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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, ..., j,) entry of the
tensor is

XX (s s ) = XGnik2s oos s J1s oo Gnmipr). - (1)
On the right hand side, the (j1, ..., jin) entry of the tensor
gives
FOU W) Gy in)
=Trace(W;(:, j1, ) Wir1(:, G2, ) Un (5, Jmit1,:)  (2)
Ui (s, n—it2,1) - Wim1 (5 ns 1))

Since trace is invariant under cyclic permutations, we have

Trace(W; (:, 41, ) Wir1 (5, g2, 1) Un (iy Gt 1, )
U (5 Jn—i2, 1) - Uima (5 iy )
=Trace(Us (:, jn—it2,:) -  Uic1(ty dny2) 3)
W; (s, g1, ) Wig1 (5 52, 1) Un (G, i1, 0)
=f(Us - Upn)(noitz, 1 JnsJ1 5 Jn—iv1),

which equals to the right hand side of equation ().
Since any entries in X’ are the same as those in
U Uigq - - UpUyg - - - Uy—q, the claim is proved. O

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

U; = argminy ||Poo f(Us - - Ui—1YUig -+ Up ) — X || -

“4)
Since the permutation operation does not change the Frobe-
nius norm, equivalently we have

Ui = argminy ||f])£lo(f(u1 s ui_lyui+1 R un))P’—DCgl
®)

Based on Lemma 1, we have
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thus equation (3) becomes

u’i = argmin‘j Hjjgof(yuH»l o unul te ui,l)—fxg"' %
(7
Thus we prove our claim. 0

(F(Uy - Uiy YUy - Un)) = F(YUigr - UnUy - Ui,

(6)



