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1. Supplementary Material
1.1. Proof of Lemma 1

Proof. Based on definition of tensor permutation in Defi-
nition 6, on the left hand side, the (j1, ...., jn) entry of the
tensor is

XPi(j1, ..., jn) = X(jn−i+2, ..., jn, j1, ..., jn−i+1). (1)

On the right hand side, the (j1, ...., jn) entry of the tensor
gives

f(Ui · · ·Ui−1)(j1, · · · , jn)
=Trace(Ui(:, j1, :)Ui+1(:, j2, :)...Un(:, jn−i+1, :)

U1(:, jn−i+2, :) · · ·Ui−1(:, jn, 1)).

(2)

Since trace is invariant under cyclic permutations, we have

Trace(Ui(:, j1, :)Ui+1(:, j2, :)...Un(:, jn−i+1, :)

U1(:, jn−i+2, :) · · ·Ui−1(:, jn, :))

=Trace(U1(:, jn−i+2, :) · · ·Ui−1(:, jn, :)

Ui(:, j1, :)Ui+1(:, j2, :)...Un(:, jn−i+1, :))

=f(U1 · · ·Un)(jn−i+2, · · · , jn, j1, · · · , jn−i+1),

(3)

which equals to the right hand side of equation (1).
Since any entries in XPi are the same as those in
UiUi+1 · · ·UnU1 · · ·Ui−1, the claim is proved.

1.2. Proof of Lemma 2

Proof. First we note that tensor permutation does not
change tensor Frobenius norm as all the entries remain the
same as those before the permutation. In Lemma 2, we have

Ui = argminY‖PΩ◦f(U1 · · ·Ui−1YUi+1 · · ·Un)−XΩ)‖2F .
(4)

Since the permutation operation does not change the Frobe-
nius norm, equivalently we have

Ui = argminY‖P
Pi

Ω ◦(f(U1 · · ·Ui−1YUi+1 · · ·Un))
Pi−XPi

Ω ‖
2
F .

(5)
Based on Lemma 1, we have

(f(U1 · · ·Ui−1YUi+1 · · ·Un))
Pi = f(YUi+1 · · ·UnU1 · · ·Ui−1),

(6)

thus equation (5) becomes

Ui = argminY‖P
Pi

Ω ◦f(YUi+1 · · ·UnU1 · · ·Ui−1)−XPi

Ω ‖
2
F .
(7)

Thus we prove our claim.
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