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}FingerTrees are a special form of òleafyó 
òmonoidally annotatedó 2- 3 Tree that provide 
fast access from the first and last leaves.

}We call the first and last node in the tree the 
ôfingersõ of the tree, in a sense weõll make 
more rigorous shortly.



Operation Amortized Bounds

Finger Tree Annotated 2 - 3 Tree List Vector

cons, snoc O(1) O(log n) O(1)/O( n) O(n)

viewl , viewr O(1) O(log n) O(1)/O( n) O(1)

measure/length O(1) O(1) O(n) O(1)

append O(log min(ҏ1, ҏ2)) O(log n) O(n) O(n+m )

split O(log min( n, ҏ- n)) O(log n) O(n) O(1)

replicate O(log n) O(log n) O(n) O(n)

fromList , toList , reverse O(ҏ)/O(ҏ)/O(ҏ) O(ҏ) O(1)/ O(1)/ O(n) O(n)

index O(log min( n, ҏ- n) O(log n) O(n) O(1)



}data Leafy a = Leaf a | Fork (Tree a) (Tree a)
or

}data Tree a = Tip | Bin (Tree a) a (Tree a)



}data Leafy a = Leaf a | Fork (Leafy a) (Leafy a)

} instance Functor Leafy where
Ɓfmap f (Leaf a) = Leaf (f a)

Ɓfmap f (Fork l r) = Fork ( fmap f l) ( fmap f r)

}instance Monad Leafy where
Ɓreturn = Leaf

ƁLeaf a >>= f = f a

ƁFork l r >>= f = Fork (l >>= f) (r >>= f)



}data Leafy a = Leaf a | Fork (Leafy a) (Leafy a)

}data Tree a = Empty | Tree (Leafy a)

instance Functor Tree ...

instance Monad Tree ...



}data Tree a = Tip | Bin (Tree a) a (Tree a)

} instance Functor Tree where
fmap _ Tip = Tip
fmap f (Bin l a r) = Bin ( fmap f l) (f a) ( fmap f r)

} instance Monad Tree where
return a = Bin Tip a Tip
Tip >>= _ = Tip
Bin l a r >>= f = (l >>= f) +++ f a +++ (r >>= f)

(+++) :: Tree a - > Tree a - > Tree a


