
# Tensor Decomposition

Given T = rus us E

Goal : recover Gur,..., ur)3

Random Components
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known poly-time approaches succeed for
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Hope : recover some uri)
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[Ma , Shi , Steurer"6] ~n3 using
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(Ding , d'Orsi , Liu , Steurer, Tiegal22] ~312

↳ Based on 81 . 2 ,33 , 84 ,5 ,63 flattening of
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↳ Related : max rank of Manxn is ph

#B n slices
,
each rank In

3/2
Hard for low-deg polynomial when ren

(W'23]



Generic components

Random components is a strong assumption

Can't hope for arbitrary components (NP-hard)

Sweet spot : "generic" components

↳ succeed for "almost all"

inputs

Lef Predicate PF) holds for "generically

chosen" XER" if J polynomial F :R -R,

not identically zero
,
such that

f() + 0 = P(x) holds

* "Bad" values for X : zero set of some

polynomial = measure zero

setting : T= u wiswi

where util
,
wil

,
wil are generically chosen



from 13r

Goal : recover the collection of rann-l terms

norew = (u) (v)w

Focus : p
= 3

,
4 sensor order

in

Easier task: rank detection
"

↳ find r

· Prerequisite for decomp

· Turns out to have same threshold as decomp...

· Identifiable whee ranPt same as random)

Approach : flattening Th MrT)
rank(t) mu rankre

= Enterouri
2

Tr m = M(T) =T = my
navewax h (uev)(wax)T

n21]



rank-1 1 rank-1

rank-- rank- ?

&
r
, provided
· components generic

=> rank detection for or n2

r = n Es naxn2 matrix

has max rank n

Also : decomp for recn

↳ colspan(m) = spanzurevri) : iefab3

↑
Search for rank-1 vectors in

subspace

Lathamwest
* For p=Y , generic is no harder than random

both w => n2)



PET = u ur wi

"Trivial" flattening i - P
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rank-1 1 rank-1

rank--1e rank- !

&
~, provided
·Components generic
or n

=> rank det for ren

Also : decomp for ren

"simultaneous diagonalization"
"Jennrich's algorithm"
(classical ~ 1970)

wen "undercomplete" # known algs
~ on "overcomplete"



* Recall : for random components, ran
31

* Generic-random gap for odd-order ?

Some results for overcomplete case

[PersuY8] ren Frank det only
ork)

(Chen
,
Rademacher 120] r = n+K w runtime n

Skoiran'24] r = En
&Kothari , Moitra , w12y +] r = (2-2) n

↳ Based on Koszul-Young flattening
C Landsberg, Ottaviana3]

Param pl (integer, large cost)
Linear map Tit MiT

nevew is Aru) (rwT)
& Kronecker

~i) product

(H)/) * square matrix
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Aru) su #0
when SEU

rank(M) = (P) . rank(t) provided
· components generic
· r = (2- 2)n

↑
E = E(p)

p +
8 = 2+ 0


