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Let C ⊂ Rn+ be any convex set.
Let q be any point in Rn+ and let p = p′∈C ||p′ − q|| . Then, it
holds for any r ∈ C that

||r − q|| ≥ ||r − p|| + ||p − q|| .
Further, this inequality becomes an equality if C is an affine set.
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Let p∗

be the projection of q s.t. q ≥ q ≥ ... ≥ qn and A′ is the set of
violating constraints w.r.t. q. Then the projection p∗ satisfies that
p∗ ≥ p∗ ≥ p∗n.
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There exists an algorithm, with input q ∈
A , outputs the projection of q onto Pn ∩ A

in time O n and space O n .
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There exists an online scheduling algorithm over
Pn ∩ A such that
( 1 ) its − / n + -regret is O n

√
T , and

( 2 ) its running time is O n time per trial.
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For our online scheduling problem over the permu-
tahedron Pn, for sufficiently large T , the -regret is Ω n
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If there exists a polynomial time online scheduling
algorithm with α-regret poly n,m

√
T, then there also exists a

randomized polynomial time algorithm for the offline problem
with approximation ratio α.
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