǎ ǇǊƻŘǳŎǘ ƻŦ ƳŀǘǊƛŎŜǎ ŀǎ Ὓ ὅ ὅ ȣὅὅΦ 

bƻǿΣ ǿŜ Ŏŀƴ ǿǊƛǘŜ ŀ ŦƻǊƳǳƭŀ ŦƻǊ Ὂ ǘƘŀǘ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ǉǳƛŎƪƭȅΥ 

Ὂ
Ὂ

ὅ ὅ ȣὅὅὛὅ ὅ ȣὅὅ
Ὂ
Ὂ
Σ ǿƘŜǊŜ ὦ ὑ ὔ ὨὭὺ ὔ ŀƴŘ ὥ ὑ άέὨ ὔΦ 

²Ŝ Ŏŀƴ ŎŀƭŎǳƭŀǘŜ Ὓ ƛƴ ὕὰέὫὦ ǎǘŜǇǎ ǳǎƛƴƎ ŜȄǇƻƴŜƴǝŀǘƻƴ ōȅ ǎǉǳŀǊƛƴƎΣ ŀƴŘ ǘƘŜƴ ǿŜ Ŏŀƴ Ƨǳǎǘ ƳǳƭǝǇƭȅ 

ŜǾŜǊȅǘƘƛƴƎ ƛƴ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ǘƻ ƎŜǘ Ὂ ǉǳƛŎƪƭȅΦ 

[ŜǘΩǎ ƎŜǘ ōŀŎƪ ǘƻ ǘƘŜ Ŧǳƭƭ ǇǊƻōƭŜƳΣ ǿƘŜƴ ὧ ƛǎ ŀƭƳƻǎǘ ŎȅŎƭƛŎΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǿŜ Ŏŀƴƴƻǘ Ƨǳǎǘ ǳǎŜ Ὓ ƛƴ ǘƘŜ ŦƻǊƳǳƭŀ 

ŀōƻǾŜΣ ōŜŎŀǳǎŜ ǎƻƳŜ ƳŀǘǊƛŎŜǎ ƛƴ Ὓ Ƴŀȅ ƴƻǘ ǊŜǎǇŜŎǘ ǘƘŜ ŎȅŎƭƛŎ ǇǊƻǇŜǊǘȅΦ LƴǎǘŜŀŘ ƻŦ ὛΣ ǿŜ ǿƛƭƭ ƘŀǾŜ 

ǎƻƳŜǘƘƛƴƎ ƭƛƪŜ 

ὛϽὛϽȣϽὛϽὉϽὛϽὛϽȣϽὛϽὉϽȣ  Ὓ ϽὉϽϽὛ ϽὉϽὛ Ͻȣ 

ǿƘŜǊŜ Ὁ ŘŜƴƻǘŜǎ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ƳŀǘǊƛŎŜǎ ƻŦ ǘƘŜ ŎȅŎƭŜΣ ǿƛǘƘ ǎƻƳŜ ƳŀǘǊƛŎŜǎ ōŜƛƴƎ ŘƛũŜǊŜƴǘ ǘƘŀƴ ǘƘŜ ƳŀǘǊƛŎŜǎ 

ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎȅŎƭŜΦ !ƭǎƻΣ Ὥ ςὓ ǎƛƴŎŜ ŜŀŎƘ ƻŦ ǘƘŜ ὓ ǾŀƭǳŜǎ ƻŦ ὧ ŘƛũŜǊŜƴǘ ǘƘŀƴ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎȅŎƭŜ 

ŀǇǇŜŀǊǎ ƛƴ ŜȄŀŎǘƭȅ ǘǿƻ ƳŀǘǊƛŎŜǎΣ ǎƻ ŀǘ Ƴƻǎǘ ςὓ ƻŦ ŎȅŎƭŜǎ ŀǊŜ ŀũŜŎǘŜŘΦ  

²Ŝ Ŏŀƴ ǎǝƭƭ ŎŀƭŎǳƭŀǘŜ ŜŀŎƘ Ὓ ǉǳƛŎƪƭȅΣ ǳǎƛƴƎ ŜȄǇƻƴŜƴǝŀǝƻƴ ōȅ ǎǉǳŀǊƛƴƎΦ {ƛƴŎŜ ǘƘŜǊŜ ŀǊŜ ŀǘ Ƴƻǎǘ ςὓ ƻŦ ǘƘƻǎŜΣ 

ǘƻǘŀƭ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘƛǎ ǿƻǳƭŘ ōŜ ὕὓὰέὫὑΦ 

bƻǿ ǿŜ ƻƴƭȅ ƴŜŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ŜŀŎƘ ὉΦ bŀƛǾŜ ǿŀȅ ǿƻǳƭŘ ōŜ ǘƻ Ƨǳǎǘ ƳǳƭǝǇƭȅ ŀƭƭ ƳŀǘǊƛŎŜǎ ƻŦ ὉΦ {ƛƴŎŜ ǘƘŜ 

ƴǳƳōŜǊ ƻŦ ƳŀǘǊƛŎŜǎ ƛǎ ὔΣ ǘƘƛǎ ǿƻǳƭŘ ōŜ ὕὔὓ ǿƻǊǎǘ ŎŀǎŜΣ ǿƘƛŎƘ ƛǎ ǘƻƻ ǎƭƻǿΦ ¢ƻ ǉǳƛŎƪƭȅ ŎŀƭŎǳƭŀǘŜ ὉΣ ǿŜ ǿƛƭƭ 

ƛƴƛǝŀƭƭȅ ŎǊŜŀǘŜ ŀ ǎŜƎƳŜƴǘ ǘǊŜŜ ƻŦ ƳŀǘǊƛŎŜǎΣ ǿƛǘƘ ƳŀǘǊƛŎŜǎ ƻŦ ƻǊƛƎƛƴŀƭ ŎȅŎƭŜ ƛƴ ǘƘŜ ƭŜŀǾŜǎΦ LƴǘŜǊƴŀƭ ƴƻŘŜǎ ƻŦ ǘƘŜ 

ǘǊŜŜ ǿƛƭƭ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ǘƘŜƛǊ ŎƘƛƭŘǊŜƴΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ Ǌƻƻǘ ǿƛƭƭ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ŀƭƭ 

ƳŀǘǊƛŎŜǎ ƛƴ ǘƘŜ ŎȅŎƭŜΦ ¢ƻ ŎŀƭŎǳƭŀǘŜ ὉΣ ǿŜ ǿƛƭƭ Ƨǳǎǘ ǳǇŘŀǘŜ ƻǳǊ ǎŜƎƳŜƴǘ ǘǊŜŜ ǿƛǘƘ ǘƘƻǎŜ ǾŀƭǳŜǎ ǘƘŀǘ ŀǊŜ ŘƛũŜǊŜƴǘ 

ǘƘŀƴ ǘƘŜ ƻǊƛƎƛƴŀƭ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŎȅŎƭŜΦ ²Ŝ ǿƛƭƭ Řƻ ǘƘƛǎ ōȅ ǳǇŘŀǝƴƎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƭŜŀǾŜǎ ƻŦ ǘƘŜ ǘǊŜŜΣ ƳƻǾƛƴƎ ǳǇ 

ǘƻ ǘƘŜ Ǌƻƻǘ ŀƴŘ ǳǇŘŀǝƴƎ ǘƘŜ ǇǊƻŘǳŎǘǎ ƛƴ ǘƘŜ ƛƴǘŜǊƴŀƭ ƴƻŘŜǎΦ !ƊŜǊ ǿŜΩǊŜ ŘƻƴŜ ǳǇŘŀǝƴƎ ǘƘŜ ǘǊŜŜ ǿƛǘƘ ŀƭƭ ƻŦ 

ǘƘŜ ƳŀǘǊƛŎŜǎ ǘƘŀǘ ŀǊŜ ŘƛũŜǊŜƴǘ ǘƘŀƴ ƳŀǘǊƛŎŜǎ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎȅŎƭŜΣ ǿŜ ǿƛƭƭ Ƨǳǎǘ ǳǎŜ ǘƘŜ ǇǊƻŘǳŎǘ ƛƴ ǘƘŜ Ǌƻƻǘ ƻŦ 

ǘƘŜ ǘǊŜŜΦ CƛƴŀƭƭȅΣ ǿŜ ǿƛƭƭ ǳǇŘŀǘŜ ǘƘŜ ǘǊŜŜ ōŀŎƪ ǿƛǘƘ ƳŀǘǊƛŎŜǎ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎȅŎƭŜ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜǳǎŜ ǘƘŜ ǎŜƎƳŜƴǘ 

ǘǊŜŜ ŦƻǊ Ὁ Φ 
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{ƛƴŎŜ ǘƘŜǊŜ ŀǊŜ ὕὔ ƴƻŘŜǎ ƛƴ ǘƘŜ ǎŜƎƳŜƴǘ ǘǊŜŜΣ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǳǇŘŀǝƴƎ ƛǎ ὕὰέὫὔΦ ¢ƘŜ ǘƻǘŀƭ ŎƻƳǇƭŜȄƛǘȅ 

ƛǎ ǘƘŜƴ ὕὓὰέὫὔὓὰέὫὑΦ ²Ŝ ǎƘƻǳƭŘ ŀƭǎƻ ƳŜƴǝƻƴ ǘƘŀǘ ǘƘŜ Ŏƻƴǎǘŀƴǘ ŦŀŎǘƻǊ ƛǎ ƴƻǘ ǾŜǊȅ ǎƳŀƭƭΣ ǎƛƴŎŜ ǿŜ 

ƻǇŜǊŀǘŜ ƻƴ ƳŀǘǊƛŎŜǎ ŀƴŘ ƴƻǘ Ƨǳǎǘ ƛƴǘŜƎŜǊǎΦ 

bƻǘŜ ǘƘŀǘ ǿŜ ƴŜŜŘ ǘƻ ŬƴŘ Ὂ άέὨ ὖ ŀƴŘ ὖ Ƴŀȅ ƴƻǘ ŜǾŜƴ ōŜ ŀ ǇǊƛƳŜ ƴǳƳōŜǊΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ŀũŜŎǘ 

ǳǎ ǎƛƴŎŜ ǿŜ ƻƴƭȅ ŘŜŀƭ ǿƛǘƘ ƻǇŜǊŀǝƻƴǎ ƻŦ ŀŘŘƛǝƻƴ ŀƴŘ ƳǳƭǝǇƭƛŎŀǝƻƴ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿƘƻƭŜ ǇǊƻŎŜŘǳǊŜ ŀƴŘ ǿŜ 

Ŏŀƴ Ƨǳǎǘ Řƻ ǘƘŜƳ ŀƭƭ ƳƻŘǳƭƻ ὖΦ  
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Problem B: Bribes  

 

Authors 

!ƴŘǊŜƧ LǾŀǑƪƻǾƛŏ 

 

Implementation and analysis 

!ƴŘǊŜƧ LǾŀǑƪƻǾƛŏ 

 

Ruritania is a country with a very badly maintained road network, which is not exactly good news for lorry 

drivers that constantly have to do deliveries. In fact, when roads are maintained, they become one-way. It 

turns out that it is sometimes impossible to get from one town to another in a legal way ς however, we know 

that all towns are reachable, though illegally! 

Fortunately for us, the police tend to be very corrupt and they will allow a lorry driver to break the rules and 

drive in the wrong direction ǇǊƻǾƛŘŜŘ ǘƘŜȅ ǊŜŎŜƛǾŜ Ψŀ ǎƳŀƭƭ ƎƛŦǘΩΦ ¢ƘŜǊŜ ƛǎ ƻƴŜ ǇŀǘǊƻƭ ŎŀǊ ŦƻǊ ŜǾŜǊȅ ǊƻŀŘ ŀƴŘ 

they will request 1000 Ruritanian dinars when a driver drives in the wrong direction. However, being greedy, 

every time a patrol car notices the same driver breaking the rule, they will charge double the amount of 

money they requested the previous time on that particular road. 

Borna is a lorry driver that managed to figure out this bribing pattern. As part of his job, he has to make ὑ 

stops in some towns all over Ruritania and he has to make these stops in a certain order. There are ὔ towns 

(enumerated from ρ to ὔύ ƛƴ wǳǊƛǘŀƴƛŀ ŀƴŘ .ƻǊƴŀΩǎ ƛƴƛǘƛŀƭ ƭƻŎŀǘƛƻƴ ƛǎ ǘƘŜ ŎŀǇƛǘŀƭ Ŏƛǘȅ ƛΦŜΦ ǘƻǿƴ ρ. He happens 

to know which ones out of the ὔ ρ roads in Ruritania are currently unidirectional, but he is unable to 

compute the least amount of money he needs to prepare for bribing the police. Help Borna by providing him 

with an answer and you will be richly rewarded. 

Input: 

The first line contains ὔ, the number of towns in Ruritania. The following ὔ ρ lines contain information 

regarding individual roads between towns. A road is represented by a tuple of integers ὥȟὦȟὼ, which are 

separated with a single whitespace character. The numbers ὥ and ὦ represent the cities connected by this 

particular road, and ὼ is either π or ρ: π means that the road is bidirectional, ρ means that only the ὥᴼὦ 

direction is legal. The next line contains ὑ, the number of stops Borna has to make. The final line of input 

contains ὑ positive integers ίȟȣȟί: the towns Borna has to visit. 

Output: 

The output should contain a single number: the least amount of thousands of Ruritanian dinars Borna should 

allocate for bribes, modulo ρπ χ. 

Constraints: 

¶ ρ ὔ ρπ 

¶ ρ ὑ ρπ 

¶ ρ ὥȟὦ ὔ for all roads 

¶  ὼɴ πȟρ for all roads 

¶ ρ ί ὔ for all ρ Ὥ ὑ 
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Example input: Example output: 

5 
1 2 0  
2 3 0  
5 1 1  
3 4 1  
5 
5 4 5 2 2  

4 

 

Explanation: 

Borna first takes the route ρO υ and has to pay 1000 dinars. After that, he takes the route υO ρO ςO

σO τ and pays nothing this time. However, when he has to return via τO σO ςO ρO υ, he needs to 

prepare σπππ (ρπππςπππ) dinars. Afterwards, getting to ς via υO ρO ς will cost him nothing. Finally, 

he doesn't even have to leave town ς to get to ς, so there is no need to prepare any additional bribe 

money. Hence he has to prepare τπππ dinars in total. 

Time and memory limit:  1.5s / 64MB 

 

Solution and analysis: 

Let us first provide a suitable interpretation of the task description. The country can obviously be modelled 

as an undirected graph, where vertices are towns and edges are roads. We see that it is connected (the 

description mentions that every city is reachable), but we also know that there are ὔ ρ edges, where ὔ is 

the number of vertices. From this it follows that the graph is, in fact, a tree. For the sake of simplicity, let us 

make this tree rooted at node 1. 

Let us consider just an ὥᶇὦ transfer. From the previous assertion it follows that the cheapest path from ὥ 

to ὦ will always be the shortest path from ὥ to ὦ ς which is, in fact, the only path from ὥ to ὦ that does not 

ƘŀǾŜ ŀƴȅ ǊŜǇŜŀǘŜŘ ǾŜǊǘƛŎŜǎΦ .ƻǊƴŀΩǎ ǘǊƛǇ ƛǎ ǘƘǳǎ ǳƴƛǉǳŜƭȅ ŘŜŦƛƴŜŘ ōȅ ŀƭƭ of his stops. Getting from town ὥ to 

town ὦ requires that Borna first goes to the lowest common ancestor (LCA) node of ὥ and ὦ, and then 

descends to ὦ (note that the LCA can also be any of the nodes ὥ and ὦ!). Computing the LCA of two vertices 

is a well-known problem and may be solved in several different ways. One possible approach is to use the 

equivalence between LCA and the range minimum query (RMQ) problem and then compute the LCA of any 

two vertices in constant time. Another one is based on heavy path decomposition. In any case, we need to 

be able to compute the LCA in ὕρ time. 

Let us now define the notion of a banned (directed) edge: a directed edge ὥᴼὦ is banned if it requires 

paying a bribe. If ὥ is the parent of ὦ for a banned edge ὥᴼὦ, then we call ὥO ὦ a down-banned edge. 

Similarly, we may define up-banned edges. If Borna traveled along a banned edge ὴ times, then he will have 

to prepare ρ ς Ễ ς ς ρ thousands of dinars for bribing the police. Hence we need to 

determine the number of times every edge was traversed. This depends on whether the edge is down-

banned or up-banned. 

Before delving into these two cases, we need to compute the following three properties for every town ὼ: 

¶ ὩὲὨίᾨέύὲ: the number of times ὼ was the final stop in a path, this is equal to the number of 

occurrences of ὼ in the array of stops; 

¶ ὩὲὨίόͅὴ: the number of times ὼ was the highest stop in a path, this is equal to the number of times 

ὼ was the LCA of two consecutive stops; 

¶ Ὣέὲᾩόὴ: the number of times ὼ was the first stop in a path. 
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Now we consider the cases: 

¶ If an edge ὥᴼὦ is up-banned, then the number of times it was traversed is equal to the number of 

times any vertex in ὥΩǎ ǎǳōǘǊŜŜ ǿŀǎ ŀƴ ƛƴƛǘƛŀƭ ǎǘƻǇΣ Ƴƛƴǳǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎ ŀƴȅ ǾŜǊǘŜȄ ƛƴ ὥΩǎ 

subtree was the highest stop (i.e. sum of all ὫέὲᾩόὴΩǎ Ƴƛƴǳǎ ǘƘŜ ǎǳƳ ƻŦ ŀƭƭ ὩὲὨίόͅὴΨǎύΦ ²Ŝ Ƴŀȅ 

compute these parameters for all vertices at once using just one post-order tree traversal. Thus we 

Ŏŀƴ ŎƻƳǇǳǘŜ ǘƘŜ ΨōǊƛōŜ ŎƻƴǘǊƛōǳǘƛƻƴǎΩ ƻŦ ŀƭƭ ǳǇ-banned edge in linear time. 

¶ If an edge ὥᴼὦ is down-banned, then the number of times it was traversed is equal to the number 

of times any vertex in ὦΩǎ ǎǳōǘǊŜŜ ǿŀǎ ŀ Ŧƛƴŀƭ ǎǘƻǇΣ minus the number of times any vertex in ὦΩǎ 

subtree was the highest stop (i.e. sum of all ὩὲὨίᾨέύὲΩǎ Ƴƛƴǳǎ ǘƘŜ ǎǳƳ ƻŦ ŀƭƭ ὩὲὨίόͅὴΨǎύΦ {ƛƳƛƭŀǊ 

ǘƻ ǘƘŜ ǇǊŜǾƛƻǳǎ ŎŀǎŜΣ ǿŜ Ŏŀƴ ŎƻƳǇǳǘŜ ǘƘŜ ΨōǊƛōŜ ŎƻƴǘǊƛōǳǘƛƻƴǎΩ ƻŦ ŀƭƭ Řƻǿƴ-banned edges using only 

one post-order tree traversal. 

 

Hence, by first computing ὩὲὨίᾨέύὲ, ὩὲὨίόͅὴ and Ὣέὲᾩόὴ for every vertex, and then traversing the tree, 

we are able to compute the answer. The final complexity depends on the implementation of LCA. The 

asymptotically optimal solution to this problem has ὕὔ ὑ  time complexity, but even an ὕὔÌÏÇὔ ὑ  

approach is acceptable given these constraints. 
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Problem C: Party  

 

Authors 

Ibragim Ismailov 

 

Implementation and analysis 

Ibragim Ismailov 

 

People working in MDCS (Microsoft Development Center Serbia) like partying. They usually go to night clubs 

on Friday and Saturday. 

There are ὔ people working in MDCS and there are ὔ clubs in the city. Unfortunately, if there is more than 

one Microsoft employee in night club, level of coolness goes infinitely high and party is over, so club owners 

will never let more than one Microsoft employee enter their club in the same week (just to be sure). 

You are organizing night life for Microsoft employees and you have statistics about how much every 

employee likes Friday and Saturday parties for all clubs. 

You need to match people with clubs maximizing overall sum of their happiness (they are happy as much as 

they like the club), while half of people should go clubbing on Friday and the other half on Saturday. 

Input: 

The first line contains integer ὔ ς number of employees in MDCS. 

Then an ὔὼὔ matrix follows, where element in Ὥ-th row and Ὦ-th column is an integer number that represents 

how much Ὥ-th person likes Ὦ-ǘƘ ŎƭǳōΩǎ Friday party. 

Then another ὔὼὔ matrix follows, where element in Ὥ-th row and Ὦ-th column is an integer number that 

represents how much Ὥ-th person likes Ὦ-ǘƘ ŎƭǳōΩǎ Saturday party. 

Output: 

Output should contain a single integer ς maximum sum of happiness possible. 

Constraints: 

¶ ς ὔ ςπ 

¶ ὔ is even 

¶ π ὰὩὺὩὰ έὪ ὰὭὯὩὲὩίίρπ 

¶ All values are integers 

 

Example input: Example output: 

4 
1 2 3 4  
2 3 4 1  
3 4 1 2  
4 1 2 3  
5 8 7 1  
6 9 81 3  
55 78 1 6  
1 1 1 1  

167 
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Explanation: 

Here is how we matched people with clubs: 

Friday: 1st person with 4th club (4 happiness) and 4th person with 1st club (4 happiness).  

Saturday: 2nd person with 3rd club (81 happiness) and 3rd person with 2nd club (78 happiness) 

4+4+81+78 = 167 

Time and memory limit:  1.5s / 4MB 

 

Solution and analysis: 

This problem is a variation of the well-known assignment problem. More about the problem can be 
found on the Wikipedia article - https://en.wikipedia.org/wiki/Assignment_problem. 

First, notice that the memory limit is very low. This makes it almost impossible to write a dynamic 
ǇǊƻƎǊŀƳƳƛƴƎ ǎƻƭǳǘƛƻƴΦ {ƻΣ ƭŜǘΩǎ ƭƻƻƪ ŀǘ ŀ ŘƛŦŦŜǊŜƴǘ ŀǇǇǊƻŀŎƘΦ 

The most naïve solution would be going through 
Ⱦ

 combinations of assignments ς half of people 

on Friday and the other half on Saturday. For every combination, we run Hungarian algorithm and find the 
best answer among all of the combinations. Although the memory complexity of the algorithm is only ὕὔ , 

the time complexity of this solution is ὕ
Ⱦ
ὔ , since Hungarian algorithm has ὕὔ  time complexity. 

This is too slow.  
To explain the ǎƻƭǳǘƛƻƴ ƻŦ ǘƘƛǎ ǇǊƻōƭŜƳ ƭŜǘΩǎ ŘŜǎŎǊƛōŜ ǘƘŜ ǎŎƘŜƳŜ ƻŦ Hungarian algorithm: 

 
Hungarian Algorithm (é) 

{  

 for (int i = 0; i < n; i++)  

{  

 hungarian_iteration();  

}  

}  

 
Hungarian algorithm allows rows of the assignment matrix to be added one by one, in ὕὔ  time 

complexity each. To solve our problem, we will recursively go through all sets of binary masks with equal 
number of πs and ρs, where π in Ὥth position means that the Ὥth person would  go partying on Friday, while ρ 
denotes a person going partying on Saturday. In each recursive call, we will add a row to the solution for the 

binary mask we are currently generating. Time complexity of the solution is ὕ
Ⱦ
ὔ , because the 

number of recursive calls is ὕ
Ⱦ

. This is enough to solve the task within the constraints.  

Curiosity here is that the number of states we have to visit during our recursion is closely related to 
problem H. Bots. You can find a detailed explanation in the analysis of that problem. 

 

 

  

https://en.wikipedia.org/wiki/Assignment_problem
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Problem D : Tablecity  

 

Authors 

Aleksandar Damjanoviŏ 

  

Implementation and analysis 

{ǘŜŦŀƴ {ǘƻƧŀƴƻǾƛŏ 

 

There was a big bank robbery in Tablecity. In order to catch the thief, the President called none other than 

Albert ς ¢ŀōƭŜŎƛǘȅΩǎ /ƘƛŜŦ ƻŦ tƻƭƛŎŜΦ !ƭōŜǊǘ ŘƻŜǎ ƴƻǘ ƪƴƻǿ ǿƘŜǊŜ ǘƘŜ ǘƘƛŜŦ ƛǎ ƭƻŎŀǘŜŘΣ ōǳǘ ƘŜ ŘƻŜǎ know how 

he moves. 

Tablecity can be represented as ρπππ ὼ ς grid, where every cell represents one district. Each district has its 

own unique name Ȱὢȟὣȱȟ ǿƘŜǊŜ · ŀƴŘ ¸ ŀǊŜ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ǘƘŜ ŘƛǎǘǊƛŎǘ ƛƴ ǘƘŜ ƎǊƛŘΦ ¢ƘŜ ǘƘƛŜŦΩǎ ƳƻǾŜƳŜƴǘ 

is as follows: 

Every hour the thief will leave the district ὢȟὣ he is currently hiding in, and move to one of the districts: 

ὢ ρȟὣȟὢ ρȟὣȟὢ ρȟὣ ρȟὢ ρȟὣ ρȟὢ ρȟὣ ρȟὢ ρȟὣ ρ as long as it exists 

in Tablecity.  

Below is an example of ǘƘƛŜŦΩǎ ǇƻǎǎƛōƭŜ ƳƻǾŜƳŜƴǘǎ ƛŦ ƘŜ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ŘƛǎǘǊƛŎǘ χȟρȡ 

(1, 2) (2, 2) (3, 2) (4, 2) (5, 2) (6, 2) (7, 2) (8, 2) (9, 2) Χ 

(1, 1) (2, 1) (3, 1) (4, 1) (5, 1) (6, 1) 

 

(8, 1) (9, 1) Χ 

Albert has enough people so that every hour he can pick any two districts in Tablecity and fully investigate 

them, making sure that if the thief is located in one of them, he will get caught. Albert promised the President 

that the thief will be caught in no more than ςπρυ hours and needs your help in order to achieve that. 

Input: 

There is no input for this problem.  

Output: 

The first line of output contains integer ὔ ς duration of police search in hours. Each of the following ὔ lines 

contains exactly τ integers ὢ   ὣ  ὢ   ὣ  separated by spaces, that represent ς districts ὢ ȟ ὣ  and 

ὢ ȟ ὣ  which got investigated during Ὥ  hour. Output is given in chronological order (Ὥ  line contains 

districts investigated during Ὥ  hour) and should guarantee that the thief is caught in no more than ςπρυ 

hours, ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘƛŜŦΩǎ ƛƴƛǘƛŀƭ Ǉƻǎƛǘƛƻƴ ŀƴŘ ƳƻǾŜƳŜƴǘ. 

Constraints: 

¶ ρ  ὔ ςπρυ 

¶ ρ  ὢ ρπππȟρ ὣ ς 

  

Example input: Example output: 

No example input 2 
5 1 50 2 
8 1 80 2 
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Explanation: 

Example output is not guaranteed to catch the thief and is not correct. There exists a combination of an 

initial position and a movement strategy such that the police will not catch the thief. 

/ƻƴǎƛŘŜǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛƴƛǘƛŀƭ Ǉƻǎƛǘƛƻƴ ŀƴŘ ǘƘƛŜŦΩǎ ƳƻǾŜƳŜƴǘΥ 

In the first hour, the thief is located in district ρȟρ. Police officers will search districts υȟρ and υπȟς 

and will not find him. 

At the start of the second hour, the thief moves to district ςȟς. Police officers will search districts ψȟρ 

and ψπȟς and will not find him. 

Since there is no further investigation by the police, the thief escaped! 

Time and memory limit:  0.1s / 64 MB 

 

Solution and analysis: 

 
CƛǊǎǘ ƴƻǘƛŎŜ ǘƘŀǘ ǇŀǊƛǘȅ ƻŦ ǘƘƛŜŦΩǎ ὢ coordinate changes every time he moves. 

Assume that at the beginning ὢ ŎƻƻǊŘƛƴŀǘŜ ƻŦ ǘƘƛŜŦΩǎ Ǉƻǎƛǘƛƻƴ ƛǎ ƻŘŘΣ ŀƴŘ ŎƘŜŎƪ ŘƛǎǘǊƛŎǘǎ ρȟρ and ρȟς. The 

next day check districts ςȟρ and ςȟς and so on until ρπππ when you check districts ρπππȟρ and 

ρπππȟς. What is achieved this way is that if starting parity was as assumed, thief could have never moved 

to district with ὢ coordinate Ὥ on day Ὥ ρΣ ƘŜƴŎŜ ƘŜ ŎƻǳƭŘƴΩǘ ƘŀǾŜ ƧǳƳǇŜŘ ƻǾŜǊ ǘƘŜ ǎŜŀǊŎƘ ǇŀǊǘȅ ŀƴŘ 

ǿƻǳƭŘΩǾŜ ōŜŜƴ ŎŀǳƎƘǘΦ LŦ ƘŜ ǿŀǎƴΩǘ ŎŀǳƎƘǘΣ Ƙƛǎ ǎǘŀǊǘƛng parity was different than we assumed, so on ρππρ 

day we search whatever (ρ and ρππρ are of the same parity, so we need to wait one day), and then starting 

on ρππςday we do the same sweep from ρȟρ and ρȟς to ρπππȟρ and ρπππȟς and guarantee to 

catch him. 

Shortest possible solution is by going from ςȟρ and ςȟς to ρπππȟρ and ρπππȟς twice in a row, a total 

of 1998 days, which is correct in the same way. First sweep catches the thief if he started with even ὢ 

coordinate, and second sweep catches the thief if he started with odd ὢ coordinate. 
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Problem E: Spectator Riots  

 

Authors 

Borna Vukorepa 

 

Implementation and analysis  

Borna Vukorepa 

 

LǘΩǎ Ǌƛƻǘ ǘƛƳŜ ƻƴ Ŧƻƻǘōŀƭƭ ǎǘŀŘƛǳƳ wŀƳŀŎŀƴŀΗ wŀƎƛƴƎ Ŧŀƴǎ ƘŀǾŜ ŜƴǘŜǊŜŘ ǘƘŜ ŦƛŜƭŘ ŀƴŘ ǘƘŜ ǇƻƭƛŎŜ ŦƛƴŘ ǘƘŜƳǎŜƭǾŜǎ 

in a difficult situation. The field can be represented as a square in the coordinate system defined by two 

diagonal vertices in πȟπ and ρπȟρπ . The sides of that square are also considered to be inside the field, 

everything else is outside. 

In the beginning, there are ὔ fans on the field. For each fan we are given his speed, an integer ὺ as well as 

his integer coordinates ὼȟώ . A fan with those coordinates might move and after one second he might be 

at any point ὼ ὴȟ ώ ή where π ȿὴȿ ȿήȿ ὺ. ὴȟή are both integers. 

Points that go outside of the square that represents the field are excluded and all others have equal 

probability of being the location of that specific fan after one second. 

Andrej, a young and promising police officer, has sent a flying drone to take a photo of the riot from above. 

¢ƘŜ ŘǊƻƴŜΩǎ ŎŀƳŜǊŀ ǿƻǊƪǎ ƭƛƪŜ ǘƘƛǎΥ 

1) It selects three points with integer coordinates such that there is a chance of a fan appearing 

there after one second. They must not ōŜ ŎƻƭƭƛƴŜŀǊ ƻǊ ǘƘŜ ŎŀƳŜǊŀ ǿƻƴΩǘ ǿƻǊƪΦ Lǘ ƛǎ ƎǳŀǊŀƴǘŜŜŘ 

that not all of the initial positions of fans will be on the same line. 

2) Camera focuses those points and creates a circle that passes through those three points. A photo 

is taken after one second (one second after the initial state). 

3) Everything that is on the circle or inside it at the moment of taking the photo (one second after 

focusing the points) will be on the photo. 

Your goal is to select those three points so that the expected number of fans seen on the photo is maximized. 

If there are more such selections, select those three points that give the circle with largest radius among 

them. If there are still more suitable selections, any one of them will be accepted. If your answer follows 

conditions above and radius of circle you return is smaller then the optimal one by πȢπρ, your output will be 

considered as correct. No test will have optimal radius bigger than ρπ. 

Input: 

The first line contains the number of fans on the field, ὔ. The next ὔ lines contain three integers: ὼȟώȟὺ. 

They are the x-coordinate, y-coordinate and speed of fan Ὥ at the beginning of the one second interval 

considered in the task. 

Output: 

You need to output the three points that camera needs to select. Print them in three lines, with every line 

containing the x-coordinate, then y-coordinate, separated by a single space. The order of points does not 

matter. 
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Constraints: 

¶ σ ὔ ρπ 

¶ π ὼȟώ ρπ  

¶ π ὺ ρπππ 

¶ All numbers will be integers 

 

Example input: Example output: 

3 
1 1 1  
1 1 1  
1 2 1  
 

2 2  
2 1  
1 0  

 

Explanation: 

The circle defined in output will catch all of the fans, no matter how they move during one second. 

Time and memory limit:  0.5s / 128MB 

 

Solution and analysis: 

First we simplify the problem by replacing the initial set of points with the set of all points where some fan 

might appear after one second, call that set Ὓ. Every point in Ὓ has a probability that a specific player will 

appear there. Consequently, for every point ὖ in Ὓ we know the expected number of fans at it after one 

second, call it ὖ. 

Now, for some arbitrary circle that passes through some three points of Ὓ όǿƘƛŎƘ ŘƻŜǎƴΩǘ ǾƛƻƭŀǘŜ ǘƘŜ ǊǳƭŜǎ ƻŦ 

the problem), the expected number of fans caught on camera is the sum of all Ὕ, where Ὕ is a point on or 

inside the circle. Our goal is to find a circle that maximizes that sum. 

After drawing a few examples, we can notice that we can always catch most of the points that are possible 

locations of some fan or even all of them. We can write a brute-force solution that will increase our suspicion 

that all fans can be caught, no matter how they move. 

bƻǿ ƭŜǘΩǎ ǘǊȅ ǘƻ ŦƛƴŘ ǘƘŜ ƭŀǊƎŜǎǘ ŎƛǊŎƭŜ ƻŦ ǘƘƻǎŜ ǘƘŀǘ ǎǳǊŜƭȅ ŎŀǘŎƘ ŀƭƭ Ŧŀƴǎ ŀƴŘ ŘƻƴΩǘ ǾƛƻƭŀǘŜ ǘƘŜ ǊǳƭŜǎ ƛƴ the 

problem. It is easy to see that three fixed points that determine the circle must lie on the convex hull of Ὓ 

όƻǘƘŜǊǿƛǎŜ ǿŜ ǎǳǊŜƭȅ ǿƻǳƭŘƴΩǘ ŎŀǘŎƘ ŀƭƭ Ǉƻƛƴǘǎ ƻŦ S with that circle). 

Convex hull can be computed in ὕȿὛȿὰέὫȿὛȿ , which might be too slow if unnecessary points are not 

eliminated from Ὓ. 

Notice that for every fan in input, if his speed is ὺ, he might appear at ὕὺ  points, so convex hull algorithm 

would have ὕὔὺὰέὫὔὺ  complexity, which is too slow. 

The trick is to take only convex hull of those ὕὺ  points, which will have ὕρ points. All other points 

should be eliminated from Ὓ ŀǎ ǘƘŜȅ ŘƻƴΩǘ ƘŀǾŜ ŀ ŎƘŀƴŎŜ ƻŦ ŀǇǇŜŀǊƛƴƎ ƻƴ ŎƻƴǾŜȄ Ƙǳƭƭ ƻŦ Ὓ. Contestants need 

to be careful with edge cases when a fan potentially goes out of the field. 

After computing the convex hull of Ὓ (call it ὌὛ), we hope to find the circle that will pass through some 

three points on that hull and contain all other points inside it or on it. 

These two claims can be proven geometrically: 

1) For a convex polygon, the largest circle among all circumcircles of triangles determined by the polygon 
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vertices will surely contain all vertices of the polygon on it or inside it. 

2) For a convex polygon, the largest circumcircle of some triangle that is determined by vertices of the 

polygon is a circumcircle of a triangle that contains three consecutive vertices of a polygon. 

With 1) and 2) we conclude: 

The largest circle among those that are circumscribed around triangles that are composed of three 

consecutive vertices of ὌὛ contains all of the points of ὌὛ (and then obviously of Ὓ) and no other circle 

that contains all those points can be larger. 

This means that we can finish the problem easily in linear time (with respect to the size of convex hull). 
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Problem F: Bulbo  

 

Authors 

Vanja Petroviŏ ¢ŀƴƪƻǾƛŏ 

 

Implementation and analysis 

Aleksandar Milovanoviŏ 

 

Bananistan is a beautiful banana republic. Beautiful women in beautiful dresses. Beautiful statues of beautiful 

warlords. Beautiful stars in beautiful nights. 

In Bananistan people play this crazy game ς .ǳƭōƻΦ ¢ƘŜǊŜΩǎ ŀƴ ŀǊǊŀȅ ƻŦ ōǳƭōǎ ŀƴŘ ŜŀŎƘ ǇƭŀȅŜǊ Ƙŀǎ ŀ ǇƻǎƛǘƛƻƴΣ 

which represents one of the bulbs. Distance between two neighboring bulbs is 1. Each turn one contiguous 

set of bulbs lights-ǳǇΣ ŀƴŘ ǇƭŀȅŜǊǎ ƘŀǾŜ ǘƘŜ Ŏƻǎǘ ǘƘŀǘΩǎ Ŝǉǳŀƭ ǘƻ ǘƘŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ŎƭƻǎŜǎǘ ǎƘƛƴƛƴƎ ōǳƭōΦ 

Then all bulbs go dark again. Before each turn players can change their position with ȿὴέί ὴέί ȿ cost, 

and players know three next light-ups. The goal is to minimize your summed cost. I tell you, Bananistanians 

are spending their nights playing with bulbs. 

Banana day is approaching, and you are hired to play the most beautiful Bulbo game ever. A huge array of 

bulbs is installed, and you know your initial position and all the light-ups in advance. You need to play the 

ideal game and impress Bananistanians, and their families. 

Input: 

The first line contains number of turns ὲ and initial position ὼ. Next ὲ lines contain two numbers ὰ  and 

ὰ , which represent that all that bulbs from ὰ ȟὰ  interval are shining this turn. 

Output: 

Output should contain a single number which represents the best result (minimum cost) that could be 

obtained by playing this Bulbo game. 

Constraints: 

¶ ρ ὲ υπππ 

¶ ρ ὼ ρπ 

¶ ρ ὰ ὰ ρπ 

 

Example input: Example output: 

5 4  
2 7  
9 16  
8 10  
9 17  
1 6  

8 

 

Example play: 

Before 1. turn move to position 5 
Before 2. turn move to position 9 
Before 5. turn move to position 8 
 

Time and memory limit:  1s / 64MB 
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Solution and analysis: 

First, letΩǎ ŎƻƴǎƛŘŜǊ ǎƻƭǳǘƛƻƴ ƛƴ ὕὲz άὥὼὢ ŎƻƳǇƭŜȄƛǘȅΦ LǘΩǎ ŀ ǎƛƳǇƭŜ ŘȅƴŀƳƛŎ ǇǊƻƎǊŀƳƳƛƴƎ ŀǇǇǊƻŀŎƘΦ 

We have an array Ὠώὲ (size άὥὼὢ), which should say how costly would it be to be in this position at the end 

of the turn. At initialization step each position is set to άὥὼὠὥὰόὩ (some big number), except the initial 

position which is set to be π. This should represent that in the ƛƴƛǘƛŀƭ ƳƻƳŜƴǘ ƛǘΩǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ ōŜ ŀƴȅǿƘŜǊŜ 

except in the initial position. 

Before each turn we can change position, so before each turn we could calculate the best cost of being in 

that position when the bulbs light up. We can do this by passing this array twice ς once from the left and 

ƻƴŎŜ ŦǊƻƳ ǘƘŜ ǊƛƎƘǘΦ /ƻƴǎƛŘŜǊ ǘƘŜ ŎŀǎŜ ǿŜΩǊŜ ǇŀǎǎƛƴƎ ŦǊƻƳ ƭŜŦǘ ǘƻ ǊƛƎƘǘ όǎƳŀƭƭŜǊ ƛƴŘŜȄ Ὥ to larger index Ὥ, the 

other case could be explained in the similar fashion). While passing, we can keep the ὦὩίὸὠὥὰ, which would 

be initiated to Ὠώὲπ, and updated as ὦὩίὸὠὥὰάὭὲὦὩίὸὠὥὰρȟὨώὲὭ , ὨώὲὭ ὦὩίὸὠὥὰ for each 

Ὥ π. Rationale: if we came from the Ὥ ρ position, we have the same cost of that position ρ. IŦ ǿŜ ŘƛŘƴΩǘ, 

we have the same cost we had before this. Now we only need to add distance to the closest bulb for each 

Ǉƻǎƛǘƛƻƴ ŀƴŘ ǿŜ ŦƛƴƛǎƘŜŘ ǘƘƛǎ ǘǳǊƴΦ ²ƘŜƴ ǿŜ ŦƛƴƛǎƘ ŜŀŎƘ ǘǳǊƴ ǿŜ ǇƛŎƪ ǘƘŜ ƭƻǿŜǎǘ ǾŀƭǳŜ ƛƴ ǘƘŜ ŀǊǊŀȅΣ ŀƴŘ ǘƘŀǘΩǎ 

our solution. Simple enough. 

But this solution is too slow for us. We want more. 

Statement: We never have to move to the position which is not beginning or the end position of one of the 

light-ups. 

[ŜǘΩǎ ŎƻƴǎƛŘŜǊ ŦƻƭƭƻǿƛƴƎ ǎƛǘǳŀǘƛƻƴΥ ²ŜΩǊŜ ŀǘ ǘƘŜ Ǉƻǎƛǘƛƻƴ ὼ. If ὼ is going to be inside of the next turn shining 

ōǳƭōǎΣ ǘƘŜǊŜΩǎ ƴƻ Ǉƻƛƴǘ ƻŦ ƳƻǾƛƴƎ ŀǘ ŀƭƭ όƛǘ ǿƻǳƭŘ ōŜ ǘƘŜ ǎŀƳŜ ŀǎ ƳƻǾƛƴƎ ŀŦǘŜǊ ǘƘŜ ǘǳǊƴύΦ {ƻΣ ŎƻƴǎƛŘŜǊ ὼ is 

outside those bulbs, and ὼ  is the closest bulb to ὼ that will be lighten-up. Also, consider ὼ ὼ  

(the other case could be explained in the similar fashion). Consider all the remaining light-up points (light-up 

beginning and end positions) are in the array ὴέί, which is sorted. Take a look at the following picture: 

 

     

 

 

 

 

 

 

First thing we could notice is the fact that our cost for this turn is going to be ὼ ὼ, if we finish the 

turn anywhere between ὼ and ὼ  inclusive. Going left from ὼ or right from ὼ  ŘƻŜǎƴΩǘ ƳŀƪŜ ŀƴȅ 

sense, because we would have same or bigger cost than staying in ὼ or ὼ  and moving from it in the 

next turn. 

bŜȄǘΣ ƭŜǘΩǎ ŎƻƴǎƛŘŜǊ ǿŜ ƘŀǾŜƴΩǘ ŜƴŘŜŘ ƻǳǊ ǘǳǊƴ ƻƴ ǎƻƳŜ ƭƛƎƘǘ-up endpoint, but between two neighboring 

endpoints, ὴέί and ὴέίΦ [ŜǘΩǎ Ŏŀƭƭ ǘƘŀǘ Ǉƻǎƛǘƛƻƴ ὼ Φ [ŜǘΩǎ ŀƭǎƻ ƛƴǘǊƻŘǳŎŜ ὼ , which is the closest 

bulb from the ὼ  in the next turn light-up. 

If ὼ  is shining, then ὴέί is shining as well, so we could have finished our turn there. If ὼ ὴέί 

we would be better off or equally well if we finished our turn in ὴέί. In that case we would have ὼ

ὼ ὼ  
 

ὴέί 
 

ὴέί 

ὼ  
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ὴέί smaller cost for the next turn. If afterwards we need to go to ὼ , total cost would not exceed the cost 

of going straight to  ὼ  in the initial turn. If ὼ ὴέί we would be better off or equally well if we 

finished our turn in ὴέί, similar to the explanation for ὴέί. So, in each turn we could stay in the place or 

go to the closest light-up endpoint and we could still get the optimal solution. 

We can use this fact to make a ὕὲ  solution ς instead of each position we should take consider only light-

up endpoints and initial position. Everything else is the same as in original solution. 

Dynamic programming solution is enough to pass within the constraints for the program, but this problem 

can be solved in linear time as well. 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ŀǊǊŀȅ Ὠώὲ. We can notice ǘƘŀǘ ǘƘƛǎ ŀǊǊŀȅ ŀŎǘǳŀƭƭȅ Ƙŀǎ ƻƴƭȅ ƻƴŜ άƭƻŎŀƭ ƳƛƴƛƳǳƳέ ŀǘ 

each turn. What this means is that we have a range ὰȟὶ and that all of the values from Ὠώὲπ to Ὠώὲὰ are 

monotonically decreasing, all values from Ὠώὲὶ to Ὠώὲρπ are monotonically increasing, while all of the 

values ὨώὲὰȟὨώὲὰ ρȟȣȟὨώὲὶ have the same value and represent the minimum summed cost until 

this turn. We can use this property to create a linear time algorithm. 

Our linear algorithm will be as follows:  

At the beginning, our optimal range will be ὼ ȟὼ  and minimum cost will be π. At each turn, we will 

update this optimal range and minimum cost.  

If the range of shining bulbs in the next turn intersects with our optimal range, we can easily see that our 

new optimal range will be this intersection. The minimum cost will stay the same as the cost for previous 

ǘǳǊƴΣ ǎƛƴŎŜ ǿŜ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ƳƻǾŜ ƛŦ ǿŜ ŀǊŜ ƭƻŎŀǘŜŘ ǎƻƳŜǿƘŜǊŜ ƛƴ ǘƘƛǎ ƛƴǘŜǊǎŜŎǘƛƻƴΣ ŀǎ ǿŜ ǿƛƭƭ ŀƭǊŜŀŘȅ ōŜ 

located at a bulb that is shining. Anywhere outside of this intersection, the cost would increase since either 

the distance to the closest shining bulb would be larger than π, or because of moving from our optimal range 

to somewhere outside of it, or both.  

If the range of shining bulbs in the next turn does not intersect our optimal range and is left from it, we will 

set that our optimal range starts from the rightmost shining bulb and ends at the left end of our previously 

optimal range. Our minimum cost will increase for exactly the distance between these positions ς ƛŦ ǿŜ ŘƻƴΩǘ 

move from the left end of our previously optimal range, our cost increases for this distance. If we move from 

the left end of our previously optimal range by one position to left, we decrease our distance in the next turn 

by ρ, but increase the cost by ρ because of the move. Same goes for moving two positions to left, and so on 

until the movement to the rightmost shining bulb in the next turn (at which point our distance to shining bulb 

will be π, but ouǊ Ŏƻǎǘ ŦƻǊ ƳƻǾƛƴƎ ǿƛƭƭ ōŜ ǘƘŜ ǎŀƳŜ ŀǎ ŘƛǎǘŀƴŎŜ ǿƘŜƴ ǿŜ ŘƛŘƴΩǘ ƳƻǾŜ ŀǘ ŀƭƭύΦ Lǘ ƛǎ Ŝŀǎƛƭȅ ǎŜŜƴ 

that the minimum cost for a position that is left from this new optimal range is larger by ρ, and the minimum 

cost for a position that is right from this new optimal range is also larger by ρ. Moving further to the left or 

ǊƛƎƘǘΣ ǘƘƛǎ Ŏƻǎǘ ƛƴŎǊŜŀǎŜǎ ƳƻǊŜ ŀƴŘ ƳƻǊŜΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ƻƴƭȅ ƻƴŜ άƭƻŎŀƭ ƳƛƴƛƳǳƳέ ŀǎ ǿŜ ŘŜǎŎǊƛōŜŘ ōŜŦƻǊŜΦ  

If the range of shining bulbs does not intersect our optimal range and is right from it, we can do a similar 

thing as we do when the range is left from our optimal range. 

After all the turns, we have our optimal range and the minimum cost possible. The total complexity is ὕὲ, 

since in each turn we update the range in ὕρȢ 
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Problem G: Run for beer  

 

Authors 

Alexandr Lyashko 

 

Implementation and analysis 

!ƴŘǊƛƧŀ WƻǾŀƴƻǾƛŏ 

 

People in BubbleLand like to drink beer. Little do you know, beer here is so good and strong that every time 

you drink it your speed goes ρπ times slower than before you drank it. 

Birko lives in city Beergrade, but wants to go to city Beerburg. You are given a road map of BubbleLand and 

you need to find the fastest way for him. When he starts his journey in Beergrade his speed is 1. When he 

comes to a new city he always tries a glass of local beer, which divides his speed by ρπ.  

The question here is what the minimal time for him to reach Beerburg is. If there are several paths with the 

same minimal time, pick the one that has least roads on it. If there is still more than one path, pick any. 

It is guaranteed that there will be at least one path from Beergrade to Beerburg. 

Input: 

The first line of input contains integer ὔ ς number of cities in Bubbleland and integer ὓ ς number of roads 

in this country. Cities are enumerated from π to ὔ ρ, with city π being Beergrade, and city ὔ ρ being 

Beerburg.  

Each of the following ὓ lines contains three integers ὥ, ὦ (ὥ ὦ) and ὰὩὲ. These numbers indicate that there 

is a bidirectional road between cities ὥ and ὦ with length ὰὩὲ.  

Output: 

The first line of output should contain minimal time needed to go from Beergrade to Beerburg. 

The second line of the output should contain the number of cities on the path from Beergrade to Beerburg 

that takes minimal time.  

The third line of output should contain the numbers of cities on this path in the order they are visited, 

separated by spaces. 

Constraints: 

¶ ς ὔ ρπ 

¶ ρ ὓ ρπ 

¶ π ὰὩὲω 

¶ There is at most one road between two cities 

Time and memory limit:  0.5s / 64MB 

Example input: Example output: 

8 10  
0 1 1  
1 2 5  
2 7 6  
0 3 2  
3 7 3  
0 4 0  
4 5 0  
5 7 2  
0 6 0  
6 7 7  
 

32 
3 
0 3 7  
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Solution and analysis: 

[ŜǘΩǎ ŦƛǊǎǘ ŘŜŎƛǇƘŜǊ ǘƘŜ ǘŜȄǘ ƻŦ ǘƘŜ ǇǊƻōƭŜƳ ǘƻ ƘŜƭǇ ǳǎ ŦƛƎǳǊŜ ƻǳǘ ǿƘƛŎƘ ǎŜǘ of conditions the solution needs to 

satisfy. 

²ŜΩƭƭ notice that the maximum direct distance between any two cities is 9, and the speed decrease from 

each step to the next is 10x. This gives us an important pieces of insight: 

If we have two paths, neither of which ends with a 0-length edge, the shorter path will always be faster than 

a longer path ς if the longer path has Ὧ steps and the shorter one has ὰ, its last step will take at least ρπ 

time, while the entire shorter path cannot take more than ρπ ρ ρπ ρ time.  

From this follows a slightly more general statement: 

If we have two paths, the one which is shorter after we trim all trailing zeros from both will be faster. 

Furthermore, if two paths have the same length after trimming trailing zeros, the one with the smaller 

distance between the last two cities will be faster than the other. If the two last distances are the same, the 

one with the shorter second-to-last edge will be faster, etcetera.  

It turns out that there is only one case in which we care about trailing zeros: the problem statement says that 

from two paths with equal time the preferred one should be the one visiting less cities ς the one that has a 

smaller number of zeros at the end. This gives us a way to simplify the problem: we will start from city ὲ ρ 

(Beerburg) and calculate which other cities can reach it in 0 time and with how many steps. This can be done 

using a breadth-first search that starts from Beerburg and ignores all non-zero length paths. [ŜǘΩǎ Ŏŀƭƭ ǘƘƛǎ ǎŜǘ 

of vertices ὤ.  

After this, we can run another breadth-first search, this time starting from Beergrade, and find the shortest 

path to a city belonging to ὤ. Having in mind our conclusions above, if there is exactly one such path we can 

ōŜ ŎŜǊǘŀƛƴ ǘƘŀǘΩǎ ǘƘŜ ŀƴǎǿŜǊ ǘƻ ǘƘŜ ǇǊƻōƭŜƳΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ƭƛŦŜ ƛǎ ƴƻǘ ǎƻ ǎƛƳǇƭŜ ŀƴŘ ǘƘŜǊŜΩǎ ƴƻ ƎǳŀǊŀƴǘŜŜ 

that there will be just one shortest path. So what do we do now? 

First, we can assign to each vertex its shortest distance (in terms of the number of edges) from Beergrade ς 

this is easy to do within the breadth-first search algorithƳΦ [ŜǘΩǎ ŘŜƴƻǘŜ ǿƛǘƘ Ὧ the least number of steps 

required to reach a vertex in ὤ when starting from Beergrade. Then we can apply the following reasoning: 

Consider all edges connecting a vertex in ὤ to an edge in the set of vertices ὠ  that are exactly Ὧ ρ steps 

ŀǿŀȅ ŦǊƻƳ .ŜŜǊƎǊŀŘŜΣ ŀƴŘ ǘƘŜƴ ƻǳǘ ƻŦ ǘƘŜƳ ŎƻƴǎƛŘŜǊ ǘƘŜ ƻƴŜǎ ǘƘŀǘ ƘŀǾŜ ƳƛƴƛƳŀƭ ƭŜƴƎǘƘΦ ²ŜΩƭƭ Ŏŀƭƭ ǘƘŜ ǎŜǘ ƻŦ 

cities that are connected to ὤ through one of these edges Ὓ , and for each city ὺɴ Ὓ  ǿŜΩƭƭ ǎŀǾŜ ǘǿƻ 

pieces of information: 

- ό ς the vertex in ὤ they are connected to through a minimal-length edge 

- ὸ  - ǘƘŜ ƳƛƴƛƳŀƭ ƴǳƳōŜǊ ƻŦ ǘǊŀƛƭƛƴƎ ȊŜǊƻǎ ŀŦǘŜǊ ǘƘŜȅΩǾŜ ǊŜŀŎƘŜŘ ŀ ǾŜǊǘŜȄ ƛƴ ὤȢ 

 

What is so special about the set Ὓ ? Well, it turns out that the optimal solution has to pass through some 

vertex ὺ in Ὓ  and then follow its edge ό ǘƻ ŀ ǾŜǊǘŜȄ ǘƘŀǘΩǎ л ǘƛƳŜ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ƎƻŀƭΦ ¢Ƙƛǎ ƛǎ ǎƛƳǇƭŜ ǘƻ 

ǇǊƻǾŜΥ ƭŜǘΩǎ ŀǎǎǳƳŜ ǘƘŜ ƻǇǇƻǎƛǘŜ ƛǎ ǘǊǳŜΦ ¢ƘŜƴ ǿŜΩŘ ƘŀǾŜ to be able to find a path from Beergrade to ὤ with 

less than Ὧ steps, or a path with exactly Ὧ steps that has a shorter last step than all edges connecting Ὓ  to 

ὤ, or a path with the same number of steps, the same final step and a smaller number of trailing zeros. 

IƻǿŜǾŜǊΣ ǿŜΩǾŜ ŎƻƴǎǘǊǳŎǘŜŘ ǘƘŜ ǎŜǘ Ὓ  precisely in a way such that none of these conditions can be 

satisfied. 

We can now construct sets Ὓ ȟὛ ȟȣὛ in a similar manner: 
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- Let ὠ be the set of vertices that are exactly Ὥ steps away from Beergrade.  

- Take all edges connecting the set Ὓ  to ὠ. Among those edges, take the ones with minimal length. 

- The set Ὓ is the set of vertices in ὠ on the end of edges in the previous step. 

- For each vertex ὺ in Ὓ, we save the city ό from Ὓ  they are connected to through a minimal-length 

edge, and ᾀ = ᾀ, the number of trailing zeros at the end of its path (if there are multiple candidates 

for ό, break ties in favour of the one with the smallest ᾀ).  

 

! ǎƛƳǇƭŜ ƛƴŘǳŎǘƛǾŜ ǇǊƻƻŦ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ƻƴŜ ǿŜΩǾŜ ƳŀŘŜ ŦƻǊ ǘƘŜ ǎŜǘ Ὓ  will convince us that the optimal 

solution has to pass through a city in each Ὓ. Finally, the set Ὓ  contains just one city: Beergrade. This gives 

us the solution, and we just have to iterate through the trail of cities ό to reconstruct it. 

[ŜǘΩǎ Ŏŀlculate the complexity of this solution. Its first two steps are simple breadth-first searches, with 

complexity ὕά ὲ. How complex is the process of constructing the sets Ὓ? We can do it by performing a 

constant number of operations on each city in Ὓ  and each edge that has one end in Ὓ  ς we check 

whether its other end has distance Ὥ from Beergrade, we find the minimum length in the set of edges 

satisfying the previous condition, and we compare each edge to the minimum. So the complexity of 

constructing Ὓ is ὕȿὛ ȿ ὕВ ÄÅÇὺᶰ . Since no vertex can belong to more than one set ὤ, the 

total complexity is ὕВȿὛȿ ὕВ ÄÅÇὺᶰ ȟɴ ȢȢ  ὕὲ ὕВÄÅÇ ὺ  ὕὲ ὕςά  

 ὕὲ ά . Recontructing the path can then take up to ὕὲ time, and the final complexity is ὕά  ὲ. 

In terms of memory complexity, we only need a constant additional amount of memory per each node, so 

the memory needed to hold the graph in memory dominates ς this is also ὕά ὲ. 
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Problem H: Bots 

 

Authors 

Ibragim Ismailov 

 

Implementation and analysis 

Ibragim Ismailov 

 

{ŀǎƘŀ ŀƴŘ LǊŀ ŀǊŜ ǘǿƻ ōŜǎǘ ŦǊƛŜƴŘǎΦ .ǳǘ ǘƘŜȅ ŀǊŜƴΩǘ Ƨǳǎǘ ŦǊƛŜƴŘǎΣ ǘƘŜȅ ŀǊŜ ǎƻŦǘǿŀǊŜ ŜƴƎƛƴŜŜǊǎ ŀƴŘ ŜȄǇŜǊǘǎ ƛƴ 

artificial intelligence. They are developing an algorithm for two bots playing a two-player game. The game is 

cooperative and turn based. In each tǳǊƴΣ ƻƴŜ ƻŦ ǘƘŜ ǇƭŀȅŜǊǎ ƳŀƪŜǎ ŀ ƳƻǾŜ όƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ǿƘƛŎƘ ǇƭŀȅŜǊύΦ  

Algorithm for bots that Sasha and Ira are developing works by keeping track of the state the game is in. Each 

time either bot makes a move, the state changes. And, since the game is very dynamic, it will never go back 

to the state it was already in at any point in the past. 

Sasha and Ira are perfectionists and want their algorithm to have an optimal winning strategy. They have 

noticed that in the optimal winning strategy, both bots make exactly ὔ moves each. But, in order to find the 

ƻǇǘƛƳŀƭ ǎǘǊŀǘŜƎȅΣ ǘƘŜƛǊ ŀƭƎƻǊƛǘƘƳ ƴŜŜŘǎ ǘƻ ŀƴŀƭȅȊŜ ŀƭƭ ǇƻǎǎƛōƭŜ ǎǘŀǘŜǎ ƻŦ ǘƘŜ ƎŀƳŜ όǘƘŜȅ ƘŀǾŜƴΩǘ ƭŜŀǊƴŜŘ ŀōƻǳǘ 

alpha-beta pruning yet) and pick the best sequence of moves. 

They are worried about the efficiency of their algorithm and are wondering what is the total number of states 

of the game that need to be analyzed?  

Input: 

The first and only line contains integer N. 

Output: 

Output should contain a single integer ς number of possible states modulo ρπ χ. 

Constraints: 

¶ ρ ὔ ρπ 

 

Example input: Example output: 

2 19 

 

Explanation: 

Start: Game is in state A. 

Turn 1: Either bot can make a move (first bot is red and second bot is blue), so there are two possible states 

after the first turn ς B and C. 

Turn 2: In both states B and C, either bot can again make a turn, so the list of possible states is expanded to 

include D, E, F and G. 

Turn 3: Red bot already did ὔ ς moves when in state D, so it cannot make any more moves there. It can 

make moves when in state E, F and G, so states I, K and M are added to the list. Similarly, blue bot cannot 

make a move when in state G, but can when in D, E and F, so states H, J and L are added. 

Turn 4: Red bot already did ὔ ς moves when in states H, I and K, so it can only make moves when in J, L 

and M, so states P, R and S are added. Blue bot cannot make a move when in states J, L and M, but only when 

in H, I and K, so states N, O and Q are added. 
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Overall, there are ρω possible states of the game their algorithm needs to analyze. 

 

 

Time and memory limit:  2s / 64MB 

 

Solution and analysis: 

tǊƻōƭŜƳ Ŏŀƴ ōŜ ǘǊŀƴǎŦƻǊƳŜŘ ǘƻ ŀ ƳƻǊŜ ŦƻǊƳŀƭ ƻƴŜΥ Ƙƻǿ Ƴŀƴȅ ǾŜǊǘƛŎŜǎ ǿƛƭƭ ŀ ǘǊƛŜ όŘŀǘŀ ǎǘǊǳŎǘǳǊŜύ ŎƻƴǘŀƛƴΣ ƛŦ 
ǿŜ ŀŘŘ ŀƭƭ ǇƻǎǎƛōƭŜ ǎǘǊƛƴƎǎ ƻŦ ƭŜƴƎǘƘ ςὔ ǿƛǘƘ ὔ ȊŜǊƻŜǎ ŀƴŘ ὔ ƻƴŜǎ ǘƻ ǘƘƛǎ ǘǊƛŜΦ 

CƛǊǎǘΣ ƛǘ ƛǎ ƻōǾƛƻǳǎ ǘƘŀǘ ǘƘŜ ǳǇǇŜǊ ƘŀƭŦ ƻŦ ǘƘƛǎ ǘǊŜŜ ǿƛƭƭ ōŜ ŀ Ŧǳƭƭ ōƛƴŀǊȅ ǘǊŜŜΦ [ŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ὔ σΥ  

¶ ƭŜǾŜƭ πΥ ρ ǾŜǊǘŜȄ 

¶ ƭŜǾŜƭ ρΥ ς ǾŜǊǘƛŎŜǎ 

¶ ƭŜǾŜƭ ςΥ τ ǾŜǊǘƛŎŜǎ 

¶ ƭŜǾŜƭ σΥ ψ ǾŜǊǘƛŎŜǎΦ  

{ǘŀǊǘƛƴƎ ŦǊƻƳ ƭŜǾŜƭ ὔ ρΣ ƴƻǘ ŜǾŜǊȅ ǾŜǊǘŜȄ ǿƛƭƭ ƘŀǾŜ ǘǿƻ ŎƘƛƭŘǊŜƴΦ ±ŜǊǘƛŎŜǎ ǘƘŀǘ ǿƛƭƭ ƘŀǾŜ ǘǿƻ ŎƘƛƭŘǊŜƴ ŀǊŜ 
ǘƘƻǎŜ ǘƘŀǘ ƘŀǾŜ ƭŜǎǎ ǘƘŀƴ ὔ ȊŜǊƻŜǎ ŀƴŘ ƭŜǎǎ ǘƘŀƴ ὔ ƻƴŜǎ ƻƴ ǘƘŜ ǇŀǘƘ ǘƻ ǘƘŜ ǊƻƻǘΦ  

{ƻΣ ƘŜǊŜ ƛǎ Ƙƻǿ ǿŜ ŎŀƭŎǳƭŀǘŜ Ƙƻǿ Ƴŀƴȅ ǾŜǊǘƛŎŜǎ ǘƘŜǊŜ ǿƛƭƭ ōŜ ƻƴ ƭŜǾŜƭ Ὥ ρΥ 

¶ [ŜǘΩǎ ŘŜŦƛƴŜ Ὓ ŀǎ ƴǳƳōŜǊ ƻŦ ǾŜǊǘƛŎŜǎ ƻƴ ƭŜǾŜƭ Ὥ ǿƘƛŎƘ ƘŀǾŜ ƭŜǎǎ ǘƘŀƴ ǘǿƻ ŎƘƛƭŘǊŜƴ  

¶ LŦ ὠ ƛǎ ƴǳƳōŜǊ ƻŦ ǾŜǊǘƛŎŜǎ ƻƴ ƭŜǾŜƭ ὭΣ ǘƘŜƴ ὠ ςὠ Ὓ 

¶ Ὓ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ Ŝŀǎƛƭȅ ǳǎƛƴƎ ōƛƴƻƳƛŀƭ ŎƻŜŦŦƛŎƛŜƴǘǎΥ Ὓ ς  

 
9ǾŜǊȅǘƘƛƴƎ ŜƭǎŜ ƛǎ ƛƴ ǘƘŜ ǘŀǎƪ ŀǊŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎΦ ²Ŝ ƴŜŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǎƻƳŜ ƳƻŘǳƭŀǊ 
ƳǳƭǘƛǇƭƛŎŀǘƛǾŜ ƛƴǾŜǊǎŜǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŘƻƴŜ ƛƴ ƭƻƎŀǊƛǘƘƳƛŎ ǘƛƳŜ ǳǎƛƴƎ ŜȄǇƻƴŜƴǘƛŀǘƛƻƴ ōȅ ǎǉǳŀǊƛƴƎΦ ²Ŝ Ŏŀƴ 
ŎŀƭŎǳƭŀǘŜ ōƛƴƻƳƛŀƭ ŎƻŜŦŦƛŎƛŜƴǘǎ ŜŦŦƛŎƛŜƴǘƭȅΣ ōȅ ǳǎƛƴƎ ǘƘŜ ǾŀƭǳŜǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ǘƘŜ ǇǊŜǾƛƻǳǎ ƭŜǾŜƭΦ  
¢ƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ ǎƻƭǳǘƛƻƴ ƛǎ ὕὔὰέὫρπ χ Φ 
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Problem I : Robots protection  

 

Authors 

Alexandr Lyashko 

 

Implementation and analysis 

Predrag Ilkiŏ 

 

/ƻƳǇŀƴȅ άwƻōƻǘǎ ƛƴŘǳǎǘǊƛŜǎέ ǇǊƻŘǳŎŜǎ Ǌƻōƻǘǎ ŦƻǊ ǘŜǊǊƛǘƻǊȅ ǇǊƻǘŜŎǘƛƻƴΦ Robots protect triangle territories ς 

right isosceles triangles with catheti parallel to North-South and East-West directions. 

Owner of some land buys and sets robots on his territory to protect it. From time to time, businessmen want 

to build offices on that land and want to know how many robots will guard it. You are to handle these queries.  

Input: 

The first line contains integer ὔ ς width and height of the land, and integer ὗ ς number of queries to handle. 

Next ὗ lines contain queries you need to process. 

Two types of queries: 

1. ρ ὨὭὶ ὼ ώ ὰὩὲ ς add a robot to protect a triangle. Depending on the value of ὨὭὶ, the values of ὼȟώ 

and ὰὩὲ represent a different triangle: 

¶ ὨὭὶ  ρ: Triangle is defined by the points ὼȟώȟὼ ὰὩὲȟώȟὼȟώ ὰὩὲ 

¶ ὨὭὶ  ς: Triangle is defined by the points ὼȟώȟὼ ὰὩὲȟώȟὼȟώ ὰὩὲ 

¶ ὨὭὶ  σ: Triangle is defined by the points ὼȟώȟὼ ὰὩὲȟώȟὼȟώ ὰὩὲ 

¶ ὨὭὶ  τ: Triangle is defined by the points ὼȟώȟὼ ὰὩὲȟώȟὼȟώ ὰὩὲ 

2. ς ὼ ώ ς output how many robots guard this point (robot guards a point if the point is inside or on the 

border of its triangle) 

Output: 

For each second type query output how many robots guard this point. Each answer should be in a separate 

line. 

Constraints: 

¶ ρ ὔ υπππ 

¶ ρ ὗ ρπ 

¶ ρ ὨὭὶτ 

¶ All points of triangles are within range [ρȟὔ] 

¶ All numbers are positive integers 

Time and memory limit:  1s / 512MB 

Example input: Example output: 

17 10  
1 1 3 2 4  
1 3 10 3 7  
1 2 6 8 2  
1 3 9 4 2  
2 4 4  
1 4 15 10 6  
2 7 7  
2 9 4  
2 12 2  
2 13 8  

2 
2 
2 
0 
1 
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Solution and analysis: 

To ǎƻƭǾŜ ǘƘƛǎ ǇǊƻōƭŜƳΣ ǿŜ ǎƘƻǳƭŘ ŦƛǊǎǘ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ƻƴŜ ŜŀǎƛŜǊ ǇǊƻōƭŜƳΦ /ƻƴǎƛŘŜǊ ƘŀǾƛƴƎ ǘƘŜ ǎŀƳŜ ǇǊƻōƭŜƳ 

ǎǘŀǘŜƳŜƴǘΣ ōǳǘ ǿƛǘƘ ǊŜŎǘŀƴƎƭŜǎ ƛƴǎǘŜŀŘ ƻŦ ǘǊƛŀƴƎƭŜǎΦ ¢ƘŜ ǎƻƭǳǘƛƻƴ ǘƻ ǘƘƛǎ ǇǊƻōƭŜƳ ƛǎ ǇǊŜǘǘȅ ǎǘǊŀƛƎƘǘŦƻǊǿŀǊŘΦ ²Ŝ 

ǿƛƭƭ ǎǘƻǊŜ ŀ ƳŀǘǊƛȄ ǊŜǇǊŜǎŜƴǘƛƴƎ Ǉƻƛƴǘǎ ƛƴ ƻǳǊ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳΦ CƻǊ ŜŀŎƘ ǘȅǇŜ м ǉǳŜǊȅΣ ƎƛǾŜƴ ǘƘŜ ǊŜŎǘŀƴƎƭŜ 

ὼ ȟώ ȟὼ ȟώ ȟὼȟώ ȟὼȟώ Σ ǿŜ ǿƻǳƭŘ ŀŘŘ πм ǘƻ ǘƘŜ Ǉƻƛƴǘǎ ὼ ȟώ  ρ ŀƴŘ ὼ ρȟώ Σ 

ŀƴŘ м ǘƻ ǘƘŜ Ǉƻƛƴǘǎ ὼȟώ  ŀƴŘ ὼ  ρȟώ ρΦ bƻǘƛŎŜ ǘƘŀǘ ǿŜ ŜȄǇŀƴŘŜŘ ǘƘŜ ƎƛǾŜƴ ǊŜŎǘŀƴƎƭŜ ǿƘŜƴ 

ŀŘŘƛƴƎ Ҍмǎ ŀƴŘ πмǎΣ ǘƘƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ Ǉƻƛƴǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ǊŜŎǘŀƴƎƭŜ ŜǾŜƴ ǿƘŜƴ ƛǘ ƛǎ ƻƴ ǘƘŜ ōƻǊŘŜǊΗ ¢Ƙƛǎ 

ǿŀȅΣ ǿƘŜƴ ǘȅǇŜ н ǉǳŜǊȅ ƛǎ ǊŜŎŜƛǾŜŘΣ ǘƻ ŦƛƴŘ ǘƘŜ ŀƴǎǿŜǊ ǿŜ ǎƛƳǇƭȅ ǎǳƳ ŜǾŜǊȅ ǾŀƭǳŜ ƛƴ ǘƘŜ ǊŜŎǘŀƴƎƭŜ πȟπ ǘƻ 

ὼȟώΦ {ƛƴŎŜ ǎƛƳǇƭȅ ǎǳƳƳƛƴƎ ǘƘŜ Ǉƻƛƴǘǎ ƛƴ ǊŜŎǘŀƴƎƭŜǎ ƛǎ ὕὲ Σ ǿŜ ǎƘƻǳƭŘ ǳǎŜ ōƛƴŀǊȅ ƛƴŘŜȄŜŘ ǘǊŜŜ ŦƻǊ ǘƘƛǎΣ 

ƘŜƴŎŜ ƎŜǘǘƛƴƎ ǘƘŜ ǎǳŦŦƛŎƛŜƴǘ ǘƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ὕÌÏÇὲ ǇŜǊ ǉǳŜǊȅΦ 

²Ŝ ǿƛƭƭ ǳǎŜ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǿƛǘƘ ǎƻƳŜ ƳƻŘƛŦƛŎŀǘƛƻƴ ǘƻ ǎƻƭǾŜ ǘƘŜ ƻǊƛƎƛƴŀƭ ǇǊƻōƭŜƳΦ CƻǊ ƘŀƴŘƭƛƴƎ ǘƘŜ ǘǊƛŀƴƎƭŜǎ 

ǿŜ ƴŜŜŘ ǘƻ ƛƴǘǊƻŘǳŎŜ ƴŜǿ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳǎΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǘȅǇŜ ƻŦ ǘǊƛŀƴƎƭŜ όǘȅǇŜǎ м ŀƴŘ п ŀǊŜ 

ŀƴŀƭƻƎƻǳǎΣ ǎƻ ŀǊŜ ǘȅǇŜǎ н ŀƴŘ оύ ǿŜ ǿƛƭƭ ƳŀƪŜ ǘǿƻ ƴŜǿ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳǎΣ ǿƘŜǊŜ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ 

ƘȅǇƻǘŜƴǳǎŜǎ ŀǊŜ ǇŀǊŀƭƭŜƭ ǘƻ ƻƴŜ ŀȄƛǎΦ CƻǊ ǘȅǇŜǎ н ŀƴŘ оΣ Ǉƻƛƴǘ ὼȟώ ƛƴ ƻǊƛƎƛƴŀƭ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳ ǿƻǳƭŘ ƳŀǇ 

ǘƻ ὼ ώȟώΣ ŀƴŘ ŦƻǊ ǘȅǇŜǎ м ŀƴŘ пΣ Ǉƻƛƴǘ ὼȟώ ǿƻǳƭŘ ƳŀǇ ǘƻ ὼ ὲ ώ ρȟώΣ ǿƘŜǊŜ ὲ ƛǎ ǘƘŜ ǎƛȊŜ ƻŦ 

ŎƻƻǊŘƛƴŀǘŜ ǇƭŀƴŜ ƎƛǾŜƴ ƛƴ ǘƘŜ ƛƴǇǳǘΦ 

¢ƘŜ ǇǊƻōƭŜƳ ƛǎ ƴƻǿ ǎƻƳŜǿƘŀǘ ŀōǎǘǊŀŎǘŜŘ ǘƻ ǘƘŜ ǎƛƳǇƭŜ ǊŜŎǘŀƴƎƭŜ ǇǊƻōƭŜƳΦ ¢Ƙƛǎ ǘƛƳŜ ǿŜ ǿƛƭƭ ƴŜŜŘ ǘƘǊŜŜ 

ƳŀǘǊƛŎŜǎΣ ƻƴŜ ǊŜǇǊŜǎŜƴǘƛƴƎ ƻǊƛƎƛƴŀƭ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳ ŀƴŘ ǘǿƻ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ƛƴǘǊƻŘǳŎŜŘ ŎƻƻǊŘƛƴŀǘŜ 

ǎȅǎǘŜƳǎΦ CƻǊ ŜŀŎƘ ǘǊƛŀƴƎƭŜ ǿŜ ƴŜŜŘ ǘƻ ōƻǊŘŜǊ ƛǘ ǿƛǘƘ Ҍмǎ ŀƴŘ πмǎΣ ǎƛƳƛƭŀǊƭȅ ŀǎ ƛƴ ǘƘŜ ǊŜŎǘŀƴƎƭŜ ŎŀǎŜΣ ƻƴƭȅ ǳǎƛƴƎ 

н ƳŀǘǊƛŎŜǎ ŦƻǊ ŜŀŎƘ ǘǊƛŀƴƎƭŜΦ ²ƘŜƴ ŀŘŘƛƴƎ ōƻǊŘŜǊ ŦƻǊ ǘƘŜ ŎŀǘƘŜǘǳǎ ǿŜ ǳǎŜ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳ ŀƴŘ 

ŦƻǊ ǘƘŜ ƘȅǇƻǘŜƴǳǎŜ ǿŜ ƴŜŜŘ ƻƴŜ ƻŦ ǘƘŜ ǘǿƻ ƛƴǘǊƻŘǳŎŜŘ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳǎΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǘȅǇŜ ƻŦ ǘƘŜ 

ǘǊƛŀƴƎƭŜΦ wŜƳŜƳōŜǊΣ ǘƘŜ Ǉƻƛƴǘ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ ǘǊƛŀƴƎƭŜ ŜǾŜƴ ǿƘŜƴ ƛǘ ƛǎ ƻƴ ƻƴŜ ƻŦ ŎŀǘƘŜǘƛ ƻǊ ƘȅǇƻǘŜƴǳǎŜΣ ǎƻ ōŜ 

ŎŀǊŜŦǳƭΦ 

CƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ŀƴǎǿŜǊ ŦƻǊ ǘȅǇŜ н ǉǳŜǊȅΣ ǿŜ ƴŜŜŘ ǘƻ ǎǳƳ ǘƘŜ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ǊŜŎǘŀƴƎƭŜ ŦǊƻƳ πȟπ ǘƻ ὼȟώ 

ƛƴ ŀƭƭ ǘƘǊŜŜ ƳŀǘǊƛŎŜǎ όƻŦ ŎƻǳǊǎŜΣ ὼȟώ ƴŜŜŘǎ ǘƻ ōŜ ƳŀǇǇŜŘ ŀŎŎƻǊŘƛƴƎƭȅ ǘƻ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳ ŜŀŎƘ ƳŀǘǊƛȄ 

ǊŜǇǊŜǎŜƴǘύΦ !ƎŀƛƴΣ ǘƻ ƴƻǘ ŜȄŎŜŜŘ ǘƛƳŜ ƭƛƳƛǘ ǿŜ ƴŜŜŘ ǘƻ ǳǎŜ ōƛƴŀǊȅ ƛƴŘŜȄŜŘ ǘǊŜŜǎΦ 

{ƛƴŎŜ ǿŜ ŀǊŜ ǳǎƛƴƎ ōƛƴŀǊȅ ƛƴŘŜȄŜŘ ǘǊŜŜΣ ǘƘŜ ǘƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘƛǎ ǎƻƭǳǘƛƻƴ ƛǎ ὕὗ ÌzÏÇὔΦ 
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Qualifications  
 
!ǎ ƛƴ ǇǊŜǾƛƻǳǎ ȅŜŀǊǎΣ ǘƘŜ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ǿŜǊŜ ǎǇƭƛǘ ƛƴǘƻ ǘǿƻ ǊƻǳƴŘǎΣ ǿƛǘƘ ǘŜƴ ǇǊƻōƭŜƳǎ ƛƴ ŜŀŎƘ ǊƻǳƴŘΦ !ƭǘƘƻǳƎƘ 
ǘƘŜ Ŧƛƴŀƭǎ ǿŜǊŜ ƛƴ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŦƻǊƳŀǘ ǿƛǘƘ ƴƻ ƻǇŜƴ ǇǊƻōƭŜƳǎΣ ǘƘŜ ǇǊƻōƭŜƳ ǎŜǘ ƛƴ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŎƻƴǘŀƛƴŜŘ 
ŎƘŀƭƭŜƴƎŜ ǇǊƻōƭŜƳǎ ŀƎŀƛƴΦ bƻƴπŎƘŀƭƭŜƴƎŜ ǇǊƻōƭŜƳǎ ǿŜǊŜ ǿƻǊǘƘ м Ǉƻƛƴǘ ƛƴ ǘƘŜ ŦƛǊǎǘ ǊƻǳƴŘ ŀƴŘ н Ǉƻƛƴǘǎ ƛƴ ǘƘŜ 
ǎŜŎƻƴŘ ǊƻǳƴŘΦ /ƘŀƭƭŜƴƎŜ ǇǊƻōƭŜƳ ƛƴ ǘƘŜ ŦƛǊǎǘ ǊƻǳƴŘ ǿŀǎ ǿƻǊǘƘ ƳŀȄƛƳǳƳ ƻŦ п ǇƻƛƴǘǎΣ ǿƘƛƭŜ ŎƘŀƭƭŜƴƎŜ ǇǊƻōƭŜƳ 
ƛƴ ǘƘŜ ǎŜŎƻƴŘ ǊƻǳƴŘ ǿŀǎ ǿƻǊǘƘ ƳŀȄƛƳǳƳ ƻŦ у ǇƻƛƴǘǎΦ  
 
¢ƘŜ ǇǊƻōƭŜƳǎ ŦƻǊ ōƻǘƘ ǊƻǳƴŘǎ ǿŜǊŜ ŎƘƻǎŜƴ ŦǊƻƳ ǘƘŜ ǇǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ ŀǊŎƘƛǾŜǎ ŀǘ ǘƘŜ {ǇƻƧ ǎƛǘŜ 
όǿǿǿΦǎǇƻƧΦŎƻƳύΦ 
 
¢Ƙƛǎ ȅŜŀǊΣ тт ǘŜŀƳǎ ƳŀƴŀƎŜŘ ǘƻ ǎƻƭǾŜ ŀǘ ƭŜŀǎǘ ƻƴŜ ǇǊƻōƭŜƳ ŦǊƻƳ ǘƘŜ ǉǳŀƭƛŦȅƛƴƎ ǊƻǳƴŘǎΦ /ƻƳǇŜǘƛǘƻǊǎ ŦǊƻƳ ŀƭƭ 
ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘ ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎΦ ¢ŜŀƳǎ ǘƘŀǘ ǉǳŀƭƛŦƛŜŘ ŦƻǊ ǘƘŜ Ŧƛƴŀƭǎ ǿŜǊŜ ŦǊƻƳ {ŜǊōƛŀΣ 
/ǊƻŀǘƛŀΣ tƻƭŀƴŘΣ [ŀǘǾƛŀΣ ¦ƪǊŀƛƴŜΣ .ŜƭŀǊǳǎΣ ŀƴŘ wǳǎǎƛŀΦ 
 

bǳƳ tǊƻōƭŜƳ ƴŀƳŜ L5 !ŎŎŜǇǘŜŘ ǎƻƭǳǘƛƻƴǎ 

лм aŀǘǘǎ ¢ǊƛǇ мпуус пм 

лн 9ǎǘƛƳŀǘƛƻƴ мсулф пл 

ло {ǳōǎǘǊƛƴƎǎ LL утпт оп 

лп [ƛƎƘǘ /ȅŎƭƛƴƎ мпфум пн 

лр /Ǌƻǎǎōƛǘǎ опуп рн 

лс Cƻƴǘ {ƛȊŜ мурол фл 

лт aƛŎƘŜƭ ŀƴŘ ǘƘŜ ŎƘŀƳǇƛƻƴǎƘƛǇ млтол рт 

лу ¢ƘŜ LƴŘƛŀƴ hŎŜŀƴ мсмну ор 

лф .ǊŜŀƪƛƴƎ /ƘƻŎƻƭŀǘŜǎ спфф по 

мл ώ/Iϐ Ivbt LƴŎƻƳǇǳǘŀōƭŜ IŀǊŘ млнфр пм 

¢ŀōƭŜ мΦ {ǘŀǘƛǎǘƛŎǎ ŦƻǊ wƻǳƴŘ м 

bǳƳ tǊƻōƭŜƳ ƴŀƳŜ L5 !ŎŎŜǇǘŜŘ ǎƻƭǳǘƛƻƴǎ 

лм tƭŀȅŦŀƛǊ /ǊŀŎƪŜǊ пптс bƻǘ ǎƻƭǾŜŘ 

лн aƻŘŜǊƴ tƻŎƪŜǘ /ŀƭŎǳƭŀǘƻǊ урпн нр 

ло .ƻŀ ǾƛŀƎŜƳΣ wƻƛƳ ммтму ол 

лп .ƛƻƭƻƎȅ тпфл о 

лр aƛŎƪŜȅ aƻǳǎŜ aŀƎƛŎ ¢ǊƛŎƪ Ǿс мтфпс нс 

лс 9ƭŜŎǘǊƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ тсул п 

лт ¢ǳǊƴ ƻƴ ǘƘŜ ƭƛƎƘǘǎ н фрор р 

лу aƻǾŜ aŀǊōƭŜǎ снфф мл 

лф tŜǊŦŜŎǘ aŀȊŜ фмфл мф 

мл ώ/Iϐ ¢ƘŜ {ŜŎǊŜǘ wŜŎƛǇŜ муфлм оф 

¢ŀōƭŜ нΦ {ǘŀǘƛǎǘƛŎǎ ŦƻǊ wƻǳƴŘ н 
 
 

²Ŝ ŎƻƴǘƛƴǳŜŘ ǿƛǘƘ ƻǳǊ ǘǊŀŘƛǘƛƻƴ ǘƘŀǘ ǘƘŜ ŎƻƴǘŜǎǘŀƴǘǎ ŀǊŜ ǘƘŜ ƻƴŜǎ ǿƘƻ ŀǊŜ ǿǊƛǘƛƴƎ ǘƘŜ ǎƻƭǳǘƛƻƴǎ ŦƻǊ 
ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ǇǊƻōƭŜƳǎΦ ¸ƻǳ ǎƘƻǳƭŘ ƴƻǘŜ ǘƘŀǘ ǘƘŜǎŜ ǎƻƭǳǘƛƻƴǎ ŀǊŜ ƴƻǘ ƻŦŦƛŎƛŀƭ π ǿŜ Ŏŀƴƴƻǘ ƎǳŀǊŀƴǘŜŜ ǘƘŀǘ ŀƭƭ 
ƻŦ ǘƘŜƳ ŀǊŜ ŀŎŎǳǊŀǘŜ ƛƴ ƎŜƴŜǊŀƭΦ ό{ǘƛƭƭΣ ŀ ŎƻǊǊŜŎǘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǎƘƻǳƭŘ Ǉŀǎǎ ŀƭƭ ƻŦ ǘƘŜ ǘŜǎǘ ŎŀǎŜǎ ƻƴ ǘƘŜ {ǇƻƧ 
ǎƛǘŜΦύ 
 
¢ƘŜ ƻǊƎŀƴƛȊŜǊǎ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ŜȄǇǊŜǎǎ ǘƘŜƛǊ ƎǊŀǘƛǘǳŘŜ ǘƻ ǉǳŀƭƛŦƛŎŀǘƛƻƴ ǘŀǎƪ ŀǳǘƘƻǊǎ ŀƴŘ ŜǾŜǊȅƻƴŜ ǿƘƻ 
ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ǿǊƛǘƛƴƎ ǘƘŜ ǎƻƭǳǘƛƻƴǎΦ 
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Problem R1 01: Matts Trip  (ID: 14886 ) 

Time Limit: 8.0 second 

Memory Limit: 1536 MB 

 

aŀǘǘ ŦƛƴŘǎ ƘƛƳǎŜƭŦ ƛƴ ŀ ŘŜǎŜǊǘ ǿƛǘƘ ὔ ς ὔ ρπ ƻŀǎŜǎΣ ŜŀŎƘ ƻŦ ǿƘƛŎƘ Ƴŀȅ ƘŀǾŜ ŦƻƻŘΣ ǿŀǘŜǊΣ ŀƴŘκƻǊ ŀ 
ǇŀƭƳ ǘǊŜŜΦ LŦ ƻŀǎƛǎ Ὥ Ƙŀǎ ŦƻƻŘΣ ǘƘŜƴ Ὂ ρ ς ƻǘƘŜǊǿƛǎŜΣ Ὂ πΦ {ƛƳƛƭŀǊƭȅΣ ὡ ρ ƛŦ ŀƴŘ ƻƴƭȅ ƛŦ ƻŀǎƛǎ ƛ Ƙŀǎ ǿŀǘŜǊΣ 
ŀƴŘ ὖ ρ ƛŦ ŀƴŘ ƻƴƭȅ ƛŦ ƛǘ Ƙŀǎ ŀ ǇŀƭƳ ǘǊŜŜΦ ¢ƘŜǎŜ о ǾŀƭǳŜǎ ŀǊŜ ŎƻƳǇƭŜǘŜƭȅ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ƻƴŜ ŀƴƻǘƘŜǊΦ 

{ƻƳŜ ǇŀƛǊǎ ƻŦ ǘƘŜǎŜ ƻŀǎŜǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ōȅ ŘŜǎŜǊǘ ǇŀǘƘǎΣ ǿƘƛŎƘ ŜŀŎƘ ǘŀƪŜ м ƘƻǳǊ ǘƻ ǘǊŀǾŜǊǎŜΦ ¢ƘŜǊŜ ŀǊŜ 
ὓ π ὓ τυ ǎǳŎƘ ǇŀǘƘǎΣ ǿƛǘƘ ǇŀǘƘ Ὥ ŎƻƴƴŜŎǘƛƴƎ ŘƛǎǘƛƴŎǘ ƻŀǎŜǎ ὃ ŀƴŘ ὄ ƛƴ ōƻǘƘ ŘƛǊŜŎǘƛƻƴǎ ρ ὃȟὄ
ὔΦ bƻ ǇŀƛǊ ƻŦ ƻŀǎŜǎ ƛǎ ŘƛǊŜŎǘƭȅ ŎƻƴƴŜŎǘŜŘ ōȅ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǇŀǘƘΣ ŀƴŘ ƛǘϥǎ ƴƻǘ ƎǳŀǊŀƴǘŜŜŘ ǘƘŀǘ ŀƭƭ ƻŀǎŜǎ ŀǊŜ 
ŎƻƴƴŜŎǘŜŘ ōȅ ǎƻƳŜ ǎȅǎǘŜƳ ƻŦ ǇŀǘƘǎΦ 

aŀǘǘ ǎǘŀǊǘǎ ŀǘ ŀƴ ƻŀǎƛǎ ὛΣ ŀƴŘ ǿŀƴǘǎ ǘƻ ŜƴŘ ǳǇ ŀǘ ŀ ŘƛŦŦŜǊŜƴǘ ƻŀǎƛǎ Ὁ ρ ὛȟὉ ὔΦ 

.ƻǘƘ ƻŦ ǘƘŜǎŜ ƻŀǎŜǎ ŀǊŜ ǉǳƛǘŜ ƴƛŎŜ π ƛǘϥǎ ƎǳŀǊŀƴǘŜŜŘ ǘƘŀǘ ὊὛ ὡὛ ὖὛ ὊὉ ὡὉ ὖὉ ρΦ 

{ƛƴŎŜ ƘŜϥǎ ƛƴ ŀ ƘǳǊǊȅ ǘƻ ƎŜǘ ƻǳǘ ƻŦ ǘƘŜ ŘŜǎŜǊǘΣ ƘŜ ǿŀƴǘǎ ǘƻ ǘǊŀǾŜƭ ǘƘŜǊŜ ƛƴ ŀǘ Ƴƻǎǘ Ὄ ρ Ὄ ρπ ƘƻǳǊǎΦ 

IƻǿŜǾŜǊΣ ƘŜ Ŏŀƴ ƻƴƭȅ ǎǳǊǾƛǾŜ ŦƻǊ ǳǇ ǘƻ aC ƘƻǳǊǎ ŀǘ ŀ ǘƛƳŜ ǿƛǘƘƻǳǘ ŦƻƻŘΣ ŀƴŘ ǳǇ ǘƻ a² ƘƻǳǊǎ ŀǘ ŀ ǘƛƳŜ 
ǿƛǘƘƻǳǘ ǿŀǘŜǊ ρ ὓὊȟὓὡ τΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ὓὊ ρ ŀƴŘ ὓὡ ςΣ ǘƘŜƴ ŜǾŜǊȅ ǎƛƴƎƭŜ ƻŀǎƛǎ ƘŜ Ǿƛǎƛǘǎ 
ŀƭƻƴƎ ǘƘŜ ǿŀȅ Ƴǳǎǘ ƘŀǾŜ ŦƻƻŘ όŀǎ ƘŜ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ǎǇŜƴŘ ƳƻǊŜ ǘƘŀƴ м ƘƻǳǊ ǿƛǘƘƻǳǘ ƛǘύΣ ŀƴŘ ƘŜ Ŏŀƴƴƻǘ 
Ǿƛǎƛǘ н ƻǊ ƳƻǊŜ ƻŀǎŜǎ ǿƛǘƘƻǳǘ ǿŀǘŜǊ ƛƴ ŀ ǊƻǿΦ 

{ƛƴŎŜ aŀǘǘ ƛǎ ŀ ŎƻƳǇǳǘŜǊ ǎŎƛŜƴǘƛǎǘΣ ōŜŦƻǊŜ ŀŎǘǳŀƭƭȅ ƎƻƛƴƎ ŀƴȅǿƘŜǊŜΣ ƘŜϥǎ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŘƛŦŦŜǊŜƴǘ 
ǇŀǘƘǎ ƘŜ Ŏŀƴ ǘŀƪŜ ǘƘŀǘ ǿƛƭƭ ƎŜǘ ƘƛƳ ŦǊƻƳ ƻŀǎƛǎ Ὓ ǘƻ ƻŀǎƛǎ Ὁ ŀƭƛǾŜ ƛƴ ŀǘ Ƴƻǎǘ Ὄ ƘƻǳǊǎΦ 

bƻǘŜ ǘƘŀǘ ǘƘŜǊŜ Ƴŀȅ ōŜ ƴƻ ǎǳŎƘ ǇŀǘƘǎΦ 

.ŜƛƴƎ ŀ ŎƻƳǇǳǘŜǊ ǎŎƛŜƴǘƛǎǘΣ ƘŜ ƻŦ ŎƻǳǊǎŜ ƻƴƭȅ ŎŀǊŜǎ ŀōƻǳǘ ǘƘƛǎ ƴǳƳōŜǊ ƳƻŘǳƭƻ ρπ χΦ 

LƴǇǳǘ 

[ƛƴŜ мΥ т ƛƴǘŜƎŜǊǎ ὔȟὓȟὌȟὛȟὉȟὓὊȟ ŀƴŘ ὓὡ 

bŜȄǘ ὔ ƭƛƴŜǎΥ о ƛƴǘŜƎŜǊǎ ὊȟὡΣ ŀƴŘ ὖΣ ŦƻǊ Ὥ ρȢȢὔ 

bŜȄǘ ὓ ƭƛƴŜǎΥ н ƛƴǘŜƎŜǊǎ ὃ ŀƴŘ ὄΣ ŦƻǊ Ὥ ρȢȢὓ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜ ŘƛǎǇƭŀȅ ƛǘǎ ŎŀǎŜ ƴǳƳōŜǊ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ǎƘƻǊǘŜǎǘ ǇŀǘƘ ƻǊ ƛƳǇƻǎǎƛōƭŜ ƛƴ ƻƴŜ 
ƭƛƴŜΦ 

{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
3 3 3 1 2 1 4  

1 1 1  

1 1 1  

0 1 0  

1 2  

2 3  

1 3  

2 
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Solution: 

 
Lƴ ƻǊŘŜǊ ǘƻ ƳŀƪŜ ǘƘŜ ǇǊƻōƭŜƳ ǎƛƳǇƭŜǊΣ ǿŜ ǿƛƭƭ ŦƛǊǎǘ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ƎǊŀǇƘ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ƻŀǎŜǎΣ ǎƻ ǘƘŀǘ ǿŜ ƴƻ 
ƭƻƴƎŜǊ ƴŜŜŘ ǘƻ ŎƻƴǎƛŘŜǊ ŦƻƻŘ ŀƴŘ ǿŀǘŜǊ ŎƻƴǎǘǊŀƛƴǘǎΦ  
 
9ŀŎƘ ƴƻŘŜ ƛƴ ǘƘŜ ƴŜǿ όǘǊŀƴǎŦƻǊƳŜŘύ ƎǊŀǇƘ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎǘŀǘŜ ƛƴ ǿƘƛŎƘ aŀǘǘ Ŏŀƴ ōŜΣ ŘŜŦƛƴŜŘ ǿƛǘƘ ǘƘǊŜŜ 
ǾŀƭǳŜǎ όȟὪȟύΣ ǿƘŜǊŜ ρ ό ὔȟρ Ὢ ὓὊȟρ ύ ὓὡΦ ¢ƘŜǎŜ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ƻŀǎƛǎ ƘŜ ƛǎ 
ŎǳǊǊŜƴǘƭȅ ƛƴΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǊŜƳŀƛƴƛƴƎ ǎǘŜǇǎ ƘŜ Ŏŀƴ ǘŀƪŜ ǿƛǘƘƻǳǘ ǊǳƴƴƛƴƎ ƻǳǘ ƻŦ ŦƻƻŘ ŀƴŘ ƻŦ ǿŀǘŜǊ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
5ƛǊŜŎǘŜŘ ŜŘƎŜǎ ŜȄƛǎǘ ōŜǘǿŜŜƴ ƴƻŘŜǎ ǿƘƻǎŜ ƻŀǎŜǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ŀƴŘ ǿƘƻ ƘŀǾŜ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ǾŀƭǳŜǎ ŦƻǊ Ὢ 
ŀƴŘ ύ όŘŜŎǊŜŀǎŜŘ ōȅ ƻƴŜ ƛŦ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ ƻŀǎƛǎ ŘƻŜǎ ƴƻǘ Ŏƻƴǘŀƛƴ ŦƻƻŘκǿŀǘŜǊΣ ǎŜǘ ǘƻ ὓὊκὓὡ ƛŦ ƛǘ ŘƻŜǎύΦ ¢Ƙƛǎ 
ƎƛǾŜǎ ǳǎ ŀ ƎǊŀǇƘ ǿƛǘƘ ὓ ὔẗὓὊẗὓὡ ρφπ ƴƻŘŜǎΦ hōǾƛƻǳǎƭȅΣ ǘƘŜ ǎǘŀǘŜŘ ǇǊƻōƭŜƳ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŦƛƴŘƛƴƎ 
ǘƘŜ ƴǳƳōŜǊ ƻŦ ǿŀƭƪǎ ŦǊƻƳ ǘƘŜ ƴƻŘŜ ὛȟὓὊȟὓὡ όǘƘŜ άǎƻǳǊŎŜέύ ǘƻ ὉȟὓὊȟὓὡ όǘƘŜ άŘŜǎǘƛƴŀǘƛƻƴέ π ƛǘ ƛǎ 
ƎǳŀǊŀƴǘŜŜŘ ǘƘŀǘ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ ƻŀǎƛǎ Ƙŀǎ ōƻǘƘ ŦƻƻŘ ŀƴŘ ǿŀǘŜǊύ ǿƛǘƘ ŀǘ Ƴƻǎǘ ὢ ǎǘŜǇǎΦ 
 
bŜȄǘΣ ǿŜ ǿƛƭƭ ŀŘŘ ŀ ƴŜǿ άǎƛƴƪέ ƴƻŘŜ ǘƻ ǘƘƛǎ ƎǊŀǇƘΣ ǿƛǘƘ ƻƴŜ ƛƴǿŀǊŘ ŜŘƎŜ ŦǊƻƳ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ ŀƴŘ ŀ ǎŜƭŦπƭƻƻǇΦ 
9ŀŎƘ ǿŀƭƪ ŦǊƻƳ ǘƘŜ ǎƻǳǊŎŜ ǘƻ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ ǿƛǘƘ ŀǘ Ƴƻǎǘ ὢ ǎǘŜǇǎ Ƙŀǎ ŀ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ŀ ǿŀƭƪ ŦǊƻƳ ǘƘŜ 
ǎƻǳǊŎŜ ǘƻ ǘƘŜ ǎƛƴƪ ǿƛǘƘ ŜȄŀŎǘƭȅ ὢ ρ ǎǘŜǇǎ όǘƘŜ ƻǊƛƎƛƴŀƭ ǿŀƭƪ Ҍ ǎǘŜǇ ŦǊƻƳ ŘŜǎǘƛƴŀǘƛƻƴ ǘƻ ǎƛƴƪ Ҍ ŀǎ Ƴŀƴȅ ǎǘŜǇǎ 
ƛƴ ǘƘŜ ǎŜƭŦπƭƻƻǇ ŀǎ ƛǘ ǘŀƪŜǎ ǘƻ ǊŜŀŎƘ ὢ ρ ǎǘŜǇǎύΦ hōǾƛƻǳǎƭȅΣ ǘƘŜǊŜ ƛǎ ŀ ōƛƧŜŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǘǿƻ ǘȅǇŜǎ ƻŦ 
ǿŀƭƪǎΣ ǎƻ ŦƛƴŘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǿŀƭƪǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŦƛƴŘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǿŀƭƪǎ 
ŦǊƻƳ ǘƘŜ ǎƻǳǊŎŜ ǘƻ ǘƘŜ ǎƛƴƪ ǿƛǘƘ ŀ ƭŜƴƎǘƘ ƻŦ ŜȄŀŎǘƭȅ ὢ ρΦ 
  
¢Ƙƛǎ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ ǎƻƭǾŜŘ ǳǎƛƴƎ ŘȅƴŀƳƛŎ ǇǊƻƎǊŀƳƳƛƴƎΦ 5ŜŦƛƴŜ ὡ όȟὰ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŘƛŦŦŜǊŜƴǘ ǿŀƭƪǎ ŦǊƻƳ 
ǘƘŜ ǎƻǳǊŎŜ ǘƻ ǘƘŜ ǾŜǊǘŜȄ ό ǿƛǘƘ ǘƘŜ ƭŜƴƎǘƘ ὰΦ ²Ŝ ƘŀǾŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǳƭŀ όŎŀƭŎǳƭŀǘŜŘ ƳƻŘǳƭƻ ρπ χύ 
 

ὡ όȟὰ

ừ
Ừ

ứ
πȟ ὰ π᷈ ό ίέόὶὧὩ
ρȟ ὰ π᷈ ό ίέόὶὧὩ

ὡ ὺȟὰ ρ

    

ȟὰ π
 

 
¢ƘŜ ŀƴǎǿŜǊ ƛǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ὡ ίὭὲὯȟὢ ρΦ  
 
IƻǿŜǾŜǊΣ ǘƘŜ ǘƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘƛǎ ǎƻƭǳǘƛƻƴ ƛǎ ὕὓὢΦ {ƛƴŎŜ ὓὢ ŎƻǳƭŘ ōŜ ƻǾŜǊ ρπΣ ǘƘƛǎ ƛǎ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘ 
ŦƻǊ ǎƻƭǾƛƴƎ ǘƘŜ ǇǊƻōƭŜƳ ǿƛǘƘ ǘƘŜ ƎƛǾŜƴ ǘƛƳŜ ŎƻƴǎǘǊŀƛƴǘΦ 
 
²Ŝ Ŏŀƴ ǊŜǇƘǊŀǎŜ ǘƘŜ ŦƻǊƳǳƭŀ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ὡ ŦƻǊ ὰ π ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎΣ ǿƘŜǊŜ ὃ ƛǎ ǘƘŜ 
ŀŘƧŀŎŜƴŎȅ ƳŀǘǊƛȄ ƻŦ ƻǳǊ ƎǊŀǇƘ όὃȟ ƛǎ Ŝǉǳŀƭ ǘƻ ρ ƛŦ ŀƴ ŜŘƎŜ ŦǊƻƳ ό ǘƻ ὺ ŜȄƛǎǘǎΣ ŀƴŘ ǘƻ π ƛŦ ƛǘ ŘƻŜǎ ƴƻǘύΥ 
 

ὡ όȟὰ  ὃȟ ὡ ὺȟὰ ρ

  

 

 
LŦ ǿŜ ǾƛŜǿ ŀƭƭ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ὡ όȟὰ ŦƻǊ ƻƴŜ ǇŀǊǘƛŎǳƭŀǊ ǾŀƭǳŜ ƻŦ ὰ ŀǎ ŀ ǾŜŎǘƻǊ όƭŀōŜƭƭŜŘ ὡύΣ ǘƘŜ ŀōƻǾŜ ŦƻǊƳǳƭŀ 
ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ƳŀǘǊƛȄ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴΣ ǎƻ ὡ ὃὡ  ŦƻǊ ὰ πΦ .ȅ ƛƴŘǳŎǘƛƻƴΣ ƛǘ ƛǎ ǎƛƳǇƭŜ ǘƻ ŘŜǊƛǾŜ ǘƘŜ 

LƴǇǳǘ hǳǘǇǳǘ 
5 5 3 3 2 3 2  

1 0 0  

1 1 1  

1 1 1  

0 0 1  

0 1 0  

1 2  

1 3  

1 4  

3 4  

4 2  

2 



ор              a5/{ ς .ǳōōƭŜ /ǳǇ нлмр 
 

ŦƻƭƭƻǿƛƴƎΥ 
 

ὡ ὃὡ ὃ

ụ
Ụ
Ụ
Ụ
ợ
ρ
π
π
ể
πỨ
ủ
ủ
ủ
Ủ

 

 

{ƛƴŎŜ ŜȄǇƻƴŜƴǘƛŀǘƛƻƴ Ŏŀƴ ōŜ ŘƻƴŜ ƛƴ ὕÌÏÇὢ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴǎΣ ŜŀŎƘ ǿƛǘƘ ŀ ǘƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ὕὓ Σ ǘƘƛǎ 
ƎƛǾŜǎ ǳǎ ŀ ǎƻƭǳǘƛƻƴ ǿƛǘƘ ŀ ǘƻǘŀƭ ǘƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ὕὓ ÌÏÇὢΦ 
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Problem R1 02 : Estimation  (ID: 16809 ) 

Time Limit: 6.0 second 

Memory Limit: 1536 MB 

 

ά¢ƘŜǊŜ ŀǊŜ ǘƻƻ Ƴŀƴȅ ƴǳƳōŜǊǎ ƘŜǊŜΗέ ȅƻǳǊ ōƻǎǎ ōŜƭƭƻǿǎΦ άIƻǿ ŀƳ L ǎǳǇǇƻǎŜŘ ǘƻ ƳŀƪŜ ǎŜƴǎŜ ƻŦ ŀƭƭ ƻŦ ǘƘƛǎΚ 
tŀǊŜ ƛǘ ŘƻǿƴΗ 9ǎǘƛƳŀǘŜΗέ ̧ƻǳ ŀǊŜ ŘƛǎŀǇǇƻƛƴǘŜŘΦ Lǘ ǘƻƻƪ ŀ ƭƻǘ ƻŦ ǿƻǊƪ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘƻǎŜ ƴǳƳōŜǊǎΦ .ǳǘΣ ȅƻǳΩƭƭ Řƻ 
ǿƘŀǘ ȅƻǳǊ ōƻǎǎ ŀǎƪǎΦ ¸ƻǳ ŘŜŎƛŘŜ ǘƻ ŜǎǘƛƳŀǘŜ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŀȅΥ ¸ƻǳ ƘŀǾŜ ŀƴ ŀǊǊŀȅ ὃ ƻŦ ƴǳƳōŜǊǎΦ ¸ƻǳ ǿƛƭƭ 
ǇŀǊǘƛǘƛƻƴ ƛǘ ƛƴǘƻ Ὧ ŎƻƴǘƛƎǳƻǳǎ ǎŜŎǘƛƻƴǎΣ ǿƘƛŎƘ ǿƻƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ōŜ ƻŦ ǘƘŜ ǎŀƳŜ ǎƛȊŜΦ ¢ƘŜƴΣ ȅƻǳΩƭƭ ǳǎŜ ŀ ǎƛƴƎƭŜ 
ƴǳƳōŜǊ ǘƻ ŜǎǘƛƳŀǘŜ ŀƴ ŜƴǘƛǊŜ ǎŜŎǘƛƻƴΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ŦƻǊ ȅƻǳǊ ŀǊǊŀȅ ὃ ƻŦ ǎƛȊŜ ὲΣ ȅƻǳ ǿŀƴǘ ǘƻ ŎǊŜŀǘŜ ŀƴƻǘƘŜǊ 
ŀǊǊŀȅ ὄ ƻŦ ǎƛȊŜ ὲΣ ǿƘƛŎƘ Ƙŀǎ Ὧ ŎƻƴǘƛƎǳƻǳǎ ǎŜŎǘƛƻƴǎΦ LŦ Ὥ ŀƴŘ Ὦ ŀǊŜ ƛƴ ǘƘŜ ǎŀƳŜ ǎŜŎǘƛƻƴΣ ǘƘŜƴ ὄ ὄΦ ¸ƻǳ ǿŀƴǘ 

ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ŜǊǊƻǊΣ ŜȄǇǊŜǎǎŜŘ ŀǎ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ ŀōǎƻƭǳǘŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ Вȿὃ ὄȿΦ 

LƴǇǳǘ 

¢ƘŜǊŜ ǿƛƭƭ ōŜ ǎŜǾŜǊŀƭ ǘŜǎǘ ŎŀǎŜǎ ƛƴ ǘƘŜ ƛƴǇǳǘΦ 9ŀŎƘ ǘŜǎǘ ŎŀǎŜ ǿƛƭƭ ōŜƎƛƴ ǿƛǘƘ ǘǿƻ ƛƴǘŜƎŜǊǎ ƻƴ ŀ ƭƛƴŜΣ ὲ ρ  ὲ 
 ςȟπππ ŀƴŘ Ὧ ρ  Ὧ  ςυȟὯ  ὲΣ ǿƘŜǊŜ ὲ ƛǎ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŀǊǊŀȅΣ ŀƴŘ Ὧ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎƻƴǘƛƎǳƻǳǎ 
ǎŜŎǘƛƻƴǎ ǘƻ ǳǎŜ ƛƴ ŜǎǘƛƳŀǘƛƻƴΦ ¢ƘŜ ŀǊǊŀȅ ὃ ǿƛƭƭ ōŜ ƻƴ ǘƘŜ ƴŜȄǘ ὲ ƭƛƴŜǎΣ ƻƴŜ ƛƴǘŜƎŜǊ ǇŜǊ ƭƛƴŜΦ 9ŀŎƘ ƛƴǘŜƎŜǊ ŜƭŜƳŜƴǘ 
ƻŦ ὃ ǿƛƭƭ ōŜ ƛƴ ǘƘŜ ǊŀƴƎŜ ŦǊƻƳ ρπȟπππ ǘƻ ρπȟπππΣ ƛƴŎƭǳǎƛǾŜΦ ¢ƘŜ ƛƴǇǳǘ ǿƛƭƭ ŜƴŘ ǿƛǘƘ ŀ ƭƛƴŜ ǿƛǘƘ ǘǿƻ πǎΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜΣ ƻǳǘǇǳǘ ŀ ǎƛƴƎƭŜ ƛƴǘŜƎŜǊ ƻƴ ƛǘǎ ƻǿƴ ƭƛƴŜΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ƳƛƴƛƳǳƳ ŜǊǊƻǊ ȅƻǳ Ŏŀƴ ŀŎƘƛŜǾŜΦ hǳǘǇǳǘ 
ƴƻ ŜȄǘǊŀ ǎǇŀŎŜǎΣ ŀƴŘ Řƻ ƴƻǘ ǎŜǇŀǊŀǘŜ ŀƴǎǿŜǊǎ ǿƛǘƘ ōƭŀƴƪ ƭƛƴŜǎΦ !ƭƭ ǇƻǎǎƛōƭŜ ƛƴǇǳǘǎ ȅƛŜƭŘ ŀƴǎǿŜǊǎ ǿƘƛŎƘ ǿƛƭƭ Ŧƛǘ 
ƛƴ ŀ ǎƛƎƴŜŘ спπōƛǘ ƛƴǘŜƎŜǊΦ 
 
{ŀƳǇƭŜ 

LƴǇǳǘ hǳǘǇǳǘ 
7 2  

6 

5 

4 

3 

2 

1 

7 

0 0  

9 

 

 

  

  

Solution: 

 
CƛǊǎǘΣ ǘƘŜǊŜ ƛǎ ƻƴŜ ƭŜƳƳŀ ǿŜ ǎƘƻǳƭŘ ŜȄǇƻǎŜ ŀƴŘ ǇǊƻǾŜΦ 
 
[ŜƳƳŀ ǎǘŀǘŜƳŜƴǘ 
[Ŝǘϥǎ ŘŜŦƛƴŜ ǘƘŜ ŀōǎƻƭǳǘŜ ŘŜǾƛŀǘƛƻƴ ƻŦ ŀƴ ŀǊǊŀȅ ! ǿƛǘƘ b ŜƭŜƳŜƴǘǎ ŀƴŘ ƴǳƳōŜǊ · ŀǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǳƳΥ 

ὥὦίὈὩὺὃȟὔȟὢ ȿὃ ὢȿ 

 
CƻǊ ƛƴŘƛŎŜǎ ǿƘŜǊŜ ὃ ὢ ƘƻƭŘǎΣ ǘƘŜ ŀōǎƻƭǳǘŜ ǾŀƭǳŜ ǿƛƭƭ ōŜ ὢ  ὃΣ ŀƴŘ ŦƻǊ ƻƴŜǎ ǿƘŜǊŜ ὃ ὢ ŀōǎƻƭǳǘŜ ǾŀƭǳŜ 
ǿƛƭƭ ōŜ ὃ ὢΦ ¢ƘŜ ƻƴŜǎ ǿƘŜǊŜ ὃ ὢ όὃ ὢ πύ ŘƻƴΩǘ ŀŦŦŜŎǘ ǘƘŜ ǊŜǘǳǊƴ ǾŀƭǳŜ ǎƻ ǘƘŜȅ Ŏŀƴ ōŜ ŜȄŎƭǳŘŜŘΦ 
²Ŝ Ŏŀƴ ƴƻǿ ǊŜǿǊƛǘŜ ƛƴƛǘƛŀƭ Ŝǉǳŀǘƛƻƴ ŀǎΥ 
 

 ὥὦίὈὩὺὃȟὔȟὢ ὔὒὢẗὢ Ὓὒὢ ὛὙὢ ὔὙὢẗὢ 
 
²ƘŜǊŜ ὔὒὢ ŀƴŘ ὔὙὢ ŀǊŜ ƴǳƳōŜǊǎ ƻŦ ὃ ǎƳŀƭƭŜǊ ǘƘŀƴ ŀƴŘ ƭŀǊƎŜǊ ǘƘŀƴ ὢΣ ǊŜǎǇŜŎǘŦǳƭƭȅΣ ŀƴŘ Ὓὒὢ ŀƴŘ 
ὛὙὢ ŀǊŜ ǎǳƳǎ ƻŦ ὃ ǿƘƛŎƘ ŀǊŜ ǎƳŀƭƭŜǊ ǘƘŀƴ ŀƴŘ ƭŀǊƎŜǊ ǘƘŀƴ ·Σ ǊŜǎǇŜŎǘŦǳƭƭȅΦ ¢ƘŜ ǾŀƭǳŜ ƻŦ ὢ ǘƘŀǘ ƳƛƴƛƳƛȊŜǎ 
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ŀōǎƻƭǳǘŜ ŘŜǾƛŀǘƛƻƴ όƳƛƴƛƳƛȊŜǎ ǊŜǘǳǊƴ ǾŀƭǳŜ ƻŦ ὥὦίὈὩὺὃȟὔȟὢύ ƛǎ ǘƘŜ ƳŜŘƛŀƴ ƻŦ ŀǊǊŀȅ ὃΦ 
 
Wǳǎǘ ƳŜƴǘƛƻƴƛƴƎΣ ƳŜŘƛŀƴ ƻŦ ŀƴ ƻŘŘπǎƛȊŜŘ ŀǊǊŀȅ ƛǎ ƛǘǎ ƳƛŘŘƭŜ ŜƭŜƳŜƴǘ ŀŦǘŜǊ ǎƻǊǘƛƴƎ ǘƘŜ ŀǊǊŀȅΣ ŀƴŘ ŦƻǊ ŜǾŜƴπǎƛȊŜŘ 
ŀǊǊŀȅǎ ƛǘϥǎ ǘƘŜ ŀǊƛǘƘƳŜǘƛŎ ƳŜŀƴ ƻŦ ǘǿƻ ƳƛŘŘƭŜ ŜƭŜƳŜƴǘǎΣ ōǳǘ ŦƻǊ ǘƘƛǎ ƭŜƳƳŀϥǎ ǇǳǊǇƻǎŜΣ ǇƛŎƪƛƴƎ ŀƴȅ ƻŦ ǘƘŜ ǘǿƻ 
ƳƛŘŘƭŜ ŜƭŜƳŜƴǘǎ ǿƻǳƭŘ ǎǳŦŦƛŎŜΦ ¢Ƙƛǎ ƭŜƳƳŀ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǘƘŜ ǇǊƻōƭŜƳ 9ǎǘƛƳŀǘƛƻƴΣ ōŜŎŀǳǎŜΣ ƛƴ ǘƘŜ ƻǇǘƛƳŀƭ 
ŀǊǊŀƴƎŜƳŜƴǘΣ ǿŜ ŀǊŜ ŜǎǘƛƳŀǘƛƴƎ ǎƻƳŜ ǎǳōŀǊǊŀȅ ǘƻ ƛǘǎ ƳŜŘƛŀƴΦ  
 
[ŜƳƳŀ ǇǊƻƻŦ 
[Ŝǘϥǎ Ŏŀƭƭ ǘƘŜ ƴǳƳōŜǊ ǘƘŀǘ ƳƛƴƛƳƛȊŜǎ ǘƘŜ ŀōǎƻƭǳǘŜ ŘŜǾƛŀǘƛƻƴ ὑΦ ²Ŝ ǿƛƭƭ ǊŜǇǊŜǎŜƴǘ ŀƭƭ ǘƘŜ ƴǳƳōŜǊǎ ŦǊƻƳ ǘƘŜ 
ŀǊǊŀȅ ŀǎ Řƻǘǎ ƻƴ ǘƘŜ ƴǳƳōŜǊ ƭƛƴŜΣ ŀƴŘ ŘŜŦƛƴŜ ƳƻǾƛƴƎ ǊƛƎƘǘ ŀǎ ƛƴŎǊŜŀǎƛƴƎ ὑ όƳƻǾƛƴƎ ƛǘ ŀƭƻƴƎ ȄπŀȄƛǎ ƛƴ ǇƻǎƛǘƛǾŜ 
ŘƛǊŜŎǘƛƻƴύΣ ǿƘƛƭŜ ƳƻǾƛƴƎ ƭŜŦǘ ŀǎ ŘŜŎǊŜŀǎƛƴƎ ὑ όƳƻǾƛƴƎ ƛǘ ŀƭƻƴƎ ȄπŀȄƛǎ ƛƴ ƴŜƎŀǘƛǾŜ ŘƛǊŜŎǘƛƻƴύΦ CƛǊǎǘΣ ƭŜǘϥǎ ǇǊƻǾŜ 
ǘƘŜ ƭŜƳƳŀ ŦƻǊ ƻŘŘπǎƛȊŜŘ ŀǊǊŀȅǎΦ 
 
5ƛǾƛŘŜ ǘƘŜ ƴǳƳōŜǊ ƭƛƴŜ ƛƴ ǘǿƻ ǇŀǊǘǎΣ ƭŜŦǘ ƻŦ ὢάὩὨὭὥὲ όŎŀƭƭ ƛǘ ὒύΣ ŀƴŘ ǊƛƎƘǘ ƻŦ ὢ όŎŀƭƭ ƛǘ ὙύΦ ²Ŝ ǿŀƴǘ ǘƻ ǇǊƻǾŜ 
ǘƘŀǘΣ ǿƘƛƭŜ ōŜƛƴƎ ƛƴ ὒΣ ƳƻǾƛƴƎ ǊƛƎƘǘ ƻƴƭȅ ƛƳǇǊƻǾŜǎ ȅƻǳǊ ǎƻƭǳǘƛƻƴ όƳƛƴƛƳƛȊŜǎ ŘŜǾƛŀǘƛƻƴύΣ ǿƘƛƭŜ ƳƻǾƛƴƎ ƭŜŦǘ 
ŘƛƳƛƴƛǎƘŜǎ ƛǘΦ  
 
CƛǊǎǘΣ ὑ ōŜƭƻƴƎƛƴƎ ǘƻ ὒ ƛƳǇƭƛŎŀǘŜǎ ǘƘŀǘ ὔὙὑ ὔὒὑΦ /ƻƳǇŀǊŜ ǾŀƭǳŜǎ ƻŦ ŀōǎƻƭǳǘŜ ŘŜǾƛŀǘƛƻƴ ŦƻǊ ŀƴȅ ὑ ǘƘŀǘ 
ōŜƭƻƴƎǎ ǘƻ ὒΣ ŀƴŘ ὑ ὨὑΣ ǿƘŜǊŜ Ὠὑ ƛǎ ƛƴŦƛƴƛǘŜǎƛƳŀƭ ǾŀƭǳŜ όὨὑ ŘƻŜǎƴϥǘ ƘŀǾŜ ǘƻ ōŜ ƛƴŦƛƴƛǘŜǎƛƳŀƭΣ ōǳǘ ǘƘŜ ǇǊƻƻŦ 
ƛǎ ƴƛŎŜǊ ǿƛǘƘ ǘƘŀǘύΦ ὑ Ὠὑ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ƛƴ ὒΣ ŀƴŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇǊƻƻŦ ƛǎ ǘǊǳŜ ǳƴǘƛƭ ὑ Ὠὑ ŜƴǘŜǊǎ ὙΦ !ƭǎƻΣ 
ǿŜ ǿƛƭƭ ƴŜǾŜǊ ǎƪƛǇ ǎƻƳŜ ǇƻƛƴǘΣ ŀƴŘ ǿŜ ǿƛƭƭ Řƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘƛƴƎ ǳƴǘƛƭ ǿŜ ǊŜŀŎƘ ǘƘŜ ƴŜȄǘ ŜƭŜƳŜƴǘΣ ŀƴŘ ǘƘŜƴ 
ǿŜΩƭƭ ǎŜǘ ὑ ŀǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜƭŜƳŜƴǘ ŀƴŘ ƪŜŜǇ ŘƻƛƴƎ ǘƘŜ ǎŀƳŜ ǇǊƻŎŜǎǎπǘƘŀǘ ǿŀȅ ǿŜ ǿƛƭƭ ŎƻǾŜǊ ǘƘŜ ŜƴǘƛǊŜ ǊŀƴƎŜ 
όὒύύΦ 
 
ὥὦίὈὩὺὃȟὔȟὑ Ὠὑ ὥὦίὈὩὺὃȟὔȟὑ

ὔὒὑ Ὠὑẗὑ ὨὯ Ὓὒὑ Ὠὑ ὛὙὑ Ὠὑ ὔὙὑ Ὠὑẗὑ Ὠὑ
ὔὒὑ ẗὑ Ὓὒὑ ὛὙὑ ὔὙὑ ẗὑ  

 
.ǳǘΣ ὛὒȟὛὙȟὔὒȟὔὙ ŀǊŜ ǎŀƳŜ ŦƻǊ ὑ ŀƴŘ ὑ Ὠὑ όǿǊƛǘǘŜƴ ŀōƻǾŜ ǿƘŀǘ ƪƛƴŘ ƻŦ ὑ ŀƴŘ Ὠὑ ǿŜΩǊŜ ǇƛŎƪƛƴƎύΣ ǎƻΥ 
 

ὥὦίὈὩὺὃȟὔȟὑ Ὠὑ ὥὦίὈὩὺὃȟὔȟὑ Ὠὑẗὔὒὑ ὔὙὑ  
  

.ŜŎŀǳǎŜ Ὠὑ π ŀƴŘ ǿŜ ŀǊŜ ƛƴ ǊŜƎƛƻƴ ὒ  ὔὒὑ ὔὙὑ Σ ǿŜ ƎŜǘ ὥὦίὈὩὺὃȟὔȟὑ Ὠὑ

ὥὦίὈὩὺὃȟὔȟὑΦ {ƻΣ ōȅ ƳƻǾƛƴƎ ǊƛƎƘǘ ƛƴ ὒ ǊŜƎƛƻƴ ǿŜ ƛƳǇǊƻǾŜ ŀǊŜ ǎƻƭǳǘƛƻƴΦ {ƛƳƛƭŀǊƭȅΣ ƛƴ ǊŜƎƛƻƴ Ὑ ǿŜ ǎƘƻǳƭŘ 
ƳƻǾŜ ƭŜŦǘ ƛƴ ƻǊŘŜǊ ǘƻ ƎŜǘ ƻǇǘƛƳŀƭ ǎƻƭǳǘƛƻƴΦ ¢ŀƪƛƴƎ ǘǿƻ ŎƻƴŎƭǳǎƛƻƴǎ ǘƻƎŜǘƘŜǊΣ ǘƘŜ Ƴƻǎǘ ƻǇǘƛƳŀƭ ǾŀƭǳŜ ŦƻǊ Y όǘƘŜ 
ǇŜŀƪ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴύ ƛǎ ŜȄŀŎǘƭȅ ǘƘŜ ƳŜŘƛŀƴ ƻŦ ǘƘŜ ŀǊǊŀȅΣ ὢΦ bƻǿΣ ƭŜǘϥǎ ǇǊƻǾŜ ǘƘŜ ǎŀƳŜ ƭŜƳƳŀ ŦƻǊ ŜǾŜƴπǎƛȊŜŘ 
ŀǊǊŀȅǎΦ 
 
Lƴ ǘƘƛǎ ŎŀǎŜΣ ǿŜ ǿƛƭƭ ƘŀǾŜ ǘǿƻ ƳƛŘŘƭŜ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ŀǊǊŀȅΣ ƭŜǘϥǎ Ŏŀƭƭ ǘƘŜƳ ὢ ŀƴŘ ὢΦ 
/ŀƭƭ ǘƘŜ ƭŜŦǘ ǇŀǊǘ ὒΣ ǊƛƎƘǘ ǇŀǊǘ ὙΣ ŀƴŘ ǘƘŜ ǇŀǊǘ ōŜǘǿŜŜƴ ὢ ŀƴŘ ὢ ŀǎ ὓΦ CƻǊ ǘƘŜ ƭŜŦǘ ǇŀǊǘ ŀƴŘ ǊƛƎƘǘ ǇŀǊǘΣ ǇǊƻƻŦǎ 
ŀǊŜ ǘƘŜ ǎŀƳŜ ŀǎ ǿƛǘƘ ǘƘŜ ƻŘŘπǎƛȊŜŘ ŀǊǊŀȅǎΦ CƻǊ ƭŜŦǘ ǇŀǊǘΣ ƳƻǾƛƴƎ ǊƛƎƘǘ ƛƳǇǊƻǾŜǎ ǎƻƭǳǘƛƻƴΣ ŀƴŘ ŦƻǊ ǘƘŜ ǊƛƎƘǘ ǇŀǊǘΣ 
ƳƻǾƛƴƎ ƭŜŦǘ ƛƳǇǊƻǾŜǎ ǎƻƭǳǘƛƻƴΦ !ƴŘ ŦƻǊ ǘƘŜ ƳƛŘŘƭŜ ǇŀǊǘΣ ōŜŎŀǳǎŜ ὔὒὑ ὔὙὑΣ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ŀōǎƻƭǳǘŜ 
ŘŜǾƛŀǘƛƻƴ ŘƻŜǎƴϥǘ ŎƘŀƴƎŜΣ ǎƻ ƛǘ ƛǎ ƳƛƴƛƳŀƭ ŀƴŘ ŎƻƴǎǘŀƴǘΦ CƻǊ ǘƘŜ ǘŀǎƪΣ ǿŜ ǿƛƭƭ ǘŀƪŜ ŀƴȅ ƻŦ ǘƘŜ ǘǿƻ ƳƛŘŘƭŜ 
ŜƭŜƳŜƴǘǎ ŦƻǊ ὑΦ 
 
¢ƘŜǊŜ ƛǎ ŀƭǎƻ ƻƴŜ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ǿŜ ǎƘƻǳƭŘ ƪƴƻǿ ōŜŦƻǊŜ ǎƻƭǾƛƴƎ ǘƘƛǎ ǇǊƻōƭŜƳΣ ǎƻπŎŀƭƭŜŘ ΨYŜŜǇƛƴƎ ǘǊŀŎƪ ƻŦ 
ƳŜŘƛŀƴΩΦ ²Ŝ ŀƭǎƻ ƴŜŜŘ ǘƻ ƪŜŜǇ ǘǊŀŎƪ ƻŦ ὔὒΣ ὔὙΣ ὛὙ ŀƴŘ ὛὒΦ ¢Ƙŀǘ ƳŜŀƴǎΣ ƛŦ ǿŜ ƘŀǾŜ ŀƴ ŀǊǊŀȅΣ ōȅ ƛǘŜǊŀǘƛƴƎ ƻǾŜǊ 
ƛǘ ƻƴŎŜΣ ǿŜ ǎƘƻǳƭŘ ƘŀǾŜ ǘƘƻǎŜ ǾŀǊƛŀōƭŜǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜǾŜǊȅ ǇǊŜŦƛȄ ƻŦ ǘƘŀǘ ŀǊǊŀȅΦ !ǘ ǎƻƳŜ ǘƛƳŜΣ ƛŦ ǿŜ ƘŀǾŜ 
ὔὒΣ ὔὙΣ ὛὙΣ Ὓὒ ŀƴŘ ὢ όƳŜŘƛŀƴύΣ ŜǊǊƻǊ ƻŦ ŜǎǘƛƳŀǘƛƴƎ ƎƛǾŜƴ ǎŜǉǳŜƴŎŜ ƛǎ ὔὒὢẗὢ Ὓὒὢ ὛὙὢ
ὔὙὢ ẗὢΦ bƻǿΣ ƭŜǘΩǎ ǎǘŀǊǘ ǿƛǘƘ ǘƘŜ ǎƻƭǳǘƛƻƴ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ǇǊƻōƭŜƳΦ 
 
!ǘ ŦƛǊǎǘ ƎƭŀƴŎŜΣ ƛǘ ƭƻƻƪǎ ƭƛƪŜ ŀ н5 5t ǇǊƻōƭŜƳΣ ŀƴŘ ƛǘ ƛǎΦ !ƭǎƻΣ ōŜŎŀǳǎŜ ὔ ςπππ ǿŜ Ŏŀƴ ŜȄǇŜŎǘ ŀ ὔ ŦŀŎǘƻǊ 
ƛƴ ǘƘŜ ƻǾŜǊŀƭƭ ŎƻƳǇƭŜȄƛǘȅΦ όLƴ ŦŀŎǘΣ ǘƘŜǊŜ ƛǎ ŀƭǎƻ ŀ ὑ ŦŀŎǘƻǊ ƛƴ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅΣ ōǳǘΣ ŦƻǊǘǳƴŀǘŜƭȅΣ ὑ ƛǎ ǎƳŀƭƭύΦ ²Ŝ 
ǿƛƭƭ ǳǎŜ ŎƭŀǎǎƛŎ н5 5ȅƴŀƳƛŎ ǇǊƻƎǊŀƳƳƛƴƎΣ ǿƘŜǊŜ ὨὴὭὮ ǎǘŀƴŘǎ ŦƻǊ ǘƘŜ ƳƛƴƛƳǳƳ ŜǊǊƻǊ ƛƴ ŜǎǘƛƳŀǘƛƴƎ ŦƛǊǎǘ ƛ 
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ŜƭŜƳŜƴǘǎ ōȅ ǳǎƛƴƎ Ƨ ŎƻƴǘƛƎǳƻǳǎ ǎŜŎǘƛƻƴǎΦ 
 
²Ŝ ǿƛƭƭ Řƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇǊƻŎŜǎǎ ŦƻǊ ŜǾŜǊȅ ὭΦ CƛǊǎǘΣ Ŧƛƭƭ ƛƴ ǘƘŜ άὩὨὭὥὲίόά ŀǊǊŀȅΣ Ǉƻǎƛǘƛƻƴǎ ŦǊƻƳ ρ ǘƻ ὭΣ ǿƘŜǊŜ 
άὩὨὭὥὲίόάὮ ƛǎ ǘƘŜ ƳƛƴƛƳǳƳ ŜǊǊƻǊ ƻŦ ŜǎǘƛƳŀǘƛƻƴ ŦƻǊ ǘƘŜ ǎŜŎǘƛƻƴ ὮȢȢὭΣ ōȅ ǳǎƛƴƎ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ǘŜŎƘƴƛǉǳŜ 
ƻŦ ƪŜŜǇƛƴƎ ǘǊŀŎƪ ƻŦ ƳŜŘƛŀƴ ŀƴŘ ŦƻǊƳǳƭŀ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ŀōǎƻƭǳǘŜ ŘŜǾƛŀǘƛƻƴΦ bƻǿΣ ǘƘŜ 5t ǇŀǊǘ ǎǘŀǊǘǎΦ LǘŜǊŀǘŜ ōȅ 
ŜǾŜǊȅ ƴǳƳōŜǊ ƻŦ ǎŜŎǘƛƻƴǎΣ ƭŜǘΩǎ Ŏŀƭƭ ǘƘŀǘ ὮΦ ²Ŝ ǿŀƴǘ ǘƻ ŎŀƭŎǳƭŀǘŜ ὨὴὭὮΦ LǘΩǎ ƴƻǘ ƘŀǊŘ ǘƻ ƴƻǘƛŎŜ ǘƘŀǘ ὨὴὭὮ
ÍÉÎὨὴὴὮ ρ άὩὨὭὥὲίόάὴ ρ ȟᶅὴ ὭΦ ²Ŝ ǿƛƭƭ Řƻ ǘƘŀǘ ōȅ ƛǘŜǊŀǘƛƴƎ ὴ ŦǊƻƳ л ǘƻ Ὥ ρΦ  
 
hǳǊ ŀƴǎǿŜǊ ǿƛƭƭ ōŜ ὨὴὲὯΣ ŀƴŘ ǘƘŜ ǘƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǎƻƭǳǘƛƻƴ ƛǎ ὕὔ ẗὑΣ ŀƴŘ ƳŜƳƻǊȅ ŎƻƳǇƭŜȄƛǘȅ ƛǎ 
ὓὔẗὑΦ 
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Problem R1 03 : Substrings II (ID: 8747 ) 

Time Limit: 0.721 second 

Memory Limit: 1536 MB 

 

¸ƻǳ ŀǊŜ ƎƛǾŜƴ ŀ ǎǘǊƛƴƎ ¢ ǿƘƛŎƘ Ŏƻƴǎƛǎǘǎ ƻŦ τππππ ƭƻǿŜǊŎŀǎŜ [ŀǘƛƴ ƭŜǘǘŜǊǎ ŀǘ ƳƻǎǘΦ ¸ƻǳ ŀǊŜ ŀƭǎƻ ƎƛǾŜƴ ǎƻƳŜ 
ƛƴǘŜƎŜǊǎ ὃΣ ὄ ŀƴŘ ὗΦ ¸ƻǳ ƘŀǾŜ ǘƻ ŀƴǎǿŜǊ ὗ ǉǳŜǊƛŜǎΦ CƻǊ ὭπǘƘ ǉǳŜǊȅ ȅƻǳ ŀǊŜ ƎƛǾŜƴ ŀ ǎǘǊƛƴƎ Ὓ ŀƴŘ ȅƻǳ ƴŜŜŘ ǘƻ 
ƻǳǘǇǳǘ Ƙƻǿ Ƴŀƴȅ ǘƛƳŜǎ Ὓ ŀǇǇŜŀǊǎ ƛƴ ὝΦ LƳƳŜŘƛŀǘŜƭȅ ŀŦǘŜǊ ŀƴǎǿŜǊƛƴƎ ǘƘŜ ŎǳǊǊŜƴǘ ǉǳŜǊȅ ȅƻǳ ƴŜŜŘ ǘƻ 
ŀŘŘ ὃ ὥzὲίὄ άέὨόὰέ ςφρπǘƘ ƭƻǿŜǊŎŀǎŜ ǎȅƳōƻƭ ƻŦ ǘƘŜ 9ƴƎƭƛǎƘ ŀƭǇƘŀōŜǘ ǘƻ ǘƘŜ ŜƴŘ ƻŦ Ὕ ǿƘŜǊŜ ὥὲί 
ƛǎ ǘƘŜ ŀƴǎǿŜǊ ǘƻ ǘƘƛǎ ǉǳŜǊȅΦ 

LƴǇǳǘ 

¢ƘŜ ŦƛǊǎǘ ƭƛƴŜ ƻŦ ƛƴǇǳǘ Ŏƻƴǘŀƛƴǎ ŀ ǎǘǊƛƴƎ ὝΦ ¢ƘŜ ƴŜȄǘ ƭƛƴŜ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘǊŜŜ ƛƴǘŜƎŜǊǎ ὗ ρ ὗ τππππΣ ὃ π
ὃ ςχ ŀƴŘ ὄ π ὄ ςφΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ὗ ƭƛƴŜǎ Ŏƻƴǘŀƛƴ ὗ ǉǳŜǊȅ ǎǘǊƛƴƎǎΣ Ὓ  ƻƴ ὭπǘƘ ƭƛƴŜΦ LƴǇǳǘ ǿƛƭƭ ƴƻǘ 
ŜȄŎŜŜŘ слл ƪōΦ 

hǳǘǇǳǘ 

hǳǘǇǳǘ ὗ ƭƛƴŜǎΦ hǳǘǇǳǘ ǘƘŜ ŀƴǎǿŜǊ ǘƻ ǘƘŜ ὭπǘƘ ǉǳŜǊȅ ƻƴ ǘƘŜ ὭπǘƘ ƭƛƴŜ ƻǳǘǇǳǘΦ 
 
{ŀƳǇƭŜ 

LƴǇǳǘ hǳǘǇǳǘ 
Aaaaa  

2 0 0  

a 

aa 

5 

5 

 

 

  

  

Solution: 

 
Lƴ ǘƘƛǎ ǇǊƻōƭŜƳ ǿŜ ƴŜŜŘ Ŏƻǳƴǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳŀǘŎƘŜǎ ƻŦ ŀ ǎŜǘ ƻŦ ǎǘǊƛƴƎǎ ƛƴ ŀƴ ƛƴǇǳǘ ǘŜȄǘΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŘƻƴŜ 
ǿƛǘƘ ǘƘŜ !Ƙƻ /ƻǊŀǎƛŎƪ ŀƭƎƻǊƛǘƘƳΦ ¢ƘŜ ŦŀŎǘ ǘƘŀǘ ǿŜ ƘŀǾŜ ǘƻ ŀǇǇŜƴŘ ŀ ŎƘŀǊŀŎǘŜǊ ǘƻ ǘƘŜ ƛƴǇǳǘ ǘŜȄǘ ŀŦǘŜǊ ŜŀŎƘ 
ǉǳŜǊȅ ƳŜŀƴǎ ǘƘŀǘ ǿŜϥƭƭ ƴŜŜŘ ǘƻ ƳƻŘƛŦȅ ǘƘŜ ŀƭƎƻǊƛǘƘƳ ǘƻ ǎǳǇǇƻǊǘ ŎƻǳƴǘƛƴƎ ǘƘŜ ƳŀǘŎƘŜǎ ŀǘ ŀƴȅ ǘƛƳŜ ƻŦ ǘƘŜ 
ƳŀǘŎƘƛƴƎ ǇǊƻŎŜǎǎΦ  
 
{ƘƻǊǘ ŘŜǎŎǊƛǇǘƛƻƴ 
 
¢ƘŜ !Ƙƻ /ƻǊŀǎƛŎƪ ŀƭƎƻǊƛǘƘƳ ƛǎ ŀ ǎǘǊƛƴƎ ǎŜŀǊŎƘƛƴƎ ŀƭƎƻǊƛǘƘƳ ǳǎŜŘ ǿƘŜƴ ǎŜŀǊŎƘƛƴƎ ŦƻǊ ŀƭƭ ƻŎŎǳǊǊŜƴŎŜǎ ƻŦ ŀ ŦƛƴƛǘŜ 
ǎŜǘ ƻŦ ǎǘǊƛƴƎǎ ƛƴ ŀƴ ƛƴǇǳǘ ǘŜȄǘΦ ¢ƘŜ Ƴŀƛƴ ƛŘŜŀ ƛǎ ǾŜǊȅ ǎƛƳƛƭŀǊ ǘƻ Yat ŀƭƎƻǊƛǘƘƳΣ ōǳǘ ŜȄǘŜƴŘŜŘ ǘƻ ǎǳǇǇƻǊǘ ƳǳƭǘƛǇƭŜ 
ƪŜȅǿƻǊŘǎΦ Lǘ ŎƻƴǎǘǊǳŎǘǎ ŀ ŦƛƴƛǘŜ ǎǘŀǘŜ ŀǳǘƻƳŀǘŀ ǊŜǎŜƳōƭƛƴƎ ŀ ǘǊƛŜ ŎƻƴǘŀƛƴƛƴƎ ŀƭƭ ǘƘŜ ƪŜȅǿƻǊŘǎΦ 
 

CƛƴƛǘŜ ǎǘŀǘŜ ŀǳǘƻƳŀǘŀΣ ǊŜǎŜƳōƭƛƴƎ ŀ ǘǊƛŜΦ 5ŀǎƘŜŘ ƭƛƴŜǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ 

ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴΦ ¢Ƙƛǎ ŜȄŀƳǇƭŜ ǘƻ ǘƘŜ ƭŜŦǘ ƛǎ ōǳƛƭǘ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ƪŜȅǿƻǊŘǎΥ  

ŀ ō Ŏ ŀō ōŀō ōŎŀ Ŏŀŀ 
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¢ƘŜ ŀƭƎƻǊƛǘƘƳ ƳŀǘŎƘŜǎ ŀƭƭ ƪŜȅǿƻǊŘǎ ŀǘ ƻƴŎŜΦ Lǘ ǇǊƻŎŜǎǎŜǎ ǎȅƳōƻƭǎ ŦǊƻƳ ǘƘŜ ƛƴǇǳǘ ǘŜȄǘΣ ὥὥȣὥΣ ƻƴŜ ōȅ ƻƴŜΦ 

!ŦǘŜǊ ǇǊƻŎŜǎǎƛƴƎ ὮπǘƘ ǎȅƳōƻƭ ǘƘŜ ŀǳǘƻƳŀǘŀ ǎƘƻǳƭŘ ōŜ ƛƴ ŀ ǎǘŀǘŜ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƭƻƴƎŜǎǘ ǎǳŦŦƛȄ ƻŦ  ὥὥȣὥ 

ǘƘŀǘ ƛǎ ŀƭǎƻ ŀ ǇǊŜŦƛȄ ƻŦ ǎƻƳŜ ƪŜȅǿƻǊŘΦ ²ƘŜƴ ǇǊƻŎŜǎǎƛƴƎ ǘƘŜ ƴŜȄǘ ǎȅƳōƻƭΣ ὥΣ ǿŜ ǘǊȅ ǘƻ ŀŘǾŀƴŎŜ ǘƘŜ ŎǳǊǊŜƴǘ 

ǎǘŀǘŜ ōȅ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŜŘƎŜ ƭŀōŜƭŜŘ ŦǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ όƛΦŜΦ ŀŘŘƛƴƎ ǘƻ ǘƘŜ ƭƻƴƎŜǎǘ ƳŀǘŎƘŜŘ ǇǊŜŦƛȄύΣ ƛŦ ǘƘŀǘ 

ƛǎƴϥǘ ǇƻǎǎƛōƭŜ ǿŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ǘƘŜ ǎǘŀǘŜ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ƭƻƴƎŜǎǘ ǇǊƻǇŜǊ ǎǳŦŦƛȄ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜΣ ŀƴŘ ǘǊȅ 

ŀƎŀƛƴΦ !ŦǘŜǊ ǇǊƻŎŜǎǎƛƴƎ ŜŀŎƘ ǎȅƳōƻƭ ǿŜ ƻǳǘǇǳǘ ŀƭƭ ǘƘŜ ƳŀǘŎƘŜǎ ǘƘŀǘ ŜƴŘ ŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ǎȅƳōƻƭΦ 

 

¢ƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ŀǳǘƻƳŀǘŀ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘǊŜŜ ŦǳƴŎǘƛƻƴǎΥ Ǝƻǘƻ ŦǳƴŎǘƛƻƴ ὫΣ ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴ ὪΣ ŀƴŘ 

ƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴ έΦ ¢ƘƻǎŜ ŦǳƴŎǘƛƻƴǎ ŀǊŜ ŎƻƳǇǳǘŜŘ ōŜŦƻǊŜ ǘƘŜ ƛƴǇǳǘ ǎȅƳōƻƭ ǇǊƻŎŜǎǎƛƴƎ ōŜƎƛƴǎΦ 

 π Ǝƻǘƻ ŦǳƴŎǘƛƻƴ Ὣίȟὥ ǊŜǘǳǊƴǎ ǎǘŀǘŜ ŀŘǾŀƴŎŜŘ ǘƻ ǿƘŜƴ ǎǘŀǘŜ ί Ŏŀƴ ōŜ ŀŘǾŀƴŎŜŘ ǿƛǘƘ ǎȅƳōƻƭ ὥΣ ŀƴŘ 

ὪὥὭὰ ƳŜǎǎŀƎŜ ƻǘƘŜǊǿƛǎŜΦ 

 π ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ ǘƘŜ ƴŜȄǘ ƭƻƴƎŜǎǘ ƳŀǘŎƘ ǘƻ ǳǎŜ ǿƘŜƴ ǘƘŜ ŎǳǊǊŜƴǘ ƳŀǘŎƘ Ŏŀƴƴƻǘ ōŜ 

ŀŘǾŀƴŎŜŘΦ Lǘ ƳŀǇǎ ǎǘŀǘŜǎ ǘƻ ǎǘŀǘŜǎ ŀƴŘ Ὢό ὺ ƛŦŦ ὺ ǎǇŜƭƭǎ ǘƘŜ ƭƻƴƎŜǎǘ ǇǊƻǇŜǊ ǎǳŦŦƛȄ ǘƻ όΦ ¢Ƙƛǎ ŦǳƴŎǘƛƻƴ ƛǎ 

ǳǎŜŘ ŦƻǊ ǎǘŀǘŜ ǘǊŀƴǎƛǘƛƻƴǎ ǿƘŜƴ Ǝƻǘƻ ŦǳƴŎǘƛƻƴ ŜƳƛǘǎ ŀ ὪὥὭὰΦ 

 π ƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴ ǊŜǘǳǊƴǎ ŀ ǎŜǘ ƻŦ ŀƭƭ ƪŜȅǿƻǊŘ ǘƘŀǘ ŀǊŜ ƳŀǘŎƘŜŘ ǿƘŜƴ ƛƴ ǎǘŀǘŜ ίΦ 

 

LƳǇƭŜƳŜƴǘŀǘƛƻƴ 

/ƻƳǇǳǘƛƴƎ ǘƘŜ Ǝƻǘƻ ŦǳƴŎǘƛƻƴ ƛǎ ŘƻƴŜ ǿƘƛƭŜ ōǳƛƭŘƛƴƎ ŀ ǘǊƛŜ ƻŦ ƪŜȅǿƻǊŘǎΦ  

/ƻƳǇǳǘƛƴƎ ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴ ŦƻǊ ǎǘŀǘŜ ό ǿƘƛŎƘ ƛǎ ŀ ǎƻƴ ƻŦ ǎǘŀǘŜ ὺ ƛƴ ǘƘŜ ǘǊƛŜΣ ǿƛǘƘ ǘƘŜ ŜŘƎŜ ōŜǘǿŜŜƴ ǘƘŜƳ ōŜƛƴƎ 

ƭŀōŜƭŜŘ ὥΣ Ŏŀƴ ōŜ ŘƻƴŜ ŀƴŀƭƻƎ ǘƻ ŀŘǾŀƴŎƛƴƎ ƻŦ ŀǳǘƻƳŀǘŀ ƛƴ ǎǘŀǘŜ Ὢὺ ǿƛǘƘ ǎȅƳōƻƭ ὥΦ Lƴ ǘƘŜ ǇǊƻŎŜǎǎ ǿŜ ŀǊŜ 

ƴƻǘ ǊŜƭȅƛƴƎ ƻƴ ǾŀƭǳŜǎ ƻŦ ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴ ƻŦ ǎǘŀǘŜǎ ŘŜŜǇŜǊ ƛƴ ǘǊƛŜ ǘƘŀǘ ǾΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŀǘ ǿŜ Ŏŀƴ ŎƻƳǇǳǘŜ ǘƘŜ 

ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴ ƛƴ .C{ ƻǊŘŜǊΦ 

hǳǘǇǳǘ ŦǳƴŎǘƛƻƴ Ŏŀƴ ōŜ ŎƻƳǇǳǘŜŘ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜŎǳǊǊŜƴǘ ǊŜƭŀǘƛƻƴΥ έόὸὴόὸὺ έόὸὴόὸὪὺ ᷾ὝΣ  

ǿƘŜǊŜ ƛŦ ǎǘŀǘŜ ί ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀ ƪŜȅǿƻǊŘ ὯΣ Ὕ ƛǎ ŀ ǎŜǘ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ƪŜȅǿƻǊŘ ὯΣ ƻǘƘŜǊǿƛǎŜ Ὕ ƛǎ ŀƴ ŜƳǇǘȅ 

ǎŜǘΦ 

²ƛǘƘ ǘƘŜ ǘƘǊŜŜ ŦǳƴŎǘƛƻƴǎ ǇǊŜŎƻƳǇǳǘŜŘΣ ǿŜ Ŏŀƴ ǎǘŀǊǘ ǘƘŜ ǎȅƳōƻƭ ǇǊƻŎŜǎǎƛƴƎΥ 

 s = initialState   

 for i := 1 to n do   

  while g(s,a[i]) = fail do s := f(s)   

  s := g (s,a[i])   

  if (output(s) != emptySet)   

   print(i , output(s))   

 

¢ƘŜ ƳƻŘƛŦƛŎŀǘƛƻƴ 

¢ƘŜ Ƴƻǎǘ ƻōǾƛƻǳǎ ǿŀȅ ǘƻ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ŀƭƎƻǊƛǘƘƳ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜ ǘƻ ǎǳǇǇƻǊǘ ŎƻǳƴǘƛƴƎ ǘƘŜ ƳŀǘŎƘŜǎ ƛǎ ǘƻ 

Ƴŀƛƴǘŀƛƴ ŀƴ ŀǊǊŀȅ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳŀǘŎƘŜǎ ŦƻǊ ŜŀŎƘ ƪŜȅǿƻǊŘΣ ŀƴŘ ǘƘŜƴ ŀŦǘŜǊ ŜǾŜǊȅ ƛƴǇǳǘ ǎȅƳōƻƭ Ǝƻ 

ǘƘǊƻǳƎƘ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴ ŀƴŘ ǳǇŘŀǘŜ ǘƘŜ ŀǊǊŀȅΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ƛǎ ǘƻƻ ǎƭƻǿ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ƳŀǘŎƘŜǎ ƛǎ ŀ ŦŀŎǘƻǊ ƛƴ ŎƻƳǇƭŜȄƛǘȅΦ ¢ƻ ŜƭƛƳƛƴŀǘŜ ǘƘŀǘ ŦŀŎǘƻǊ ǿŜ ǎƘƻǳƭŘ Řƻ ŀǿŀȅ ǿƛǘƘ ǘƘŜ ƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴΣ ŀƴŘ 

ǳǎŜ ŀ ƳƻǊŜ ǎƻǇƘƛǎǘƛŎŀǘŜŘ ǿŀȅ ǘƻ Ŏƻǳƴǘ ǘƘŜ ƳŀǘŎƘŜǎΦ 

 

bƻǘƛŎŜ ǘƘŀǘ ǘƘŜ ƎǊŀǇƘ ŎƻƴǎǘǊǳŎǘŜŘ ƻŦ ǘƘŜ ǎǘŀǘŜǎ ƻŦ ǘƘŜ ŀǳǘƻƳŀǘŀΣ ŀƴŘ ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴ ŜŘƎŜǎ ƛǎ ŀ ǘǊŜŜΦ ¢Ƙƛǎ ƛǎ 

ōŜŎŀǳǎŜ ŦŀƛƭǳǊŜ ŦǳƴŎǘƛƻƴ ƳŀǇǎ ό ǘƻ ὺ ƻƴƭȅ ƛŦ ό ƛǎ ŘŜŜǇŜǊ ǘƘŀƴ ὺ ƛƴ ǘƘŜ ǘǊƛŜΦ [ŜǘΩǎ Ŏŀƭƭ ǘƘŀǘ ǘǊŜŜ Ŧŀƛƭ ǘǊŜŜΣ ŀƴŘ ǘƘŜ 

ƛƴƛǘƛŀƭ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǳǘƻƳŀǘŀ ǘƘŜ Ǌƻƻǘ ƻŦ ǘƘŜ Ŧŀƛƭ ǘǊŜŜΦ !ƭǎƻ ƴƻǘŜ ǘƘŀǘ ŦƻǊ ŀƴȅ ǎǘŀǘŜ ὺΣ ƪŜȅǿƻǊŘ Ὧ ƛǎ ƛƴ ƛŦŦ ǎǘŀǘŜ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ Ὧ ƛǎ ƻƴ ǘƘŜ ǇŀǘƘ ŦǊƻƳ Ǌƻƻǘ ǘƻ ὺ ƛƴ ǘƘŜ Ŧŀƛƭ ǘǊŜŜΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ƴǳƳōŜǊ ǘƛƳŜǎ ŀ ƪŜȅǿƻǊŘ 

Ὧ όǿƘƻǎŜ ŀǎǎƻŎƛŀǘŜŘ ǎǘŀǘŜ ƛǎ ὺύ ǿŀǎ ƳŀǘŎƘŜŘ ƛǎ Ŝǉǳŀƭ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǳǘƻƳŀǘŀ 

ǿŀǎ ƛƴ ǎǳōǘǊŜŜ ƻŦ ὺ ƛƴ ǘƘŜ Ŧŀƛƭ ǘǊŜŜΦ 
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¢ƻ Ŏƻǳƴǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳŀǘŎƘŜǎ ǿŜ ŀǎǎƛƎƴ ŜŀŎƘ ǎǘŀǘŜ ὺ ŀ ǾŀǊƛŀōƭŜ ὢὺ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎ 

ǘƘŜ ŀƭƎƻǊƛǘƘƳ ǿŀǎ ƛƴ ŀ ǎǘŀǘŜ ὺΦ ²ƘŜƴ ǘƘŜ ŀƭƎƻǊƛǘƘƳ ǇǊƻŎŜǎǎŜǎ ŀƴ ƛƴǇǳǘ ǎȅƳōƻƭ ŀƴŘ ƛǎ ƛƴ ǎǘŀǘŜ ὺΣ ǿŜ ƛƴŎǊŜƳŜƴǘ 

ὢὺΦ ²ƘŜƴ ǿŜϥǊŜ ŎŀƭŎǳƭŀǘƛƴƎ Ƙƻǿ Ƴŀƴȅ ǘƛƳŜǎ ƪŜȅǿƻǊŘ ƪ όǿƘƻǎŜ ŀǎǎƻŎƛŀǘŜŘ ǎǘŀǘŜ ƛǎ ὺύ ǿŀǎ ƳŀǘŎƘŜŘΣ ǿŜ 

ǊŜǘǳǊƴ ǘƘŜ ǎǳƳ ƻŦ ὢό ŦƻǊ ŀƭƭ ǎǘŀǘŜǎ ό ƛƴ ǘƘŜ ǎǳōǘǊŜŜ ƻŦ ὺΦ 

 

¢Ƙƛǎ Ŏŀƴ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ŜŦŦƛŎƛŜƴǘƭȅ ǿƛǘƘ ŀ Řŀǘŀ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ǎǳǇǇƻǊǘǎ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ŀ ŦƛŜƭŘΣ ŀƴŘ ǊŀƴƎŜ ǎǳƳ 

ǉǳŜǊƛŜǎ ƛƴ ὕὰέὫ ὔΣ ǿŜϥƭƭ ǳǎŜ .ƛƴŀǊȅ LƴŘŜȄŜŘ ¢ǊŜŜǎΦ ²Ŝ ǘǊŀǾŜǊǎŜ ǘƘŜ Ŧŀƛƭ ǘǊŜŜ ŀƴŘ ŀǎǎƛƎƴ ŜŀŎƘ ǎǘŀǘŜ ὺ ŘŦǎ 

ƴǳƳōŜǊΣ ὨὪίὺΦ ²Ŝ ŀƭǎƻ ŎƻƳǇǳǘŜ ǘƘŜ ƭŀǊƎŜǎǘ ŘŦǎ ƴǳƳōŜǊ ƛƴ ǘƘŜ ǎǳōǘǊŜŜ ƻŦ ὺΣ άὥὼὈὪίὺΦ ²ƘŜƴ 

