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Terrain Research 
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Range Minimum Queries (1D) 
1 2 3 4 5 6 7 8 

n 
9 

0.3 0.1 3.5 2.4 0.7 5.2 1.6 3.7 4.2 

RMQ(3,6) = 5 
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Cartesian tree [Vuillemin 1980] 
5 5 

2n bit 
encoding 

2n+o(n) bit encoding 
O(1) time queries 

[Fischer, Heun 2011] 



Range Minimum Queries (2D) 

nm log(nm) bit encoding 

1 2 3 4 
n 
5 

1 0.3 0.1 3.5 2.4 0.7 

2 5.2 1.6 0.6 4.2 8.7 

m   3 1.4 3.8 6.5 4.1 0.2 

1 2 3 4 
n 
5 

1 0.3 0.1 3.5 2.4 0.7 

2 5.2 1.6 0.6 4.2 8.7 

m   3 1.4 3.8 6.5 4.1 0.2 

1 2 3 4 
n 
5 

1 0.3 0.1 3.5 2.4 0.7 

2 5.2 1.6 0.6 4.2 8.7 

m   3 1.4 3.8 6.5 4.1 0.2 

RMQ(2,2,3,4) = (2,3) 

1 2 3 4 
n 
5 

1 3 1 9 8 5 

2 13 7 4 12 15 

m   3 6 10 14 11 2 

Rank matrix 

Lower bound:   (nmlog m) 
[Brodal, Davoodi, Rao 2012] 

Upper bound:   O(nmlog m) 
[Brodal, Brodnik, Davoodi 2013] 

Query time ? 
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Thank you 


