The Union-Find Problem
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Typical Divide-and-Conquer:
If problem set S has size n=1, then nothing to be done.

Otherwise:
* partition S into subproblems of size < f(n)

* solve each of the n/f(n) subproblems recursively

* combine subsolutions.
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( f needs to satisfy contraction condition f(n)<n for n>1.)
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Properties:
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) f(fm) = f(n)-1

2) f a“nice" compaction

= f~ a "nice" compaction and
f* “much smaller” than f
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Find(3)= 6 (representative element)



Impementation

* forest F of rooted trees with node set S
* one tree for each group in current partition
* root of tree is representative of the group
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Find( x ) follow path from x to root



Heuristic 1: “linking by rank”

- each node x carries integer rk(x)
- initially rk(x) =0
- as soon as x is NOT a root, rk(x) stays unchanged

» for Union( x , y ) make node with smaller rank
child of the other
in case of tie, increment one of the
X4 Y7 ranks
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Heuristic 2. Path compression

when performin a Find( x ) operation make
all nodes in the "findpath” children of the root
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sequence of Union and Find operation

Explicit cost model:

cost( op ) = # times some node gets a new parent

Time for Union(x ,y) = O(1) = O(cost( Union(x,y)))
Time for Find( x) = O(# of nodes on findpath )
= O( 2+ cost( Find(x)) )



For analysis assume all Unions are performed
first, but Find-paths are only followed (and
compressed) to correct node.
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