ƛƴŎǊŜƳŜƴǘƛƴƎ ὢὺ ǿŜ ƛƴŎǊŜƳŜƴǘ ǘƘŜ ŦƛŜƭŘ ƛƴŘŜȄŜŘ ὨὪίὺ ƛƴ .L¢Φ ²ƘŜƴ ŎƻƳǇǳǘƛƴƎ ǘƘŜ ǎǳƳ ƛƴ ŀ ǎǳōǘǊŜŜ ƻŦ ὺ 

ǿŜ ǊŜǘǳǊƴ ǘƘŜ ǎǳƳ ƻƴ ǊŀƴƎŜ ὨὪίὺȟάὥὼὈὪίὺ  ƛƴ .L¢Φ 

 

 
 

Cŀƛƭ ǘǊŜŜΣ ǿƛǘƘ ŀ ŘŦǎ ƴǳƳōŜǊ ƴŜȄǘ ǘƻ ŜŀŎƘ ǎǘŀǘŜ 

 

¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ōǳƛƭŘƛƴƎ ŀǳǘƻƳŀǘŀ ŀƴŘ ŀǎǎƛƎƴƛƴƎ ŘŦǎ ƴǳƳōŜǊǎ ƛǎ ὕὓΣ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎ ǘƘŜ ƛƴǇǳǘ ǎȅƳōƻƭǎ 

ƛǘϥǎ ὕὔ ὗȟ ŀƴŘ ŦƻǊ ǳǇŘŀǘƛƴƎ ǘƘŜ ōƛǘ ŀƴŘ ŀƴǎǿŜǊƛƴƎ ǘƘŜ ǉǳŜǊƛŜǎ ƛǘϥǎ ὕ ὔ ὗ ὰzέὫὓΣ ǿƘŜǊŜ a ƛǎ ǘƘŜ 

ǎǳƳ ƻŦ ǘƘŜ ƭŜƴƎǘƘǎ ƻŦ ŀƭƭ ƪŜȅǿƻǊŘǎΦ 
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Problem R1 04 : Light Cycling (ID: 14981 ) 

Time Limit: 2.0 second 

Memory Limit: 1536 MB 

 

IŀǾƛƴƎ ōŜŜƴ ǎǳŎƪŜŘ ƛƴǘƻ ȅƻǳǊ ŦŀǘƘŜǊϥǎ ǎŜŎǊŜǘ ŎƻƳǇǳǘŜǊ ǘƘǊƻǳƎƘ ŀ ǇǊƻƧŜŎǘƻǊ ƛƴ ǘƘŜ ōŀŎƪ ƻŦ Ƙƛǎ ŀǊŎŀŘŜ όƻǊ 
ǎƻƳŜǘƘƛƴƎύΣ ȅƻǳ ŦƛƴŘ ȅƻǳǊǎŜƭŦ ƛƴ ǘƘŜ ǿƻƴŘŜǊŦǳƭ ǿƻǊƭŘ ƻŦ ¢ǊƻƴΗ IŜǊŜΣ ȅƻǳ Ǉƭŀȅ ƎŀƳŜǎ ŀƭƭ ŘŀȅΣ ŀƴŘ ƛŦ ȅƻǳ ŜǾŜǊ 
ƭƻǎŜΣ ȅƻǳ ŘƛŜΦ 

hƴŜ ǎǳŎƘ ƎŀƳŜ ƛƴǾƻƭǾŜǎ ȅƻǳ ŀƴŘ ŀƴ ƻǇǇƻƴŜƴǘ ŘǊƛǾƛƴƎ ŀǊƻǳƴŘ ŀ Ŧƭŀǘ ƎǊƛŘ ƻƴ ƭƛƎƘǘ ŎȅŎƭŜǎΣ ǿƘƛŎƘ ƭŜŀǾŜ ōŜƘƛƴŘ ŀ 
ǇŜǊƳŀƴŜƴǘ ǘǊŀƛƭ ƻŦΦΦΦƭƛƎƘǘΦΦΦǿƘŜǊŜǾŜǊ ǘƘŜȅ ƎƻΦ ¢Ƙƛǎ ƎǊƛŘ Ŏŀƴ ōŜ ƳƻŘŜƭŜŘ ǿƛǘƘ ǘƘŜ /ŀǊǘŜǎƛŀƴ ǇƭŀƴŜΣ ŀƴŘ ƛǎ 
ŜƴŎƭƻǎŜŘ ōȅ ŀ ǊŜŎǘŀƴƎƭŜ ƻŦ ƛƳǇŜƴŜǘǊŀōƭŜ ǿŀƭƭǎ ǿƘƛŎƘ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ȄπŎƻƻǊŘƛƴŀǘŜ ƻŦ ŜŀŎƘ ƭƛƎƘǘ ŎȅŎƭŜ ƛǎ ŀƭǿŀȅǎ 
ōŜǘǿŜŜƴ ρ ŀƴŘ ρπΣ ǿƘƛƭŜ ƛǘǎ ώπŎƻƻǊŘƛƴŀǘŜ ƛǎ ōŜǘǿŜŜƴ ρ ŀƴŘ ρπ όƛƴŎƭǳǎƛǾŜύΦ [ƛƎƘǘ ŎȅŎƭŜǎ ŀƭǿŀȅǎ ǎǘŀȅ ƻƴ ǘƘŜ 
ƎǊƛŘ ƭƛƴŜǎΣ ŀƴŘ ƳƻǾŜ ŀǘ ŀ ǎǇŜŜŘ ƻŦ ρ ǎǉǳŀǊŜ ǇŜǊ ǎŜŎƻƴŘΦ 

! ƳŀǘŎƘ ƭŀǎǘǎ Ὓ ρ Ὓ ρπ  ǎŜŎƻƴŘǎΦ ¸ƻǳ ǎǘŀǊǘ ŀǘ ŎƻƻǊŘƛƴŀǘŜǎ ὢȟὣ  ŀƴŘ Ŧƻƭƭƻǿ ŀ ǎŜǘ ƻŦ ὔ ρ ὔ
ρπ ƛƴǎǘǊǳŎǘƛƻƴǎΣ ǿƛǘƘ ȅƻǳǊ ƛǘƘ ƛƴǎǘǊǳŎǘƛƻƴ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ƳƻǾƛƴƎ ὒ ǎǉǳŀǊŜǎ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƎƛǾŜƴ ōȅ ǘƘŜ 

ŎƘŀǊŀŎǘŜǊ Ὀ  όǿƛǘƘ Ϧ¦ϦΣ Ϧ5ϦΣ Ϧ[ϦΣ ŀƴŘ ϦwϦ ǊŜǇǊŜǎŜƴǘƛƴƎ ǳǇΣ ŘƻǿƴΣ ƭŜŦǘΣ ŀƴŘ ǊƛƎƘǘΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ {ƛƳƛƭŀǊƭȅΣ ȅƻǳǊ 

ƻǇǇƻƴŜƴǘ ǎǘŀǊǘǎ ŀǘ ŎƻƻǊŘƛƴŀǘŜǎ ὢȟὣ  ŀƴŘ Ŧƻƭƭƻǿǎ ŀ ǎŜǘ ƻŦ ὔ ρ ὔ ρπ ƛƴǎǘǊǳŎǘƛƻƴǎΣ ǿƛǘƘ ǘƘŜƛǊ ƛǘƘ 
ƛƴǎǘǊǳŎǘƛƻƴ ŘŜǎŎǊƛōŜŘ ōȅ ὒ  ŀƴŘ Ὀ Φ hŦ ŎƻǳǊǎŜΣ ƴŜƛǘƘŜǊ ǇƭŀȅŜǊϥǎ ƛƴǎǘǊǳŎǘƛƻƴǎ ǿƛƭƭ ŜǾŜǊ ǘŀƪŜ ǘƘŜƳ ōŜȅƻƴŘ ǘƘŜ 

ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǿŀƭƭǎΣ ŀƴŘ ƛǘ ǿƛƭƭ ǘŀƪŜ ŜŀŎƘ ǇƭŀȅŜǊ ŜȄŀŎǘƭȅ Ὓ ǎŜŎƻƴŘǎ ǘƻ ŜȄŜŎǳǘŜ ǘƘŜƛǊ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 
!ŘŘƛǘƛƻƴŀƭƭȅΣ ŦƻǊ ŜŀŎƘ ǇƭŀȅŜǊΣ ƴƻ ƛƴǎǘǊǳŎǘƛƻƴ ǿƛƭƭ ƘŀǾŜ ŀƴ Ŝǉǳŀƭ ƻǊ ƻǇǇƻǎƛǘŜ ŘƛǊŜŎǘƛƻƴ ǘƻ ǘƘŀǘ ƻŦ ǘƘŜƛǊ ǇǊŜǾƛƻǳǎ 
ƛƴǎǘǊǳŎǘƛƻƴΦ CƛƴŀƭƭȅΣ ƛŦ ŀ ƎǊƛŘ Ǉƻƛƴǘ ƛǎ ŜǾŜǊ ǾƛǎƛǘŜŘ ƳƻǊŜ ǘƘŀƴ ƻƴŎŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ ƳŀǘŎƘΣ ƛǘ ƛǎ 
ƎǳŀǊŀƴǘŜŜŘ ǘƘŀǘ ƻƴŜ ƻŦ ǘƘŜ ǇŀǘƘ ǎŜƎƳŜƴǘǎ ƛƴǘŜǊǎŜŎǘƛƴƎ ǘƘŜǊŜ ƛǎ ǇŀǎǎƛƴƎ ŘƛǊŜŎǘƭȅ ǘƘǊƻǳƎƘ ǾŜǊǘƛŎŀƭƭȅΣ ǿƘƛƭŜ ǘƘŜ 
ƻǘƘŜǊ ƛǎ ǇŀǎǎƛƴƎ ŘƛǊŜŎǘƭȅ ǘƘǊƻǳƎƘ ƘƻǊƛȊƻƴǘŀƭƭȅ όŀǎ ǎǳŎƘΣ ǘƘƛǎ Ŏŀƴƴƻǘ ƘŀǇǇŜƴ ŀǘ ŜƛǘƘŜǊ ǇƭŀȅŜǊϥǎ ǎǘŀǊǘƛƴƎ ƻǊ ŜƴŘƛƴƎ 
ǇƻƛƴǘǎύΦ 

²ƘŜƴŜǾŜǊ ōƻǘƘ ƭƛƎƘǘ ŎȅŎƭŜǎ ǊŜŀŎƘ ǘƘŜ ǎŀƳŜ ƎǊƛŘ Ǉƻƛƴǘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ƻǊ ŀ ƭƛƎƘǘ ŎȅŎƭŜ Ƙƛǘǎ ŀƴ ŜȄƛǎǘƛƴƎ ǘǊŀƛƭ ƻŦ 
ƭƛƎƘǘ όƛƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ŀ ƎǊƛŘ Ǉƻƛƴǘ ǿƘƛŎƘ ŜƛǘƘŜǊ ƭƛƎƘǘ ŎȅŎƭŜ ƘŀŘ ǇǊŜǾƛƻǳǎƭȅ ǇŀǎǎŜŘ ǘƘǊƻǳƎƘύΣ ŀ Ŏƻƭƭƛǎƛƻƴ ƻŎŎǳǊǎΦ 
.ŜŎŀǳǎŜ ȅƻǳϥǊŜ Ƨǳǎǘ ǇƭŀȅƛƴƎ ŀ ǇǊŀŎǘƛŎŜ ƳŀǘŎƘ ŦƻǊ ƴƻǿΣ ƴŜƛǘƘŜǊ ǇƭŀȅŜǊ ŘƛŜǎ ǿƘŜƴ ǘƘƛǎ ƻŎŎǳǊǎΣ ŀƴŘΣ ƛƴ ŦŀŎǘΣ ǘƘŜ 
Ŏƻƭƭƛǎƛƻƴ ƛǎ ƴƻǘ ŎƻǳƴǘŜŘ ƛƴ ŦŀǾƻǊ ƻŦ ŜƛǘƘŜǊ ȅƻǳ ƻǊ ȅƻǳǊ ƻǇǇƻƴŜƴǘΦ LƴǎǘŜŀŘΣ ŦƻǊ Ὕ ρ Ὕ ςπ ǎŎŜƴŀǊƛƻǎ ŀǎ 
ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΣ ȅƻǳϥǊŜ ǎƛƳǇƭȅ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ Ŏƻƭƭƛǎƛƻƴǎ ǘƘŀǘ ǿƛƭƭ ƻŎŎǳǊ ǘƘǊƻǳƎƘƻǳǘ ŜŀŎƘ ƳŀǘŎƘΦ 

LƴǇǳǘ 

CƛǊǎǘ ƭƛƴŜΥ м ƛƴǘŜƎŜǊΣ Ὕ 

CƻǊ ŜŀŎƘ ǎŎŜƴŀǊƛƻΥ 

CƛǊǎǘ ƭƛƴŜΥ м ƛƴǘŜƎŜǊΣ Ὓ 

bŜȄǘ ƭƛƴŜΥ о ƛƴǘŜƎŜǊǎΣ ὢȟὣΣ ŀƴŘ ὔ  

bŜȄǘ ὔ ƭƛƴŜǎΥ м ŎƘŀǊŀŎǘŜǊΣ Ὀ Σ ŀƴŘ м ƛƴǘŜƎŜǊΣ ὒΣ ŦƻǊ Ὥ ρȢȢὔ  

bŜȄǘ ƭƛƴŜΥ о ƛƴǘŜƎŜǊǎΣ ὢΣ ὣΣ ŀƴŘ ὔ  

bŜȄǘ ὔ ƭƛƴŜǎΥ м ŎƘŀǊŀŎǘŜǊΣ Ὀ Σ ŀƴŘ м ƛƴǘŜƎŜǊΣ ὒ Σ ŦƻǊ Ὥ ρȢȢὔ  

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǎŎŜƴŀǊƛƻΥ 
м ƛƴǘŜƎŜǊΥ ¢ƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ Ŏƻƭƭƛǎƛƻƴǎ ǘƘŀǘ ǿƛƭƭ ƻŎŎǳǊΦ 
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{ŀƳǇƭŜ 

LƴǇǳǘ hǳǘǇǳǘ 
1 

12 

2 5 5  

R 4  

U 1  

L 1  

D 4  

L 2  

3 3 4  

U 3  

L 2  

D 2  

R 5  

4 

 

 

  

  

Solution: 

 
9ǾŜƴ ǘƘƻǳƎƘ ǘƘƛǎ ǇǊƻōƭŜƳ ƳƛƎƘǘ ǎŜŜƳ ǉǳƛǘŜ ŎƻƳǇƭŜȄΣ ƛǘ Ŏŀƴ Ŝŀǎƛƭȅ ōŜ ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ ŀ ǿŜƭƭπƪƴƻǿƴ ƭƛƴŜ 

ǎŜƎƳŜƴǘ ƛƴǘŜǊǎŜŎǘƛƻƴ ǇǊƻōƭŜƳΦ ¢ƘŜ ŦƛǊǎǘ ǘƘƛƴƎ ǿŜ ƳƛƎƘǘ ǊŜŀƭƛȊŜ ƛǎ ǘƘŀǘ ŜŀŎƘ ǘǊŀƛƭ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ŀ ǇƻƭȅƎƻƴŀƭ 

ŎƘŀƛƴΣ ǿƘŜǊŜ ŜŀŎƘ ƭƛƴŜ ǎŜƎƳŜƴǘ ƛǎ ǇŀǊŀƭƭŜƭ ǘƻ ƻƴŜ ƻŦ ǘƘŜ ŀȄŜǎΦ ²ŜΩǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŎƻǳƴǘƛƴƎ ƛƴǘŜǊǎŜŎǘƛƻƴǎ 

ōŜǘǿŜŜƴ ǘƘƻǎŜ ƭƛƴŜ ǎŜƎƳŜƴǘǎ όǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ǘǊŀƛƭ ǘƘŜȅΩǊŜ ƻƴύΣ ŀƴŘ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ƎƛǾŜƴ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ 

ǇǊƻōƭŜƳ ǎǘŀǘŜƳŜƴǘ ƎǳŀǊŀƴǘŜŜ ǘƘŀǘ ǘƘŜǊŜ ǿƛƭƭ ōŜ ƴƻ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ōŜǘǿŜŜƴ ǘǿƻ ǾŜǊǘƛŎŀƭ ƻǊ ǘǿƻ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜǎ 

ŀƴŘ ǘƘŀǘ ǘƘŜ ƻƴƭȅ ǎƛƴƎƭŜπǇƻƛƴǘ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ŀǊŜ ōŜǘǿŜŜƴ ǘǿƻ ƭƛƴŜ ǎŜƎƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ŀŘƧŀŎŜƴǘ ƻƴ ŀ ǘǊŀƛƭ όǘǊŀƛƭ 

ƛƴǘŜǊǎŜŎǘƛƻƴǎύΦ hƴŎŜ ǿŜ Ŏƻǳƴǘ ŀƭƭ ƭƛƴŜ ǎŜƎƳŜƴǘ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ǿŜ ǎƘƻǳƭŘ ǎǳōǘǊŀŎǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘǊŀƛƭ 

ƛƴǘŜǊǎŜŎǘƛƻƴǎ όὔ  ὔ  ὔ  ςΣ ōŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜ ὔ ǎŜƎƳŜƴǘǎ ƛƴ ǘƘŜ ŦƛǊǎǘΣ ŀƴŘ bō ǎŜƎƳŜƴǘǎ ƛƴ ǘƘŜ 

ǎŜŎƻƴŘ ǘǊŀƛƭύ ǎƛƴŎŜ ǘƘƻǎŜ ǎƘƻǳƭŘ ƴƻǘ ōŜ ŎƻǳƴǘŜŘ ŀǎ ŎƻƭƭƛǎƛƻƴǎΦ 

 

¢ƘŜ ǇǊƻōƭŜƳ ǿŜ ŀǊŜ ŦŀŎƛƴƎ ƴƻǿ Ŏŀƴ ōŜ ǎƻƭǾŜŘ ōȅ ŀ ƭƛƴŜ ǎǿŜŜǇ ŀƭƎƻǊƛǘƘƳΣ ŀƴ ŀǇǇǊƻŀŎƘ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻƴŎŜǇǘ 

ƻŦ ŀ ǾŜǊǘƛŎŀƭ ƭƛƴŜ ǘƘŀǘ ƛǎ ŘǊŀƎƎŜŘ ŀŎǊƻǎǎ ǘƘŜ ǇƭŀƴŜΣ ǎǘƻǇǇƛƴƎ ǘƻ Řƻ ǎƻƳŜ ŎƻƳǇǳǘŀǘƛƻƴ ƻƴ ŀ ǎŜǘ ƻŦ ǾŀƭǳŀōƭŜ Ǉƻƛƴǘǎ 

ǿŜ Ŏŀƭƭ ŜǾŜƴǘǎΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǿŜ ƘŀǾŜ ǘƘǊŜŜ ŜǾŜƴǘǎΥ 

¶ ¢ƘŜ ƭŜŦǘ ŜƴŘǇƻƛƴǘ ƻŦ ŀ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜ 

¶ ¢ƘŜ ǊƛƎƘǘ ŜƴŘǇƻƛƴǘ ƻŦ ŀ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜ 

¶ ¢ƘŜ ǾŜǊǘƛŎŀƭ ƭƛƴŜǎ 

 

²ƘŜƴ ǘƘŜ ƭƛƴŜ ŜƴŎƻǳƴǘŜǊǎ ŦƛǊǎǘ ǘǿƻ ǘȅǇŜǎ ƻŦ ŜǾŜƴǘǎ ǿŜ ǎƘƻǳƭŘ ŀŘŘκǊŜƳƻǾŜ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜǎ ŦǊƻƳ ǘƘŜ ŀŎǘƛǾŜ 

ǎŜǘ π ǘƘŜ ǎŜǘ ƻŦ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜǎ ƻǳǊ ǎǿŜŜǇ ƭƛƴŜ ƛǎ ŎǳǊǊŜƴǘƭȅ ƛƴǘŜǊǎŜŎǘƛƴƎΦ 9ŀŎƘ ǘƛƳŜ ƛǘ ŜƴŎƻǳƴǘŜǊǎ ǘƘŜ ŜǾŜƴǘ ƻŦ 

ǘƘŜ ǘƘƛǊŘ ǘȅǇŜ π ǘƘŜ ǾŜǊǘƛŎŀƭ ƭƛƴŜ ǿƛǘƘ ŜƴŘǇƻƛƴǘǎ ὼȟώ  ŀƴŘ ὼȟώ Σ ǿƘŜǊŜ ώ  ώΣ ǿŜ ǎƘƻǳƭŘ ŎƻƴǎƛŘŜǊ ŀƭƭ 

ƭƛƴŜǎ ƛƴ ǘƘŜ ŀŎǘƛǾŜ ǎŜǘ ǎǳŎƘ ǘƘŀǘ ǘƘŜƛǊ ƻǊŘƛƴŀǘŜ ƛǎ ƛƴ ƛƴǘŜǊǾŀƭ ώȟώ Φ ¢ƘŜǊŜŦƻǊŜΣ ǿŜ ƴŜŜŘ ǘƻ ōŜ ŀōƭŜ ǘƻ ƛƴǎŜǊǘ 

ƛƴǘŜƎŜǊǎ ƛƴ ŀ ǎŜǘΣ ǊŜƳƻǾŜ ǘƘŜƳΣ ŀƴŘ ōŜ ŀōƭŜ ǘƻ Ŏƻǳƴǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƛƴǘŜƎŜǊǎ ƛƴ ŀ ǊŀƴƎŜΦ ¢ƘŜǊŜ ŀǊŜ ŀǘ ƭŜŀǎǘ ǘǿƻ 

ǿŀȅǎ ǘƻ ŀŎŎƻƳǇƭƛǎƘ ǘƘƛǎΥ ƻƴŜ ǳǎƛƴƎ ŀƴ ŀǳƎƳŜƴǘŜŘ .{¢ ό.ƛƴŀǊȅ {ŜŀǊŎƘ ¢ǊŜŜύΣ ŀƴŘ ŀƴƻǘƘŜǊ ƻƴŜ ǘƘŀǘ ǳǎŜǎ .L¢ 

ό.ƛƴŀǊȅ LƴŘŜȄŜŘ ¢ǊŜŜΣ CŜƴǿƛŎƪ ¢ǊŜŜύΦ L ƻǇǘŜŘ ŦƻǊ ǘƘŜ ƭŀǘǘŜǊΣ ŀƴŘ ǎƛƴŎŜ ǘƘŜǊŜ ƛǎ ŀ ŎƻƴǾŜƴƛŜƴǘ ŎƻƴǎǘǊŀƛƴǘ ώ ɴ

 ρȟρπφ ǘƘŜǊŜ ŀǊŜ ƴƻ ƳŜƳƻǊȅ ƛǎǎǳŜǎΦ /ƻƴǎƛŘŜǊ ǎǘŀƴŘŀǊŘ .L¢ ŦǳƴŎǘƛƻƴǎ ὟὴὨὥὸὩὭὨὼȟὺὥὰ ŀƴŘ ὋὩὸὛόάὭὨὼΦ 

!ŘŘƛƴƎ ŀ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜ ǿƛǘƘ ƻǊŘƛƴŀǘŜ ώ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ὟὴὨὥὸὩώȟρΣ ǊŜƳƻǾƛƴƎ ƛǘ ǿƻǳƭŘ ōŜ ὟὴὨὥὸὩώȟρΣ 

ŀƴŘ ŀ ǘƘƛǊŘ ǘȅǇŜ ŜǾŜƴǘ Ŏŀƴ ōŜ ǊŜǎƻƭǾŜŘ ōȅ ŀ ǎƛƳǇƭŜ ǊŀƴƎŜ ǎǳƳ ǉǳŜǊȅΥ ὋὩὸὛόάώ   ὋὩὸὛόάώ ρΦ 

  

¢ƻ ǎǳƳ ƛǘ ǳǇΥ ǿŜ ǇŀǊǎŜ ǘƘŜ ƛƴǇǳǘ ŀƴŘ ǊŜǇǊŜǎŜƴǘ ǇŀǘƘǎ ŀǎ ƭƛƴŜ ǎŜƎƳŜƴǘ ŀǊǊŀȅǎΣ ŎǊŜŀǘŜ ŜǾŜƴǘǎ ŀƴŘ ǎƻǊǘ ǘƘŜƳΣ 

ŀƴŘ Ŧƛƴŀƭƭȅ ǇŜǊŦƻǊƳ ŀ ƭƛƴŜ ǎǿŜŜǇ ƪŜŜǇƛƴƎ ǘǊŀŎƪ ƻŦ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ǿŜ ŦƻǳƴŘΦ Lƴ ǘƘŜ ǾŜǊȅ ŜƴŘΣ 
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ǿŜ ǎǳōǘǊŀŎǘ ὔΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘǊŀƛƭ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ŀƴŘ ǇǊƛƴǘ ǘƘŜ ǊŜǎǳƭǘΦ ¢ƘŜ ƻǾŜǊŀƭƭ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘƛǎ ǎƻƭǳǘƛƻƴ 

ƛǎ ὕὔÌÏÇὔ Φ ¢ƘŜǊŜ ŀǊŜ ǎǘƛƭƭ ǘǿƻ ƳƻǊŜ ǘƘƛƴƎǎ ǘƻ ōŜ ŎŀǊŜŦǳƭ ŀōƻǳǘΥ 

ω ǘƘŜ Ŧƛƴŀƭ ǊŜǎǳƭǘ ŀƴŘ ǘƘŜ ὼπŎƻƻǊŘƛƴŀǘŜǎ Ŏŀƴ ōŜ ǘƻƻ ƭŀǊƎŜ ŦƻǊ онπōƛǘ ƛƴǘŜƎŜǊ ǘȅǇŜΣ ǎƻ ǿŜ ƘŀǾŜ ǘƻ ǳǎŜ 

спπōƛǘ ƛƴǘŜƎŜǊǎ όƭƻƴƎ ƭƻƴƎ ƛƴ /ҌҌύ 

ω ǘƘŜǊŜ ŀǊŜ Ὕ  ςπ ǎŎŜƴŀǊƛƻǎ ƛƴ ŀ ǎƛƴƎƭŜ ǘŜǎǘ ŎŀǎŜΣ ǿƘƛŎƘ ƳŜŀƴǎ ǿŜ ƘŀǾŜ ǘƻ ǊŜǎŜǘ ŀƭƭ ǳǎŜŘ ǾŀǊƛŀōƭŜǎ 

ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ όŜΦƎΦ .L¢ύ ŀŦǘŜǊ ŜŀŎƘ ǎŎŜƴŀǊƛƻ ƛǎ ǇǊƻŎŜǎǎŜŘ 

hŦ ŎƻǳǊǎŜΣ ȅƻǳ ǇǊƻōŀōƭȅ ƴƻǘƛŎŜŘ ǘƘŀǘ ǿŜ ƴŜǾŜǊ ǳǎŜŘ ǘƘŜ ƛƴǇǳǘ ǾŀǊƛŀōƭŜ ὛΣ ǘƘŜ ǘƻǘŀƭ ƳŀǘŎƘ ƭŜƴƎǘƘΦ {ƛƴŎŜ ǿŜΩǊŜ 

ŘŜŀƭƛƴƎ ǿƛǘƘ ƭƛƴŜ ǎŜƎƳŜƴǘǎ ŀǎ ŜƴŘǇƻƛƴǘ ǇŀƛǊǎΣ ŀƴŘ ǘƘŜƛǊ ƭŜƴƎǘƘ ŘƻŜǎ ƴƻǘ ǊŜŀƭƭȅ ƳŀǘǘŜǊΣ ǇŀǊǎƛƴƎ ǘƘƛǎ ŦŀƛǊƭȅ ƭŀǊƎŜ 

Ὓ  ρπ  ƛƴǘŜƎŜǊ ƛǎ ǳƴƴŜŎŜǎǎŀǊȅΦ [ŜǘΩǎ Ƨǳǎǘ ǎǳǇǇƻǎŜ ƛǘǎ ǎƻƭŜ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ǘǊƻƭƭΦ 

 

Added by: Jacob Plachta 
Resource: Own problem 
Solution by:  

Name:  Nikola Jovanoviŏ 
School: Mathematical Grammar School, Belgrade  
E-mail: nikolajovanovic96@yahoo.com 
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Problem R1 05 : Crossbits (ID: 3484 ) 

Time Limit: 0.133 second 

Memory Limit: 1536 MB 

 

/Ǌƻǎǎōƛǘǎ ŀǊŜ ƭƛƪŜ /ǊƻǎǎǿƻǊŘǎΤ ƛƴǎǘŜŀŘ ƻŦ ŜƴǘŜǊƛƴƎ ǿƻǊŘǎ ȅƻǳ ŜƴǘŜǊ ōƛƴŀǊȅ ōƛǘǎ лм ƛƴ ŀ /Ǌƻǎǎōƛǘ ǳƴŘŜǊ ŎŜǊǘŀƛƴ 
ƎƛǾŜƴ ŎƻƴŘƛǘƛƻƴǎΣ ŀǎǎǳƳƛƴƎ ǘƘŀǘ ŀ ǎƻƭǳǘƛƻƴ ŜȄƛǎǘǎΦ !ƴ ŜƳǇǘȅ /Ǌƻǎǎōƛǘ ƻŦ ǎƛȊŜ ὔ ƛǎ ŀƴ ŜƳǇǘȅ ƎǊƛŘ ƻŦ ǎƛȊŜ ὔ ὔΦ 
DƛǾŜƴ ŀ ƴŀǘǳǊŀƭ ƴǳƳōŜǊ ὔΣ ŎƻƴǎƛŘŜǊ ŜƴǘŜǊƛƴƎ ὔ ōƛƴŀǊȅ ōƛǘǎ ƛƴ ŀƴ ŜƳǇǘȅ /ǊƻǎǎōƛǘΣ ǎŀǘƛǎŦȅƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
ŎƻƴŘƛǘƛƻƴǎΥ 

9ŀŎƘ ǎǉǳŀǊŜ ƛƴ ǘƘŜ ƎǊƛŘ Ŏƻƴǘŀƛƴǎ ŜƛǘƘŜǊ ŀ лπōƛǘ ƻǊ ŀ мπōƛǘ ǿƛǘƘ ƴƻ мπōƛǘ ƛƴ ǘǿƻ ƳŀƧƻǊ ŘƛŀƎƻƴŀƭǎΦ 

¢ƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ мπōƛǘ ƛƴ ŜŀŎƘ Ǌƻǿ κ ŎƻƭǳƳƴ ƛǎ ŜȄŀŎǘƭȅ Ŝǉǳŀƭ ǘƻ ὑΣ ὑ ōŜƛƴƎ ŀ ƎƛǾŜƴ ƴŀǘǳǊŀƭ ƴǳƳōŜǊ ƭŜǎǎ 
ǘƘŀƴ ὔΦ 

! лπōƛǘ Ƙŀǎ ŀǘ ƭŜŀǎǘ ŀƴƻǘƘŜǊ ŀŘƧŀŎŜƴǘ лπōƛǘ ŜƛǘƘŜǊ ƛƴ ǘƘŜ ǎŀƳŜ Ǌƻǿ ƻǊ ƛƴ ǘƘŜ ǎŀƳŜ ŎƻƭǳƳƴΦ 

¢ƘŜ /Ǌƻǎǎōƛǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ὔ πōƛǘ ōƛƴŀǊȅ ƴǳƳōŜǊ . ŦƻǊƳŜŘ ōȅ ǇƭŀŎƛƴƎ ōƛǘǎ ƛƴ ǘƘŜ мǎǘΣ ǘƘŜ нƴŘ Σ ΦΦΦ ǘƘŜ ὔǘƘ 
Ǌƻǿ ŦǊƻƳ ƭŜŦǘ ǘƻ ǊƛƎƘǘΦ 

¸ƻǳ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ǿǊƛǘŜ ŀ ǇǊƻƎǊŀƳ ǘƘŀǘ ŜƴǘŜǊǎ ōƛǘǎ ƛƴ ŀƴ ŜƳǇǘȅ /Ǌƻǎǎōƛǘ ǎƻ ǘƘŀǘ ǘƘŜ /Ǌƻǎǎōƛǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ 
ƭŜŀǎǘ ōƛƴŀǊȅ ƴǳƳōŜǊ ὄ ŦƻǊ ƎƛǾŜƴ ὔ ŀƴŘ ὑΦ 

!ǎ ŀƴ ƛƭƭǳǎǘǊŀǘƛƻƴ ŎƻƴǎƛŘŜǊ ǘƘŜ ŎŀǎŜ ǿƛǘƘ ὔ  τ ŀƴŘ   ρ Φ ¢ƘŜ /Ǌƻǎǎōƛǘ ǎƘƻǿƴ ōŜƭƻǿ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƭŜŀǎǘ 
ōƛƴŀǊȅ ƴǳƳōŜǊ ὄ  ππρπρππππππρπρππ ƻŦ мс ōƛǘǎ ǎŀǘƛǎŦȅƛƴƎ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ŎƻƴŘƛǘƛƻƴǎΦ 

л  л  м  л 

м  л  л  л 

л  л  л  м 

л  м  л  л 

LƴǇǳǘ 

¢ƘŜ ƛƴǇǳǘ Ƴŀȅ Ŏƻƴǘŀƛƴ ƳǳƭǘƛǇƭŜ ǘŜǎǘ ŎŀǎŜǎΦ CƻǊ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜ ǇŀǊŀƳŜǘŜǊǎ ὔ ŀƴŘ ὑ ƻŦ ǘƘŜ /Ǌƻǎǎōƛǘ ŀǊŜ ƎƛǾŜƴ ƛƴ 
ƻƴŜ ƭƛƴŜΦ !ǎǎǳƳŜ ǘƘŀǘ ὔ ŘƻŜǎ ƴƻǘ ŜȄŎŜŜŘ млΦ 

¢ƘŜ ƛƴǇǳǘ ǘŜǊƳƛƴŀǘŜǎ ǿƛǘƘ ŀ ƭƛƴŜ ŎƻƴǘŀƛƴƛƴƎ л ŀǎ ƛƴǇǳǘΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜΣ ǇǊƛƴǘ ǘƘŜ /Ǌƻǎǎōƛǘ ƛƴ ὔ ǊƻǿǎΤ ŜŀŎƘ Ǌƻǿ Ŏƻƴǘŀƛƴǎ ὔ ōƛǘǎ ǿƛǘƘ ŀ ǎǇŀŎŜ ōŜǘǿŜŜƴ ǘǿƻ 
ƴŜƛƎƘōƻǳǊƛƴƎ ōƛǘǎΦ YŜŜǇ ŀ ōƭŀƴƪ ƭƛƴŜ ŀŦǘŜǊ ǘƘŜ ƭŀǎǘ ƻǳǘǇǳǘ ƭƛƴŜ ƻŦ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜΦ 
 
{ŀƳǇƭŜ 

LƴǇǳǘ hǳǘǇǳǘ 
4 1  

6 2  

0 

0 0 1 0  

1 0 0 0  

0 0 0 1  

0 1 0 0  

 

0 0 0 1 1 0  

1 0 0 1 0 0  

0 0 0 0 1 1  

1 1 0 0 0 0  

0 0 1 0 0 1  

0 1 1 0 0 0  
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Solution: 

 
{ƛƴŎŜ ὔ ŀƴŘ ὑ ŀǊŜ ǎƳŀƭƭΣ ǿŜ Ŏŀƴ ǇǊŜŎŀƭŎǳƭŀǘŜ ŀƴǎǿŜǊǎ ŦƻǊ ŜǾŜǊȅ ǇƻǎǎƛōƭŜ ǘŜǎǘ ƻƴ ƭƻŎŀƭ ŎƻƳǇǳǘŜǊ ŀƴŘ ǘƘŜƴ 

ƘŀǊŘŎƻŘŜ ŀƴǎǿŜǊǎ ǘƻ ǎƻǳǊŎŜ ŎƻŘŜΦ 

!ǎ ƎŜƴŜǊŀǘƛƴƎ ŀƭƭ ǘƘŜ ǇƻǎǎƛōƭŜ ƳŀǘǊƛŎŜǎ ƛǎ ŜȄǘǊŜƳŜƭȅ ǎƭƻǿΣ ǿŜ ǿƛƭƭ ƎŜƴŜǊŀǘŜ ƻƴƭȅ ŎƻǊǊŜŎǘ /ǊƻǎǎōƛǘǎΦ !ƭǎƻΣ ǿŜ ǿƛƭƭ 

ƎŜƴŜǊŀǘŜ ƻƴƭȅ ƻƴŜ /Ǌƻǎǎōƛǘ ŀƴŘ ƛǘΩƭƭ ōŜ ƎǳŀǊŀƴǘŜŜŘ ǘƘŀǘ ƛǘΩƭƭ ǊŜǇǊŜǎŜƴǘ ƳƛƴƛƳŀƭ ƴǳƳōŜǊΦ 

[ŜǘΩǎ ƎŜƴŜǊŀǘŜ ƳŀǘǊƛȄ Ǌƻǿ ōȅ Ǌƻǿ ŦǊƻƳ ǊƛƎƘǘ ǘƻ ƭŜŦǘΣ ǘǊȅƛƴƎ ǘƻ ǇƭŀŎŜ ǘƻ ŜŀŎƘ ŎŜƭƭ ƻƴŜ ŀƴŘ ƛŦ ƎŜƴŜǊŀǘƛƻƴ ŦŀƛƭǎΣ 

ǇƭŀŎƛƴƎ ȊŜǊƻΦ ¢Ƙƛǎ ƻǊŘŜǊ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ƎǳŀǊŀƴǘŜŜǎ ǘƘŀǘ ƻƴŜǎ ƛƴ ŦƛǊǎǘ Ǌƻǿ ǿƛƭƭ ōŜ ǇƭŀŎŜŘ ŀǘ ǘƘŜ Ƴƻǎǘ ǊƛƎƘǘ όŀƳƻƴƎ 

ŀƭƭ ǘƘŜ ǇƻǎǎƛōƭŜ /ǊƻǎǎōƛǘǎύΣ ǘƘŜƴ ǘƘŜ ǎŀƳŜ ƛǎ ǊǳƭŜ ƛǎ ŀǇǇƭƛŜŘ ŦƻǊ ǎŜŎƻƴŘ Ǌƻǿ ŀƴŘ ǎƻ ƻƴΦ {ƻΣ ǘƘŜ ƴǳƳōŜǊ 

ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ƎŜƴŜǊŀǘŜŘ /Ǌƻǎǎōƛǘ ǿƛƭƭ ōŜ ŀǎ ǎƳŀƭƭ ŀǎ ǇƻǎǎƛōƭŜΦ 

¢ƻ ǎŀǘƛǎŦȅ ǘƘŜ ǎŜŎƻƴŘ ŎƻƴŘƛǘƛƻƴ ƻŦ /ǊƻǎǎōƛǘΣ ǿŜ ƴŜŜŘ ǘƻ ǎǘƻǊŜ ǘǿƻ ŀǊǊŀȅǎΥ ὶέύὼ ŀƴŘ ὧέὰὼΣ ǿƘŜǊŜ ὶέύὼ ƛǎ 

ƴǳƳōŜǊ ƻŦ ƻƴŜǎ ƛƴ ὼπǘƘ Ǌƻǿ ŀƴŘ ὧέὰὼ ƛǎ ƴǳƳōŜǊ ƻŦ ƻƴŜǎ ƛƴ ὼπǘƘ ŎƻƭǳƳƴΦ ¢ƘŜƴ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƛƳǇƭŜƳŜƴǘ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎ ŎǳǘƻŦŦΥ ǿŜΩƭƭ ǘǊȅ ǘƻ ǇƭŀŎŜ м ǘƻ Ǉƻǎƛǘƛƻƴ ὭȟὮ ƛŦ ŀƴŘ ƻƴƭȅ ƛŦ ὶέύὭ Ὧ ὥὲὨ ὧέὰὮ  ὯΦ !ŘŘƛǘƛƻƴŀƭȅΣ 

ƛŦ ǘƘŜ Ǌƻǿ ƛǎ ŎƻƳǇƭŜǘŜŘ ŀƴŘ Ƙŀǎ ƭŜǎǎ ǘƘŀƴ Ὧ ƻƴŜǎΣ ǘƘŜƴ ǿŜ ŀƭǎƻ ǿƛƭƭ ŎǳǘƻŦŦ ŦǊƻƳ ǘƘƛǎ ōǊŀƴŎƘ ƻŦ ōǊǳǘŜŦƻǊŎŜΦ 

²ƘŜƴ ǇƭŀŎƛƴƎ л ƻǊ мΣ ǿŜ ŀƭǎƻ ǎƘƻǳƭŘ ŎƘŜŎƪ ǘƘŀǘ ǘƘŜ ǘƘƛǊŘ ǊǳƭŜ ƛǎ ǎŀǘƛǎŦƛŜŘΦ LǘΩǎ ƻōǾƛƻǳǎ ǘƘŀǘ ǿŜ ǎƘƻǳƭŘ ƭƻƻƪ ƻƴƭȅ 

ŀǘ ŎǳǊǊŜƴǘ ŎŜƭƭ ŀƴŘ ƛǘǎ ƴŜƛƎƘōƻǳǊǎΣ ōŜŎŀǳǎŜ ŀƭƭ ǘƘŜ ƻǘƘŜǊ ŎŜƭƭǎ ŀǊŜ ǳƴŀŦŦŜŎǘŜŘΦ {ƻΣ ŦƻǊ ŜŀŎƘ ŎŜƭƭΣ ƛƴ ŎǳǊǊŜƴǘ ŎŜƭƭ 

ŀƴŘ ŀŘƧŀŎŜƴǘ ǘƻ ƛǘΣ ǿŜ ǎƘƻǳƭŘ ŎƘŜŎƪ ƛŦ ŀǘ ƭŜŀǎǘ ƻƴŜ ƴŜƛƎƘōƻǳǊ ƻŦ ƎƛǾŜƴ ŎŜƭƭ ƛǎ ǎŜǘ ǘƻ ȊŜǊƻΦ bƻǘŜ ǘƘŀǘ ǳƴƛƴƛǘƛŀƭƛȊŜŘ 

ŎŜƭƭǎ ŀǊŜ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ȊŜǊƻŜǎΦ {ƻΣ ƛƳǇƭŜƳŜƴǘƛƴƎ ōǊǳǘŜŦƻǊŎŜ ŦƻǊ ŜǾŜǊȅ ǇƻǎǎƛōƭŜ ǘŜǎǘŎŀǎŜ ǳǎƛƴƎ ǘƘŜǎŜ ǘǿƻ 

ŎǳǘƻŦŦ ǇǊƻŘǳŎŜǎ ŀƴǎǿŜǊǎ ƛƴ ŀ ŦŜǿ ǎŜŎƻƴŘǎΦ 
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Problem R1 06 : Font Size (ID: 18530 ) 

Time Limit: 0.133 second 

Memory Limit: 1536 MB 

 

WƻƘƴ ōƻǳƎƘǘ ŀ ōƛƭƭōƻŀǊŘΦ IŜ ƪƴƻǿǎ ǿƘŀǘ ǘŜȄǘ ƘŜ ǿŀƴǘǎ ǘƻ Ǉǳǘ ƻƴ ƛǘΣ ŀƴŘ ƘŜ Ƙŀǎ ŎƘƻǎŜƴ ŀ ƳƻƴƻǎǇŀŎŜ Ŧƻƴǘ ǘƻ 
ǳǎŜΣ ōǳǘ ƘŜ ŘƻŜǎƴϥǘ ƪƴƻǿ ǿƘŀǘ ǘƘŜ Ŧƻƴǘ ǎƛȊŜ ǎƘƻǳƭŘ ōŜΦ 

bŀǘǳǊŀƭƭȅΣ WƻƘƴ ǿŀƴǘǎ ǘƻ ǳǎŜ ǘƘŜ ƭŀǊƎŜǎǘ Ŧƻƴǘ ǎƛȊŜ ǇƻǎǎƛōƭŜΦ 

{ƛȊƛƴƎ ǿƻǊƪǎ ŀǎ ŦƻƭƭƻǿǎΥ 

ω ¢ƘŜ ƘŜƛƎƘǘ ƻŦ ŀ ƭƛƴŜ ƛǎ ǘƘŜ Ŧƻƴǘ ǎƛȊŜΦ 
ω ¢ƘŜ ǿƛŘǘƘ ƻŦ ŀ ŎƘŀǊŀŎǘŜǊ ƛǎ ǘǿƻπǘƘƛǊŘǎ ƻŦ ǘƘŜ Ŧƻƴǘ ǎƛȊŜΦ 
ω [ƛƴŜǎ Ŏŀƴ ƻƴƭȅ ōǊŜŀƪ ōŜǘǿŜŜƴ ǘƘŜ ǎǇŀŎŜπǎŜǇŀǊŀǘŜŘ ǿƻǊŘǎΦ 
ω LŦ ŀ ǎǇŀŎŜ ŜǾŜǊ Ŧŀƭƭǎ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻǊ ŜƴŘ ƻŦ ŀ ƭƛƴŜΣ ƛǘ ƛǎ ƻƳƛǘǘŜŘΦ 

5ƻƴϥǘ ǿƻǊǊȅ ŀōƻǳǘ ŘŜǘŀƛƭǎ ƭƛƪŜ ƪŜǊƴƛƴƎ ŀƴŘ ƭƛƴŜ ǎǇŀŎƛƴƎΦ 

LƴǇǳǘ 

¢ƘŜ ŦƛǊǎǘ ƭƛƴŜ ƛǎ ǘƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ ōƛƭƭōƻŀǊŘ ƛƴ ƛƴŎƘŜǎȟπ ὡ χυππΣ ŀƴŘ ǘƘŜ ƘŜƛƎƘǘ ƻŦ ǘƘŜ ōƛƭƭōƻŀǊŘ ƛƴ ƛƴŎƘŜǎΣ 
π Ὄ χυππΦ  

¢ƘŜ ǘƘƛǊŘ ƭƛƴŜ ƛǎ ǘƘŜ ƴƻƴπŜƳǇǘȅ ƳŜǎǎŀƎŜΣ ǿƘƛŎƘ ƛǎ ŎƻƳǇǊƛǎŜŘ ƻŦ ŀƭǇƘŀƴǳƳŜǊƛŎ ǿƻǊŘǎ ǎŜǇŀǊŀǘŜŘ ōȅ ǎƛƴƎƭŜ 
ǎǇŀŎŜǎΦ ¢ƘŜ ƳŜǎǎŀƎŜ ƛǎ Ƴƻǎǘ ρπȟπππ ŎƘŀǊŀŎǘŜǊǎ ƭƻƴƎΦ 

hǳǘǇǳǘ 

tǊƛƴǘ ǘƘŜ ƳŀȄƛƳǳƳ ǇƻǎǎƛōƭŜ Ŧƻƴǘ ǎƛȊŜΣ ƛƴ ƛƴŎƘŜǎΦ ¸ƻǳǊ ŀƴǎǿŜǊ Ƴǳǎǘ ōŜ ŀŎŎǳǊŀǘŜ ǘƻ ǿƛǘƘƛƴ лΦллм ƻŦ ǘƘŜ ŀŎǘǳŀƭ 
ǾŀƭǳŜΦ 
 
{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
60 25  

The lazy brown dog  
10 

 

LƴǇǳǘ hǳǘǇǳǘ 
50 50  

The lazy brown dog  
12.5  
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Solution: 

 
¢Ƙƛǎ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ŜŀǎƛŜǎǘ ǇǊƻōƭŜƳǎ ƛƴ ǘƘƛǎ ȅŜŀǊϥǎ .ǳōōƭŜ /ǳǇ ǉǳŀƭƛŦƛŎŀǘƛƻƴ ǊƻǳƴŘǎΦ  

tǊƻōƭŜƳ ǎƻƭǳǘƛƻƴ όƳŀȄƛƳǳƳ ǇƻǎǎƛōƭŜ Ŧƻƴǘ ǎƛȊŜύ Ŏŀƴ ōŜ ōƛƴŀǊȅ ǎŜŀǊŎƘŜŘΣ ōŜŎŀǳǎŜ ƛŦ ƛǘ Ŏŀƴ ōŜ ǿǊƛǘǘŜƴ ƛƴ ƎƛǾŜƴ 

Ŧƻƴǘ ǎƛȊŜΣ ƛǘ Ŏŀƴ ŎŜǊǘŀƛƴƭȅ ōŜ ŘƻƴŜ ŦƻǊ ǎƳŀƭƭŜǊ ŦƻƴǘΦ [Ŝǘ ǘƘŜ ŎǳǊǊŜƴǘ Ŧƻƴǘ ǎƛȊŜ ōŜ ƪΦ ²Ŝ Ŏŀƴ ŘŜǘŜǊƳƛƴŜ ƛŦ ǿŜ Ŏŀƴ 

ǿǊƛǘŜ ǘŜȄǘ ǿƛǘƘ ǘƘƛǎ Ŧƻƴǘ ǎƛȊŜ ōȅ ŦƻƭƭƻǿƛƴƎ ƎǊŜŜŘȅ ŀƭƎƻǊƛǘƘƳΥ ǿŜ Ǝƻ ǘƘǊƻǳƎƘ ŀƭƭ ǘƘŜ ǿƻǊŘǎ ŦǊƻƳ ǘƘŜ ǘŜȄǘ ŀƴŘ ǿŜ 

ŀŘŘ ǘƘŜ ǿƻǊŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ƭƛƴŜ ŀǎ ƭƻƴƎ ŀǎ ƛǘ ƛǎ ǇƻǎǎƛōƭŜΦ LŦ ǿƘŜƴ ŀŘŘƛƴƎ ǘƘŜ ǿƻǊŘǎ ǿŜ ƳƻǾŜ ǘƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ 

ōƛƭƭōƻŀǊŘΣ ǘƘŜƴ ǿŜ Ƴǳǎǘ ƛƴŎǊŜŀǎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƭƛƴŜǎΦ .ȅ ŘƻƛƴƎ ǘƘŀǘΣ ǿŜ ǎƘƻǳƭŘ Ǉŀȅ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ǿƛŘǘƘ ƻŦ 

ǘƘŜ ǎǇŀŎŜ ōŜǘǿŜŜƴ ǿƻǊŘǎΦ LŦΣ ŀŦǘŜǊ ǿŜ ƘŀǾŜ ǇǊƻŎŜǎǎŜŘ ŀƭƭ ǘƘŜ ǿƻǊŘǎΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƘŜ Ǌƻǿǎ ǘƛƳŜ Ŧƻƴǘ ǎƛȊŜ ƛǎ 

ŦŜǿŜǊ ǘƘŀƴ ǘƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ ōƛƭƭōƻŀǊŘΣ ǘƘŜƴ ǘƘŀǘ Ŧƻƴǘ ǎŀǘƛǎŦƛŜǎ ǘƘŜ ŎƻƴŘƛǘƛƻƴǎΣ ƻǘƘŜǊǿƛǎŜ ƛǘ ŘƻŜǎƴϥǘΦ 
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Problem  R1 07: Michel and the championship (ID: 10730 ) 

Time Limit: 1.542 second 

Memory Limit: 1536 MB 

 

aƛŎƘŜƭ ƛǎ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ŀ ŎƘŀƳǇƛƻƴǎƘƛǇ ǿƘŜǊŜ ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘ Ƙŀǎ ὴ π Ὥ ὔ ρ ǇƻƛƴǘǎΦ IŜ ƪƴƻǿǎ 
ŦƻǊ ǎƻƳŜ ǇŀƛǊǎ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƴ ƛƴŜǉǳŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ Ǉƻƛƴǘǎ ƻŦ ŜŀŎƘ ƻƴŜΣ ƛƴ ǘƘŜ ŦƻǊƳ ὴ ὴ ὅΦ bƻǿ 
ƘŜ ǿŀƴǘǎ ǘƻ ƪƴƻǿ ƛŦ Ƙƛǎ Řŀǘŀ ƛǎ ŎƻǊǊŜŎǘΣ ƛΦŜΦ ƛŦ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ŀǎǎƛƎƴ Ǉƻƛƴǘǎ ŦƻǊ ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘ ŀƴŘ ǎŀǘƛǎŦȅ ŀƭƭ 
ƛƴŜǉǳŀƭƛǘƛŜǎΦ 
LƴǇǳǘ 

¢ƘŜ ƛƴǇǳǘ Ŏƻƴǎƛǎǘǎ ƻŦ ǎŜǾŜǊŀƭ ǘŜǎǘ ŎŀǎŜǎ όŀǘ Ƴƻǎǘ мрлύΦ ¢ƘŜ ŦƛǊǎǘ ƭƛƴŜ ƻŦ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜ Ŏƻƴǎƛǎǘǎ ƻŦ ǘǿƻ ƛƴǘŜƎŜǊǎ 
ὔ ŀƴŘ ὓ ρ ὔ υππȟπ ὓ υπππȢ ¢ƘŜƴ Ŧƻƭƭƻǿ ὓ ƭƛƴŜǎ ƻŦ ǘƘǊŜŜ ƛƴǘŜƎŜǊǎ ὃΣ ὄ ŀƴŘ ὅΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ 
ὴ ὴ  ὅ π ὃȟὄ ὔ ρȟȿὅȿ ςππππȢ 

hǳǘǇǳǘ 

tǊƛƴǘ ŀ ǎƛƴƎƭŜ ƭƛƴŜ ŦƻǊ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜ ǿƛǘƘ ϥȅϥ ƛŦ ǘƘŜ Řŀǘŀ ƛǎ ǾŀƭƛŘ ƻǊ ϥƴϥ ƛŦ ƛǘΩǎ ƴƻǘΦ 
 
{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
2 2  

0 1 2  

1 0 2  

4 4  

0 1 1  

1 2 1  

2 3 - 2 

3 0 1  

4 4  

0 1 1  

1 2 1  

2 3 - 3 

3 0 1  

n 

n 

y 
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Solution: 

 
²Ŝ ƘŀǾŜ ǎƻƳŜ ŎƻƴǎǘǊŀƛƴǘǎ ὴὭ  ὴὭ  ὧ ƛƴ ƛƴǇǳǘ ŘŀǘŀΦ ¢Ƙƛǎ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŎƻƴǎǘǊŀƛƴǘǎ ὴὭ ὴὭ ὧ όǿŜ 
Ŏŀƴ Ƨǳǎǘ ƳǳƭǘƛǇƭȅ ōƻǘƘ ǇŀǊǘǎ ōȅ ϺρύΦ ¢ƘŜǎŜ ƛƴŜǉǳŀƭƛǘƛŜǎ ǊŜƳƛƴŘ ƻŦ ŘƛǎǘŀƴŎŜǎ ƛƴ ŘƛǊŜŎǘŜŘ ǿŜƛƎƘǘŜŘ ƎǊŀǇƘ ǿƛǘƘ 
ǎǘŀǊǘ ǾŜǊǘŜȄ ίΥ ƛŦ Ὠ ƛǎ ǎƘƻǊǘŜǎǘ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǾŜǊǘŜȄ ί ǘƻ ὺΣ ǘƘŜƴ ŦƻǊ ŜŀŎƘ ŜŘƎŜ ŦǊƻƳ ὺ ǘƻ ό ǿƛǘƘ Ŏƻǎǘ ὧ ŎƻƴŘƛǘƛƻƴ 
Ὠ Ὠ ὧ ƛǎ ǎŀǘƛǎŦƛŜŘΦ 
 
{ƻΣ ƭŜǘΩǎ ŎǊŜŀǘŜ ŀ ƎǊŀǇƘΣ ŜŀŎƘ ǾŜǊǘŜȄ ƻŦ ƛǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǇŀǊǘƛŎƛǇŀƴǘ ƻŦ ǘƻǳǊƴŀƳŜƴǘΣ ŀƴŘ ŜŘƎŜ ŦǊƻƳ ǾŜǊǘŜȄ ὺ 
ǘƻ ǾŜǊǘŜȄ ό ǿƛǘƘ Ŏƻǎǘ ὧ ƳŜŀƴǎΣ ǘƘŀǘ ǿŜ ƘŀǾŜ ŎƻƴǎǘǊŀƛƴǘ ὴ ὴ  ὧΦ !ƭǎƻ ǿŜ ƘŀǾŜ ŦƛŎǘƛǾŜ ǾŜǊǘŜȄ ί ŀƴŘ ŜŘƎŜǎ 
ŦǊƻƳ ί ǘƻ ŜŀŎƘ ǾŜǊǘŜȄ ƻŦ ƻǊƛƎƛƴŀƭ ƎǊŀǇƘ ǿƛǘƘ Ŏƻǎǘ лΦ 
LŦ ǿŜ ŦƛƴŘ ǎƘƻǊǘŜǎǘ ŘƛǎǘŀƴŎŜǎ ŦǊƻƳ ί ǘƻ ŜŀŎƘ ǾŜǊǘŜȄ ƛƴ ǎǳŎƘ ƎǊŀǇƘΣ ǘƘŜƴ ὴ  Ὠ ǿƛƭƭ ōŜ ŀƴǎǿŜǊΦ 
Lǘ ƳŜŀƴǎΣ ǘƘŀǘ ƛŦ ƛƴǇǳǘ Řŀǘŀ ƛǎ ƛƴŎƻǊǊŜŎǘΣ ǘƘŜƴ ǿŜ ŎŀƴΩǘ ŦƛƴŘ ǎƘƻǊǘŜǎǘ ŘƛǎǘŀƴŎŜǎ ǘƻ ŜŀŎƘ ǾŜǊǘŜȄΣ ǎƻ ƛƴ ƎǊŀǇƘ ǘƘŜǊŜ 
ƛǎ ƴŜƎŀǘƛǾŜ ŎȅŎƭŜΦ Lƴ ƻǘƘŜǊ ŎŀǎŜ Řŀǘŀ ƛǎ ŎƻǊǊŜŎǘΦ CƻǊ ŘŜǘŜǊƳƛƴƛƴƎ ƛŦ ǘƘŜǊŜ ƛǎ ƴŜƎŀǘƛǾŜ ŎȅŎƭŜ ƛƴ ŎƻƴǎǘǊǳŎǘŜŘ ƎǊŀǇƘ 
όǿŜ ŘƻƴΩǘ ŜǾŜƴ ƴŜŜŘ ǘƻ ŦƛƴŘ ƛǘύ ǿŜ Ŏŀƴ ǳǎŜ CƻǊŘπ.ŜƭƭƳŀƴ ŀƭƎƻǊƛǘƘƳ ǿƛǘƘ ŎƻƳǇƭŜȄƛǘȅ ὕὔẗὓΦ 
 
Cƛƴŀƭ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǎƻƭǳǘƛƻƴ ƛǎ ὕὝẗὔẗὓΦ 

Added by: Marcos Kawakami 
Resource: Guilherme Souza (guirns) 
Solution by:  

Name:  Nikita Podguzov 
School: Saint Petersburg Academic University 
E-mail: npodguzov@yandex.ru 
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Problem R1 08 : The Indian Ocean (ID: 16128 ) 

Time Limit: 1-60 second 

Memory Limit: 1536 MB 

 

{ŀƭƛƳ ƛǎ ŀ ǇŀǊǘ ƻŦ ¢I9 Lb5L!b h/9!b .!b5Φ 9ŀŎƘ ƳǳǎƛŎƛŀƴ ƻŦ ǘƘŜ ōŀƴŘ Ƙŀǎ ŀƭǊŜŀŘȅ ŘŜŎƛŘŜŘ ǿƘŀǘ ǎƻǳƴŘ ǿƛƭƭ 
ƘŜ Ǉƭŀȅ όŦƻǊ ǘƘŜ ǎŀƪŜ ƻŦ ǎƛƳǇƭƛŎƛǘȅ ǿŜ ŀǎǎǳƳŜ ŜŀŎƘ ƳǳǎƛŎƛŀƴ Ǉƭŀȅǎ ƻƴƭȅ ƻƴŜ ǎƻǳƴŘύΦ ²Ŝ ǎŀȅ ǘǿƻ ǎƻǳƴŘǎ ŀǊŜ ƛƴ 
ƘŀǊƳƻƴȅ ƛŦ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ŀƴȅ ƻƴŜ ƻŦ ǘƘŜƳ ŘƛǾƛŘŜǎ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ ƻǘƘŜǊ όǘƘŀǘϥǎ ŀ ǇǊŜǘǘȅ ǊŜǎǘǊƛŎǘƛǾŜ 
ƛŘŜŀ ƻŦ ƘŀǊƳƻƴȅΣ ōǳǘ ¢I9 Lb5L!b h/9!b{ ŀǊŜ ƪƴƻǿƴ ǘƻ ōŜ ǾŜǊȅ ŎƻƴǎŜǊǾŀǘƛǾŜ ƛƴ ƳǳǎƛŎύΦ {ŀƭƛƳ ƪƴƻǿǎ ǘƘŀǘ ǘƘŜ 
ƴƻǘŜǎ ǇƭŀȅŜŘ ōȅ ƻǘƘŜǊ ǇƭŀȅŜǊǎ ŀǊŜ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƛƴ ƘŀǊƳƻƴȅ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΦ IŜ ǿŀƴǘǎ Ƙƛǎ ƻǿƴ ƴƻǘŜ ǘƻ 
ƛƳǇǊƻǾŜ ǘƘŜ ƳǳǎƛŎΣ ǎƻ ƘŜ ǿŀƴǘǎ ǘƻ ŎƘƻƻǎŜ Ƙƛǎ ƴƻǘŜ ǎƻ ǘƘŀǘ ƛǘ ƛǎ ƛƴ ƘŀǊƳƻƴȅ ǿƛǘƘ ǘƘŜ ƴƻǘŜǎ ŀƭƭ ǘƘŜ ƻǘƘŜǊ 
ƳǳǎƛŎƛŀƴǎ ǇƭŀȅΦ 

bƻǿΣ ǘƘƛǎ ǎƻǳƴŘǎ ǎƛƳǇƭŜ όŀǎ ŀƭƭ ǘƘŜ ŦǊŜǉǳŜƴŎƛŜǎ ŀǊŜ ǇƻǎƛǘƛǾŜ ƛƴǘŜƎŜǊǎΣ ƛǘ ǿƻǳƭŘ ōŜ ŜƴƻǳƎƘ ŦƻǊ {ŀƭƛƳ ǘƻ Ǉƭŀȅ ǘƘŜ 
ƴƻǘŜ ǿƛǘƘ ŦǊŜǉǳŜƴŎȅ мΣ ƻǊΣ ŦǊƻƳ ǘƘŜ ƻǘƘŜǊ ǎƛŘŜΣ ǘƘŜ [Ŝŀǎǘ /ƻƳƳƻƴ aǳƭǘƛǇƭŜ ƻŦ ŀƭƭ ǘƘŜ ƻǘƘŜǊ ƴƻǘŜǎύΣ ōǳǘ 
ǳƴŦƻǊǘǳƴŀǘŜƭȅ {ŀƭƛƳϥǎ ƛƴǎǘǊǳƳŜƴǘ Ƙŀǎ ƻƴƭȅ ŀ ƭƛƳƛǘŜŘ ǊŀƴƎŜ ƻŦ ƴƻǘŜǎ ŀǾŀƛƭŀōƭŜΦ IŜƭǇ {ŀƭƛƳ ŦƛƴŘ ƻǳǘ ƛŦ ǇƭŀȅƛƴƎ ŀ 
ƴƻǘŜ ƘŀǊƳƻƴƛƻǳǎ ǿƛǘƘ ŀƭƭ ƻǘƘŜǊǎ ƛǎ ǇƻǎǎƛōƭŜΦ 

 
LƴǇǳǘ 

¢ƘŜ ŦƛǊǎǘ ƭƛƴŜ ƻŦ ǘƘŜ ƛƴǇǳǘ ƎƛǾŜǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘŜǎǘ ŎŀǎŜǎΣ ὝΦ Ὕ ǘŜǎǘ ŎŀǎŜǎ ŦƻƭƭƻǿΦ 9ŀŎƘ ǘŜǎǘ ŎŀǎŜ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ 
ǘǿƻ ƭƛƴŜǎΦ ¢ƘŜ ŦƛǊǎǘ Ŏƻƴǘŀƛƴǎ ǘƘǊŜŜ ƴǳƳōŜǊǎΥ ὔΣ ὒ ŀƴŘ ὌΣ ŘŜƴƻǘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƻǘƘŜǊ ǇƭŀȅŜǊǎΣ ǘƘŜ ƭƻǿŜǎǘ 
ŀƴŘ ǘƘŜ ƘƛƎƘŜǎǘ ƴƻǘŜ {ŀƭƛƳϥǎ ƛƴǎǘǊǳƳŜƴǘ Ŏŀƴ Ǉƭŀȅ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǎŜŎƻƴŘ ƭƛƴŜ Ŏƻƴǘŀƛƴǎ ὔ ƛƴǘŜƎŜǊǎ ŘŜƴƻǘƛƴƎ 
ǘƘŜ ŦǊŜǉǳŜƴŎƛŜǎ ƻŦ ƴƻǘŜǎ ǇƭŀȅŜŘ ōȅ ǘƘŜ ƻǘƘŜǊ ǇƭŀȅŜǊǎΦ 

ρ  Ὕ  τπȢ  

ρ  ὔ  ρπȢ  

ρ  ὒ  Ὄ  ρπ  

!ƭƭ ǘƘŜ ŦǊŜǉǳŜƴŎƛŜǎ ŀǊŜ ƴƻ ƭŀǊƎŜǊ ǘƘŀƴ ρπΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜΣ ƻǳǘǇǳǘ ƻƴŜ ƭƛƴŜ ŎƻƴǘŀƛƴƛƴƎ Ϧ/ŀǎŜ ІȄΥ ȅϦΣ ǿƘŜǊŜ Ȅ ƛǎ ǘƘŜ ŎŀǎŜ ƴǳƳōŜǊ όǎǘŀǊǘƛƴƎ ŦǊƻƳ мύ ŀƴŘ 
ȅ ƛǎ ŜƛǘƘŜǊ ǘƘŜ ǎǘǊƛƴƎ ϦbhϦ όƛŦ {ŀƭƛƳ Ŏŀƴƴƻǘ Ǉƭŀȅ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ƴƻǘŜύΣ ƻǊ ŀ ǇƻǎǎƛōƭŜ ŦǊŜǉǳŜƴŎȅΦ LŦ ǘƘŜǊŜ ŀǊŜ 
ƳǳƭǘƛǇƭŜ ŦǊŜǉǳŜƴŎƛŜǎ {ŀƭƛƳ ŎƻǳƭŘ ǇƭŀȅΣ ƻǳǘǇǳǘ ǘƘŜ ƭƻǿŜǎǘ ƻƴŜΦ 
 
{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
3 

3 2 100  

3 5 7  

4 8 16  

1 20 5 2  

2 5 10000000000000000  

9999999999999606 9999999999999822  

Case #1: NO  

Case #2: 10  

Case #3: 6  

 

 

 
 

 

Solution: 

 
DƛǾŜƴ ŀǊǊŀȅ ƻŦ ŦǊŜǉǳŜƴŎƛŜǎ ὃ ŀƴŘ ǊŀƴƎŜ ƻŦ ƴŜǿ ŦǊŜǉǳŜƴŎȅ ὰέȟὬὭ ǿƘƛŎƘ Ƴǳǎǘ ǎŀǘƛǎŦȅ ŎƻƴŘƛǘƛƻƴ ǘƘŀǘ ŦƻǊ ŀƭƭ 
ƴǳƳōŜǊǎ ƛƴ ǘƘŜ ƎƛǾŜƴ ŀǊǊŀȅΣ ὃ ƛǎ ƛǘǎ ƳǳƭǘƛǇƭƛŜǊ ƻǊ ŘƛǾƛǎƻǊΦ 

!ǎǎǳƳŜ ǘƘŀǘ ὢ ƛǎ ǊŜǉǳƛǊŜŘ ǾŀƭǳŜ ƻŦ ƴŜǿ ŦǊŜǉǳŜƴŎȅΦ ¢Ƙŀǘ ƳŜŀƴǎ ǘƘŀǘ ὢ ƛǎ ǘƘŜ ƳǳƭǘƛǇƭƛŜǊ ƻŦ ŀƭƭ ǘƘŜ ƴǳƳōŜǊǎ ὃ 
ǿƘƛŎƘ ŀǊŜ ƭŜǎǎ ǘƘŀƴ ὢ ŀƴŘ ŘƛǾƛǎƻǊ ƻŦ ŀƭƭ ƴǳƳōŜǊǎ ὃ ǿƘƛŎƘ ŀǊŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ὢΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ὢ ƛǎ ǘƘŜ ŘƛǾƛǎƻǊ 
ƻŦ D/5 ƻŦ ŀƭƭ ǘƘŜ ƴǳƳōŜǊǎ ǘƘŀǘ ŀǊŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ὢ ŀƴŘ ǘƘŜ ƳǳƭǘƛǇƭƛŜǊ ƻŦ [/a ƻŦ ŀƭƭ ǘƘŜ ƴǳƳōŜǊǎ ǘƘŀǘ ŀǊŜ ƭŜǎǎ 
ǘƘŀƴ ὢΦ 
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[ŜǘΩǎ ǎƻǊǘ ŀǊǊŀȅ ὃ ŀƴŘ ƻōǎŜǊǾŜ [/aπǇǊŜŦƛȄŜǎ ŀƴŘ D/5πǎǳŦŦƛȄŜǎΥ 

π ὃ ὃ ὃ Ễ ὃ  

π Ὃ ÇÃÄ ὃȟὃ ȟὃ ȟȣȟὃ   

π ὒ ὰὧάὃȟὃȟὃȟȣȟὃ  ŀƴŘ ὒ ρ 

CƻǊ ǎƻƳŜ ŦƛȄŜŘ Ǉƻǎƛǘƛƻƴ Ὥ ρ  Ὥ  ὔΣ ŦǊŜǉǳŜƴŎȅ ὢ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƎƻƻŘ ƛŦΥ  

ὒ  ȿ ὢ ŀƴŘ ὢ ȿ Ὃ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ὒ ȿ Ὃ ƘƻƭŘǎΣ ǘƘŜƴ ὢ Ŏŀƴ ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎΥ ὢ Ὧẗὒ  ǿƘŜǊŜ Ë ƛǎ 

ŘƛǾƛǎƻǊ ƻŦ  

CƻǊ ŜŀŎƘ Ὥ ǘƘŀǘ ǎŀǘƛǎŦƛŜǎ ὒ ȿ ὋΣ ǿŜ ƴŜŜŘ ǘƻ ŎƘŜŎƪ ƛŦ ǘƘŜǊŜ ŜȄƛǎǘǎ ŀ ŦǊŜǉǳŜƴŎȅ ƛƴ ǘƘŜ ƎƛǾŜƴ ǊŀƴƎŜ ὰέȟὬὭΦ  

[ŜǘΩǎ ŘŜŦƛƴŜ ŦǳƴŎǘƛƻƴ ὧὬὩὧὯὼȟώ ǿƘƛŎƘ ǿƛƭƭ Řƻ Ƨǳǎǘ ǘƘŀǘΥ ὼ ƛǎ Ŝǉǳŀƭ ǘƻ όὋὭȾὒ ύΣ ŀƴŘ ȅ ƛǎ Ŝǉǳŀƭ ǘƻ ὒ Φ 
CǳƴŎǘƛƻƴ ǿƛƭƭ Ǉŀǎǎ ǘƘǊƻǳƎƘ ŀƭƭ ŦŀŎǘƻǊǎ Ὧ ƻŦ ƴǳƳōŜǊ ὼΣ ŀƴŘ ŎƘŜŎƪ ǿƘŜǘƘŜǊ ŦǊŜǉǳŜƴŎȅ ὒ  z Ὧ ƛǎ ǿƛǘƘƛƴ ƎƛǾŜƴ 
ǊŀƴƎŜΦ hƴŜ ǿŀȅ ǘƻ ŦƛƴŘ ŀƭƭ ŦŀŎǘƻǊǎ ƻŦ ŀ ƴǳƳōŜǊ ὼΣ ǿƘƛŎƘ ǿŜ ǿƛƭƭ ǳǎŜΣ ƛǎ ǘƻ ŦŀŎǘƻǊƛȊŜ ὼ ŦƛǊǎǘΦ ¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ 
ǿƘƻƭŜ ǇǊƻŎŜŘǳǊŜ ŎƘŜŎƪ ƛǎ ŘŜǎŎǊƛōŜŘ ōŜƭƻǿΦ 

¢ƘŜǊŜ ƛǎ ƻƴŜ ŎŀǎŜ ƭŜŦǘ ǿƘŜƴ ŦǊŜǉǳŜƴŎȅ ὢ ƛǎ ǘƘŜ ƳǳƭǘƛǇƭƛŜǊ ƻŦ ŀƭƭ ǘƘŜ ƴǳƳōŜǊǎ ƛƴ ǘƘŜ ƎƛǾŜƴ ŀǊǊŀȅΦ 

¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ŘŜǘŜǊƳƛƴŀǘƛƻƴ 

{ƻǊǘƛƴƎ ŀƴŘ ŎŀƭŎǳƭŀǘƛƴƎ [/aπǇǊŜŦƛȄŜǎ ŀƴŘ D/5πǎǳŦŦƛȄŜǎ Ŏŀƴ ōŜ ŘƻƴŜ ƛƴ ὕὔ ὰέὫ ὔ ǿƘŜǊŜ ὔ ƛǎ ǘƘŜ ǎƛȊŜ ƻŦ ŀǊǊŀȅ 
ὃΦ ¢ƘŜ ƘŀǊŘ ǇŀǊǘ ƛǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ŎƻƳǇƭŜȄƛǘȅ ŦƻǊ Ŏŀƭƭǎ ƻŦ ŦǳƴŎǘƛƻƴ ŎƘŜŎƪΦ 

bǳƳōŜǊ ƻŦ ŦŀŎǘƻǊǎ ƻŦ ǘƘŜ ƴǳƳōŜǊ ὲ ƛǎ ƴƻǘ ƎǊŜŀǘŜǊ ǘƘŀƴ ςЍὲ όƛƴ ŦŀŎǘΣ ǘƘŜ ƎǊŜŀǘŜǎǘ ƴǳƳōŜǊ ƻŦ ŦŀŎǘƻǊǎ ǘƘŀǘ ƎƛǾŜƴ 

ŦǊŜǉǳŜƴŎȅ Ƴŀȅ ƘŀǾŜ ƛǎ ƭŜǎǎ ǘƘŀƴ ρπύΦ CŀŎǘƻǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƴǳƳōŜǊ ὲ Ŏŀƴ ōŜ ŘƻƴŜ ƛƴ ŎƻƳǇƭŜȄƛǘȅ ὕЍὲ ǿƘƛŎƘ 

ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǎƛƴƎƭŜ Ŏŀƭƭ ƻŦ ŦǳƴŎǘƛƻƴ ὧὬὩὧὯὼȟώ ƛǎ ὕЍὼΦ [ŜǘΩǎ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƻǾŜǊŀƭƭ 
ŎƻƳǇƭŜȄƛǘȅ ŦƻǊ ŀƭƭ ǘƘŜ Ŏŀƭƭǎ ƻŦ ὧὬὩὧὯΦ 

bƻǘƛŎŜ ǘƘŀǘ Ὃ  ὃΣ ŀƴŘ ὒ   ὃ Σ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ƛƴŜǉǳŀƭƛǘȅ    ƘƻƭŘǎΦ [Ŝǘ ὼȟὼȟȢȢȢὼ ōŜ 

ŜǾŜǊȅ ὼ ǘƘŀǘ ƛǎ ŎŀƭƭŜŘ ƛƴ ŦǳƴŎǘƛƻƴ ὧὬὩὧὯΦ ¢ƘŜƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜƭŀǘƛƻƴǎ ƘƻƭŘǎΥ 

 ŦƻǊ ŜŀŎƘ ƛ ŦƻǊ ǿƘƛŎƘ ǿŜ ǿƛƭƭ Ŏŀƭƭ ŎƘŜŎƪ 

{ƛƴŎŜ !ƛκ!ƛπм җ мΣ ǘƘŜ ŀōƻǾŜ ŜȄǇǊŜǎǎƛƻƴǎ ŀƭƭ ƭŜǎǎ ǘƘŀƴ ƻǊ Ŝǉǳŀƭ ǘƻΥ 
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¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ŀƭƭ Ȅ ƛƴ ǘƘŜ Ŏŀƭƭǎ ƻŦ ŎƘŜŎƪόȄΣ ȅύ ƛǎ ƭŜǎǎ ǘƘŀƴ ƻǊ Ŝǉǳŀƭ ǘƻ ǘƘŜ ƎǊŜŀǘŜǎǘ ƴǳƳōŜǊ !ƛ 
όǿƘƛŎƘ ƛǎ ƭŜǎǎ ǘƘŀƴ млмсύΦ [Ŝǘ ώ ÌÏÇὼΦ ¢ƘŜƴ ŀōƻǾŜ ƛƴŜǉǳŀƭƛǘƛŜǎ Ŏŀƴ ōŜ ǿǊƛǘǘŜƴ ŀǎΥ 

ώ ώ Ễ ώ ÌÏÇὃ όǿƘŜǊŜ ὃ ƛǎ ǘƘŜ ƎǊŜŀǘŜǎǘ ǾŀƭǳŜ ƻŦ ὃύ 

{ƛƴŎŜ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ŦƻǊ ǎƛƴƎƭŜ Ŏŀƭƭ ƻŦ ŎƘŜŎƪ ŦƻǊ ǎƻƳŜ ǇŀǊŀƳŜǘŜǊ ὼ ƛǎ ὕ ὼ ǿƘƛŎƘ ƛǎ ὕς Σ ǘƘŜ ƻǾŜǊŀƭƭ 

ŎƻƳǇƭŜȄƛǘȅ ŦƻǊ ŀƭƭ ǘƘŜ Ŏŀƭƭǎ ƻŦ ŎƘŜŎƪ ƛǎΥ ὕς    ς   ȢȢȢ ς Φ 

{ƛƴŎŜ ς ς ς ρΣ ǘƘŜƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜƭŀǘƛƻƴǎ ƘƻƭŘǎΥ 
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{ƛƴŎŜ ὼẗȣẗὼ Σ ǘƘŜ ƻǾŜǊŀƭƭ ŎƻƳǇƭŜȄƛǘȅ ŦƻǊ ŀƭƭ ǘƘŜ Ŏŀƭƭǎ ƻŦ ŦǳƴŎǘƛƻƴ ŎƘŜŎƪ ƛǎ ὕЍὃΦ tǊŜŎƻƳǇǳǘƛƴƎ 

ŀƭƭ ǘƘŜ ǇǊƛƳŜǎ ōŜƭƻǿ ρπ ǿƻǳƭŘ ƭŜŀŘ ǘƻ ǎƻƭǳǘƛƻƴ ǿƛǘƘ ƻǾŜǊŀƭƭ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ὕЍὃ Ⱦ ὰέὫ ὃ ŦƻǊ ŀƭƭ ǘƘŜ Ŏŀƭƭǎ ƻŦ 
ŦǳƴŎǘƛƻƴ ŎƘŜŎƪΦ {ƛƴŎŜ Ὧ ρ ƛǎ ƭŜǎǎ ǘƘŀƴ ƻǊ Ŝǉǳŀƭ ǘƻ ὔ ŀƴŘ ŘƻŜǎƴΩǘ ŀŦŦŜŎǘ ŎƻƳǇƭŜȄƛǘȅΣ ǘƘŜ ƻǾŜǊŀƭƭ ŎƻƳǇƭŜȄƛǘȅ ƛǎ 

ὕὔ ὰέὫ ὔ  Ѝὃ Ⱦ ὰέὫ ὃ ǇŜǊ ǘŜǎǘ ŎŀǎŜΦ 

 

Added by: Gaurav Jain 
Solution by:  

Name:  Tonko {ŀōƻƭőŜŎ 
School: XV gimnazija, Zagreb 

E-mail: tonkosi123@gmail.com 
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Problem R1 09 : Breaking Chocolates (ID: 6499 ) 

Time Limit: 0.623 second 

Memory Limit: 1536 MB 

 

.ƻǊŜŘ ƻŦ ǎŜǘǘƛƴƎ ǇǊƻōƭŜƳǎ ŦƻǊ .ȅǘŜŎƻŘŜΣ ±ŜƴƪŀǘŜǎƘ ŀƴŘ !ƪƘƛƭ ŘŜŎƛŘŜŘ ǘƻ ǘŀƪŜ ǎƻƳŜ ǘƛƳŜ ƻŦŦ ŀƴŘ ǎǘŀǊǘŜŘ ǘƻ 
Ǉƭŀȅ ŀ ƎŀƳŜΦ ¢ƘŜ ƎŀƳŜ ƛǎ ǇƭŀȅŜŘ ƻƴ ŀƴ wϝ/ ōŀǊ ƻŦ ŎƘƻŎƻƭŀǘŜ ŎƻƴǎƛǎǘƛƴƎ ƻŦ .ƭŀŎƪ ŀƴŘ ²ƘƛǘŜ ŎƘƻŎƻƭŀǘŜ ŎŜƭƭǎΦ 
.ƻǘƘ ƻŦ ǘƘŜƳ Řƻ ƴƻǘ ƭƛƪŜ ōƭŀŎƪ ŎƘƻŎƻƭŀǘŜΣ ǎƻ ƛŦ ǘƘŜ ōŀǊ Ŏƻƴǎƛǎǘǎ ƻƴƭȅ ƻŦ ōƭŀŎƪ ŎƘƻŎƻƭŀǘŜ ŎŜƭƭǎΣ ƛǘ ƛǎ ŘƛǎŎŀǊŘŜŘ 
ό5ƛǎŎŀǊŘƛƴƎ ǘƘŜ ōŀǊ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ƳƻǾŜύΦ LŦ ǘƘŜ ōŀǊ Ŏƻƴǎƛǎǘǎ ƻƴƭȅ ƻŦ ǿƘƛǘŜ ŎƘƻŎƻƭŀǘŜ ŎŜƭƭǎΣ ǘƘŜȅ Řƻ ƴƻǘ 
ōǊŜŀƪ ƛǘ ŦǳǊǘƘŜǊ ŀƴŘ ǘƘŜ ōŀǊ Ŏŀƴ ōŜ ŎƻƴǎǳƳŜŘ ŀǘ ŀƴȅ ǘƛƳŜ ό9ŀǘƛƴƎ ǘƘŜ ōŀǊ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ƳƻǾŜύΦ LŦ ǘƘŜ ōŀǊ 
Ŏƻƴǎƛǎǘǎ ƻŦ ōƻǘƘ ōƭŀŎƪ ŀƴŘ ǿƘƛǘŜ ŎƘƻŎƻƭŀǘŜ ŎŜƭƭǎΣ ƛǘ Ƴǳǎǘ ōŜ ōǊƻƪŜƴ Řƻǿƴ ƛƴǘƻ ǘǿƻ ǎƳŀƭƭŜǊ ǇƛŜŎŜǎ ōȅ ōǊŜŀƪƛƴƎ 
ǘƘŜ ōŀǊ ŀƭƻƴƎ ŀƴȅ ƘƻǊƛȊƻƴǘŀƭ ƻǊ ǾŜǊǘƛŎŀƭ ƭƛƴŜ ό.ǊŜŀƪƛƴƎ ǘƘŜ ōŀǊ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ƳƻǾŜύΦ ¢ƘŜ ǇƭŀȅŜǊ ǿƘƻ Ŏŀƴƴƻǘ 
ƳŀƪŜ ŀ ƳƻǾŜ ƻƴ ŀƴȅ ƻŦ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ōŀǊǎ ƭƻǎŜǎΦ 

!ǎǎǳƳƛƴƎ ±ŜƴƪŀǘŜǎƘ ǎǘŀǊǘǎ ǘƘŜ ƎŀƳŜ ŀƴŘ ōƻǘƘ ǇƭŀȅŜǊǎ ŀǊŜ ƛƴŦƛƴƛǘŜƭȅ ƛƴǘŜƭƭƛƎŜƴǘΣ ŘŜǘŜǊƳƛƴŜ ǿƘƻ ǿƛƴǎ ǘƘŜ ƎŀƳŜΦ 

 
LƴǇǳǘ 

¢ƘŜ ŦƛǊǎǘ ƭƛƴŜ ƻŦ ƛƴǇǳǘ Ŏƻƴǘŀƛƴǎ ŀ ƴǳƳōŜǊ Ὕ Ὕ ςυΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘŜǎǘ ŎŀǎŜǎΦ 

CƻǊ ŜŀŎƘ ǘŜǎǘŎŀǎŜΣ ŦƛǊǎǘ ƭƛƴŜ Ŏƻƴǘŀƛƴǎ ǘǿƻ ǎǇŀŎŜ ǎŜǇŀǊŀǘŜŘ ƛƴǘŜƎŜǊǎ Ὑ ŀƴŘ ὅ ρ Ὑȟὅ σπΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ Ὑ 
ƭƛƴŜǎ Ŏƻƴǘŀƛƴ ὅ ǎǇŀŎŜ ǎŜǇŀǊŀǘŜŘ ƛƴǘŜƎŜǊǎ ǿƘƛŎƘ ŀǊŜ ŜƛǘƘŜǊ л ό²ƘƛǘŜύ ƻǊ м ό.ƭŀŎƪύΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǘŜǎǘŎŀǎŜ ƻǳǘǇǳǘ ά±ŜƴƪŀǘŜǎƘ ǿƛƴǎέ ƻǊ ά!ƪƘƛƭ ǿƛƴǎέ όǉǳƻǘŜǎ ŦƻǊ ŎƭŀǊƛǘȅύΦ 
 
{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
4 

3 3  

0 0 0  

0 0 0  

0 0 0  

3 3 

1 1 1  

1 1 1  

1 1 1  

1 2  

1 0  

3 3  

1 0 1  

0 1 0  

0 0 1  

 

Venkatesh wins  

Akhil wins  

Akhil wins  

Venkatesh wins  

 

 

 

 

 
 

 

Solution: 

 
¢ƘŜ ǎƻƭǳǘƛƻƴ ƛǎ ǎǘǊŀƛƎƘǘŦƻǊǿŀǊŘ ƻƴŎŜ ǿŜ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ DǊǳƴŘȅ ƴǳƳōŜǊǎ όŀƭǎƻ ŎŀƭƭŜŘ ƴƛƳōŜǊǎύ ŀǊŜΦ 

bƛƳ ƛǎ ŀ ƳŀǘƘŜƳŀǘƛŎŀƭ ƎŀƳŜ ƻŦ ǎǘǊŀǘŜƎȅ ƛƴ ǿƘƛŎƘ ǘǿƻ ǇƭŀȅŜǊǎ ǘŀƪŜ ǘǳǊƴǎ ǊŜƳƻǾƛƴƎ ǇŜōōƭŜǎ ŦǊƻƳ ŘƛǎǘƛƴŎǘ ƘŜŀǇǎΦ 
hƴ ŜŀŎƘ ǘǳǊƴΣ ŀ ǇƭŀȅŜǊ Ƴǳǎǘ ǊŜƳƻǾŜ ŀǘ ƭŜŀǎǘ ƻƴŜ ǇŜōōƭŜΣ ŀƴŘ Ƴŀȅ ǊŜƳƻǾŜ ŀƴȅ ƴǳƳōŜǊ ƻŦ ǇŜōōƭŜǎ ǇǊƻǾƛŘŜŘ 
ǘƘŜȅ ŀƭƭ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ƘŜŀǇΦ 

¢ƘŜ {ǇǊŀƎǳŜςDǊǳƴŘȅ ǘƘŜƻǊŜƳ ǎǘŀǘŜǎ ǘƘŀǘ ŜǾŜǊȅ ƛƳǇŀǊǘƛŀƭ ƎŀƳŜ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀ ƴƛƳ ƘŜŀǇ ƻŦ ŀ ŎŜǊǘŀƛƴ ǎƛȊŜΦ 
!ƴ ƛƳǇŀǊǘƛŀƭ ƎŀƳŜ ƛǎ ŀ ƎŀƳŜ ƛƴ ǿƘƛŎƘ ǘƘŜ ŀƭƭƻǿŀōƭŜ ƳƻǾŜǎ ŘŜǇŜƴŘ ƻƴƭȅ ƻƴ ǘƘŜ Ǉƻǎƛǘƛƻƴ ŀƴŘ ƴƻǘ ƻƴ ǿƘƛŎƘ ƻŦ 
ǘƘŜ ǘǿƻ ǇƭŀȅŜǊǎ ƛǎ ŎǳǊǊŜƴǘƭȅ ƳƻǾƛƴƎΣ ŀƴŘ ǿƘŜǊŜ ǘƘŜ ǇŀȅƻŦŦǎ ŀǊŜ ǎȅƳƳŜǘǊƛŎΦ ¢ƘŜ DǊǳƴŘȅ ƴǳƳōŜǊ ƻŦ ŀ ƎŀƳŜ ƻŦ 
bƛƳ ǿƛǘƘ ƻƴŜ ƘŜŀǇ ƻŦ ὔ ǇŜōōƭŜǎ ƛǎ ὔΦ  
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²ƘŜƴ ǘǿƻ ƻǊ ƳƻǊŜ ƛƳǇŀǊǘƛŀƭ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴǘ ƎŀƳŜǎ ŀǊŜ ǇƭŀȅŜŘ ƛƴ ǇŀǊŀƭƭŜƭΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ŜŀŎƘ ǇƭŀȅŜǊ Ŏŀƴ 
ŎƘƻƻǎŜ ƻƴŜ ƻŦ ǘƘŜ ǎǳōƎŀƳŜǎ ŀƴŘ ƳŀƪŜ ŀ ƳƻǾŜ ƛƴ ƛǘΣ ǘƘŜ DǊǳƴŘȅ ƴǳƳōŜǊ ƻŦ ǘƘŜ ǿƘƻƭŜ ƎŀƳŜ ƛǎ Ŝǉǳŀƭ ǘƻ ǘƘŜ 
ōƛǘǿƛǎŜ ·hw ƻŦ ǘƘŜ DǊǳƴŘȅ ƴǳƳōŜǊǎ ƻŦ ǘƘŜ ǎǳōƎŀƳŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ bƛƳ ǿƛǘƘ ὔ ƘŜŀǇǎ Ŏŀƴ ōŜ ǳƴŘŜǊǎǘƻƻŘ ŀǎ 
ὔ ǇŀǊŀƭƭŜƭ bƛƳ ƎŀƳŜǎ ǿƛǘƘ ƻƴŜ ƘŜŀǇΦ ¢ƘŜ DǊǳƴŘȅ ƴǳƳōŜǊ ƻŦ ŀ ƎŀƳŜ ƻŦ bƛƳ ǿƛǘƘ ὔ ƘŜŀǇǎ ǿƛǘƘ ὥȟȢȢȢὥ 
ǇŜōōƭŜǎ ŜŀŎƘ ƛǎ  

ὥ ἅ ὥ ἅȣἅ ὥ  

²ƘŜǊŜ ἅ ƛǎ ǘƘŜ ōƛǘǿƛǎŜ ·hwΦ 

!ƴƻǘƘŜǊ ǿŀȅ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ DǊǳƴŘȅ ƴǳƳōŜǊ ƻŦ ŀ ƎŀƳŜ ƛǎ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ǎŜǘ ƻŦ ŀƭƭ DǊǳƴŘȅ ƴǳƳōŜǊǎ ƻŦ ƎŀƳŜǎ 
ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ŀƭƭ ǇƻǎǎƛōƭŜ ƳƻǾŜǎ ŦǊƻƳ ǘƘŜ ǎǘŀǊǘƛƴƎ ƎŀƳŜΦ [Ŝǘ ǘƘŀǘ ǎŜǘ ōŜ ὃΦ [Ŝǘ ὓὩὼὛ ōŜ ǘƘŜ ǎƳŀƭƭŜǎǘ ƴƻƴπ
ƴŜƎŀǘƛǾŜ ƛƴǘŜƎŜǊ ƴƻǘ ƛƴ ὛΦ ¢ƘŜƴΣ ǘƘŜ DǊǳƴŘȅ bǳƳōŜǊ ƛǎ Ŝǉǳŀƭ ǘƻ ὓὩὼὃΦ bƻǿΣ ƛǘ ƛǎ Ŝŀǎȅ ǘƻ ǎŜŜ ǿƘȅ ǘƘŜ DǊǳƴŘȅ 
ƴǳƳōŜǊ ƻŦ ŀ ƎŀƳŜ ƻŦ bƛƳ ǿƛǘƘ ƻƴŜ ƘŜŀǇ ƻŦ ὔ ǇŜōōƭŜǎ ƛǎ ὔΦ  

! ƎŀƳŜ ǿƘƻǎŜ DǊǳƴŘȅ ƴǳƳōŜǊ ƛǎ Ŝǉǳŀƭ ǘƻ Ὃ ƛǎ ǿƻƴ ōȅ ǘƘŜ ŦƛǊǎǘ ǇƭŀȅŜǊ ƛŦŦ Ὃ πΣ ŀƴŘ ōȅ ǘƘŜ ǎŜŎƻƴŘ ǇƭŀȅŜǊ 
ƻǘƘŜǊǿƛǎŜΦ 

hǳǊ ƎŀƳŜ ƛǎ ŎƭŜŀǊƭȅ ƛƳǇŀǊǘƛŀƭΗ ²Ŝ ƴŜŜŘ ǘƻ ǳǎŜ ōƻǘƘ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ DǊǳƴŘȅ ƴǳƳōŜǊǎΦ ²ŜΩƭƭ 
ŎŀƭŎǳƭŀǘŜ DǊǳƴŘȅ ƴǳƳōŜǊǎ ŦƻǊ ŀƭƭ ǎǳōƳŀǘǊƛŎŜǎ ƻŦ ǘƘŜ ƎƛǾŜƴ ƳŀǘǊƛȄΦ ¢ƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ŎŀǎŜǎ ǘƻ ŎƻƴǎƛŘŜǊΥ 

LŦ ŀ όǎǳōύƳŀǘǊƛȄ Ŏƻƴǎƛǎǘǎ ƻƴƭȅ ƻŦ ȊŜǊƻǎΣ ǿŜ ŘƛǎŎŀǊŘ ƛǘ όǘƘƛǎ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ŀ ƳƻǾŜύΣ ǎƻ ƛǘ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀ bƛƳ 
ƘŜŀǇ ƻŦ ǎƛȊŜ лΦ 

LŦ ŀ ƳŀǘǊƛȄ Ŏƻƴǎƛǎǘǎ ƻƴƭȅ ƻŦ ƻƴŜǎΣ ŀ ǇƭŀȅŜǊ Ŏŀƴƴƻǘ ōǊŜŀƪ ƛǘ ōǳǘ Ŏŀƴ ŎƻƴǎǳƳŜ ƛǘ ƛƴ ƻƴŜ ƳƻǾŜΣ ǎƻ ƛǘ ƛǎ ŜǉǳƛǾŀƭŜƴǘ 
ǘƻ ŀ bƛƳ ƘŜŀǇ ƻŦ ǎƛȊŜ мΦ 

hǘƘŜǊǿƛǎŜΣ ōǊŜŀƪ ǘƘŜ ƳŀǘǊƛȄ ƛƴǘƻ ǘǿƻ ƛƴ ŀƭƭ ǇƻǎǎƛōƭŜ ǿŀȅǎΦ ¢Ƙƛǎ ŀƭǿŀȅǎ ŎǊŜŀǘŜǎ ǘǿƻ ƛƴŘŜǇŜƴŘŜƴǘ ƎŀƳŜǎ ǿƘƻǎŜ 
DǊǳƴŘȅ ƴǳƳōŜǊǎ ǿŜ Ŏŀƴ ŎƻƳǇǳǘŜ ǊŜŎǳǊǎƛǾŜƭȅΦ ¢ƘŜ DǊǳƴŘȅ ƴǳƳōŜǊ ƻŦ ŀ ƎŀƳŜ ǿƛǘƘ ǘǿƻ ƳŀǘǊƛŎŜǎ ǿƘƻǎŜ 
DǊǳƴŘȅ ƴǳƳōŜǊǎ ŀǊŜ ὃ ŀƴŘ ὄ ƛǎ ǎƛƳǇƭȅ ὃ ἅ ὄΦ ¢ƘŜ DǊǳƴŘȅ ƴǳƳōŜǊ ƻŦ ƻǳǊ ƻǊƛƎƛƴŀƭ ƎŀƳŜ ƛǎ Ŝǉǳŀƭ ǘƻ 

ὓὩὼὃἅὄȟὃἅὄȟȣȟὃἅὄ  

²ƘŜǊŜ ὃȟὄ ŀǊŜ ǘƘŜ DǊǳƴŘȅ ƴǳƳōŜǊǎ ƻŦ ǘǿƻ ƳŀǘǊƛŎŜǎ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ōǊŜŀƪƛƴƎ ǘƘŜ ƻǊƛƎƛƴŀƭ ƻƴŜΣ ŀƴŘ Ὧ ƛǎ ǘƘŜ 
ƴǳƳōŜǊ ƻŦ ǿŀȅǎ ǘƻ Řƻ ƛǘΦ 

wŜƳŀǊƪΥ ὔ  άὥὼὙȟὅ 

²Ŝ Ŏŀƴ ŎŀƭŎǳƭŀǘŜ DǊǳƴŘȅ ƴǳƳōŜǊǎ ŦƻǊ ŀƭƭ ǎǳōƳŀǘǊƛŎŜǎ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ƳŀǘǊƛȄ όǘƘŜǊŜ ŀǊŜ ὕὔ  ƻŦ ǘƘŜƳύ ƛƴ 
ὕὔ ŜŀŎƘ π ǘƘŜǊŜ ŀǊŜ ὕὔ ǿŀȅǎ ǘƻ ǎǇƭƛǘ ŀ ƳŀǘǊƛȄΦ /ƘŜŎƪƛƴƎ ƛŦ ŀ ƳŀǘǊƛȄ Ŏƻƴǘŀƛƴǎ ƻƴƭȅ ȊŜǊƻǎ ƻǊ ƻƴŜǎ Ŏŀƴ ōŜ 
ŘƻƴŜ ƛƴ ὕρ ǿƛǘƘ ὕὔ  ǇǊŜǇǊƻŎŜǎǎƛƴƎ ǳǎƛƴƎ н5 ǇǊŜŦƛȄ ǎǳƳǎΦ 

hǳǊ ǎƻƭǳǘƛƻƴ ǳǎŜǎ ǘƘŜ ōƻǘǘƻƳπǳǇ ŀǇǇǊƻŀŎƘ ǘƻ ŀǾƻƛŘ ǘƘŜ ƻǾŜǊƘŜŀŘ ŎŀǳǎŜŘ ōȅ ǊŜŎǳǊǎƛƻƴΦ ¢ƘŜ DǊǳƴŘȅ ƴǳƳōŜǊǎ 
ŦƻǊ ǘƘŜ ǎǳōƳŀǘǊƛŎŜǎ ŀǊŜ ǎǘƻǊŜŘ ƛƴ ŀ пπŘƛƳŜƴǎƛƻƴŀƭ ƳŀǘǊƛȄΦ 

LŦ ǘƘŜ DǊǳƴŘȅ ƴǳƳōŜǊ ŦƻǊ ǘƘŜ ǿƘƻƭŜ ƳŀǘǊƛȄ ƛǎ лΣ ǘƘŜ ǎŜŎƻƴŘ ǇƭŀȅŜǊ ό!ƪƘƛƭύ ǿƛƴǎΣ ƻǘƘŜǊǿƛǎŜ ±ŜƴƪŀǘŜǎƘ ǿƛƴǎΦ 

hǾŜǊŀƭƭΣ ƻǳǊ ǎƻƭǳǘƛƻƴ Ǌǳƴǎ ƛƴ ὕὔ  ǿƛǘƘ ŀ ǾŜǊȅ ǎƳŀƭƭ Ŏƻƴǎǘŀƴǘ ŦŀŎǘƻǊΣ ŜƴƻǳƎƘ ǘƻ Ŝŀǎƛƭȅ Ǉŀǎǎ ŀƭƭ ǘŜǎǘ ŎŀǎŜǎΦ 

 

Added by: suhash 
Resource: ByteCode 2010 
Solution by:  

Name:  LǾŀƴ {ǘƻǑƛŏ 
School: CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ aŀǘƘŜƳŀǘƛŎǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑ 
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Problem R1 10 : [CH] HQNP Incomputable Hard  (ID: 10295 ) 

Time Limit: 0.2-2s second 

Memory Limit: 1536 MB 

 

IvфҌ ƛǎ ŀƴ ŜǎƻǘŜǊƛŎ ǇǊƻƎǊŀƳƳƛƴƎ ƭŀƴƎǳŀƎŜ ǎǇŜŎƛŀƭƛȊŜŘ ŦƻǊ ŎŜǊǘŀƛƴ ǘŀǎƪǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǇǊƛƴǘƛƴƎ άIŜƭƭƻΣ ǿƻǊƭŘΗέ 
ƻǊ ǿǊƛǘƛƴƎ ŀ ǉǳƛƴŜ όŀ ǇǊƻƎǊŀƳ ǘƘŀǘ ǇǊƛƴǘǎ ƛǘǎŜƭŦύ ŎƻǳƭŘƴΩǘ ōŜ ŀƴȅ ǎƛƳǇƭŜǊΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ IvфҌ ŘƻŜǎƴΩǘ Řƻ ǾŜǊȅ 
ǿŜƭƭ ƛƴ Ƴƻǎǘ ƻǘƘŜǊ ǎƛǘǳŀǘƛƻƴǎΦ ¢Ƙƛǎ ƛǎ ǿƘȅ ǿŜ ƘŀǾŜ ŎǊŜŀǘŜŘ ƻǳǊ ƻǿƴ ǾŀǊƛŀƴǘ ƻŦ ǘƘŜ ƭŀƴƎǳŀƎŜΣ Ivлπ
фҌҍLb/hat¦¢!.[9ΚΗΦ ! IvлπфҌҍLb/hat¦¢!.[9ΚΗ ǇǊƻƎǊŀƳ ƛǎ ŀ ǎŜǉǳŜƴŎŜ ƻŦ ŎƻƳƳŀƴŘǎΣ ǿǊƛǘǘŜƴ ƻƴ ƻƴŜ ƭƛƴŜ 
ǿƛǘƘƻǳǘ ŀƴȅ ǿƘƛǘŜǎǇŀŎŜ όŜȄŎŜǇǘ ŦƻǊ ǘƘŜ ǘǊŀƛƭƛƴƎ ƴŜǿƭƛƴŜύΦ ¢ƘŜ ǇǊƻƎǊŀƳ Ŏŀƴ ǎǘƻǊŜ Řŀǘŀ ƛƴ ǘǿƻ ƳŜƳƻǊȅ ŀǊŜŀǎΥ 
ǘƘŜ ōǳŦŦŜǊΣ ŀ ǎǘǊƛƴƎ ƻŦ ŎƘŀǊŀŎǘŜǊǎΣ ŀƴŘ ǘƘŜ ŀŎŎǳƳǳƭŀǘƻǊΣ ŀƴ ƛƴǘŜƎŜǊ ǾŀǊƛŀōƭŜΦ LƴƛǘƛŀƭƭȅΣ ǘƘŜ ōǳŦŦŜǊ ƛǎ ŜƳǇǘȅ ŀƴŘ 
ǘƘŜ ŀŎŎǳƳǳƭŀǘƻǊ ƛǎ ǎŜǘ ǘƻ лΦ ¢ƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ōǳŦŦŜǊ ŀŦǘŜǊ ŜȄŜŎǳǘƛƴƎ ŀƭƭ ǘƘŜ ŎƻƳƳŀƴŘǎ ōŜŎƻƳŜǎ ǘƘŜ ǇǊƻƎǊŀƳΩǎ 
ƻǳǘǇǳǘΦ 

IvлπфҌҍLb/hat¦¢!.[9ΚΗ ǎǳǇǇƻǊǘǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƳƳŀƴŘǎΥ 

command Description 

h, H appends helloworld to the buffer 

q, Q appends the program source code to the buffer (not including the trailing newline) 

0-9 replaces the buffer with n copies of its old value ς ŦƻǊ ŜȄŀƳǇƭŜΣ Ψ2Ω ŘƻǳōƭŜǎ ǘƘŜ ōǳŦŦŜǊ 

+ increments the accumulator 

- decrements the accumulator 

i, I increments the ASCII value of every character in the buffer 

n, N applies ROT13 to the letters and numbers in the buffer (for letters ROT13 preserves case; for 
digits we define ROT13(d) = (d + 13) mod 10) 

c, C ǎǿŀǇǎ ǘƘŜ ŎŀǎŜ ƻŦ ŜǾŜǊȅ ƭŜǘǘŜǊ ƛƴ ǘƘŜ ōǳŦŦŜǊΤ ŘƻŜǎƴΩǘ ŎƘŀƴƎŜ ƻǘƘŜǊ characters 

o, O removes all characters from the buffer such that their index, counted from the end, is a prime 
or a power of two (or both); the last character has index 1 (which is a power of 2) 

m, M sets the accumulator to the current buffer length 

p, P removes all characters from the buffer such that their index is a prime or a power of two (or 
both); the first character has index 1 (which is a power of 2) 

u, U converts the buffer to uppercase 

t, T sorts the characters in the buffer by their ASCII values 

a, A replaces every character in the buffer with its ASCII value in decimal (1ς3 digits) 

b, B ǊŜǇƭŀŎŜǎ ŜǾŜǊȅ ŎƘŀǊŀŎǘŜǊ ƛƴ ǘƘŜ ōǳŦŦŜǊ ǿƛǘƘ ƛǘǎ !{/LL ǾŀƭǳŜ ƛƴ ōƛƴŀǊȅ όŜȄŀŎǘƭȅ ŜƛƎƘǘ ΨлΩκΨмΩ 
characters) 

l, L converts the buffer to lowercase 

e, E translates every character in the buffer to l33t using the following table:  
ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopqrstuvwxyz 0123456789   
48(03=6#|JXLM~09Q257UVW%Y2 a6<d3f9hijk1m^0p9r57uvw*y2 O!ZEA$G/B9  

? removes 47 characters from the end of the buffer (or everything if it is too short) 

! removes 47 characters from the beginning of the buffer (or everything if it is too short) 

Lƴ ǘƘƛǎ ǘŀǎƪ ȅƻǳ ƘŀǾŜ ǘƻ ǇǊƛƴǘ ǘƘŜ IvлπфҌҍLb/hat¦¢!.[9ΚΗ ǇǊƻƎǊŀƳ ǘƘŀǘ ǿƛƭƭ ƎƛǾŜ ǘƘŜ ƴǳƳōŜǊ ƴ ŀǎ ƻǳǘǇǳǘΦ 

Score: Score is number of test cases correctly solved. 

