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Powser trian qular

wRere T (s Qa ge_nerf( restric tion Ui T.

’ C
Qur alaorithm (very sketchy) “""gﬁeﬁfme *t fe{ca
') 5enera.'f-'e T =7 c'oc'ec’

2) Compute €st of ‘possible  (negualities” - ya
3) Jor eacR ineg, | sofve a sasfem oj Po@‘jnomia.e equalions
4) keep tRose wWtR a sclution
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Watrix Mffpeicaft:or\ Tensors :

Unct Tensors:

C
(/(,c = - ef' @ eL & eL

=1
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ResulCs : A(T’\Hn) s nolt Moaxcmal

o x2 matrx

Our Ote'jor(i'km qave (Pr'obabc'e('sh'caeeg) tRT multiplication
7
(tLo00), (5.4 ,4,0), (5L L2) € 4(hm)

| | | € 9 . . .
6 Rk become - d5eoe e

L
m , .

Up = (nLn, ,_‘,T',.IO,...,O)

W PC:: (U.zl MC-I, uf-‘-)
Ves n-n+1 Pc ¢ ﬁ(/"lc/"l,,)
pe € A S e.oe e )

(=1

* Also exftends To matrix Prodaof stales ™ 7ua\f\tum injo.

G e(mffaftbns oy expr €$St'lreness
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o x2 matrix

OOU’ aeﬂor'ffkﬂ’\ ja ve (Pf‘obo.bc'e('sﬁca.eeg) tRaTt muet;PQ,‘cafion
7
(£ 200) (3.5 4 0) (£ L.LL) e 4(Mm)
¢ A[%&' ® é; @C“)

(=)

L (RCR became, 2
Up = (#\ 'v’-'n ,yT'n,O ,O)

' . o

) )t

-)'Re/r&‘“ Pc:: (azn Uc-), "CC)
Ves n-n+1 Pc ¢ ﬁ(/"lc/"l,,)
P € NS eoewe)

(=1
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) )

(£ 200) (3.5 4 0) (£ L.LL) e 4(Mm)
(48 LJR.:'cR became,? (=)

-)'Re/r&‘“ Pc:: (azn Uc-), "CC)
Ves n-n+1 Pc ¢ ﬁ(/"lc/"l,,)
P € NS eoewe:)

(=1

* Also extends To matrix product slales o guantum nfo.

s Pimitations on expressireness
- JRe pr vof relafes MM, Witk Pa%mmiae muttiplication Tensors
—> e obtan obstructons
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inal remarks s

ﬂzﬂﬁr"‘e ,,o'-e'

( Z . . G% tP\D E G
o o 17
Qﬂor: tRM s ver lJ 3er\erae P ,,Paeoc -

G CoorRs Xar any represen'fa.tcbn US an‘o recluctive groon/:

o TecRm'c.ae version (s on arxie- n CRree pqrt%
o> QLSO ¢ . I"Od t(.OV\
— Compu‘f{nﬂ moment Po%fopes oj’ fensers 8 %ccesmigc%\z (ntrocuc

—> JBe moment Po?U'CoPe od’ matrx mubt ‘plication
(s not maximal

—> f'.r.peicit non—gree tensors
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Examples

PPy, P mm—

A(giecae:@ef) = conv { (1,0, 1,0, 1,0

)

G, . (.-!-. 2 1 2 1 2
a.m'[' ‘temor 27 2 21 2) 2) 2) 2@
(order 2) L Y R | =
(ls oa ?) ?) -5,-3 ;)
L o2 1 4
(2: 2) 1: 0, -5-3 3-) 0.5
1 2 1 2
('E'a'E': PREX 1’0) }
1
A( 81034082)
res®e, ®es | = conu 1, 0 o
te,®ey ®eq ( b t.e, 1, 0) @)
-3__ _i_- 4 a A
( (1s o, 2) 2 ?3 ?)
| S | 1 4
W tensor 2 2 1,0 3, ?)
0.5
1 4 1 4
32 2020 1,0 ) }



Iae \Y wl tS’ s as Smpto'fc'c e sTriction

fas‘bto see: T% S =7 A(S) = A{T,
G notation (for S=AeRaC)T

O‘-sv mptof ce restriction :
: — ®n +o(n) )
Def: T2 T S pa

\V

Nafural posscbility:
?

L)e SRow %’t no‘ ?fs
- bg counterexample



Resuets-' first expeic_if' gf@e Tensor
T s free t’f some T ' €(AeB®C)YT  Ras free Supporf

O (nertible

/

/ ., . .
_I_l:)il& ;‘0 => T£'|jlk =0 Vl z a_Vld or 3 ’& as Mee

e Free tensors P?a:) a role n S‘Crassen‘s 'fRear:.) US anmPfot (¢ Spectra

o MMost tensors are not 3 ree, hut none coere Rnown

. . n s "
(e construet non-trivial non - free tensors o CO®C & (€

1

= ol10

o1 =

ool

100
} etc.
]

1
¥

10
) 1
111



WMoment [zcﬁfjt_ope,:: a iuan'tum s@ude

A(T) = { (), sy, KTY) |
=T ¢ € ® c'ec

s a mult partite 7aa.n'tam state

* A@ Rl & a SLOCC) operation
StocRastcc eoc.;e operat ions

% classical communicatcon

T =~ (A@B&C)T }

Qlice
®

|

¥}

Bob "\ Chartie

"operafc'om tRat do nol mnerease en’tavxaee,mmt“

¢ Set p=lp)yl, then Ti(T) = spec(p,, )

T'= )

A{lq))) Raracterines tRe marqinals (approximately) reacRable ander SLocCC

— (¢ s called TRe en‘f.'anseemnf Pog]f'ope of I}



W\a ment Po%‘fape S: Iepr esentation TRe ory _

JRe qroup GL,* G[_(, GL. acts on (C*® o C)
(ABC) —> (A@B@C)
Rep. tReory Tells ws :

en Yol
(a:a® @b@ Cc.) = A% l//\./a,l)
1 ) A
‘ VA,,u.v are ésa‘bjpc’c Subspaces
o labels are Fartitt‘ans: AeN? = A=n M3IA 3
tor
rojec
ek

&®
A"‘"Pr(TB;__ ﬁ\.).ﬁﬁ %) I P,\"MV T & #Z 0 n)o}

{
c R*x R°x R



Compu'tc'na gn‘fav\seemenf PLeB-E’PQE (s a(c'fjc'c.uft

o Or\ea g'\owv\ Comp&teea XOI’ £z ® fl e Cz (@ d-j)
+ some sporadic examples

I_—O.St'de: o decision Prob?em

-
Erﬁb_eