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Chu-Liu/ Edmonec sSyAl

For each node v#r
Let y, be the minimum cost of an edge entering node v
Modify the costs of all edges e entering v to cost(e)«—cost(e)-y,
Choose one 0-cost edge entering each v#r, obtaining a set F°
If F* forms an arborescence, then return it
Else there is a directed cycle C & F
Contract C to a single supernode, yielding a graph G'=(V’, E’)
Recursively find an optimal arborescence (V’, F') in G’

Extend (V’, F’) to an arborescence (V, F) in G by adding all but one
edge of C

(Algorithm Design, Jon Kleinberg & Eva Tardos, Pearson Education,
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Input: training data D={<x,y>}, feature functions f={f;}, initial
parameters c={c;}

Output: optimal parameters c

loop until ¢ converges
foreach <x,y> & D
z’ :=argmin, cost(z;x, C)
if(y#2")
foreach f;; & f
%j = ¢ — fy(y) + £(2)
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