Limits 

Any HQ0-фҌҍLb/hat¦¢!.[9ΚΗ tǊƻƎǊŀƳ (output for each case) must be at most 20,000 commands long. The 
accumulator is unbounded (it can store an arbitrarily large integer). After each command, the buffer must be 
at most 20,000 characters long. To prevent code injection vulnerabilities, during the execution of your 
program (output for each case) the buffer must never contain non-alphanumeric characters, i.e. characters 
other than A-Z, a-z, and 0-9. If it happens, your score for that particular test case will be 0. 
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Additionally for this challenge you must use the command '+' at least once for each test case. 

LƴǇǳǘ 

CƛǊǎǘ ƭƛƴŜ Ƙŀǎ ƛƴǘŜƎŜǊ Ὕ ƛΦŜ ƴǳƳōŜǊ ƻŦ ǘŜǎǘ ŎŀǎŜǎΦ Ὕ  ρπππΦ bŜȄǘ Ὕ ƭƛƴŜǎ Ƙŀǎ ŀ ƴǳƳōŜǊ ὲ π ὲ ρπ Φ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ὲΣ ƻǳǘǇǳǘ ǘƘŜ ǊŜǉǳƛǊŜŘ IvлπфҌҍLb/hat¦¢!.[9ΚΗ tǊƻƎǊŀƳ όƘŀǾƛƴƎ ϥҌϥ ŀǘ ƭŜŀǎǘ ƻƴŎŜύ ǿƘƛŎƘ ǿƛƭƭ ƎƛǾŜ 
ƴ ŀǎ ƻǳǘǇǳǘΦ LŦ ǘƘŜǊŜ ŀǊŜ ƳǳƭǘƛǇƭŜ ǎƻƭǳǘƛƻƴǎΣ ƻǳǘǇǳǘ ŀƴȅ ƻƴŜ ƻŦ ǘƘŜƳΦ hǳǘǇǳǘ ƻŦ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜ Ƴǳǎǘ ōŜ ƛƴ ŀ 
ǎƛƴƎƭŜ ƭƛƴŜΦ LŦ ȅƻǳ Řƻƴϥǘ ǿŀƴǘ ǘƻ ǎƻƭǾŜ ŀ ǘŜǎǘ ŎŀǎŜΣ ƭŜŀǾŜ ŀ ōƭŀƴƪ ƭƛƴŜ ŦƻǊ ƛǘΦ 
t{ Υ bƻ ƻŦ ǘŜǎǘ ŎŀǎŜǎ ƛƴ мм ǘŜǎǘ ŦƛƭŜǎ ŀǊŜ ǊŜǎǇŜŎǘƛǾŜƭȅ πҔ млΣ млΣ мллΣ млллΣ улΣ нлΣ плΣ рллΣ мллΣ рлΣ нлл 
 
 

Solution: 

 
!ŦǘŜǊ ŀ ŎŜǊǘŀƛƴ ǘƛƳŜ ƻŦ ŀƴŀƭȅȊƛƴƎ ǘƘƛǎ ǾŜǊȅ ƛƴǘŜǊŜǎǘƛƴƎ ǇǊƻōƭŜƳΣ ƭƛƪŜ Ƴƻǎǘ ƻŦ ǘƘŜ ŎƻƴǘŜǎǘŀƴǘǎΣ ǿŜ ŎŀƳŜ ǘƻ ǘƘŜ 
ŎƻƴŎƭǳǎƛƻƴ ǘƘŀǘ ƎƛǾŜƴ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ŎƻƴǎǘǊŀƛƴǘǎΣ ǿŜ ƘŀǾŜ ǘƻ ŦƛƴŘ ǘƘŜ ǎŜǘ ƻŦ ŎƘŀǊŀŎǘŜǊǎ ǿƘƛŎƘ ǘƘǊƻǳƎƘ ǘƘŜ 
ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ŎƻƳƳŀƴŘ ϦŜϦ ǊŜǎǳƭǘ ƛƴ ŀƴ ŀǊǊŀȅ ƻŦ ƴǳƳōŜǊǎΦ 

!ŦǘŜǊ ǇƛŎƪƛƴƎ ǘƘŜ ŀŘŜǉǳŀǘŜ ǎŜǘ ƻŦ ŎƘŀǊŀŎǘŜǊǎΣ ǘƘŜ Ƨƻō ƛǎ ǎǇƭƛǘ ƛƴǘƻ ǘǿƻ ǇƘŀǎŜǎΥ 

1. {ŜǘǘƛƴƎ ǳǇ ŜƛǘƘŜǊ ƻƴŜ ƻǊ ƳƻǊŜ ŎƘŀǊŀŎǘŜǊǎ 

2. tǳǎƘƛƴƎ ǘƘŜ ōǳŦŦŜǊ ŀ ǎǇŜŎƛŦƛŎ ƴǳƳōŜǊ ƻŦ ǇƭŀŎŜǎΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ǎƘƻǊǘŜǎǘ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƛƴǎŜǊǘŜŘ 
ŎƘŀǊŀŎǘŜǊ ŀƴŘ ǘƘŜ ƴŜȄǘ ƻƴŜ 

.ŜŦƻǊŜ ǘƘŜ Ŧƛƴŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŎƘŀǊŀŎǘŜǊǎ ƛƴǘƻ ŘƛƎƛǘǎΣ ƻƴŜ ƳƻǊŜ ǊƻǘŀǘƛƴƎ ƻŦ ǘƘŜ ōǳŦŦŜǊ ƛǎ ǊŜǉǳƛǊŜŘΦ 5ǳŜ 
ǘƻ ǘƘƛǎΣ ŘǳǊƛƴƎ ǘƘŜ ŜƴǘƛǊŜ ŀƭƎƻǊƛǘƘƳ ǿŜ Ŧƻƭƭƻǿ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ōǳŦŦŜǊΣ ƛΦŜΦ ƛǘϥǎ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǎƻƳŜ ǎǘŀǊǘƛƴƎ 
ǇƻǎƛǘƛƻƴΦ 

¢ƘŜ ŦƛǊǎǘ ǇƘŀǎŜ Ŏŀƴ Ƴƻǎǘ Ŝŀǎƛƭȅ ōŜ ǇŜǊŦƻǊƳŜŘ ōȅ ŀŘŘƛƴƎ ǘƘŜ ƭŜǘǘŜǊ ϦƘϦ ǘƻ ǘƘŜ ŜƴŘΣ ōȅ ŀ ǎŜǘ ƻŦ пл ŎƻƳƳŀƴŘǎΥ 
ϦƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚϦ 

¢ƘŜ ǎŜŎƻƴŘ ǇƘŀǎŜ ŘŜǇŜƴŘǎ ŦǊƻƳ ǿƘƛŎƘ ǘƻ ǿƘƛŎƘ ŘƛƎƛǘ ǿŜ ŀǊŜ ǎǿƛǘŎƘƛƴƎ ŀƴŘ ƛǘ Ŏŀƴ ōŜ ŘƻƴŜ ǿƛǘƘ ŀ ǎŜǘ ƻŦ 
ŎƻƳƳŀƴŘǎ ϦƛϦ ŀƴŘ ϦƴϦΦ LŦ ǘƘŜ ƭŜǘǘŜǊ ϦȊϦ ƛǎ ƴƻǘ ŎǳǊǊŜƴǘƭȅ ƛƴ ǘƘŜ ōǳŦŦŜǊΣ ǘƘŜ ŎƻƳƳŀƴŘ ϦƛϦ όƛƴŎǊŜƳŜƴǘύ ŘƻŜǎ ǘƘŜ 
ƧƻōΣ ōǳǘ ƛŦ ƛǘ ƛǎΣ ǿŜ ƘŀǾŜ ǘƻ Řƻ ŀ ϦƴƛƴϦ ǘƻ ŎƻƴǾŜǊǘ ǘƘŜ Ȋ ǘƻ ŀƴ ŀΦ ¢Ƙƛǎ ŦƻǊŎƛƴƎ ǇǊŀŎǘƛŎŀƭƭȅ ōǊƛƴƎǎ ǘƘŜ ƭŀǊƎŜǊ ƴǳƳōŜǊ 
ƻŦ ƳŀǇǇƛƴƎ ǘƘŜ ŀŘŜǉǳŀǘŜ ǎŜǘ ƻŦ ŎƘŀǊŀŎǘŜǊǎ ŦƻǊ ǘƘŜ Ŧƛƴŀƭ ƻǇŜǊŀǘƛƻƴ ϦŜϦ ǘƻ ƻƴƭȅ ƻƴŜ Ǉƻǎǎƛōƛƭƛǘȅ ǿƘƛŎƘ ƛǎΥ 

ϥ5ϥ ϥƭϥ ϥȊϥΣ ϥ½ϥ ϥŜϥΣ ϥ9ϥ ϥ!ϥ ϥǎϥΣ ϥ{ϥ ϥōϥ ϥǘϥΣ ϥ¢ϥ ϥ.ϥ ϥtϥ  

л м н о п р с т у ф 

 

!ƭǎƻΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ƘŀǾƛƴƎ ŀ ƴŜŜŘ ŦƻǊ ǘƘŜ ŎƻƳƳŀƴŘ ϦŎϦΣ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ƭƻǿŜǊ ŎŀǎŜ ŎƘŀǊŀŎǘŜǊǎ ƛƴ 
ǘƘŜ ōǳŦŦŜǊ ƛǎ ŎƘŀƴƎŜŘΦ 

9ȄŀƳǇƭŜ мΥ   
ƛƴǇǳǘ поу 
ƻǳǘǇǳǘ όмрф ŎƻƳƳŀƴŘǎύΥ   
ƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚƛƛƛƛƛƛƴƛƛƛƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘ
ƘΚƛƛƛƛƛƛƛƛƛƛƴƛƛƛƛƛƛƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚƛƛƛƛƛƛƛƴŎŜҌ  
 

.ƻƭŘ ŎƻƳƳŀƴŘǎ όΩƘ Ω ŀƴŘ ΩΚΩύ ǊŜǇǊŜǎŜƴǘ ǇƘŀǎŜ  мΣ ƴƻǊƳŀƭ όΩLΩ ŀƴŘ ΨƴΩύ ǇƘŀǎŜ нΣ ŀƴŘ ŀǘ ǘƘŜ ŜƴŘ ŎƻƳƳŀƴŎ ΨŎΩ ƛǎ 
ǘƻ Ǝƻ ŦǊƻƳ ƭƻǿŜǊŎŀǎŜ ǘƻ ǳǇǇŜǊŎŀǎŜΣ ΨŜΩ ƛǎ ǘƻ ǘǊŀƴǎŦƻǊƳ ƭŜǘǘŜǊǎ ƛƴǘƻ ŘƛƎƛǘǎΣ ŀƴ ΨҌΩ ƛǎ ǊŜǉǳƛǊŜŘ ōȅ ǘŀǎƪ ǎǘŀǘŜƳŜƴǘΦ   

¢ƘŜ ǎŜŎƻƴŘ ǇƘŀǎŜ ƛƴ ƎŜƴŜǊŀƭ ǘŀƪŜǎ ŀǊƻǳƴŘ ǘŜƴ ƭŀƴƎǳŀƎŜ ŎƻƳƳŀƴŘǎΣ ǿƘƛŎƘ ŎƻǳǇƭŜŘ ǿƛǘƘ ǘƘŜ ǎƛƳǇƭŜǎǘ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ŦƛǊǎǘ ǇƘŀǎŜ ǘŀƪŜǎ ŀǊƻǳƴŘ рлΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ƛǘϥǎ ǎƛƳǇƭŜ ǘƻ ǎƻƭǾŜ ǇǊƻōƭŜƳǎ ǿƛǘƘ ǘƘŜ 
ƭŜƴƎǘƘ ƻŦ ŀǊƻǳƴŘ плл ǿƘƛŎƘ ǎƻƭǾŜǎ ŀǊƻǳƴŘ момлπмопл ŎŀǎŜǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ 

CƻǊ ŀƴ ƛƳǇǊƻǾŜŘ ǎŎƻǊŜ ƛǘϥǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŘŜŀƭ ǿƛǘƘ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ǎƘƻǊǘŜƴƛƴƎ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘ 
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ƴŜŜŘŜŘ ǘƻ ŀŘŘ ŀ ƭŜǘǘŜǊ ǘƻ ǘƘŜ ƻǳǘǇǳǘ όǇƘŀǎŜ мύ ƻǊ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ǎƘƛŦǘƛƴƎ ǘƻ ǘƘŜ ƴŜȄǘ ƭŜǘǘŜǊ όǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ 
ǘƘŜ ƴŜȄǘ ƎƛǾŜƴ ŘƛƎƛǘ ƛΦŜΦ ǇƘŀǎŜ нύ 

hǇǘƛƳƛȊŀǘƛƻƴ мΦ π hǘƘŜǊ ǘƘŀƴ ǘƘŜ ƭŜǘǘŜǊ ϦƘϦ ǿƘƛŎƘ Ŏŀƴ ōŜ ǎƛƳǇƭȅ Ǉǳǘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ōǳŦŦŜǊΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ 
ŀŘŘ ǘƘŜ ǎŀƳŜ ƻƴŜ ǿƘƛŎƘ ŀǇǇŜŀǊŜŘ ŀǎ ǘƘŜ ŦƛǊǎǘ ƻƴŜ ƛƴ ǘƘŜ ōǳŦŦŜǊΦ ¢Ƙŀǘ ƛǎ ǘƘŜ ŎŀǎŜ ǿƘŜƴ ǘƘŜ ƴŜȄǘ ŘƛƎƛǘ ƛƴ ƭƛƴŜ ƛǎ 
ǘƘŜ ǎŀƳŜ ŀǎ ǘƘŜ ŦƛǊǎǘ ƭŜǘǘŜǊ ƛƴ ǘƘŜ ƎƛǾŜƴ ƛƴǇǳǘΦ ¢Ƙƛǎ ǎŎŜƴŀǊƛƻ ƘŀǇǇŜƴǎ ƛƴ ŀǊƻǳƴŘ мл҈ ƻŦ ǘƘŜ ŎŀǎŜǎΦ 

hǇǘƛƳƛȊŀǘƛƻƴ нΦ π hǘƘŜǊ ǘƘŀƴ ǘƘŜ ƭŜǘǘŜǊ ϦƘϦ ƻǊ ǘƘŜ ŦƛǊǎǘ ƭŜǘǘŜǊ ƛƴ ǘƘŜ ōǳŦŦŜǊΣ ǿŜ Ŏŀƴ ŀƭǎƻ ŀŘŘ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ 
ϦƘŜϦΦ ¢Ƙƛǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊǎ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƻǳǘǇǳǘ ŦǊƻƳ млл ǿƘƛŎƘ ƛǎ ƴŜŜŘŜŘ ŦƻǊ ǘǿƻ ƭŜǘǘŜǊ ǘƻ ŀǊƻǳƴŘ 
ǘƘƛǊǘȅΦ IƻǿŜǾŜǊ ǘƘƛǎ ŎƻƳōƛƴŀǘƛƻƴ ƘŀǇǇŜƴǎ ƛƴ ŀōƻǳǘ п҈ ƻŦ ŎŀǎŜǎΦ 

9ǎǎŜƴǘƛŀƭƭȅ ŀŘŘƛƴƎ ϦƘϦΣ ϦƘŜϦΣ ƻǊ ǘƘŜ ŦƛǊǎǘ ƭŜǘǘŜǊ ƛƴ ǘƘŜ ōǳŦŦŜǊ ǘƻ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ōǳŦŦŜǊ ŀǊŜ ǘƘŜ ǘƘǊŜŜ ǎŎŜƴŀǊƛƻǎ 
ǘƘŀǘ ōǊƛƴƎ ŀŘŘƛǘƛƻƴŀƭ ǇƻƛƴǘǎΦ Iƻǿ ƳǳŎƘΣ ǿŜƭƭ ǘƘŀǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǎŜǘ ƻŦ ŎƻƳƳŀƴŘǎ ŦƻǊ ŀŘŘƛƴƎ ǎƻƳŜ ƻŦ ǘƘŜǎŜ 
ŎƻƳōƛƴŀǘƛƻƴǎ ǘƻ ǘƘŜ ŜƴŘΦ 

hǇǘƛƳƛȊŀǘƛƻƴ оΦ π LŦ ǿŜ ƛƳǇƭŜƳŜƴǘ ǎƻƳŜ ǊŜŎǳǊǎƛǾŜ ƳŜǘƘƻŘ ŦƻǊ ǎŜŀǊŎƘƛƴƎ ǘƘŜ ǎƘƻǊǘŜǎǘ ǇƻǎǎƛōƭŜ ŎƻƳōƛƴŀǘƛƻƴ 
ƛƴǘƻ ǘƘŜ ǇǊƻƎǊŀƳΣ ƛǘ ŎŜǊǘŀƛƴƭȅ ǿƻƴϥǘ ŀƭǿŀȅǎ ōŜ ǘƘŜ ōŜǎǘ ǿƘƛŎƘ ŜȄƛǎǘ ƛƴ ǘƘŜ ƎƛǾŜƴ ƳƻƳŜƴǘ ōǳǘ ǿƛƭƭ ŎŜǊǘŀƛƴƭȅ ōŜŀǘ 
ϦƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘƘΚƘƘƘƘΚϦΦ CƻǊ ŦƛƴŘƛƴƎ ŀ ǎŜǘ ƻŦ ŎƻƳƳŀƴŘǎ ǎƘƻǊǘŜǊ ǘƘŀƴ плΣ ǿŜ 
ǳǎŜŘ ǘƘŜ ŎƻƳƳŀƴŘǎ ϦƘϦΣ ϦΚϦΣ ϦнϦ π ϦфϦΦ ¢ƘŜ ǘƛƳŜ ŎƻƴǎǘǊŀƛƴǘ ƻŦ ǘƘŜ ǘŀǎƪ ŘƻŜǎƴϥǘ ǊŜŀƭƭȅ ƎƛǾŜ ǳǎ ǘƻƻ ƳǳŎƘ ǊƻƻƳ 
ŦƻǊ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ ŎƻƳƳŀƴŘ ŦǊƻƳ ǇƘŀǎŜ мΦ 

hǇǘƛƳƛȊŀǘƛƻƴ пΦ π CƻǊ ǇƘŀǎŜ нΣ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƪŜŜǇ ǿŀǘŎƘ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘ ǊƻǘŀǘŜŘ ǎǘŀǘŜ ƻŦ ǘŀōƭŜ мΦ Σ ǘƘŀǘ Ŏŀƴ 
ōŜ ŘƻƴŜ ōȅ ǊƻǘŀǘƛƴƎ ǘƘŜ ŀǊǊŀȅ ǿƘƛŎƘ ǘŀƪŜǎ ŀ ƭƻǘ ƻŦ ǘƛƳŜΦ ²Ŝ ŘƛŘ ǘƘƛǎ ǇŀǊǘ ǿƛǘƘ ōƛǘƳŀǇ ƻǇŜǊŀǘƛƻƴǎ ǿƘƛŎƘ ƘŀƭǾŜŘ 
ǘƘŜ ǘƻǘŀƭ ǘƛƳŜΦ 

hǇǘƛƳƛȊŀǘƛƻƴ рΦ π Lƴ ǘƘŜ ǎŜǘ ƻŦ ŎƻƳƳŀƴŘǎ ǿƘƛŎƘ ŘŜǘŜǊƳƛƴŜ ǇƘŀǎŜ нΣ ƛŦ ǘƘŜǊŜ ŀǊŜ ǘǿƻ ŎƻƳƳŀƴŘǎ ϦƴϦ ƻƴŜ ƴŜȄǘ 
ǘƻ ǘƘŜ ƻǘƘŜǊΣ ōƻǘƘ Ŏŀƴ ǊŜƳƻǾŜŘ ǎƛƴŎŜ ϦƴƴϦ Řƻƴϥǘ ŎƘŀƴƎŜ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ōǳŦŦŜǊΦ Lǘ ŘƻŜǎƴϥǘ ōǊƛƴƎ ƳǳŎƘΣ ōǳǘ 
Ƴŀȅ ƎƛǾŜ ŀ ǎƳŀƭƭ ŜŘƎŜ ŀƎŀƛƴǎǘ ǘƘŜ ƻǘƘŜǊ ǎƻƭǾŜǊǎΦ 

hǇǘƛƳƛȊŀǘƛƻƴ сΦ π CƻǊ ǇƘŀǎŜ нΣ ƛǘϥǎ ōŜǘǘŜǊ ǘƻ ǇǊŜŎŀƭŎǳƭŀǘŜ ǘƘŜ ǎǿƛǘŎƘƛƴƎ ŦǊƻƳ ŜƛǘƘŜǊ ŘƛƎƛǘ ǘƻ ŀƴƻǘƘŜǊΣ ǿƘƛŎƘ ƻƴŎŜ 
ŀƎŀƛƴ ǊŜŘǳŎŜǎ ǘƛƳŜ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳ ŜȄŜŎǳǘƛƻƴΣ ǎƛƴŎŜ ǿŜ ƴƻ ƭƻƴƎŜǊ ƘŀǾŜ ǘƻ Ǉŀȅ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ǊƻǘŀǘŜŘ ǎǘŀǘŜǎΣ 
ōǳǘ Ŏŀƴ ŘƛǊŜŎǘƭȅ ǇŀǎǘŜ ǘƘŜ ƻǇǘƛƳŀƭ ǎŜǘ ƻŦ ŎƻƳƳŀƴŘǎ ƴŜŜŘŜŘ ǘƻ ŀŎŎƻƳǇƭƛǎƘ ǇƘŀǎŜ нΦ ²Ŝ ǎǘŀǊǘŜŘ ǳǎƛƴƎ ǘƘƛǎ 
ƻǇǘƛƳƛȊŀǘƛƻƴ ƻƴƭȅ ŀŦǘŜǊ ǘƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ŀƭƭ ǘƘŜ ŘƛƎƛǘǎ ŦǊƻƳ л ǘƻ фΦ 

hǇǘƛƳƛȊŀǘƛƻƴ тΦ π Lƴ ǘƘŜ ŎŀǎŜ ǘƘŀǘ ǘƘŜ ŘƛƎƛǘǎ нΣ оΣ р ƻǊ т ŀǊŜ ƎƛǾŜƴΣ ƛǘ ƛǎ ƴƻǘ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƘŀƴƎŜ ǘƘŜ /!{9 ǎǘŀǘŜ 
ƻŦ ǘƘŜ ƭŜǘǘŜǊǎΦ 5ƻŜǎƴϥǘ ŎƻƴǘǊƛōǳǘŜ ƳǳŎƘ ŜƛǘƘŜǊΣ ōǳǘ Ŏŀƴ ƳŀƪŜ ŀ ŘƛŦŦŜǊŜƴŎŜΦ  

hǇǘƛƳƛȊŀǘƛƻƴ уΦ π LŦ ȅƻǳ ƘŀǾŜ ŘƻƴŜ ǘƘŜ ƻǇǘΦ м ŀƴŘ ƻǇǘΦ нΣ ǘƘŜƴ ǿŜ Ŏŀƴ ǇƛŎƪ ǘƘŜ ǎƘƻǊǘŜǎǘ ŎƻƳƳŀƴŘ ōŜǘǿŜŜƴ 
ǘƘŜ ƛƳǇǊƻǾŜŘ ŀŘŘƛƴƎ ƻŦ ϦƘϦ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ƻƴŜΦ 

hǇǘƛƳƛȊŀǘƛƻƴ фΦ π LŦ ǎƻƳŜ ƻŦ ǘƘŜ ŘƛƎƛǘǎ ǿƘƛŎƘ ŀǊŜ ŀ ǇǊŜŦƛȄ ǘƻ ǘƘŜ ƎƛǾŜƴ ƴǳƳōŜǊ ǊŜǇŜŀǘΣ ƛǘ Ŏŀƴ ŦǳǊǘƘŜǊ ǎƘƻǊǘŜƴ 
ǘƘŜ ƴǳƳōŜǊ ƻŦ ƻǳǘǇǳǘ ŎƻƳƳŀƴŘǎ ƛŦ ŘƻƴŜ ǇǊƻǇŜǊƭȅΦ 

hǇǘƛƳƛȊŀǘƛƻƴ млΦ π .ŜŦƻǊŜ ǎǘŀǊǘƛƴƎ ǘƘŜ ŎƻƳǇƭŜǘŜ ŀƭƎƻǊƛǘƘƳ ǿŜ ǊƻǘŀǘŜ ǘƘŜ ƛƴǇǳǘ ŦƻǊ лπф ǇƭŀŎŜǎΣ ŜΦƎΦ мно ƛƴǇǳǘ ƛǎ 
ǊƻǘŀǘŜŘ ǘƻ нопΣ опрΣ прсΣ ΦΦΣ флмΣ лмн ŀƴŘ ŀŦǘŜǊ ǘƘŜ ŀƭƎƻǊƛǘƘƳ ŘƻŜǎ ƛǘϥǎ ǿƻǊƪ ƻƴ ŀƭƭ мл ǇƻǎǎƛōƛƭƛǘƛŜǎΣ ǿŜ Ƨǳǎǘ 
ǊƻǘŀǘŜ ǘƘŜƳ ōȅ ǘƘŜ ǎŀƳŜ ŀƳƻǳƴǘ ƛƴǘƻ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ ǎǘŀǘŜΦ ²Ŝ ŜŀǊƴŜŘ ф Ǉƻƛƴǘǎ ǿƛǘƘ ǘƘƛǎ ƻǇǘƛƳƛȊŀǘƛƻƴΦ 

9ȄŀƳǇƭŜ нΥ  ƛƴǇǳǘ поу 
ƻǳǘǇǳǘ όоу ŎƻƳƳŀƴŘǎύΥ   ƘƘǇƻƘƘофΚΚΚΚΚΚΚΚΚΚΚΚƴƛƛƛƛƛƴƛƴƛƛƴƛƛƴŎŜҌ 
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²Ƙŀǘ Ƴƻǎǘ ƭƛƪŜƭȅ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ƻǳǊ ǊŜǎǳƭǘ ŦƻǊ ǘƘƛǎ ŎƘŀƭƭŜƴƎŜ ǇǊƻōƭŜƳ ƛƴ ǘƘŜ .ǳōōƭŜ /ǳǇ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ǿŀǎ ǘƘŜ 
ŘŜŎƛǎƛƻƴ ǘƻ Řƻ ŀƭƭ ǘƘŜ ŎƻƳƳŀƴŘǎ ŦƻǊ ǇƘŀǎŜ ƻƴŜ ƻŦŦƭƛƴŜΦ wŜŀŘȅ Ƴŀǎƪǎ ǿŜǊŜ ŀŘŘŜŘ ƛƴǘƻ ǘƘŜ ǇǊƻƎǊŀƳ ŎƻŘŜ ŀǎ 
ǎǘǊƛƴƎ ŎƻƴǎǘŀƴǘǎΦ ¢ƘŜ рлллл ōȅǘŜǎ ŎƻƴǎǘǊŀƛƴǘ ƎŀǾŜ ǳǎ ǎƻƳŜ ǇǊƻōƭŜƳǎ ōǳǘ ŀŦǘŜǊ ŎƻƴŎƭǳŘƛƴƎ ǘƘŀǘ ǿƛǘƘ ǘƘƛǎ ƛŘŜŀǎ 
ǿŜ Ŏŀƴƴƻǘ ǎƻƭǾŜ ƛƴǇǳǘǎ ƭƻƴƎŜǊ ǘƘŀƴ трл ŘƛƎƛǘǎΣ ǿŜ ǊŜƳƻǾŜŘ ǎƻƳŜ Ƴŀǎƪǎ ǿƘƛŎƘ ǿŜǊŜ ŀ ŎƘŀǊŀŎǘŜǊ ƻǊ ǘǿƻ 
ǎƘƻǊǘŜŘ ǘƘŀƴ ǘƘƻǎŜ ǇǊƻƎǊŀƳ ƎŜƴŜǊŀǘŜŘΣ ǿŜ ƳŀƴŀƎŜŘ ǘƻ Ŧƛǘ ƛƴǘƻ ǘƘƛǎ ŎƻƴǎǘǊŀƛƴǘΦ  !ƭǎƻΣ ŀŘŘƛƴƎ ǘƘŜ ǘƘǊŜŜ 
ŎƘŀǊŀŎǘŜǊ ŎƻƳōƛƴŀǘƛƻƴ ϦƘŜƻϦ ŎƻǳƭŘ ŀƭǎƻ ƘŀǾŜ ōŜŜƴ ŘƻƴŜΣ ƘƻǿŜǾŜǊ ƛǘ ǇǊƻǾŜŘ ǘƻ ƘŀǾŜ ƴƻ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ǎŎƻǊŜΦ 
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Problem R2 02 : Modern Pocket Calculator (ID: 8542 ) 

Time Limit: 0.623 second 

Memory Limit: 1536 MB 

 

!ŘŀƳ ƭƛƪŜǎ ǇƻŎƪŜǘ ŎŀƭŎǳƭŀǘƻǊǎΣ ƴƻǘ ƻƴƭȅ ǘƘŜ ŜŀǊƭȅ ƻƴŜǎΣ ōǳǘ ŀƭǎƻ ǘƘŜ ƳƻŘŜǊƴ ƻƴŜǎ ǿƛǘƘ ŀ ǘǿƻ ƭƛƴŜ [/5πŘƛǎǇƭŀȅ 
ŀƴŘ ƳŀǘƘŜƳŀǘƛŎŀƭƭȅ ŎƻǊǊŜŎǘ ƻǇŜǊŀǘƻǊ ǇǊŜŎŜŘŜƴŎŜΦ ¢ƘŜ ǳǇǇŜǊ όƛƴǇǳǘπύƭƛƴŜ ǎƘƻǿǎ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ȅƻǳ ǘȅǇŜŘ ƛƴΣ 
ǘƘŜ όƻǳǘǇǳǘπύƭƛƴŜ ōŜƭƻǿ ǎƘƻǿǎ ǘƘŜ ǊŜǎǳƭǘ ƛƳƳŜŘƛŀǘŜƭȅ ŀŦǘŜǊ ǘƘŜ ώҐϐ ƪŜȅ Ƙŀǎ ōŜŜƴ ǇǊŜǎǎŜŘΦ DƛǾŜƴ ǘƘŜ 
ŎŀƭŎǳƭŀǘƻǊϥǎ ƛƴǇǳǘπƭƛƴŜΣ ǘƘŜ ǇǊƻƎǊŀƳϥǎ ǘŀǎƪ ƛǎ ǘƻ ǇǊƻŘǳŎŜ ƛǘǎ ƻǳǘǇǳǘπƭƛƴŜΦ ¦ǎƛƴƎ ǘƘŜ ŎŀƭŎǳƭŀǘƻǊϥǎ ώ{π5ϐ ƪŜȅΣ ǘƘŜ 
ŘƛǎǇƭŀȅ ǎǿƛǘŎƘŜǎ ōŜǘǿŜŜƴ ŦǊŀŎǘƛƻƴŀƭ ŀƴŘ ŘŜŎƛƳŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎǳƭǘΣ ǎƻ ƻǳǘǇǳǘ Ƴǳǎǘ Ŏƻƴǘŀƛƴ ōƻǘƘ 
ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎΦ 

 
LƴǇǳǘ 

LƴǇǳǘ ǎǘŀǊǘǎ ǿƛǘƘ ŀ ǇƻǎƛǘƛǾŜ ƛƴǘŜƎŜǊ ὸ ὸ ρπππ ƛƴ ŀ ǎƛƴƎƭŜ ƭƛƴŜΣ ǘƘŜƴ ὸ ǘŜǎǘŎŀǎŜǎ ŦƻƭƭƻǿΦ 9ǾŜǊȅ ǘŜǎǘŎŀǎŜ Ŏƻƴǎƛǎǘǎ 
ƻŦ ŜƛǘƘŜǊ ǘƘǊŜŜ ƭƛƴŜǎ ƻǊ ŀ ǎƛƴƎƭŜ ƭƛƴŜΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ǘƘŜ ŎŀƭŎǳƭŀǘƻǊϥǎ ƛƴǇǳǘπƭƛƴŜΣ ŦƻƭƭƻǿŜŘ ōȅ ŀ 
ōƭŀƴƪ ƭƛƴŜΦ !ƴ ŜȄǇǊŜǎǎƛƻƴ Ŏƻƴǘŀƛƴǎ ὲ ƴǳƳōŜǊǎ π  ὲ  ρπ ǿƛǘƘ ŜȄŀŎǘƭȅ ƻƴŜ ƻǇŜǊŀǘƻǊ ȟȟὼȟḊ ōŜǘǿŜŜƴ 
ŀƴȅ ǘǿƻ ƴǳƳōŜǊǎ ŀƴŘ ŜȄŀŎǘƭȅ ƻƴŜ ǎǇŀŎŜ ǘƻ ǎŜǇŀǊŀǘŜ ƴǳƳōŜǊ ŀƴŘ ƻǇŜǊŀǘƻǊΦ ¢ƘŜǊŜ ǿƛƭƭ ōŜ ƴƻ ƛƴǾŀƭƛŘ ŜȄǇǊŜǎǎƛƻƴ 
ŀƴŘ ƴƻ ǳƴŘŜŦƛƴŜŘ ƻǇŜǊŀǘƛƻƴΦ 

! ƴǳƳōŜǊ ƛǎ ƎƛǾŜƴ ŀǎ ŀ ŘŜŎƛƳŀƭΣ ŀ ŦǊŀŎǘƛƻƴ ƻǊ ŀ ƳƛȄŜŘ ƴǳƳōŜǊ ŀƴŘ ǿƛƭƭ ōŜ ƴƻƴπƴŜƎŀǘƛǾŜΦ LŦ ŀ ƴǳƳōŜǊ ƛǎ ǇƻǎƛǘƛǾŜΣ 
ƛǘǎ ŘŜŎƛƳŀƭ ǾŀƭǳŜ ƛǎ ōŜǘǿŜŜƴ млπф ŀƴŘ млфΣ ƴǳƳŜǊŀǘƻǊ ŀƴŘ ŘŜƴƻƳƛƴŀǘƻǊ ŀǊŜ ŀƭǎƻ ƴƻƴπƴŜƎŀǘƛǾŜ ŀƴŘ ƴƻǘ ƭŀǊƎŜǊ 
ǘƘŀƴ млф ŜŀŎƘΣ ƎƛǾŜƴ ŘŜŎƛƳŀƭǎ ƘŀǾŜ ŀǘ Ƴƻǎǘ ф ŘƛƎƛǘǎ ƻǾŜǊŀƭƭΦ ¢ƘŜǎŜ ŎƻƴǎǘǊŀƛƴǘǎ ŀƭǎƻ ƘƻƭŘ ŦƻǊ ŀƭƭ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ƛŦ 
ŘƻƴŜ ǇǊƻǇŜǊƭȅΦ ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŦǊŀŎǘƛƻƴ ōŀǊ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƳŀȄƛƳǳƳ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƴǳƳŜǊŀǘƻǊ ƻǊ ǘƘŜ 
ŘŜƴƻƳƛƴŀǘƻǊ ǊŜǎǇŜŎǘƛǾŜƭȅΦ LŦ ƭŜƴƎǘƘǎ ƻŦ ƴǳƳŜǊŀǘƻǊ ŀƴŘ ŘŜƴƻƳƛƴŀǘƻǊ ŀǊŜ ŘƛŦŦŜǊŜƴǘΣ ǘƘŜ ǎƘƻǊǘŜǊ ƻƴŜ ǿƛƭƭ ōŜ 
ŎŜƴǘŜǊŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ŦǊŀŎǘƛƻƴ ōŀǊΦ LŦ ŎŜƴǘŜǊƛƴƎ ƛǎƴϥǘ ǇƻǎǎƛōƭŜΣ ƛǘ ƛǎ ǎŜǘ ƻƴŜ ŘƛƎƛǘ ǘƻ ǘƘŜ ǊƛƎƘǘΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǘŜǎǘŎŀǎŜ ǇǊƛƴǘ ǘƘŜ ǊŜǎǳƭǘ ǘƘŜ ŎŀƭŎǳƭŀǘƻǊ ǿƛƭƭ ŘƛǎǇƭŀȅ ƛƴ ƛǘǎ ƻǳǘǇǳǘπƭƛƴŜΥ ŦƛǊǎǘ ŦǊŀŎǘƛƻƴŀƭΣ ǘƘŜƴ ŘŜŎƛƳŀƭΣ 
ōƻǘƘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎ ǎŜǇŀǊŀǘŜŘ ōȅ Ϧ ώ{π5ϐ ϦΦ LŦ ŀ ǊŜǎǳƭǘ ƛǎ ƴŜƎŀǘƛǾŜΣ ǘƘŜ ƴŜƎŀǘƛǾŜ ǎƛƎƴ Ƙŀǎ ǘƻ ōŜ ǇǊƛƴǘŜŘ ŘƛǊŜŎǘƭȅ 
όƛΦŜΦ ƴƻ ǎǇŀŎŜύ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ ƛƴǘŜƎŜǊ ǇŀǊǘ ƻǊ ǘƘŜ ŦǊŀŎǘƛƻƴ ōŀǊΦ 
¢ƘŜ ŦǊŀŎǘƛƻƴŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ Ƙŀǎ ǘƻ ōŜ ǇǊƛƴǘŜŘ ƛƴ ƭƻǿŜǎǘ ǘŜǊƳǎ ŜƛǘƘŜǊ ŀǎ ŀ ǇǊƻǇŜǊ ŦǊŀŎǘƛƻƴ ƻǊ ƳƛȄŜŘ ƴǳƳōŜǊΦ 
LŦ ǘƘŜ ƴǳƳōŜǊ Ƙŀǎ ŀƴ ƛƴǘŜƎŜǊ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣ ǘƘŀǘ Ƙŀǎ ǘƻ ōŜ ǇǊƛƴǘŜŘ ƛƴǎǘŜŀŘΦ bǳƳŜǊŀǘƻǊ ŀƴŘ ŘŜƴƻƳƛƴŀǘƻǊ 
ƘŀǾŜ ǘƻ ōŜ ǇƭŀŎŜŘ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ƛƴǇǳǘ ǎŜŎǘƛƻƴΦ 
!ŦǘŜǊ Ϧ ώ{π5ϐ Ϧ ǘƘŜ ŜȄŀŎǘόΗύ ŘŜŎƛƳŀƭ ǊŜǇǊŜǎŜƴŀǘƛƻƴ Ƙŀǎ ǘƻ ōŜ ǇǊƛƴǘŜŘΦ !ǎ ǘƘŜ ǎŎǊŜŜƴǎƘƻǘ ǎƘƻǿǎΣ ǘƘŜ ŎŀƭŎǳƭŀǘƻǊ 
ƛǎ ŜǾŜƴ ŀōƭŜ ǘƻ ŘƛǎǇƭŀȅ ŀ ǊŜǇŜŀǘƛƴƎ ŘŜŎƛƳŀƭ ƛƴ ƛǘǎ ŘŜŎƛƳŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ǳǎƛƴƎ ŀ ǾƛƴŎǳƭǳƳΣ ǎƻ ǘƘŀǘϥǎ ǿƘŀǘ ǘƘŜ 
ǇǊƻƎǊŀƳ Ƙŀǎ ǘƻ Řƻ ŀǎ ǿŜƭƭΣ ǳǎƛƴƎ ǳƴŘŜǊǎŎƻǊŜǎ ƛƴ ǘƘŜ ƭƛƴŜ ŀōƻǾŜΦ ¸ƻǳ Ŏŀƴ ŀǎǎǳƳŜ ǘƘŀǘ ƴƻ ŘŜŎƛƳŀƭ ŜȄǇŀƴǎƛƻƴ ƛǎ 
ƭƻƴƎŜǊ ǘƘŀƴ млл ŘƛƎƛǘǎ όƛǘϥǎ ŀ ŎŀƭŎǳƭŀǘƻǊ ǿƛǘƘ ··[πŘƛǎǇƭŀȅύΦ 
¢ƘŜ ƴǳƳōŜǊ ƻŦ ƭƛƴŜǎ ŦƻǊ ŜǾŜǊȅ ƻǳǘǇǳǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǊŜǎǳƭǘΦ Lǘ Ƴŀȅ ōŜ ǘƘǊŜŜ ƭƛƴŜǎ όƛŦ ŦǊŀŎǘƛƻƴǎ ŀǇǇŜŀǊύ ƻǊ ŀ 
ǎƛƴƎƭŜ ƭƛƴŜ όƛŦ ǊŜǎǳƭǘ ƛǎ ŀƴ ƛƴǘŜƎŜǊύΦ tǊƛƴǘ ŀ ōƭŀƴƪ ƭƛƴŜ ŀŦǘŜǊ ŜǾŜǊȅ ǘŜǎǘŎŀǎŜ ŜȄŎŜǇǘ ǘƘŜ ƭŀǎǘ ƻƴŜΦ .Ŝ ŎŀǊŜŦǳƭ ƴƻǘ ǘƻ 
ǇǊƛƴǘ ŀƴȅ ǘǊŀƛƭƛƴƎ ǎǇŀŎŜǎΦ 
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Solution: 

 
¢Ƙƛǎ ǇǊƻōƭŜƳ ǿŀǎƴΩǘ ǾŜǊȅ ŘƛŦŦƛŎǳƭǘΣ ōǳǘ ƳŀȅōŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǿŀǎ ŀ ōƛǘ ǘǊƛŎƪȅΦ ²Ŝ ǿƛƭƭ ǎǇƭƛǘ ǘƘŜ ǇǊƻōƭŜƳ ƛƴ 
ǘǿƻ ǇŀǊǘǎΦ CƛǊǎǘƭȅΣ ǿŜ ƘŀǾŜ ǘƻ ŎŀƭŎǳƭŀǘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ŀǎ ŦǊŀŎǘƛƻƴΣ ŀƴŘ ŀŦǘŜǊ ǘƘŀǘΣ ǳǎŜ ƛǘ ǘƻ ŦƛƴŘ ƻǳǘ 
ǘƘŜ ŘŜŎƛƳŀƭ ŦƻǊƳΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ Ŏƻƴǘŀƛƴǎ ōƻǘƘ ŦƻǊƳǎΣ ǿŜ ǿƛƭƭ ǊŜǇǊŜǎŜƴǘ ŀƭƭ ƴǳƳōŜǊǎ ƛƴ 
ŦǊŀŎǘƛƻƴŀƭ ŦƻǊƳΦ hǇŜǊŀǘƛƻƴǎ ōŜǘǿŜŜƴ ŦǊŀŎǘƛƻƴǎ ŀǊŜ ǎƛƳǇƭŜ ǘƻ ƛƳǇƭŜƳŜƴǘΣ ƻƴƭȅ ǿŜ ǎƘƻǳƭŘ ŎŀǊŜ ǘƘŀǘ 
ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ŀƴŘ ŘƛǾƛǎƛƻƴ ƘŀǾŜ ǇǊŜŎŜŘŜƴŎŜ ƻǾŜǊ ŀŘŘƛǘƛƻƴ ŀƴŘ ǎǳōǘǊŀŎǘƛƻƴΦ Lƴ ƻǊŘŜǊ ǘƻ Řƻ ǘƘŀǘΣ ǿŜ ǎƘƻǳƭŘ 
ŦƛǊǎǘ ǇŜǊŦƻǊƳ ŀƭƭ ϝ ŀƴŘ κ ƻǇŜǊŀǘƛƻƴǎ ōŜǘǿŜŜƴ ƴǳƳōŜǊǎΣ ŀƴŘ ŀŦǘŜǊ ǘƘŀǘ ŀŘŘ ŀƴŘ ǎǳōǘǊŀŎǘ ǘƘŜ ǊŜǎǳƭǘǎΦ ¢ƻ ƪŜŜǇ 
ƴǳƳŜǊŀǘƻǊ ŀƴŘ ŘŜƴƻƳƛƴŀǘƻǊ ŎƻǇǊƛƳŜΣ ǿŜ Ŏŀƴ ǳǎŜ 9ǳŎƭƛŘŜŀƴ ŀƭƎƻǊƛǘƘƳ ǘƻ ŦƛƴŘ D/5 ƻŦ ǘƘŜƳΦ 

CǊŀŎǘƛƻƴ ŎƻǳƭŘ Ŏƻƴǘŀƛƴ ƛƴŦƛƴƛǘŜ ŘƛƎƛǘǎ ƛƴ ŘŜŎƛƳŀƭ ŦƻǊƳΣ ōǳǘ ƛƴ ǘƘŀǘ ŎŀǎŜ ǎƻƳŜ ŘƛƎƛǘǎ ǿƛƭƭ ǊŜǇŜŀǘΦ ²Ŝ ǇŜǊŦƻǊƳ 
ǎƛƳǇƭŜ ŘƛǾƛǎƛƻƴΣ ŀƴŘ ǎŀǾŜ ǘƘŜ ǊŜǎǳƭǘǎΦ LŦ л ƻŎŎǳǊǎ ŀǎ ŀ ǊŜƳƛƴŘŜǊΣ ƴǳƳōŜǊ ƻŦ ŘƛƎƛǘǎ ƛǎ ŦƛƴƛǘŜΣ ŀƴŘ ǿŜ ǎǘƻǇ ǘƘŜ 
ŀƭƎƻǊƛǘƘƳ ǘƘŜǊŜΦ hǘƘŜǊǿƛǎŜ ƻƴŜ ƻŦ ǘƘŜ ǊŜƳƛƴŘŜǊǎ ǿƛƭƭ ǊŜǇŜŀǘΣ ōŜŎŀǳǎŜ ǘƘŜƛǊ ƴǳƳōŜǊ Ŏŀƴƴƻǘ ōŜ ƛƴŦƛƴƛǘŜΦ  
tŜǊƛƻŘƛŎ ŘƛƎƛǘǎ ŀǊŜ ǘƘŜ ƻƴŜǎ ōŜǘǿŜŜƴ ǘƘŜ ŦƛǊǎǘ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǘƘŜ ǎŀƳŜ ǊŜƳƛƴŘŜǊΦ 
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Problem R2 03 : Boa viagem, Roim (ID: 11718 ) 

Time Limit: 0.623 second 

Memory Limit: 1536 MB 

 

/ƻƳǇǳǘŜǊ 9ƴƎƛƴŜŜǊƛƴƎ ǎǘǳŘŜƴǘ wƻƛƳ ƛǎ ƎŜǘǘƛƴƎ ǊŜŀŘȅ ŦƻǊ ŀ ǘǊƛǇ ǘƻ aŜȄƛŎƻΦ CƻǊ ǘƘŀǘΣ ƘŜ Ƙŀǎ ǎǘǳŘƛŜŘ ǘƘŜ ŀƛǊǇƭŀƴŜ 
ƴŜǘǿƻǊƪΣ ǎƻ ƘŜ ƪƴƻǿǎ ǘƘŜ ŘŜǘŀƛƭǎ ƻŦ ŀƭƭ Ὑ ǊŜƎǳƭŀǊ ŦƭƛƎƘǘǎ ŎǳǊǊŜƴǘƭȅ ƛƴ ƻǇŜǊŀǘƛƻƴ ƻƴ ŀƭƭ ƻŦ ǘƘŜ ὔ ŀǾŀƛƭŀōƭŜ ŀƛǊǇƻǊǘǎΦ 
¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ƻƴŜ ƻŦ Ƙƛǎ ǎŎƘƻƻƭ ƳŀǘŜǎ ƛǎ ǾŜǊȅ ŀƴƴƻȅƛƴƎ ŀƴŘ ƪŜŜǇǎ ǎŀȅƛƴƎ ǘƘŜ ǎŀƳŜ ǎǘǳŦŦ ǘƻ ƘƛƳ ŀƭƭ ǘƘŜ ǘƛƳŜΦ  

¢ƻ ǎƻƭǾŜ ǘƘŀǘ ƛǎǎǳŜΣ ƘŜ ǿƛƭƭ ƻǊƎŀƴƛȊŜ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ŦƭƛƎƘǘ ǇƭŀƴǎΥ ƻƴŜ ŦƻǊ ǘƘŜ ǘŜŀƳ ŀƴŘ ƻƴŜ ŦƻǊ ǘƘŜ ŀƴƴƻȅƛƴƎ ƎǳȅΦ 
¢ƘŜ ŎƻƴŘƛǘƛƻƴ ƛǎ ǘƘŀǘ ǘƘŜ ŦƭƛƎƘǘ Ǉƭŀƴǎ Ƴŀȅ ƴƻǘ Ŏƻƴǘŀƛƴ ǘƘŜ ǎŀƳŜ ŦƭƛƎƘǘ όƴƻǘŜ ǘƘŀǘ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ŦƻǊ ōƻǘƘ ǘƻ Ǉŀǎǎ 
ǘƘǊƻǳƎƘ ǘƘŜ ǎŀƳŜ ŀƛǊǇƻǊǘΣ ŀƴŘ ǘƘŀǘ ǘƘŜ ǎŀƳŜ ŦƭƛƎƘǘ Ƴŀȅ ƴƻǘ ōŜ ǳǎŜŘ ōȅ ōƻǘƘ ŜǾŜƴ ƛŦ ǘƘŜ ǘƛƳŜǎ ŀǊŜ ŘƛŦŦŜǊŜƴǘύΦ 
!ǎ ǘƘƛǎ Ƴŀȅ ƴƻǘ ōŜ ǇƻǎǎƛōƭŜ ǳǎƛƴƎ ƻƴƭȅ ǊŜƎǳƭŀǊ ŦƭƛƎƘǘǎΣ ƘŜ Ƙŀǎ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ ǳǎƛƴƎ ǎƻƳŜ ƻŦ ǘƘŜ ὅ ŦƭƛƎƘǘǎ 
ŎƘŀǊǘŜǊŜŘ ōȅ ǘǊŀǾŜƭ ŀƎŜƴŎƛŜǎΣ ōǳǘ ƘŜϥŘ ƭƛƪŜ ǘƻ ƪŜŜǇ ǘƘƻǎŜ ǘƻ ŀ ƳƛƴƛƳǳƳ ŀǎ ǘƘŜȅ ǳǎǳŀƭƭȅ ǎǳŦŦŜǊ ŦǊƻƳ ƭŀǊƎŜ ŘŜƭŀȅǎΦ 
hŦ ŎƻǳǊǎŜΣ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ ƭŜŀǎǘ ƴǳƳōŜǊ ƻŦ ŎƘŀǊǘŜǊŜŘ ŦƭƛƎƘǘǎ ƛǎ ǇƛŎƪŜŘΣ wƻƛƳ ǿƛƭƭ ǇƛŎƪ ǘƘŜ Ǉƭŀƴǎ ǿƛǘƘ ǘƘŜ ƭŜŀǎǘ 
ǘƻǘŀƭ Ŏƻǎǘ όŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ Ŏƻǎǘǎ ƻŦ ŀƭƭ ŦƭƛƎƘǘǎ ǳǎŜŘύΦ 

LƴǇǳǘ 

¢ƘŜ ƛƴǇǳǘ Ŏƻƴǎƛǎǘǎ ƻŦ ǎŜǾŜǊŀƭ ǘŜǎǘ ŎŀǎŜǎΦ hƴ ǘƘŜ ŦƛǊǎǘ ƭƛƴŜ ƻŦ ŀ ǘŜǎǘ ŎŀǎŜ ŀǊŜ ǘƘǊŜŜ ƛƴǘŜƎŜǊǎ ὔ ς  ὔ  ςςυύΣ 
Ὑ ŀƴŘ ὅ π  Ὑ ὅ  ὔὔ ρȾς ǎŜǇŀǊŀǘŜŘ ōȅ ǎǇŀŎŜǎΦ ¢ƘŜ ǎǘŀǊǘƛƴƎ ŀƛǊǇƻǊǘ ƛǎ πΣ ŀƴŘ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ 
ƛǎ ὔ ρΦ 

¢ƘŜ ƴŜȄǘ Ὑ ƭƛƴŜǎ Ŏƻƴǘŀƛƴ ƛƴǘŜƎŜǊǎ ὥȟὦ π  ὥȟὦ  ὔ ρȟὧ ρ  ὧ  ρππΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜǊŜ ŜȄƛǎǘǎ ŀ 
ƻƴŜπǿŀȅ ǊŜƎǳƭŀǊ ŦƭƛƎƘǘ ōŜǘǿŜŜƴ ŀƛǊǇƻǊǘǎ ὥ ŀƴŘ ὦΣ ǿƛǘƘ Ŏƻǎǘ ὧΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ὅ ƭƛƴŜǎ ƎƛǾŜ ŘŜǘŀƛƭǎ ŦƻǊ ŎƘŀǊǘŜǊŜŘ 
ŦƭƛƎƘǘǎ ƛƴ ǘƘŜ ǎŀƳŜ ƳŀƴƴŜǊΦ ¢ƘŜǊŜ ƛǎ ŀ ōƭŀƴƪ ƭƛƴŜ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŜŀŎƘ ǘŜǎǘ ŎŀǎŜΦ ¢ƘŜ ƭŀǎǘ ǘŜǎǘ ŎŀǎŜ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ 
ŀ ƭƛƴŜ ŎƻƴǘŀƛƴƛƴƎ ǘƘǊŜŜ ȊŜǊƻǎΦ 

¸ƻǳ Ƴŀȅ ŀǎǎǳƳŜ ǘƘŀǘ ŀƴȅ ǇŀƛǊ ƻŦ ŎƛǘƛŜǎ ƛǎ ƻƴƭȅ ŎƻƴƴŜŎǘŜŘ ƛƴ ŀǘ Ƴƻǎǘ ŀ ǎƛƴƎƭŜ ŘƛǊŜŎǘƛƻƴ ōȅ ŀ ǎƛƴƎƭŜ ŦƭƛƎƘǘΦ 

hǳǘǇǳǘ 

LŦ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ƳŀƪŜ ǘƘŜ ǇƭŀƴǎΣ ǇǊƛƴǘ ǘǿƻ ƛƴǘŜƎŜǊǎ ǎŜǇŀǊŀǘŜŘ ōȅ ǎǇŀŎŜǎΦ ¢ƘŜ ŦƛǊǎǘ ǎƘƻǳƭŘ ōŜ ǘƘŜ ƳƛƴƛƳǳƳ 
ŀƳƻǳƴǘ ƻŦ ŎƘŀǊǘŜǊŜŘ ŦƭƛƎƘǘǎ ǳǎŜŘΣ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ƛǎ ǘƘŜ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ǘƘŜ ǎƻƭǳǘƛƻƴΦ 
LŦ ƛǘϥǎ ƛƳǇƻǎǎƛōƭŜ ǘƘŀǘ ōƻǘƘ ǘƘŜ ǘŜŀƳ ŀƴŘ ǘƘŜ Ǝǳȅ ƎŜǘ ǘƻ ǘƘŜƛǊ ŘŜǎǘƛƴŀǘƛƻƴΣ ǇǊƛƴǘ Ϧ.ƻŀ ǾƛŀƎŜƳΣ wƻƛƳϦ ƛƴǎǘŜŀŘΦ 
 
{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
4 5 0  

0 1 1  

1 3 5  

0 2 5  

1 2 1  

2 3 1  

 

4 4 1  

0 1 2  

1 3 2  

0 2 2  

1 2 1  

2 3 2  

 

2 1 0  

0 1 10  

 

0 0 0  

0 12  

1 8  

Boa viagem, Roim  
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Solution: 

 
tǊŜǊŜǉǳƛǎƛǘŜǎΥ 5ƛƧƪǎǘǊŀΩǎ ŀƭƎƻǊƛǘƘƳ 

¢Ƙƛǎ ǿŀǎ ǘƘŜ ŜŀǎƛŜǎǘ ǘŀǎƪ ƻŦ ǊƻǳƴŘ н ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŀŎŎŜǇǘŜŘ ǎƻƭǳǘƛƻƴǎΦ 

¢Ƙƛǎ ǇǊƻōƭŜƳ ƛǎ ŀōƻǳǘ ƎǊŀǇƘ ǘƘŜƻǊȅΦ [ŜǘΩǎ ŘŜƴƻǘŜ ŀƛǊǇƻǊǘǎ ŀǎ ƴƻŘŜǎΣ ŦƭƛƎƘǘǎ ŀǎ ŜŘƎŜǎ ŀƴŘ ŦƭƛƎƘǘΩǎ Ŏƻǎǘ ŀǎ ŜŘƎŜΩǎ 
ǿŜƛƎƘǘΦ CƛǊǎǘΣ ƭŜǘΩǎ ǎƻƭǾŜ ǘƘŜ ǘŀǎƪ ǿƛǘƘƻǳǘ ǳǎƛƴƎ ὅ ŦƭƛƎƘǘǎ ŎƘŀǊǘŜǊŜŘ ōȅ ǘǊŀǾŜƭ ŀƎŜƴŎƛŜǎΦ ²ŜΩƭƭ ǳǎŜ ƻƴƭȅ Ὑ ǊŜƎǳƭŀǊ 
ŦƭƛƎƘǘǎ ŀƴŘ ƭŀǘŜǊ ŎƻƳōƛƴŜ ǎƻƭǳǘƛƻƴ ǳǎƛƴƎ Ὑ ǊŜƎǳƭŀǊ ǿƛǘƘ ὅ ŎƘŀǊǘŜǊŜŘ ŦƭƛƎƘǘǎΦ 

[ŜǘΩǎ ŜȄǇǊŜǎǎ ƻǳǊ ŎǳǊǊŜƴǘ ǘŀǎƪ όǿƛǘƘƻǳǘ ὅ ŦƭƛƎƘǘǎύ ƛƴ ǘŜǊƳǎ ƻŦ ƎǊŀǇƘ ǘƘŜƻǊȅΦ ²Ŝ ŀǊŜ ƎƛǾŜƴ ὔ ƴƻŘŜǎ ŀƴŘ Ὑ ŜŘƎŜǎ 
ŀƴŘ ǿŜ ƘŀǾŜ ǘƻ ŦƛƴŘ ǘǿƻ ŘƛǎƧƻƛƴǘ ǇŀǘƘǎ όǘƘŜȅ Ƴŀȅ ǎƘŀǊŜ ƴƻŘŜǎΣ ōǳǘ ƴƻǘ ŜŘƎŜǎύ ƛƴ ŀ ƴƻƴƴŜƎŀǘƛǾŜƭȅπǿŜƛƎƘǘŜŘ 
ŘƛǊŜŎǘŜŘ ƎǊŀǇƘΣ ǎƻ ǘƘŀǘ ōƻǘƘ ǇŀǘƘǎ ŎƻƴƴŜŎǘ ǘƘŜ ǎŀƳŜ ǇŀƛǊ ƻŦ ƴƻŘŜǎ ŀƴŘ ƘŀǾŜ ƳƛƴƛƳǳƳ ǘƻǘŀƭ ƭŜƴƎǘƘΦ ¢Ƙƛǎ 
ǇǊƻōƭŜƳ ƛǎ ǿŜƭƭ ƪƴƻǿƴ ƛƴ ǘƘŜ ǿƻǊƭŘ ƻŦ ƎǊŀǇƘ ǘƘŜƻǊȅ ŀƴŘ ǘƘŜǊŜ ŜȄƛǎǘǎ ŀƴ ŀƭƎƻǊƛǘƘƳ ŎŀƭƭŜŘ {ǳǳǊōŀƭƭŜΩǎ ŀƭƎƻǊƛǘƘƳ 
ǿƘƛŎƘ ǎƻƭǾŜǎ ŜȄŀŎǘƭȅ ǘƘŜ ǎŀƳŜ ǇǊƻōƭŜƳ ǿƘƛŎƘ ǿŜΩǾŜ ǎǘŀǘŜŘΦ  

{ǳƳƳŀǊȅ ƻŦ {ǳǳǊōŀƭƭŜΩǎ ŀƭƎƻǊƛǘƘƳ όǎƻǳǊŎŜΥ ƘǘǘǇǎΥκκŜƴΦǿƛƪƛǇŜŘƛŀΦƻǊƎκǿƛƪƛκ{ǳǳǊōŀƭƭŜ҈нтǎψŀƭƎƻǊƛǘƘƳύΥ 

1. CƛƴŘ ǘƘŜ ǎƘƻǊǘŜǎǘ ǇŀǘƘ ǘǊŜŜ ¢ ǊƻƻǘŜŘ ŀǘ ƴƻŘŜ ǎ ōȅ ǊǳƴƴƛƴƎ 5ƛƧƪǎǘǊŀϥǎ ŀƭƎƻǊƛǘƘƳΦ ¢Ƙƛǎ ǘǊŜŜ Ŏƻƴǘŀƛƴǎ ŦƻǊ ŜǾŜǊȅ 

ǾŜǊǘŜȄ ǳΣ ŀ ǎƘƻǊǘŜǎǘ ǇŀǘƘ ŦǊƻƳ ǎ ǘƻ ǳΦ [Ŝǘ tм ōŜ ǘƘŜ ǎƘƻǊǘŜǎǘ Ŏƻǎǘ ǇŀǘƘ ŦǊƻƳ ǎ ǘƻ ǘΦ ¢ƘŜ ŜŘƎŜǎ ƛƴ ¢ ŀǊŜ ŎŀƭƭŜŘ 

ǘǊŜŜ ŜŘƎŜǎ ŀƴŘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŜŘƎŜǎ ŀǊŜ ŎŀƭƭŜŘ ƴƻƴ ǘǊŜŜ ŜŘƎŜǎΦ 

2. aƻŘƛŦȅ ǘƘŜ Ŏƻǎǘ ƻŦ ŜŀŎƘ ŜŘƎŜ ƛƴ ǘƘŜ ƎǊŀǇƘ ōȅ ǊŜǇƭŀŎƛƴƎ ǘƘŜ Ŏƻǎǘ ǿόǳΣǾύ ƻŦ ŜǾŜǊȅ ŜŘƎŜ όǳΣǾύ ōȅ ǿϥόǳΣǾύ Ґ 

ǿόǳΣǾύ ҍ ŘόǎΣǾύ Ҍ ŘόǎΣǳύΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ƳƻŘƛŦƛŜŘ Ŏƻǎǘ ŦǳƴŎǘƛƻƴΣ ŀƭƭ ǘǊŜŜ ŜŘƎŜǎ ƘŀǾŜ ŀ Ŏƻǎǘ ƻŦ лΣ 

ŀƴŘ ƴƻƴ ǘǊŜŜ ŜŘƎŜǎ ƘŀǾŜ ŀ ƴƻƴ ƴŜƎŀǘƛǾŜ ŎƻǎǘΦ 

3. /ǊŜŀǘŜ ŀ ǊŜǎƛŘǳŀƭ ƎǊŀǇƘ Dǘ ŦƻǊƳŜŘ ŦǊƻƳ D ōȅ ǊŜƳƻǾƛƴƎ ǘƘŜ ŜŘƎŜǎ ƻŦ D ǘƘŀǘ ŀǊŜ ŘƛǊŜŎǘŜŘ ƛƴǘƻ ǎ ŀƴŘ ōȅ 

ǊŜǾŜǊǎƛƴƎ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ȊŜǊƻ ƭŜƴƎǘƘ ŜŘƎŜǎ ŀƭƻƴƎ ǇŀǘƘ tмΦ 

4. CƛƴŘ ǘƘŜ ǎƘƻǊǘŜǎǘ ǇŀǘƘ tн ƛƴ ǘƘŜ ǊŜǎƛŘǳŀƭ ƎǊŀǇƘ Dǘ ōȅ ǊǳƴƴƛƴƎ 5ƛƧƪǎǘǊŀϥǎ ŀƭƎƻǊƛǘƘƳΦ 

5. 5ƛǎŎŀǊŘ ǘƘŜ ǊŜǾŜǊǎŜŘ ŜŘƎŜǎ ƻŦ tн ŦǊƻƳ ōƻǘƘ ǇŀǘƘǎΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ŜŘƎŜǎ ƻŦ tм ŀƴŘ tн ŦƻǊƳ ŀ ǎǳōƎǊŀǇƘ ǿƛǘƘ 

ǘǿƻ ƻǳǘƎƻƛƴƎ ŜŘƎŜǎ ŀǘ ǎΣ ǘǿƻ ƛƴŎƻƳƛƴƎ ŜŘƎŜǎ ŀǘ ǘΣ ŀƴŘ ƻƴŜ ƛƴŎƻƳƛƴƎ ŀƴŘ ƻƴŜ ƻǳǘƎƻƛƴƎ ŜŘƎŜ ŀǘ ŜŀŎƘ 

ǊŜƳŀƛƴƛƴƎ ǾŜǊǘŜȄΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘƛǎ ǎǳōƎǊŀǇƘ Ŏƻƴǎƛǎǘǎ ƻŦ ǘǿƻ ŜŘƎŜπŘƛǎƧƻƛƴǘ ǇŀǘƘǎ ŦǊƻƳ ǎ ǘƻ ǘ ŀƴŘ Ǉƻǎǎƛōƭȅ 

ǎƻƳŜ ŀŘŘƛǘƛƻƴŀƭ όȊŜǊƻƭŜƴƎǘƘύ ŎȅŎƭŜǎΦ wŜǘǳǊƴ ǘƘŜ ǘǿƻ ŘƛǎƧƻƛƴǘ ǇŀǘƘǎ ŦǊƻƳ ǘƘŜ ǎǳōƎǊŀǇƘΦ 

¸ƻǳ Ŏŀƴ ŦƛƴŘ ǇǊƻƻŦ ƻŦ ŎƻǊǊŜŎǘƴŜǎǎ ŀƴŘ Ƴŀƴȅ ƳƻǊŜ ŀōƻǳǘ {ǳǳǊōŀƭƭŜΩǎ ŀƭƎƻǊƛǘƘƳ ƛƴ ǘƘƛǎ ǇŀǇŜǊΥ 
ƘǘǘǇΥκκǿǿǿΦŜŜŎǎΦȅƻǊƪǳΦŎŀκŎƻǳǊǎŜψŀǊŎƘƛǾŜκнллтπлуκCκсрфлκbƻǘŜǎκǎǳǊōŀƭƭŜψŀƭƎΦǇŘŦ 
[ŜǘΩǎ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ǿŜ ǎƻƭǾŜŘ ƻǳǊ ŎǳǊǊŜƴǘ ǇǊƻōƭŜƳ όǿƛǘƘƻǳǘ ὅ ŦƭƛƎƘǘǎύ ōȅ ǳǎƛƴƎ ƻƴƭȅ {ǳǳǊōŀƭƭŜΩǎ ŀƭƎƻǊƛǘƘƳΣ ōǳǘ 
Ƙƻǿ ǘƻ ǎƻƭǾŜ ƛǘ ǿƛǘƘ ŀŘŘƛǘƛƻƴŀƭ ὅ ŎƘŀǊǘŜǊŜŘ ŦƭƛƎƘǘǎ ǿƘƛŎƘ ǿŜ ǎƘƻǳƭŘ ǳǎŜ ƻƴƭȅ ƛŦ ǿŜ ŎŀƴΩǘ ŦƛƴŘ ǘǿƻ ŘƛǎƧƻƛƴǘ 
ǇŀǘƘǎΚ  
!ǎ ǿŜ Ŏŀƴ ǎŜŜ ƛƴ ǘƘŜ ǎǳƳƳŀǊȅΣ {ǳǳǊōŀƭƭŜΩǎ ŀƭƎƻǊƛǘƘƳ ƛǎ Ƨǳǎǘ 5ƛƧƪǎǘǊŀΩǎ ŀƭƎƻǊƛǘƘƳ ǿƛǘƘ ǎƻƳŜ ƳƻŘƛŦƛŎŀǘƛƻƴǎΦ !ǎ 
ǿŜ ƪƴƻǿ ǘƘŀǘ ƛƴ 5ƛƧƪǎǘǊŀΩǎ ŀƭƎƻǊƛǘƘƳ ǿŜ ŎƘƻƻǎŜ ƴŜȄǘ ƴƻŘŜ ƎǊŜŜŘȅ όŀ ƴƻŘŜ ǿƛǘƘ ǘƘŜ ǎƳŀƭƭŜǎǘ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ŀƴ 
ƛƴƛǘƛŀƭ ƴƻŘŜΣ ǿƘƻ ƘŀǎƴΩǘ ōŜŜƴ ǾƛǎƛǘŜŘ ȅŜǘύΣ ǿŜ Ŏŀƴ ŀŘŘ ǎƻƳŜ ǾŀƭǳŜ ὍὔC ǘƻ ŜǾŜǊȅ ὅ ŦƭƛƎƘǘΩǎ ǿŜƛƎƘǘ ύȭὼȟώ
ύὼȟώ ὍὔὊύΦ ±ŀƭǳŜ ὍὔὊ ǎƘƻǳƭŘ ōŜ ōƛƎƎŜǊ ǘƘŀƴ ǘƘŜ ǎǳƳ ƻŦ ŀƭƭ ǿŜƛƎƘǘǎ ƻŦ Ὑ ŦƭƛƎƘǘǎ ōŜŎŀǳǎŜ ǘƘŜƴ ǿŜ ǎŜŎǳǊŜ 
ǘƘŀǘ ƛƴ 5ƛƧƪǎǘǊŀϥǎ ŀƭƎƻǊƛǘƘƳ ǿŜϥƭƭ ŀƭǿŀȅǎ ǳǎŜ Ὑ ŦƭƛƎƘǘǎ ŦƛǊǎǘΣ ŀƴŘ ǘƘŜƴ ὅ ŦƭƛƎƘǘǎΦ 
Lƴ ǘƘŜ ŜƴŘΣ ƭŜǘΩǎ ƎƛǾŜ ǉǳƛŎƪ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǘŀǎƪ ƛƴ ǘǿƻ ǎǘŜǇǎΥ 

1. tŜǊŦƻǊƳ ύȭὼȟώ ύὼȟώ ὍὔὊ ŦƻǊ ŀƭƭ / ŦƭƛƎƘǘǎ 

2. wǳƴ {ǳǳǊōŀƭƭŜΩǎ ŀƭƎƻǊƛǘƘƳ 

¢ƛƳŜ ŎƻƳǇƭŜȄƛǘȅ ƛǎ ǘƘŜ ǎŀƳŜ ŀǎ ŎƻƳǇƭŜȄƛǘȅ ƻŦ 5ƛƧƪǎǘǊŀΩǎ ŀƭƎƻǊƛǘƘƳ ὕ ȿὙ ὅȿ  ȿὔȿ ὰὫ ȿὔȿ Ȣ 
tΦ {Φ ά.ƻŀ ǾƛŀƎŜƳέ ǘǊŀƴǎƭŀǘŜŘ ŦǊƻƳ tƻǊǘǳƎǳŜǎŜ ƳŜŀƴǎ ŀ ƎƻƻŘ ǘǊƛǇΦ 

Added by: Fernando Fonesca [ITA] 
Solution by:  

Name:  Ivan ~ŜƎƻ 
School: XV Grammar School, Zagreb 

E-mail: ivan.sego96@gmail.com 

https://en.wikipedia.org/wiki/Suurballe%27s_algorithm
http://www.eecs.yorku.ca/course_archive/2007-08/F/6590/Notes/surballe_alg.pdf
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Problem R2 04 : Biology (ID: 7490 ) 

Time Limit: 2 second 

Memory Limit: 1536 MB 

 

Lǘ ǿŀǎ ƴƻ ƭŀǘŜǊ ǘƘŀƴ мусф ǘƘŀǘ WǳƭŜǎ ±ŜǊƴŜ ǎǳŎŎŜŜŘŜŘ ǘƻ ǾǳƭƎŀǊƛȊŜ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ŘŜǇǘƘǎ ƻŦ ǘƘŜ ƻŎŜŀƴǎ ǘƘǊƻǳƎƘ 
Ƙƛǎ ǎŎƛŜƴŎŜπŦƛŎǘƛƻƴ ƴƻǾŜƭ ά¢ǿŜƴǘȅ ǘƘƻǳǎŀƴŘ ƭŜŀƎǳŜǎ ǳƴŘŜǊ ǘƘŜ ǎŜŀέΦ hƴ ōƻŀǊŘ ǘƘŜ bŀǳǘƛƭǳǎ ƳŀƴƻŜǳǾǊŜŘ ōȅ 
ŎŀǇǘŀƛƴ bŜƳƻΣ ǘƘŜ ŎǊŜǿ Ǿƛǎƛǘǎ ǘƘŜ ƭƻǎǘ Ŏƛǘȅ ƻŦ !ǘƭŀƴǘƛǎ ŀƴŘ ƎŜǘǎ ǘƻ ƪƴƻǿ ǎǘǊŀƴƎŜǎǘ ƪƛƴŘǎ ƻŦ ǎŜŀ ŘǿŜƭƭŜǊǎΦ 

bŜŀǊƭȅ ŀ ŎŜƴǘǳǊȅ ƭŀǘŜǊΣ ƻƴŜ ƻŦ ǘƘŜ ŘŜŜǇŜǎǘ Ǉƻƛƴǘǎ ƻƴ 9ŀǊǘƘΣ ǘƘŜ /ƘŀƭƭŜƴƎŜǊ 5ŜŜǇ ǿŀǎ ǾƛǎƛǘŜŘ ōȅ tƛŎŎŀǊŘ ŀƴŘ 
²ŀƭǎƘ ŀƴŘ ŀ {ǿƛǎǎ ŦƭŀƎ ǿŀǎ ŘƛōōƭŜŘ ŀǘ млΦфнп ƳŜǘǊŜǎ ōŜƭƻǿ ǎŜŀ ƭŜǾŜƭΦ ¢ƘŜ ǊƛŘŜǊǎƘƛǇ ƻŦ ǘƘŜ ¢ǊƛŜǎǘŜ ǎǳōƳŀǊƛƴŜ 
ǿŀǎ ŀƳŀȊŜŘ ōȅ ǘƘŜ ŀƴƛƳŀƭ ƭƛŦŜ ƛƴ ǘƘŜǎŜ ŘŜǇǘƘǎΦ 

wŜŎŜƴǘƭȅ ŀ ǘŜŀƳ ƻŦ ōƛƻƭƻƎƛǎǘǎ ŘŜŎƛŘŜŘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜǎŜ ŘŜǇǘƘǎ ƻŦ ǘƘŜ aŀǊƛŀƴŀ ¢ǊŜƴŎƘ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜƛǊ 
{ƻ ²ŜƛǊŘ 9ȄƻǘƛŎ wŀǊŜ /ƛǘƛȊŜƴǎ ό{²9w/ύΦ ¢ƻ ǘƘƛǎ Ǝƻŀƭ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ǎǘǳŘȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘΣ ǿƘƛŎƘ ǎƘƻǿŜŘ ǘƘŀǘ 
ǘƘŜ ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ aŀǊƛŀƴŀ ¢ǊŜƴŎƘ ƘŀǾŜ ǾŜǊȅ ƭƻŎŀƭ ōƛƻǘƻǇŜǎΣ ǿƘƛŎƘ ƛŦ ǇǊƻƧŜŎǘŜŘ ƻƴǘƻ ǘƘŜ ǎŜŀ ǎǳǊŦŀŎŜΣ Ŏŀƴ ōŜ 
ŘŜǎŎǊƛōŜŘ ōȅ ŎƻƴǾŜȄ ǇƻƭȅƎƻƴǎΦ !ƭƭ ǘƘŜ ōƛƻǘƻǇŜǎ ŀǊŜ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ǎŀƳŜ ŘŜǇǘƘ ŀƴŘ ǎƻƳŜ Ƴŀȅ ƻǾŜǊƭŀǇΦ ¢ƘŜ 
ōƛƻƭƻƎƛǎǘǎ ƴƻǿ ǿŀƴǘ ǘƻ ƛƴǎǘŀƭƭ ǊŀŎƪǎ ŀƴŘ ŎŀƳŜǊŀǎ ƛƴ ŜŀŎƘ ōƛƻǘƻǇŜ ƛƴ ƻǊŘŜǊ ǘƻ ŀǘǘǊŀŎǘ ŀƴŘ ŦƛƭƳ ǘƘŜƳΦ !ǎ ŘŜƭƛŎƛƻǳǎ 
ŀǎ ǘƘŜ ŦƻƻŘ ŀǘ ǘƘŜ ǊŀŎƪǎ ƳƛƎƘǘ ōŜΣ ƴƻ ǎǇŜŎƛŜǎ ǿƻǳƭŘ ŜǾŜǊ ǘŀƪŜ ǘƘŜ Ǌƛǎƪ ǘƻ ǘǊŀƴǎƎǊŜǎǎ ǘƘŜ ōƻǊŘŜǊǎ ƻŦ ƛǘǎ ƘŀōƛǘŀǘΦ 
!ǎ ǘƘŜǎŜ ŎŀƳŜǊŀǎ ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎȅǎǘŜƳ ŀǊŜ ŜȄǘǊŜƳŜƭȅ ŜȄǇŜƴǎƛǾŜΣ ǘƘŜƛǊ ƴǳƳōŜǊ ƛǎ ǘƻ 
ōŜ ƳƛƴƛƳƛȊŜŘΦ /ŀƴ ȅƻǳ ǘŜƭƭ ǘƘŜ ōƛƻƭƻƎƛǎǘǎ ŦƻǊ Ƙƻǿ Ƴŀƴȅ ŎŀƳŜǊŀǎ ǘƘŜȅ ƴŜŜŘ ǘƻ ŀŎŎƻǳƴǘ ƛƴ ǘƘŜƛǊ ōǳŘƎŜǘ ǇƭŀƴƴƛƴƎ 
ƛƴ ƻǊŘŜǊ ƴƻǘ ǘƻ Ƴƛǎǎ ŀƴȅ ǎǇŜŎƛŜǎ ƛŦ ǘƘŜȅ ŎƘƻƻǎŜ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƛƴ ŀ ŎƭŜǾŜǊ ǿŀȅΚ ¸ƻǳ Ƴŀȅ ŎƻƴǎƛŘŜǊ ŜŀŎƘ ŎŀƳŜǊŀπ
ǊŀŎƪ ŎƻǳǇƭŜ ŀǎ ŀ ƳŀǘƘŜƳŀǘƛŎŀƭ Ǉƻƛƴǘ ǿƘƛŎƘ Ƴǳǎǘ ƭƛŜ ǎǘǊƛŎǘƭȅ ƛƴǎƛŘŜ ǘƘŜ ōƛƻǘƻǇŜ ƛƴ ƻǊŘŜǊ ǘƻ ŀǘǘǊŀŎǘ ǘƘŜ ǊŜƭŀǘŜŘ 
ǎǇŜŎƛŜǎΦ 

 
LƴǇǳǘ 

¢ƘŜ ƛƴǇǳǘ Ŏƻƴǎƛǎǘǎ ƻŦ ǎŜǾŜǊŀƭ ǘŜǎǘπŎŀǎŜǎ ǎŜǇŀǊŀǘŜŘ ōȅ ŀƴ ŜƳǇǘȅ ƭƛƴŜΦ 9ŀŎƘ ǘŜǎǘπŎŀǎŜ ǎǘŀǊǘǎ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 
ǎǇŜŎƛŜǎ Ὓ π Ὓ ςπ Φ 9ŀŎƘ ƻŦ ǘƘŜ ƴŜȄǘ { ƭƛƴŜǎ ŘŜǎŎǊƛōŜǎ ƻƴŜ ōƛƻǘƻǇŜΦ ¢ƘŜ ŦƛǊǎǘ ŜƴǘǊȅ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƴǳƳōŜǊ 
ὲ  ƻŦ ǾŜǊǘƛŎŜǎ ƻŦ ǘƘŜ ŎƻƴǾŜȄ ǇƻƭȅƎƻƴΦ ¢ƘŜƴ Ŧƻƭƭƻǿ ǘƘŜƛǊ ŎƻƻǊŘƛƴŀǘŜǎ ƛƴ ǘƘŜ ƻǊŘŜǊ 
ὼ ώ ὼ ώ ȢȢȢὼ ώ ȿὼȿȟȿώȿ ρπππȢ LƴǇǳǘ ǘŜǊƳƛƴŀǘŜǎ ƻƴ ŀ ǘŜǎǘπŎŀǎŜ ǿƛǘƘ Ὓ πΣ ǿƘƛŎƘ Ƴǳǎǘ ƴƻǘ ōŜ 

ŜǾŀƭǳŀǘŜŘΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ǘŜǎǘπŎŀǎŜΣ ƻǳǘǇǳǘ ǘƘŜ ƳƛƴƛƳǳƳ ƴǳƳōŜǊ ƻŦ ŎŀƳŜǊŀπǊŀŎƪ ŎƻǳǇƭŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎŎǊŜŜƴ ŀƭƭ ǘƘŜ ǎǇŜŎƛŜǎ 
ƭƛǎǘŜŘ ƛƴ ǘƘŜ ƛƴǇǳǘΦ 
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{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
3 

3 11.00 0.00 - 2.50 7.79 - 2.50 - 7.79  

4 4.00 - 3.00 - 3.00 4.00 - 10.00 - 3.00 

- 3.00 - 10.00  

4 4.00 2.00 3.00 3.00 2.00 2.00 3.00 

1.00  

10 

7 - 317.00 99.00 - 330.55 127.15 -

361.01 134.10 - 385.43 114.62 - 385.43 

83.38 - 361.01 63.90 - 330.55 70.85  

6 - 99.00 93.00 - 238.50 334.62 - 517.50 

334.62 - 657.00 93.00 - 517.50 - 148 .62 

- 238.50 - 148.62  

4 113.00 - 134.00 42.00 - 63.00 - 29.00 

- 134.00 42.00 - 205.00  

3 90.00 - 68.00 - 261.00 134.65 - 261.00 

- 270.65  

7 218.00 - 342.00 147.22 - 195.02 -

11.83 - 158.71 - 139.38 - 260.43 - 139.38 

- 423.57 - 11.83 - 525.29 147.22 - 488.98  

6 131.00 - 286.00 38.00  - 124.92 -

148.00 - 124.92 - 241.00 - 286.00 -

148.00 - 447.08 38.00 - 447.08  

4 - 170.00 - 247.00 - 172.00 - 245.00 -

174.00 - 247.00 - 172.00 - 249.00  

4 - 332.00 - 102.00 - 395.00 - 39.00 -

458.00 - 102.00 - 395.00 - 165.00  

6 - 52.00 - 224.00 - 196.50 26.28 -

485.50 26.28 - 630.00 - 224.00 - 485.50 

- 474.28 - 196.50 - 474.28  

5 - 101.00 163.00 - 210.87 314.22 -

388.63 256.46 - 388.63 69.54 - 210.87 

11.78  

0 

 

2 
5 
 

 

 

 
 

 

Solution: 

 
[ŜǘΩǎ ǊŜǎǘŀǘŜ ǘƘŜ ǇǊƻōƭŜƳ ǎǘŀǘŜƳŜƴǘΥ ǿŜ ƴŜŜŘ ǘƻ ŘƛǾƛŘŜ ǎŜǘ { ƻŦ ǎǇŜŎƛŜǎ όŎƻƴǾŜȄ ǇƻƭȅƎƻƴǎύ ƛƴǘƻ ƳƛƴƛƳǳƳ 
ƴǳƳōŜǊ ƻŦ ƎǊƻǳǇǎ ǎΦǘΦ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ŀƭƭ ǇƻƭȅƎƻƴǎ ƛƴ ƻƴŜ ƎǊƻǳǇ Ƙŀǎ ƴƻƴπȊŜǊƻ ŀǊŜŀΦ 

²Ŝ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀƴ ŀǊǊŀȅ ὫέέὨὗ  ǿƘŜǘƘŜǊ ǎǳōǎŜǘ ὗ ƻŦ Ὓ Ŏŀƴ ŦƻǊƳ ƻƴŜ ƎǊƻǳǇ ƻǊ ƴƻǘΦ  

CƛǊǎǘƭȅΣ Ƙƻǿ ǘƻ ŎƻƳǇǳǘŜ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ǘǿƻ ŎƻƴǾŜȄ ǇƻƭȅƎƻƴǎΚ hōǎŜǊǾŜΣ ǘƘŀǘ ǇƻƭȅƎƻƴ ƛǎ ŀƴ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ƘŀƭŦπ
ǇƭŀƴŜǎΣ ŀƴŘ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ƘŀƭŦπǇƭŀƴŜ ŀƴŘ ŀ ŎƻƴǾŜȄ ǇƻƭȅƎƻƴ ƛǎ ǎǘƛƭƭ ŀ ŎƻƴǾŜȄ ǇƻƭȅƎƻƴΦ {ƻ ŀƭƭ ǿŜ ƴŜŜŘ ƛǎ ŀ ŎƭŀǎǎƛŎ 
ǎǳōπǊƻǳǘƛƴŜ ŎƻƳǇǳǘƛƴƎ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ŀ ŎƻƴǾŜȄ ǇƻƭȅƎƻƴ ŀƴŘ ŀ ƘŀƭŦπǇƭŀƴŜΦ tƻƭȅƎƻƴǎ Ŏƻƴǎƛǎǘ ƻŦ ƭŜǎǎ ǘƘŀƴ пл 
Ǉƻƛƴǘǎ όƛǘϥǎ ƴƻǘ ƎƛǾŜƴ ƛƴ ǘƘŜ ǇǊƻōƭŜƳ ǎǘŀǘŜƳŜƴǘΣ ōǳǘ ƛǘ ƘƻƭŘǎύΣ ǎƻ ǘƘƛǎ ǇŀǊǘ Ŏŀƴ ōŜ ŘƻƴŜ ƴŀƛǾŜƭȅ ƛƴ ǘƛƳŜ ὲẗ
 ὲ ǿƘŜǊŜ ὲ ς ƴǳƳōŜǊ ƻŦ ǾŜǊǘƛŎŜǎ ƻŦ ὭπǘƘ ǇƻƭȅƎƻƴΦ 

²Ŝ Ŏŀƴ ǳǎŜ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǘƻ ŎƻƳǇǳǘŜ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ŜǾŜǊȅ ǘǊƛǇƭŜ ƻŦ ǇƻƭȅƎƻƴǎΣ ōǳǘ ŦƻǊ ƭŀǊƎŜǊ ǎŜǘǎΣ ƛǘ ǿƛƭƭ ǘƛƳŜ 
ƻǳǘΦ IƻǿŜǾŜǊΣ ƴƻǿ ǿŜ Ŏŀƴ ǳǎŜ IŜƭƭȅϥǎ ǘƘŜƻǊŜƳ όƘǘǘǇǎΥκκŜƴΦǿƛƪƛǇŜŘƛŀΦƻǊƎκǿƛƪƛκIŜƭƭȅϥǎψǘƘŜƻǊŜƳύ ǘƘŀǘ ƎƛǾŜǎ ǳǎΥ  

ά{Ŝǘ ƻŦ ǇƻƭȅƎƻƴǎ Ƙŀǎ ƴƻƴπȊŜǊƻ ƛƴǘŜǊǎŜŎǘƛƻƴ ƛŦŦ ŜǾŜǊȅ ǘǊƛǇƭŜ ƻŦ ǘƘŜƳ Ƙŀǎ ƴƻƴπȊŜǊƻ ƛƴǘŜǊǎŜŎǘƛƻƴέΦ  

{ƻ ǿŜ ŎƻƳǇǳǘŜ ƎƻƻŘώvϐ ŘȅƴŀƳƛŎŀƭƭȅ ŦǊƻƳ ǘƘŜ ǎƳŀƭƭ ǎǳōǎŜǘǎ ǘƻ ǘƘŜ ƭŀǊƎŜǊ ƻƴŜǎ ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜƭŀǘƛƻƴΥ 

ὫέέὨὗ Ὡ   ὫέέὨὗ ὃὔὈ ὫέέὨὩȟὥȟὦ ŦƻǊ ŀƭƭ ὥȟὦ ƛƴ ὗΦ 

https://en.wikipedia.org/wiki/Helly's_theorem
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bƻǿΣ ǎƛƳƛƭŀǊ ŘȅƴŀƳƛŎ ŀǇǇǊƻŀŎƘ ǿƻǳƭŘ ōŜ ŜƴƻǳƎƘ ǘƻ ŎƻƳǇǳǘŜ ǘƘŜ Ŧƛƴŀƭ ŀƴǎǿŜǊΣ ōǳǘ ƘŜǊŜ ǿŜ ŜȄǘŜƴŘ ǎǳōǎŜǘǎ 
ōȅ ƻǘƘŜǊ ǎǳōǎŜǘǎΣ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǎƛƴƎƭŜǘƻƴǎΥ 

ὭὪὫέέὨὄ  Ὠὴὃ ίόά ὄ άὭὲὨὴὃ ίόά ὄȟὨὴὃ  ρȠ 

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘƛǎ ǇŀǊǘƛŎǳƭŀǊ ŦƻǊƳǳƭŀ ƭŜŀŘǎ ǘƻ τ ǎƻƭǳǘƛƻƴΣ ōǳǘ ǿŜ Ŏŀƴ Ŝŀǎƛƭȅ ǎǇŜŜŘ ƛǘ ǳǇΥ 

 мΦ ŎƻƴǎƛŘŜǊ ƻƴƭȅ ǎŜǘǎ . ǎΦǘΦ ǘƘŜȅ ŀǊŜ ƎƻƻŘ ŀƴŘ ƳŀȄƛƳŀƭ ƛƴŎƭǳǎƛƻƴπǿƛǎŜ ς ƻƴŜ Ŏŀƴ ǇǊŜπŎƻƳǇǳǘŜ ǾŀƭǳŜǎ 
ὶὩὥὰὰώὫέέὨὗ  ὫέέὨὗ ὃὔὈ ὫέέὨὗ  ὥ   ὪὥὰίὩ ŦƻǊ ŀƭƭ ὥ ƴƻǘ ƛƴ ὗ 

 нΦ ŦƻǊ ƎƛǾŜƴ ǎŜǘ ὃ ǘŀƪŜ ǘƘŜ ǎƳŀƭƭŜǎǘ ŜƭŜƳŜƴǘ ὶ ǘƘŀǘ ŘƻŜǎƴϥǘ ōŜƭƻƴƎ ǘƻ ὃ ŀƴŘ ŎƻƴǎƛŘŜǊ ƻƴƭȅ ǎŜǘǎ ὄ ǘƘŀǘ 
Ŏƻƴǘŀƛƴ Ὡ ς ƻƴŜ Ŏŀƴ ǇǊŜŎƻƳǇǳǘŜ ǘƘŜ ǎŜǘ ὠ  ὗȡ ὺὩὶώὫέέὨὗ ὃὔὈ ὶ Ὥὲ ὗ  

Lǘϥǎ ƘŀǊŘ ǘƻ ŜǎǘƛƳŀǘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ Ŧƛƴŀƭ ǎƻƭǳǘƛƻƴΣ ōǳǘ ǘƘƻǎŜ ƻǇǘƛƳƛȊŀǘƛƻƴǎ ŀǊŜ ŜƴƻǳƎƘ ǘƻ ƎŜǘ ǘƘƛǎΦ 
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Problem R2 05 : Mickey Mouse Magic Trick v6 (ID: 17946 ) 

Time Limit: 99 seconds 

Memory Limit: 1536 MB 

 

aƛŎƪŜȅ aƻǳǎŜ ŀƴŘ 5ƻƴŀƭŘ 5ǳŎƪ ƭƻǾŜ ƳŀƎƛŎΦ ¢ƘŜȅ ǎǇŜŎƛŀƭƛȊŜ ǿƛǘƘ ŎŀǊŘ ǘǊƛŎƪǎΦ aƛŎƪŜȅ ƛƴǾŜƴǘŜŘ ŀ ƴŜǿ ǘǊƛŎƪ ŀƴŘ 
ǘƘŜȅ ŀǊŜ ƎƻƛƴƎ ǘƻ ǎǳǊǇǊƛǎŜ ǘƘŜ ǿƻǊƭŘΦ ¢ƘŜȅϥǾŜ ŎƻƴǘǊŀŎǘŜŘ ǎŜǊƛŜǎ ƻŦ ǎƘƻǿǎ ƻƴ ǿƘƻƭŜ ǘƘŜ ƎƭƻōŜΣ ǿƻǊǘƘ Ƴŀƴȅ 
Ƴƛƭƭƛƻƴǎ ƻŦ ŘƻƭŀǊǎ ϷϷΦ ¢ƘŜ ŦƛǊǎǘ ǎƘƻǿ ƛǎ ŎƻƳƛƴƎ ǳǇ ōǳǘ ǳƴŦƻǊǘǳƴŀǘŜƭȅ aƛŎƪŜȅ ƭƻǎǘ ǎŜŎǊŜǘ ƻŦ ǘƘŜ ǘǊƛŎƪΦ IŜ 
ǊŜƳŜƳōŜǊǎ ƻƴƭȅ ǘǊƛŎƪ ŘŜǎŎǊƛǇǘƛƻƴΣ ōǳǘ ƛǘϥǎ ƴƻǘ ŜƴƻǳƎƘ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ŎƻƴǘǊŀŎǘ ŎƻƴŘƛǘƛƻƴǎΦ IŜƭǇ ǘƘŜƳΗ 

aƛŎƪŜȅ Ƙŀǎ ƴ ŎŀǊŘǎ ǿƛǘƘ ǾŀƭǳŜǎ ρȟςȟȢȢȢȟὲΦ IŜ ƛƴǾƛǘŜǎ ŀ ǎǇŜŎǘŀǘƻǊ ŦǊƻƳ ǘƘŜ ŀǳŘƛŜƴŎŜΣ 5ƻƴŀƭŘ ƛǎ ƻǳǘǎƛŘŜ ǘƘŜ 
ǎǘŀƎŜ ŀƴŘ ǎŜŜ ƴƻǘƘƛƴƎ ƻƴ ǘƘŜ ǎǘŀƎŜΦ ¢ƘŜ ǎǇŜŎǘŀǘƻǊ ŎƘƻƻǎŜǎ ǊŀƴŘƻƳƭȅ Ὧ ŎŀǊŘǎ ŦǊƻƳ ǘƘŜ ǇŀŎƪ ŀƴŘ ŘƛǎŎŀǊŘ ǘƘŜ 
ǊŜƳŀƛƴƛƴƎ ὲ Ὧ ŎŀǊŘǎΦ aƛŎƪŜȅ ŎƘƻƻǎŜǎ ƻƴŜ ŎŀǊŘ ŦǊƻƳ ǘƘƛǎ Ὧ ŎŀǊŘǎΣ ǎƘƻǿǎ ƛǘ ǘƻ ŜǾŜǊȅƻƴŜ όŜȄŎŜǇǘ 5ƻƴŀƭŘύ ŀƴŘ 
ƘƛŘŜǎ ƛǘ ǘƻ ǘƘŜ ǎǇŜŎǘŀǘƻǊϥǎ ǇƻŎƪŜǘΦ bŜȄǘ aƛŎƪŜȅ ƭŜŀǾŜǎ ǘƘŜ ǊŜƳŀƛƴƛƴƎ Ὧ ρ ŎŀǊŘǎ ƛƴ ǎƻƳŜ ƻǊŘŜǊ ƻƴ ǘƘŜ ǘŀōƭŜΦ 
5ƻƴŀƭŘ ƛǎ ŎƻƳƛƴƎ ōŀŎƪΦ IŜ ƛǎ ǘƘŜ ƻƴƭȅ ǇŜǊǎƻƴΣ ǿƘƻ ŘƻŜǎƴϥǘ ƪƴƻǿΣ ǿƘŀǘ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƛƴ ǘƘŜ ƘƛŘŜƴ ŎŀǊŘΦ IŜ 
Ŏŀƴ ǎŜŜ ƻƴƭȅ Ὧ ρ ŎŀǊŘǎ ƻƴ ǘƘŜ ǘŀōƭŜΦ 5ƻƴŀƭŘ ǘƘƛƴƪǎ ŦƻǊ ŀ ǿƘƛƭŜΣ ǘƘŜ ŘǊǳƳ ǊǳƳōƭŜǎΣ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ǾŜǊȅ 
ǎƛƭŜƴǘΣ ǘƘŜƴ ƭƻǳŘŜǊ ŀƴŘ ƭƻǳŘŜǊΣ ŜǾŜǊȅƻƴŜ ƛǎ ǿŀƛǘƛƴƎΣ ǘƘŜ ŘǊǳƳ ǎǘƻǇǎΣ ŀ ŦŜǿ ǎŜŎƻƴŘǎ ƻŦ ŘŜŜǇ ǎƛƭŜƴŎŜ ŀƴŘΦΦΦ 
5ƻƴŀƭŘ ǎŀȅǎ ǘƘŜ ƴǳƳōŜǊ ƻƴ ǘƘŜ ƘƛŘŘŜƴ ŎŀǊŘΦ Lǘϥǎ ŎƻǊǊŜŎǘΣ ŀǇǇƭŀǳǎŜΗ Iƻǿ ŘƛŘ ƘŜ ŘƛǎŎƻǾŜǊ ǘƘŜ ƴǳƳōŜǊΚ Lǘϥǎ 
ƳŀƎƛŎΗ 

aƛŎƪŜȅ ŀƴŘ 5ƻƴŀƭŘ ƪƴƻǿΣ ǘƘŀǘϥǎ ƴƻǘ ƳŀƎƛŎ ƻƴƭȅ ǎƳŀǊǘ ƳŀǘƘ ƳŀƴƛǇǳƭŀǘƛƻƴǎΦ ¢ƘŜȅ ŀǎƪŜŘ ¸ƻǳ ǘƻ ƘŜƭǇ ǘƘŜƳΦ ¸ƻǳ 
ƘŀǾŜ ǘƻ ǿǊƛǘŜ ŎƻƳǇǳǘŜǊ ǇǊƻƎǊŀƳΣ ǘƘŀǘ Ŏŀƴ ƘŜƭǇ ǘƘŜƳ ǿƛǘƘ ǘƘŜ ǘǊƛŎƪΦ ¢ƘŜ ǇǊƻƎǊŀƳ ǎƘƻǳƭŘ ōŜ ŀōƭŜ ǘƻ Řƻ ǘǿƻ 
ǘƘƛƴƎǎΥ ƘŜƭǇ aƛŎƪŜȅ ǘƻ ǎŜƭŜŎǘ ƻƴŜ ŎŀǊŘ ŦǊƻƳ ƎƛǾŜƴ Ὧ ŎŀǊŘǎ ŀƴŘ ŘŜǎŎǊƛōŜ ƻǊŘŜǊ ƻŦ ǊŜƳŀƛƴƛƴƎ Ὧ ρ ŎŀǊŘǎ ƻƴ ǘƘŜ 
ǘŀōƭŜΣ ǘƘŜƴ ƘŜƭǇ 5ƻƴŀƭŘ ǘƻ ƎǳŜǎǎ ǘƘŜ ƘƛŘŘŜƴ ŎŀǊŘ ǾŀƭǳŜ ōŀǎƛƴƎ ƻƴƭȅ ƻƴ Ὧ ρ ŎŀǊŘǎ ƭŜŦǘ ōȅ aƛŎƪŜȅ ƻƴ ǘƘŜ ǘŀōƭŜΦ 
¸ƻǳ Ŏŀƴ ǳǎŜ ŀƴȅ ǎǘǊŀǘŜƎȅ ǘƘŀǘ ¸ƻǳ ǿŀƴǘΣ ōǳǘ ǊŜƳŜƳōŜǊ π 5ƻƴŀƭŘ ƴŜŜŘǎ ǘƻ ƎǳŜǎǎ ǘƘŜ ƴǳƳōŜǊ ŘǳǊƛƴƎ ǘƘŜ ǎƘƻǿΣ 
ōŜŎŀǳǎŜ ǘƘŜ ƘǳƎŜ ǇǊƻŦƛǘ ϷϷ ŘŜǇŜƴŘǎ ƻƴ ƛǘΦ 

LƴǇǳǘ 

!ƭƭ ƛƴǘŜƎŜǊǎ ƛƴ ǘƘŜ ǎŀƳŜ ƭƛƴŜ ŀǊŜ ǎƛƴƎƭŜπǎǇŀŎŜ ǎŜǇŀǊŀǘŜŘ όǘƘŜ ǎŀƳŜ ŎƻƴŎŜǊƴǎ ǇǊƻōƭŜƳ ƻǳǘǇǳǘύΦ 

±ŀƭǳŜǎ ὲȟὯ ŀǊŜ ŎƻƴǎǘŀƴǘΦ Lƴ ǘƘƛǎ ǇǊƻōƭŜƳ ὲ χςυ ŀƴŘ Ὧ φΦ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ǇǊƻōƭŜƳǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎΥ 
aaa!DL/оΣ aaa!DL/пΣ aaa!DL/рΦ 

¢ƘŜ ŦƛǊǎǘ ƭƛƴŜ ƻŦ ƛƴǇǳǘ Ŏƻƴǘŀƛƴǎ ǘǿƻ ƛƴǘŜƎŜǊǎ ὓȟὈȟ ǿƘŜǊŜ ὓ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘŜǎǘ ŎŀǎŜǎ ƛƴ ǿƘƛŎƘ aƛŎƪŜȅ ƴŜŜŘǎ 
ƘŜƭǇΣ Ὀ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘŜǎǘ ŎŀǎŜǎ ƛƴ ǿƘƛŎƘ 5ƻƴŀƭŘ ƴŜŜŘǎ ƘŜƭǇ όὓ Ὀ  ρπύΦ 

9ǾŜǊȅ ƻŦ ƴŜȄǘ ὓ ƭƛƴŜǎ Ŏƻƴǘŀƛƴǎ Ὧ ŘƛǎǘƛƴŎǘ ƛƴǘŜƎŜǊǎ ŦǊƻƳ ǊŀƴƎŜ ρȟὲ π ǘƘŜ ǾŀƭǳŜǎ ƻƴ ŎŀǊŘǎ ƎƛǾŜƴ ǘƻ aƛŎƪŜȅΦ ¢ƘŜ 
ǾŀƭǳŜǎ ŀǊŜ ǎƻǊǘŜŘ ƛƴ ŀǎŎŜƴŘƛƴƎ ƻǊŘŜǊΦ 

9ǾŜǊȅ ƻŦ ƴŜȄǘ Ὀ ƭƛƴŜǎ Ŏƻƴǘŀƛƴǎ Ὧ ρ ŘƛǎǘƛƴŎǘ ƛƴǘŜƎŜǊǎ ŦǊƻƳ ǊŀƴƎŜ ρȟὲ π ǘƘŜ ŎŀǊŘǎ ƭŜŦǘ ǘƻ 5ƻƴŀƭŘ ƻƴ ǘƘŜ ǘŀōƭŜΦ 
¢ƘŜ ƻǊŘŜǊ ƛǎ ǘƘŜ ǎŀƳŜΣ ŀǎ ƻƴ ǘƘŜ ǘŀōƭŜΣ ŦǊƻƳ ƭŜŦǘ ǘƻ ǊƛƎƘǘΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ aƛŎƪŜȅϥǎ ǉǳŜǊȅ ǿǊƛǘŜ ŀ ƭƛƴŜ ǿƛǘƘ Ὧ ρ ƛƴǘŜƎŜǊǎ π ǘƘŜ ǾŀƭǳŜǎ ƻƴ ǘƘŜ ŎŀǊŘǎΣ ǘƘŀǘ aƛŎƪŜȅ ƘŀǾŜ ǘƻ ƭŜŀǾŜ 
ƻƴ ǘƘŜ ǘŀōƭŜΣ ŦǊƻƳ ƭŜŦǘ ǘƻ ǊƛƎƘǘΦ 
CƻǊ ŜŀŎƘ 5ƻƴŀƭŘϥǎ ǉǳŜǊȅ ǿǊƛǘŜ ŀ ƭƛƴŜ ǿƛǘƘ ƻƴŜ ƛƴǘŜƎŜǊ π ǘƘŜ ǾŀƭǳŜ ƻŦ ƘƛŘŘŜƴ ŎŀǊŘ ƻǊ όƛŦ ƛƴ ¸ƻǳǊ ǎǘǊŀǘŜƎȅ ǎǳŎƘ 
ǎƛǘǳŀǘƛƻƴ ƛǎ ƛƳǇƻǎǎƛōƭŜύ ŀƴȅ ƻŦ ǊŜƳŀƛƴƛƴƎ ǾŀƭǳŜǎΦ 
 
{ŀƳǇƭŜǎ 

 

LƴǇǳǘ hǳǘǇǳǘ 
3 0  

1 2 3 4 5 6  

2 4 6 100 200 500  

4 7 8 111 222 666  

 

5 4 3 2 1  

6 500 4 100 200  

4 111 7 8 222  
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LƴǇǳǘ hǳǘǇǳǘ 
0 3  

5 4 3 2 1  

6 500 4 100 200  

4 111 7 8 222  

6 

2 

666  

 

 
 

 

Solution: 

 
In order to help Mickey and Donald one can do the following. 

When facing Mickeys query we discard the card with index, in sorted list (0 indexed), equal to the remainder 
the sum of numbers on all Ὧ cards modulo Ὧ.  

Knowing that we did just that, once we are required to reverse the process in DonaldΩs query and are facing 
Ὧ ɀ ρ cards, sum of which has remainder ὼ modulo Ὧ, we know that if the discarded card has the number 
smaller than the one on card with index 0 in sorted list, then the number on that card must have remainder 
ώ modulo Ὧ so that sum of ώ and ὼ has remainder 0 modulo Ὧ όōŜŎŀǳǎŜ ƻǘƘŜǊǿƛǎŜ ǿŜ ǿƻǳƭŘƴΩǘ ǎŜƭŜŎǘ ǘƘŜ 
card with the smallest number). Similarly we can write rules for every possible value of discarded card and 
we get this. 

Notation 

ὅ  value written on discarded card. 
Ὠ  value written on Ὥ-th card in list of cards Donald is presented to when said cards are sorted (Ὠ 
smallest value, Ὠ   largest) (0 indexed) 

If π  ὅ  Ὠ ɀ ρO  ὅ ḳ ώ  π άέὨόὰέ Ὧ 

If Ὠ   ὅ  Ὠ   ρ O  ὅ ḳ ώ  ρ άέὨόὰέ Ὧ 

Χ 

If Ὠ   ὅ  Ὠ   ρO  ὅ ḳ ώ  Ὧ  ς άέὨόὰέ Ὧ  

If Ὠ    ὅ  ὲ O  ὅ ḳ ώ  Ὧ  ρ άέὨόὰέ Ὧ 

And because the number of integers ὼ for which ὥ  ὼ  ὦ and ὼ ḳ Ὧ άέὨ ὴ is the same as number 
of integers ὼ such that ὥ ɀ ρ  ὼ  ὦ ɀ ρ and ὼ ḳ Ὧ ɀ ρ άέὨ ὴ (or rather ὥ ɀ ά  ὼ  ὦ ɀ ά and 
ὼ ḳ Ὧ ɀ άȟ for any integer ά). 

The number of cards with value that satisfies upper constrains is the same as the number of integers ὼ for 
which 

If π  ὼ  Ὠ ρ O  ὼ ḳ ώ  π ɀ π ḳ ώ άέὨόὰέ Ὧ  

If Ὠ  ρ  ὼ  Ὠ  ς O  ὼ ḳ ώ  ρ  ρ ḳ ώ άέὨόὰέ Ὧ 

If Ὠ ɀ ς  ὼ Ὠ  σ O  ὼ ḳ ώ  ς  ς ḳ ώ άέὨόὰέ Ὧ 

Χ 

If Ὠ    Ὧ  ὼ ὲ  Ὧ  ρ  ὯȦ O  ὼ ḳ ώ  Ὧ ɀ ρ  Ὧ ɀ ρ ḳ ώ άέὨόὰέ Ὧ 

By combining this we get that the number of cards with the number that satisfies our conditions is the same 
as the number of integers ὼ such that π  ὼ  ὯȦ and ὼ ḳ ώ άέὨ Ὧ and that number is same for every 
integer ώ and is equal to ὯȦ Ⱦ Ὧ  Ὧ ɀ ρȦ. And as we know we can arrange our Ὧ ɀ ρ cards in Ὧ ɀ ρȦ ways 
(by doing that giving the index of the permutation we made as information to Donald) so we just assign the 
Ὥ-th permutation to Ὥ-th card in sorted list of cards which satisfy our conditions. 

Implementation  

We can find the number of integers ὼ for which ὥ  ὼ  ὦ and ὼ ḳ Ὧ άέὨ ὴ in constant time by finding 
ὥȭ, the largest integer for which it holds true that ὥȭ  ὥ and ὥȭ ḳ Ὧ άέὨ ὴ, and ὦȭ, the smallest integer 
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for which ὦȭ  ὦ and ὦȭ ḳ Ὧ άέὨ ὴ. The number of said integers is same as number of integers ὼ such 
that ὥȭ  ὼ  ὦȭ and ὼ ḳ Ὧ άέὨ ὴ which is now easily computable as ὦȭ ɀ ὥȭ Ⱦ ὴ. 

We can also find the Ὥ-th (0 based) integer ὼ, for which ὥ  ὼ and ὼ ḳ Ὧ άέὨ ὴ in constant time by 
finding ὥȭ the same way, and realizing that same ὼ is also Ὥ-th integer for which ὥȭ  ὼ and ὼ ḳ Ὧ άέὨ ὴ 
and now ὼ is computable as ὼ  ὥȭ  Ὥ  ρẗὴ. 

bƻǿ ƭŜǘΩǎ ŀǎǎǳƳŜ ǘƘŀǘ ǘƘŜ ǎǳƳ ƻŦ ƴǳƳōŜǊǎ ƻƴ Ὧ cards Mickey has in front of him has remainder ὼ modulo Ὧ. 
We need to find out the card index of which would, when the card is put with rest of Ὧ ɀ ρ cards (and sorted), 
be same as remainder of sum of numbers from all Ὧ cards modulo Ὧ. Using previously stated conditions and 
2 methods stated above we can deduce the index Ὀ in time complexity ὕὯ. 

With Ὧ being 6 in this task we can generate all the permutations of integers 0 through 5 and assign one of 
them to every integer ὼȟπ  ὼ  ὯȦ (we can do that in time complexity ὕὯ z ὯȦ). So in Mickeys queries 
we know that we need to arrange the reminding Ὧ ɀ ρ cards in such way that their indexes represent the Ὀ-
th permutation, and knowing exactly what is Ὀ-th permutation and getting the sorted list of cards as input 
we can easily print reminding Ὧ ɀ ρ in desired order once again in complexity ὕὯ. 

So the overall time complexity of Mickeys query is ὕὯȢ 

Lƴ 5ƻƴŀƭŘΩǎ ǉǳŜǊƛŜǎ ǿŜ ƴŜŜŘ ǘƻ ŜȄǘǊŀŎǘ ǘƘŜ ƛƴŘŜȄ ƻŦ ǘƘŜ ƎƛǾŜƴ ǇŜǊƳǳǘŀǘƛƻƴ ƛƴ ƭƛǎǘ ƻŦ ǎƻǊǘŜŘ ǇŜǊƳǳǘŀǘƛƻƴǎΣ 
there are many ways to do that, and, with this size of Ὧ, differences between them are  not that important. 
One way to do that is to realize that all the permutations starting with index 0 are  before those who start 
with 1, etc. on the other side number of permutations which start with ὼ π  ὼ  Ὧ is equal (easily 
proven using mathematical induction) and is equal to ὯȦ Ⱦ Ὧ  Ὧ ɀ ρȦ. So if the first number in list provided 
to Donald is Ὥ-th in the sorted list then the index of the permutation ὴ is Ὥ z Ὧ ɀ ρȦ  ὴ  Ὥ  ρ z
 Ὧ ɀ ρȦ so we can represent ὴ as ὴ  Ὥ z Ὧ ɀ ρȦ  ὴ now using similar arguments if the second 
number in provided list is  Ὥ-th in the sorted list of elements excluding the first element we can claim that 
Ὥ z Ὧ ɀ ςȦ  ὴ  Ὥ  ρ z Ὧ ɀ ςȦ so we can represent ὴ as ὴ   Ὥ z Ὧ ɀ ρȦ  ὴ and so 
on until we get to ὴ  which is 0 because there is only one permutation of size 1. 

We can do all that using sort function and function which gives us number of already used numbers smaller 
than our number (we need this for calculating the position of our number in shortened sorted list). We can 
achieve time complexity of ὕὯ z ὰέὫὯ using quicksort and using tournament-tree when calculating 
positions in sorted lists. 

Once we know the index Ὀ we can, similarly as in Mickeys queries, find which number is Ὀ-th in sorted list 
of numbers which satisfy our conditions and print it in ὕὯ, hence solving Donalds queries in overall time  
complexity of ὕὯ z ὰέὫὯ   Ὧ. 

Time complexity of this solution is ὕὯ z ὯȦ  ὓ z Ὧ  Ὀ z Ὧ z ὰέὫ Ὧ. 

Space complexity of this solution is ὕὯ z ὯȦ. 

 

Added by: miodziu 
Resource: http://mwpz.poznan.pl 
Solution by:  

Name:  Nikola Spasiŏ 
School: DǊŀƳƳŀǊ {ŎƘƻƻƭ άWƻǾŀƴ WƻǾŀƴƻǾƛŏ ½ƳŀƧέ, Novi Sad 
E-mail: nnspasic1997@gmail.com 
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Problem R2 06 : Electrical Engineering (ID: 7680 ) 

Time Limit: 3 second 

Memory Limit: 1536 MB 

 

¢ƘŜ ŜƭŜŎǘǊƛŎŀƭ ŜƴƎƛƴŜŜǊǎΩ ƛƴŘŜŦŀǘƛƎŀōƭŜ ǎǘǊƛǾŜ ǘƻǿŀǊŘǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴ ǘǊŀƴǎƭŀǘŜŘ 
ƛƴǘƻ ǘƘŜ ǊŜŎŜƴǘ ōƻƻƳ ƻŦ ƘȅŘǊƻΣ ǎƻƭŀǊΣ ǿƛƴŘ ŀƴŘ ƎŜƻǘƘŜǊƳŀƭ ǇƻǿŜǊ ǇƭŀƴǘǎΦ ²ƘƛƭŜ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ǎƛŘŜ ǎŜŜƳǎ 
ǊŜŀŘȅΣ ǘƘŜǎŜ ŀƳōƛǘƛƻǳǎ ǇǊƻƧŜŎǘǎ ƘŀǾŜ ǘƘŜƛǊ ōƻǘǘƭŜƴŜŎƪ ƛƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΥ .ŜǎƛŘŜǎ ǘƘŜ 
ŜƴŜǊƎȅ ƭƻǎǎŜǎ ǘƘŀǘ ƻŎŎǳǊ ŘǳǊƛƴƎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƻǾŜǊ ƭƻƴƎ ŘƛǎǘŀƴŎŜǎΣ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ Ŏŀƴƴƻǘ 
ǇǊƻǾƛŘŜ ǇƻǿŜǊ ƻƴ ŘŜƳŀƴŘ ς ǘƘŜȅ Ƴǳǎǘ ōŜ ǘŀƪŜƴ ŀǎ ǇǊƻǾƛŘŜŘ ōȅ ƴŀǘǳǊŜΦ ¦ǎŜŘ ŀǘ ƭŀǊƎŜ ǎŎŀƭŜ ƛƴ ǘƻŘŀȅΩǎ 
ƴŜǘǿƻǊƪǎΣ ǳƴǊŜƭƛŀōƭŜ ƎǊŜŜƴ ŜƴŜǊƎȅ Ŏŀƴ ŘƛǎǊǳǇǘ ǘƘŜ ōŀƭŀƴŎŜ ƻŦ ǇƻǿŜǊ ƎǊƛŘǎ Ŝŀǎƛƭȅ ŀƴŘ ŎŀǳǎŜ ƘǳƎŜ ŘŀƳŀƎŜ ŀƭƻƴƎ 
ǿƛǘƘ ƭŀǊƎŜπǎŎŀƭŜ ǇƻǿŜǊ ƻǳǘŀƎŜǎΦ 

{ŜǊƛƻǳǎ ŜŦŦƻǊǘ ƛǎ ǘƘǳǎ Ǉǳǘ ƻƴ ǊŜǎŜŀǊŎƘƛƴƎ ǘǊŀƴǎƛŜƴǘ ŀƴŘ ŘȅƴŀƳƛŎ ǇƘŜƴƻƳŜƴŀ ƛƴ ǇƻǿŜǊ ƎǊƛŘǎΦ ¸ƻǳ ŀǊŜ ƻŦŦŜǊŜŘ ŀ 
Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘŜ ƭŀō ŦƻǊ ƭƛƴŜŀǊ ŀƴŘ ǇƭŀƴŀǊ ŘƛǎǘǊƛōǳǘƛƻƴ ƴŜǘǿƻǊƪǎΦ DƛǾŜƴ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ 
ƴŜǘǿƻǊƪΩǎ ƭƛƴŜ ƛƳǇŜŘŀƴŎŜǎ ὤ Σ ȅƻǳ ŀǊŜ ǘƻ ŦƛƴŘ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƛƳǇŜŘŀƴŎŜ ōŜǘǿŜŜƴ ǎƻƳŜ ŎƻǳǇƭŜǎ ƻŦ ƴƻŘŜǎΦ 
¢ƘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǎǳŎƘ ŜǉǳƛǾŀƭŜƴǘ ƛƳǇŜŘŀƴŎŜǎ Ƴŀȅ ǎǇŜŜŘ ǳǇ ǘƘŜ ƴŜǘǿƻǊƪ ŀƴŀƭȅǎƛǎ ŎƻƴǎƛŘŜǊŀōƭȅΗ LƳǇŜŘŀƴŎŜǎ 
ŀǊŜ ŎƻƳǇƭŜȄ ƴǳƳōŜǊ ǿƘƻǎŜ ǊŜŀƭ ǇŀǊǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǊŜǎƛǎǘƛǾŜ ƭƛƴŜ ōŜƘŀǾƛƻǳǊ ǿƘƛƭŜ ǘƘŜ ƛƳŀƎƛƴŀǊȅ ǇŀǊǘ ǎǘŀƴŘǎ 
ŦƻǊ ǘƘŜ ŎŀǇŀŎƛǘƛǾŜ όƴŜƎŀǘƛǾŜύ ƻǊ ƛƴŘǳŎǘƛǾŜ όǇƻǎƛǘƛǾŜύ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎΦ [ƛƴŜǎ ŀǊŜ ōƛŘƛǊŜŎǘƛƻƴŀƭΣ ǘƘŀǘ ƛǎ 
ƛƳǇŜŘŀƴŎŜόŀΣōύ Ŝǉǳŀƭǎ ƛƳǇŜŘŀƴŎŜ όōΣŀύΦ 

Lǘ ǿŀǎ ǇǊƻǾŜƴ ǘƘŀǘ ŀƴȅ ƭƛƴŜŀǊ ŀƴŘ ǇƭŀƴŀǊ ƎǊŀǇƘ όŎŀƴ ōŜ ŘǊŀǿƴ ƛƴ ŀ ǿŀȅ ǘƘŀǘ ƛǘǎ ŜŘƎŜǎ ƛƴǘŜǊǎŜŎǘ ƻƴƭȅ ŀǘ ǘƘŜƛǊ 
ŜƴŘǇƻƛƴǘǎύ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘ ƛƴǘƻ ŀ ǎƛƴƎƭŜ ŜǉǳƛǾŀƭŜƴǘ ŜŘƎŜ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƛƳǇŜŘŀƴŎŜ ōŜǘǿŜŜƴ 
ƛǘǎ ŜƴŘƛƴƎ ƴƻŘŜǎΣ ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎƛȄ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎΥ 

 

bƻǿ ǘƘŀǘ ȅƻǳ ƘŀǾŜ ŀƭƭ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ƻǇŜǊŀǘƛƻƴǎ ŀǾŀƛƭŀōƭŜΣ ŀǊŜ ȅƻǳ ŀōƭŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ 
ƛƳǇŜŘŀƴŎŜ ōŜǘǿŜŜƴ ǎŜǾŜǊŀƭ ŎƻǳǇƭŜǎ ƻŦ ƴƻŘŜǎΚ 

LƴǇǳǘ 

¢ƘŜ ƛƴǇǳǘ Ŏƻƴǎƛǎǘǎ ƻŦ ǎŜǾŜǊŀƭ ǘŜǎǘπŎŀǎŜǎ ǎŜǇŀǊŀǘŜŘ ōȅ ŀƴ ŜƳǇǘȅ ƭƛƴŜΦ 9ŀŎƘ ǘŜǎǘπŎŀǎŜ ǎǘŀǊǘǎ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 
ƴƻŘŜǎ ὔ ρ ὔ ρππΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōƛŘƛǊŜŎǘƛƻƴŀƭ ŎƻƴƴŜŎǘƛƻƴǎ ὅ π ὅ ρπππ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 
ŜǉǳƛǾŀƭŜƴǘ ƛƳǇŜŘŀƴŎŜǎ ǘƻ ŎƻƳǇǳǘŜ ὤ π ὤ ρπ ƻƴ ŀ ƭƛƴŜΦ ¢ƘŜƴ Ŧƻƭƭƻǿ ὅ ƭƛƴŜǎΣ ŜŀŎƘ ŘŜǎŎǊƛōƛƴƎ ƻƴŜ 
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ōƛŘƛǊŜŎǘƛƻƴŀƭ ŎƻƴƴŜŎǘƛƻƴ ƛƴ ǘƘŜ ŦƻǊƳ Ψ9ƴŘtƻƛƴǘψмΩ Ψ9ƴŘtƻƛƴǘψнΩ ΨLƳǇŜŘŀƴŎŜΩΦ Ψ9ƴŘtƻƛƴǘψмΩ ŀƴŘ Ψ9ƴŘtƻƛƴǘψнΩ 
ŀǊŜ ƛƴ ǘƘŜ ǊŀƴƎŜ ρ ǘƻ ὔ ŀƴŘ ƛƳǇŜŘŀƴŎŜ Ƙŀǎ ǘƘŜ ŦƻǊƳŀǘ ΨǊŜ ƛƳΩ ǿƘŜǊŜ ǊŜ ŀƴŘ ƛƳ ŘŜǎƛƎƴŀǘŜ ǘƘŜ ǊŜŀƭ ŀƴŘ 
ƛƳŀƎƛƴŀǊȅ ǇŀǊǘǎ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ōƻǘƘ ōŜƛƴƎ ǊŜŀƭ ƴǳƳōŜǊǎ Ὠ ǎǳŎƘ ǘƘŀǘ ρπ  ȿὨȿ  ρπΦ ¢ƘŜ ƴŜȄǘ ὤ ƭƛƴŜǎ ŜŀŎƘ 
ƘƻƭŘ ǘǿƻ ƛƴǘŜƎŜǊǎΣ ǘƘŜ ƛƴŘƛŎŜǎ ƻŦ ǘƘŜ ƴƻŘŜǎ ōŜǘǿŜŜƴ ǿƘƛŎƘ ȅƻǳ ŀǊŜ ǘƻ ŎƻƳǇǳǘŜ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƛƳǇŜŘŀƴŎŜΦ 
LƴǇǳǘ ǘŜǊƳƛƴŀǘŜǎ ƻƴ ŀ ǘŜǎǘπŎŀǎŜ ǿƛǘƘ ὔ ὅ ὤ πΣ ǿƘƛŎƘ Ƴǳǎǘ ƴƻǘ ōŜ ŜǾŀƭǳŀǘŜŘΦ 

hǳǘǇǳǘ 

CƻǊ ŜŀŎƘ ŎƻǳǇƭŜ ƻŦ ŜƴŘǇƻƛƴǘǎΣ ƻǳǘǇǳǘ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƛƳǇŜŘŀƴŎŜ ƛƴ ǘƘŜ ŦƻǊƳ ΨǊŜ ƛƳΩ ǿƘŜǊŜ ǊŜ ŀƴŘ ƛƳ ŘŜǎƛƎƴŀǘŜ 
ǘƘŜ ǊŜŀƭ ŀƴŘ ƛƳŀƎƛƴŀǊȅ ǇŀǊǘǎ ǊŜǎǇŜŎǘƛǾŜƭȅΦ LŦ ǘƘŜ ƴƻŘŜǎ ŀǊŜ ƴƻǘ ŎƻƴƴŜŎǘŜŘΣ ƻǳǘǇǳǘ Ψƴƻ ŎƻƴƴŜŎǘƛƻƴΩΦ 9ƭŜŎǘǊƛŎŀƭ 
ŜƴƎƛƴŜŜǊǎ ǿƛƭƭ ŎƻƴǎƛŘŜǊ ȅƻǳǊ ǊŜǎǳƭǘ ŀǎ ŎƻǊǊŜŎǘ ƛŦ ǘƘŜ ŀōǎƻƭǳǘŜ ŜǊǊƻǊ ƻƴ ǘƘŜ ǊŜŀƭ ŀƴŘ ƛƳŀƎƛƴŀǊȅ ǇŀǊǘǎ ƛǎ ōŜƭƻǿ 
ρπΦ CƛƴƛǎƘ ŜŀŎƘ ǘŜǎǘπŎŀǎŜ ƻƴ ŀ ōƭŀƴƪ ƭƛƴŜΦ 
 
{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
5 10 3  

3 1 12.317 - 0.779  

5 3 30.107 0.289  

5 1 27.447 - 22.649  

4 2 15.351 24.371  

5 5 19.63 - 3.549  

2 2 11.841 18.757  

4 5 4.834 - 16.542  

3 5 5.022 - 22.387  

2 5 24.768 - 22.356  

5 2 27.351 12.053  

1 2  

2 3  

3 3  

 

10 10 4  

9 8 6.36 17.411  

1 3 27.596 - 6.484  

9 10 4.735 - 8.282  

8 8 6.901 27.939  

8 4 14.894 3.729  

5 4 14.311 - 2.422  

10 10 11.009 6.225  

4 4 3.196 - 32.703  

10 9 15.282 - 14.799  

3 9 20.473 27.158  

10 9  

8 1  

2 9  

9 6  

23.37 - 7.26  

19.61 - 6.97  

0.00 0.00  

 

3.79 - 5.46  

54.43 38.09  

no connection  

no connection  

 

 

 
 

 

Solution: 

 
tǊŜǊŜǉǳƛǎƛǘŜǎΥ bƻŘŀƭ ŀƴŀƭȅǎƛǎΣ {ǘŀǊπƳŜǎƘ ǘǊŀƴǎŦƻǊƳΣ Dŀǳǎǎƛŀƴ ŜƭƛƳƛƴŀǘƛƻƴΣ ¦ƴƛƻƴ ŦƛƴŘ 

LƴǘǊƻŘǳŎǘƛƻƴ 

aŀƛƴ ƛŘŜŀ ƻŦ ǎƻƭǳǘƛƻƴ ƛǎ ǘƻ Ǉǳǘ ŎǳǊǊŜƴǘ ǎƻǳǊŎŜ ōŜǘǿŜŜƴ ǉǳŜǊȅ ƴƻŘŜǎ ŀƴŘ ǘƘŜƴ ŘŜǘŜǊƳƛƴŜ ǾƻƭǘŀƎŜ ōŜǘǿŜŜƴ 
ƴƻŘŜǎΦ !ŦǘŜǊ ǘƘŀǘΣ ŎŀƭŎǳƭŀǘƛƴƎ ƛƳǇŜŘŀƴŎŜ ƛǎ Ŝŀǎȅ ὤ  Ὗ Ⱦ ὍΦ aŜƴǘƛƻƴŜŘ ŀƭƎƻǊƛǘƘƳ ǿŀǎ ǘƻ ǎƭƻǿΦ Lǘǎ 
ŎƻƳǇƭŜȄƛǘȅ ƛǎ ὕὝ z ὔσ z ὤΣ Ὕ π ƴǳƳōŜǊ ƻŦ ǘŜǎǘ ŎŀǎŜǎΣ ὔ π ƴǳƳōŜǊ ƻŦ ƴƻŘŜǎΣ ὤ π ƴǳƳōŜǊ ƻŦ ǉǳŜǊƛŜǎΦ 
.ƻǘǘƭŜƴŜŎƪ ƛƴ ŀƭƎƻǊƛǘƘƳ ƛǎ ƴǳƳōŜǊ ƻŦ ƴƻŘŜǎ ǎƻ L ƘŀŘ ǘƻ ǊŜŘǳŎŜ ƛǘΦ LϥǾŜ ŘƻƴŜ ǘƘŀǘ ǳǎƛƴƎ ǎǘŀǊπƳŜǎƘ ǘǊŀƴǎŦƻǊƳΦ  
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{ǘŀǊπƳŜǎƘ ǘǊŀƴǎŦƻǊƳ 

 

¢ƘŜ ŜǉǳƛǾŀƭŜƴǘ ƛƳǇŜŘŀƴŎŜ ŀƴŘ ŀŘƳƛǘǘŀƴŎŜ ōŜǘǿŜŜƴ ƴƻŘŜǎ ὃ ŀƴŘ ὄ ŀǊŜ ƎƛǾŜƴ ōȅΥ 

 

²ƘŜǊŜ ὤ ὣ   ƛǎ ǘƘŜ ƛƳǇŜŘŀƴŎŜ όŀŘƳƛǘǘŀƴŎŜύ ōŜǘǿŜŜƴ ƴƻŘŜ ὃ ŀƴŘ ǘƘŜ ŎŜƴǘǊŀƭ ƴƻŘŜ ōŜƛƴƎ ǊŜƳƻǾŜŘΦ 
 

5ŜǘŀƛƭŜŘ ŘŜǎŎǊƛǇǘƛƻƴ 

CƛǊǎǘ ǎǘŜǇΥ /ǊŜŀǘŜ ƎǊŀǇƘ ŀƴŘ ǳƴƛƻƴ ŦƛƴŘΦ 

/ǊŜŀǘŜ ƎǊŀǇƘ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ŜƭŜŎǘǊƛŎ ŎƛǊŎǳƛǘΦ Lǘϥǎ ŜŀǎƛŜǊ ǘƻ ǿƻǊƪ ǿƛǘƘ ŀŘƳƛǘǘŀƴŎŜ ὣ  ρ Ⱦ ὤ ǘƘŀƴ ǿƛǘƘ 
ƛƳǇŜŘŀƴŎŜ ōŜŎŀǳǎŜ ǇŀǊŀƭƭŜƭ ǊŜŘǳŎǘƛƻƴ ƛǎ ǎƛƳǇƭƛŦƛŜŘ ǘƻ ὣ  ὣρ  ὣςΦ .ŜǎƛŘŜǎ ŎǊŜŀǘƛƴƎ ƎǊŀǇƘΣ ȅƻǳ ƘŀǾŜ ǘƻ 
ŎǊŜŀǘŜ ǳƴƛƻƴ ŦƛƴŘ Řŀǘŀ ǎǘǊǳŎǘǳǊŜΦ L ǿƛƭƭ ǳǎŜ ǘƘŀǘ ǎǘǊǳŎǘǳǊŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ƴƻŘŜǎ ŀǊŜƴϥǘ ŎƻƴƴŜŎǘŜŘΦ 

int N, C, Z;  

unordered_map<int, complex<double>> links[MAXN];  

UnionFind uf(MAXN);  

for (int i = 0; i < C; i++)  {  

    fscanf(fin, "%d %d %lf %lf", &a, &b, &re, &im);  

    if (a != b) {  

        links [a][b] += 1.0 / complex<double>(re, im);  

        links[b][a] += 1.0 / complex<double>(re, im);  

        uf.connect(a, b);  

    }  

}  

{ŜŎƻƴŘ ǎǘŜǇΥ tǊƻŎŜǎǎ ǉǳŜǊƛŜǎΦ  

{ǘƻǊŜ ŀƭƭ ǉǳŜǊƛŜǎ ƛƴ ƭƛǎǘ ŀƴŘ ƳŀǊƪ ŀƭƭ ƴƻŘŜǎ ǘƘŀǘ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ǉǳŜǊƛŜǎ όȅƻǳ Ŏŀƴ ǎƪƛǇ ǉǳŜǊƛŜǎ ƛŦ ƴƻŘŜǎ ƛƴ ǉǳŜǊȅ 
ŀǊŜ ǎŀƳŜ ƻǊ ƴƻŘŜǎ ŀǊŜƴϥǘ ŎƻƴƴŜŎǘŜŘύΦ 

pair<int, int> queries[MAXZ];  

set<int> inQuery;  

bool skip[MAXN];  

for (int i = 0; i < Z; i++) {  

    fscanf(fin, "%d %d", &a, &b);  

    if (a == b) {  
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        queries[i] = make_pair(EQUAL, 0);  

    } else i f (!uf.isConnected(a, b)) {  

        queries[i] = make_pair(NOT_CONNECTED, 0);  

    } else {  

        queries[i] = make_pair(a, b);  

        skip[a] = skip[b] = true;  

        inQuery.insert({ a, b });  

    }  

}  

¢ƘƛǊŘ ǎǘŜǇΥ {ƛƳǇƭƛŦȅ ƎǊŀǇƘ 

wŜƳƻǾŜ ƴƻŘŜǎ ǿƛǘƘ ƻƴŜ ŎƻƴƴŜŎǘƛƻƴ ǘƘŀǘ ŀǊŜƴϥǘ ƳŀǊƪΦ !ŦǘŜǊ ǘƘŀǘ ŀǇǇƭȅ ǎǘŀǊπƳŜǎƘ ǘǊŀƴǎŦƻǊƳ ǘƻ ƻǘƘŜǊ ƴƻŘŜǎ 
ǘƘŀǘ ŀǊŜƴϥǘ ƳŀǊƪŜŘ όƴƻŘŜǎ ǿƛǘƘ ƭƻǿŜǊ ŘŜƎǊŜŜ ƘŀǾŜ ƎǊŜŀǘŜǊ ǇǊƛƻǊƛǘȅύΦ 

unordered_set<int> simplify;  

for (int i = 1; i <= N; i++)  {  

    if (!skip[i]) {  

        simplify.insert(i) ;  

    }  

}  

while (!simplify.empty()) {  

    int minId = *simplify.begin();  

    for (auto nodeId : simplify) {  

        if (links[nodeId].size() < links[minId].size()) {  

            minId = nodeId;  

        }  

    }  

    simplify.erase(minId);  

    // Star -  mesh 

    complex<double> admSum = 0.0;  

    unordered_map<int, complex<double>> &ref = links[minId];  

    for (auto node : ref) {  

        links[node.first].erase(minId);  

        admSum += node.second;  

    }  

 

    admSum = 1.0 / admSum;  

    for (auto it = ref.begin(); it != ref.end(); it++) {  

        auto kt = it;  

        for (auto jt = ++kt; jt != ref.end(); jt++) {  

            imp = (it - >second * jt - >second) * admSum;  
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            links[it - >first][jt - >first] += imp;  

            links[jt - >first][it - >first] += imp;  

        }  

    }  

}  

CƻǳǊǘƘ ǎǘŜǇΥ {Ǉƭƛǘ ƴƻŘŜǎ  

{Ǉƭƛǘ ƴƻŘŜǎ ǘƻ ŎƻƴƴŜŎǘŜŘ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ŎǊŜŀǘŜ ƳŀǘǊƛȄ ŦƻǊ ŜŀŎƘ ŎƻƳǇƻƴŜƴǘǎΦ  

for (auto id : inQuery) {  

    components[uf.find(id)].push_back(id);  

}  

CƛŦǘƘ ǎǘŜǇΥ /ǊŜŀǘŜ ƳŀǘǊƛŎŜǎΣ ǎƻƭǾŜ ǎȅǎǘŜƳ ƻŦ Ŝǉǳŀǘƛƻƴǎ ŀƴŘ ǇǊƛƴǘ ŀƴǎǿŜǊ 

CƻǊ ŜŀŎƘ ǉǳŜǊȅ ŦƛƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎƻƴƴŜŎǘŜŘ ŎƻƳǇƻƴŜƴǘΣ ŀŘŘ ŎǳǊǊŜƴǘ ǎƻǳǊŎŜ ōŜǘǿŜŜƴ ƴƻŘŜǎΣ ŎǊŜŀǘŜ ƳŀǘǊƛȄ 
ŀƴŘ Ŧƛƴŀƭƭȅ ǎƻƭǾŜ ǘƘŜ ǎƻƭǾŜ ǎȅǎǘŜƳΦ /ǊŜŀǘŜŘ ƳŀǘǊƛȄ ǊŜǇǊŜǎŜƴǘǎ ǎȅǎǘŜƳ ƻŦ Ŝǉǳŀǘƛƻƴǎ ǘƘŀǘ ƛǎ ǳǎŜŘ ǘƻ ŀǇǇƭȅ ƴƻŘŀƭ 
ŀƴŀƭȅǎƛǎ όŜŀŎƘ ǎȅǎǘŜƳ Ƙŀǎ ŀǘ Ƴƻǎǘ ςẗ ὤ ǾŀǊƛŀōƭŜǎύΦ  

// This array is used for mapping node to its position in matrix  

int idToPos[MAXN];  

for (int i = 0; i < Z; i++) {  

    if (queries[i].first == EQUAL) {  

        puts("0.00 0.00");  

        continue;  

    }  

 

    if (queries[i].first == NOT_CONNECTED) {  

        puts("no connection");  

        continue;  

    }  

 

    vector<int> &ref = components[uf.find(queries[i].first)];  

    for (int j = 0; j < ref.size(); j++) {  

        for (int k = 0; k < ref.size(); k++) {  

            tmpMat[j][k] = 0.0;  

        }  

    }  

 

    for (int j = 0; j < ref.size(); j++) {  

        idToPos[ref[j]] = j;  

    }  

 

    // Create matrix  

    for (auto id : ref) {  
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        for (auto link : links[id]) {  

            a = idToPos[id];  

            b = i dToPos[link.first];  

            tmpMat[a][b] - = link.second;  

            tmpMat[a][a] += link.second;  

        }  

    }  

 

    // Init B vector  

    for (int j = 0; j < ref.size(); j++) {  

        B[j] = 0.0;  

    }  

    // Add current source  

    B[idToPos[queries[i].first]] = - 1;  

    B[idToPos[queries[i].second]] = 1;  

 

    // Solve sytem  

    solveGauss(ref.size(), tmpMat, B);  

    complex<double> sol = X[idToPos[queries[i].second]] -  

                          X[idToPos[queries[i].first]];  

    printf("%lf %lf \ n", sol.real(), sol.imag());  

}  

 

/ƻƴŎƭǳǎƛƻƴ 

/ƻƳǇƭŜȄƛǘȅ ƻŦ ƛƳǇǊƻǾŜŘ ŀƭƎƻǊƛǘƘƳ ƛǎ ὕὝ z ὔ   ὤ Φ LŦ ὤ ƛǎ ƭƻǿŜǊ ǘƘŀƴ ὔΣ ŀƭƎƻǊƛǘƘƳ Ƙŀǎ ōŜǘǘŜǊ 
ǇŜǊŦƻǊƳŀƴŎŜΦ 

 

Added by: Christian Kauth 
Solution by:  

Name:  SrŚŀƴ aƛƭŀƪƻǾƛŏ 
School: Faculty of Technical Sciences, University of Novi Sad 
E-mail: srki.accounts@gmail.com 
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Problem R2 07 : Turn on the Lights 2 (ID: 9535 ) 

Time Limit: 1-5 second 

Memory Limit: 1536 MB 

 

wŜŎŜƴǘƭȅ ½ƛǇǇȅ ǊŜŎŜƛǾŜŘ ŀ ǇǳȊȊƭŜΦ Lǘ ƛǎ ŀƴ ὲẗά ƳŀǘǊƛȄΦ Lƴ Ƴƻǎǘ ŎŜƭƭǎ ƻŦ ǘƘŜ ƳŀǘǊƛȄΣ ǘƘŜǊŜ ƛǎ ŀ ƭƛƎƘǘ ǿƛǘƘ ŀ ǎǿƛǘŎƘΦ 
IƻǿŜǾŜǊΣ ǎƻƳŜ ŎŜƭƭǎ Řƻ ƴƻǘ Ŏƻƴǘŀƛƴ ŀ ƭƛƎƘǘ ǿƛǘƘ ŀ ǎǿƛǘŎƘΣ ŀƴŘ ǘƘŜȅ ŀǊŜ ŎŀƭƭŜŘ ϦōƭƻŎƪǎϦΦ hƴŎŜ ƘŜ ŦƭƛǇǎ ǘƘŜ ǎǿƛǘŎƘ 
ƛƴ ŀ ŎŜƭƭΣ ƭƛƎƘǘǎ ƛƴ ǾƛǎƛōƭŜ ŎŜƭƭǎ ŦǊƻƳ ƛǘ όƛƴŎƭǳŘƛƴƎ ƛǘǎŜƭŦύ ŎƘŀƴƎŜ ǘƻ ƛǘǎ ƻǇǇƻǎƛǘŜ ǎǘŀǘŜ όǿƘƛŎƘ ƳŜŀƴǎΥ ƻƴπҔƻŦŦΣ ƻŦŦπ
ҔƻƴύΦ hƴŜ ŎŜƭƭ ƛǎ ǾƛǎƛōƭŜ ŦǊƻƳ ŀƴƻǘƘŜǊΣ ƛŦŦ ǘƘŜȅ ŀǊŜ ƛƴ ǘƘŜ ǎŀƳŜ Ǌƻǿ ƻǊ ǘƘŜ ǎŀƳŜ ŎƻƭǳƳƴΣ ŀƴŘ ǘƘŜǊŜ ŀǊŜƴϥǘ ŀƴȅ 
ōƭƻŎƪǎ ōŜǘǿŜŜƴ ǘƘŜƳ όŀƴŘ ƻŦ ŎƻǳǊǎŜ ǘƘŜ ǘǿƻ ŎŜƭƭǎ ǎƘƻǳƭŘ ƴƻǘ ōŜ ōƭƻŎƪǎύΦ ½ƛǇǇȅ ǿŀƴǘǎ ǘƻ ǘǳǊƴ ƻƴ ŀƭƭ ǘƘŜ ƭƛƎƘǘǎΦ 
tƭŜŀǎŜ ƘŜƭǇ ƘƛƳ ǘƻ ǎƻƭǾŜ ǘƘŜ ǇǳȊȊƭŜΦ 

 
LƴǇǳǘ 

CƛǊǎǘ ƭƛƴŜΣ ὲȟάΦ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ὲ ƭƛƴŜǎΣ ŜŀŎƘ ƭƛƴŜ ƛǎ ŀ άπƭŜƴƎǘƘ ǎǘǊƛƴƎΣ ǊŜǇǊŜǎǘƛƴƎ ǘƘŜ ƻǊƛƎƛƴŀƭ ǎǘŀǘŜΦ όл ƳŜŀƴǎ ƻƴΣ м ƳŜŀƴǎ ƻŦŦ 
ŀƴŘ н ƳŜŀƴǎ ŀ ōƭƻŎƪύ 

ρ ὲȟά σππ  

ὲόάὦὩὶ έὪ ὦὰέὧὯί  άὥὼὲȟά  

hǳǘǇǳǘ 

ὲ ƭƛƴŜǎΣ ŜŀŎƘ ƭƛƴŜ ƛǎ ŀ άπƭŜƴƎǘƘ ǎǘǊƛƴƎΦ Lǘϥǎ ƻōǾƛƻǳǎ ǘƘŀǘ ƛŦ ŀ ǾŀƭƛŘ ǎƻƭǳǘƛƻƴ ŜȄƛǎǘǎΣ ǘƘŜǊŜ ŜȄƛǎǘǎ ŀ ǎƻƭǳǘƛƻƴ ǘƘŀǘ 
ŜǾŜǊȅ ǎǿƛǘŎƘ ƛǎ ŦƭƛǇǇŜŘ ƴƻ ƳƻǊŜ ǘƘŀƴ ƻƴŎŜΦ {ƻ м ƳŜŀƴǎ ǘƘŜ ǎǿƛǘŎƘ ƛǎ ŦƭƛǇǇŜŘ ƻƴŎŜ ŀƴŘ л ƳŜŀƴǎ ǘƘŜ ǎǿǘƛŎƘ 
ǊŜƳŀƛƴǎ ǳƴŦƭƛǇǇŜŘΦ hŦ ŎƻǳǊǎŜΣ ŀ ōƭƻŎƪ Řƻ ƴƻǘ Ŏƻƴǘŀƛƴ ŀ ǎǿƛǘŎƘΣ ǎƻ ŦƻǊ ǘƘŜ ŎŜƭƭΣ ȅƻǳ ǎƘƻǳƭŘ ŀƭǿŀȅǎ ƻǳǘǇǳǘ лΦ  
Lǘϥǎ ƎǳŀǊŀƴǘŜŜŘ ǘƘŀǘ ǘƘŜǊŜ ŀƭǿŀȅǎ ŜȄƛǎǘǎ ŀ ǎƻƭǳǘƛƻƴΦ LŦ ǘƘŜǊŜ ŀǊŜ ƳǳƭǘƛǇƭŜ ǎƻƭǳǘƛƻƴǎΣ ƻǳǘǇǳǘ ŀƴȅ ƻŦ ǘƘŜƳΦ 
 
{ŀƳǇƭŜǎ 

LƴǇǳǘ hǳǘǇǳǘ 
2 3  

011  

121  

001  

100  

 

 

 
 

 

Solution: 

 
[Ŝǘϥǎ Ŏŀƭƭ ŀƭƭ ŎŜƭƭǎ ǘƘŀǘ ŀǊŜ ƴƻǘ ōƭƻŎƪǎ αƭƛƎƘǘǎέ ŀƴŘ ŀǎǎǳƳŜ ǘƘŀǘ ά ὲ σππΦ 
 
¢ƘŜ ƻōǾƛƻǳǎ ŀƭƎƻǊƛǘƘƳ ǘƘŀǘ ŦƛƴŘǎ ŀ ǎƻƭǳǘƛƻƴ ƛǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

1. CƻǊ ŜŀŎƘ ƭƛƎƘǘ ŎǊŜŀǘŜ ŀ ōƻƻƭŜŀƴ ǾŀǊƛŀōƭŜ ὼȟ ς ƛǘ ǿƛƭƭ ŘŜǘŜǊƳƛƴŜΣ ǿƘŜǘƘŜǊ ǘƘƛǎ ǎǿƛǘŎƘ Ƙŀǎ ǘƻ ōŜ 

ŦƭƛǇǇŜŘ ƻǊ ƴƻǘ 
2. /ǊŜŀǘŜ ŀ ǎȅǎǘŜƳ ƻŦ ōƻƻƭŜŀƴ ŜǉǳŀǘƛƻƴǎΦ CƻǊ ŜŀŎƘ ƭƛƎƘǘ ὭȟὮ ǘƘŜǊŜ ƛǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ  ȄƻǊ ƻŦ 
ŀƭƭ ǾƛǎƛōƭŜ ƭƛƎƘǘǎ ŦǊƻƳ ƛǘ Ƴǳǎǘ ōŜ л ƻǊ мΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƻǊƛƎƛƴŀƭ ǎǘŀǘŜ ƻŦ ǘƘŜ ōƻŀǊŘ 

3. ¦ǎŜ Dŀǳǎǎƛŀƴ ŜƭƛƳƛƴŀǘƛƻƴ όƘǘǘǇǎΥκκŜƴΦǿƛƪƛǇŜŘƛŀΦƻǊƎκǿƛƪƛκDŀǳǎǎƛŀƴψŜƭƛƳƛƴŀǘƛƻƴύ ǘƻ ǎƻƭǾŜ ǘƘŜ 
ǎȅǎǘŜƳ 

 
wŜŎŀƭƭ ǘƘŀǘ Dŀǳǎǎƛŀƴ ŜƭƛƳƛƴŀǘƛƻƴ Ǌǳƴǎ ƛƴ ὕὙͮσ ǘƛƳŜΣ ǿƘŜǊŜ Ὑ  ƴǳƳōŜǊ ƻŦ ǾŀǊƛŀōƭŜǎ ƛŦ ǘƘŜǊŜ ƛǎ ƻƴŜ Ŝǉǳŀǘƛƻƴ 
ŦƻǊ ŜŀŎƘ ǾŀǊƛŀōƭŜΣ ǎƻ ƛǘ ƛǎ ǘƻƻ ǎƭƻǿ ŦƻǊ ǳǎ ŀǎ Ὑ ὲΦ 
 
[Ŝǘϥǎ ǘǊȅ ǘƻ ŎƻƴǎǘǊǳŎǘ ŀ ǎƳŀƭƭŜǊ ǎȅǎǘŜƳ ƻŦ ŜǉǳŀǘƛƻƴǎΦ 
 
bƻǿ ŘƛǾƛŘŜ ǘƘŜ ōƻŀǊŘ ƛƴǘƻ ƘƻǊƛȊƻƴǘŀƭ ǎǘǊƛǇŜǎ ς ƴƻƴπ ŜȄǘŜƴŘŀōƭŜ ŎƻƴǘƛƎǳƻǳǎ ǎŜǘǎ ƻŦ ƭƛƎƘǘǎ ǿƛǘƘ ŎƻƳƳƻƴ ȅπ
ŎƻƻǊŘƛƴŀǘŜ όǎŜŜ ǘƘŜ ǇƛŎǘǳǊŜύΦ hōǎŜǊǾŜ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ƭŜǎǎ ǘƘŀƴ ςẗὲ ƻŦ ǘƘŜƳΣ ŀǎ ƛƴ ŀƴ ŜƳǇǘȅ ōƻŀǊŘ ǘƘŜǊŜ ŀǊŜ 

https://en.wikipedia.org/wiki/Gaussian_elimination


тт              a5/{ ς .ǳōōƭŜ /ǳǇ нлмр 
 

ὲ ǎǘǊƛǇŜǎ ŀƴŘ ŜǾŜǊȅ ōƭƻŎƪ ŘƛǾƛŘŜǎ ŀ ǎǘǊƛǇŜ ƛƴǘƻ ǘǿƻ ǎƳŀƭƭŜǊ ƻƴŜǎΦ [Ŝǘϥǎ ŜƴǳƳŜǊŀǘŜ ǘƘŜƳΥ ὌȟὌȟȢȢȢȟὌȟ ǿƘŜǊŜ 
ὧ ςẗὲΦ 
 
{ƛƳƛƭŀǊƭȅΣ ǘƘŜǊŜ ŀǊŜ ǾŜǊǘƛŎŀƭ ǎǘǊƛǇŜǎΥ ὠȟὠȟȢȢȢὠΣ ǿƘŜǊŜ Ὠ ςẗὲΦ 
 

 
 
bƻǿ ƭŜǘϥǎ ŎƻƴǎǘǊǳŎǘ ōƻƻƭŜŀƴ ǾŀǊƛŀōƭŜǎ Ὤȟὺ ǘƘŀǘ ǿƛƭƭ Ŏƻǳƴǘ όƳƻŘǳƭƻ нύ ƴǳƳōŜǊ ƻŦ ŦƭƛǇǇŜŘ ǎǿƛǘŎƘŜǎ ƛƴ ὭπǘƘ 
ǊŜƎƛƻƴΣ ŦƻǊ ŜȄŀƳǇƭŜΥ Ὤ  ȄƻǊ ƻŦ ŀƭƭ ὼȟ ǎΦǘΦ ὥȟὦ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ ǎǘǊƛǇŜ ὌΦ όϝύ 

 
5ƻŜǎ ƛǘ ƎƛǾŜ ǳǎ ŀƴȅ ƛƳǇǊƻǾŜƳŜƴǘΚ bƻǿ ǘƘŜǊŜ ŀǊŜ ŜǾŜƴ ƳƻǊŜ ǾŀǊƛŀōƭŜǎ ŀƴŘ ŜǉǳŀǘƛƻƴǎΣ ōǳǘ ƻōǎŜǊǾŜ ǘƘŀǘΥ 

ὼȟ ὼέὶ Ὤ ὼέὶ Ὤ  Ὥὲὴόὸȟ 

 
ǿƘŜǊŜ ὥ ς ƴǳƳōŜǊ ƻŦ ƘƻǊƛȊƻƴǘŀƭ ǎǘǊƛǇŜ ǘƘŀǘ ƭƛƎƘǘ ὭȟὮ ōŜƭƻƴƎǎ ǘƻ ŀƴŘ ὦ  ǾŜǊǘƛŎŀƭΦ 
 
²Ŝ Ŏŀƴ ǊŜŀǊǊŀƴƎŜ ƛǘ ŀƴŘ ƻōǘŀƛƴΥ 
 

ὼȟ  Ὤ ὼέὶ Ὤ ὼέὶ Ὥὲὴόὸȟ z  z

 
bƻǿ ǿŜ Ŏŀƴ ǎǳōǎǘƛǘǳǘŜ ŜǾŜǊȅ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǾŀǊƛŀōƭŜ ὼȟ ƛƴ Ŝǉǳŀǘƛƻƴǎ όϝύ ǳǎƛƴƎ ŦƻǊƳǳƭŀ όϝϝύ ƻōǘŀƛƴƛƴƎ ǎȅǎǘŜƳ 

ƻŦ ὧ Ὠ τὲ ρςππ ŜǉǳŀǘƛƻƴǎΦ IŜǊŜ ǿŜ Ŏŀƴ ǳǎŜ Dŀǳǎǎƛŀƴ ŜƭƛƳƛƴŀǘƛƻƴ όƛŦ ƛǘ ǘƛƳŜǎ ƻǳǘ ƻƴŜ Ŏŀƴ ǳǎŜ ōƛƴŀǊȅ 
ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ŀŎƘƛŜǾŜ ὕὙͮσȾσς ǘƛƳŜύ ŀƴŘ ŎƻƳǇǳǘŜ ŀƭƭ ǾŀǊƛŀōƭŜǎ Ὤ ŀƴŘ ὺΦ 
 
CƛƴŀƭƭȅΣ ǿŜ ǳǎŜ Ŝǉǳŀǘƛƻƴǎ όϝϝύ ǘƻ ǊŜŎƻƴǎǘǊǳŎǘ ǘƘŜ Ŧƛƴŀƭ ǎƻƭǳǘƛƻƴΦ 
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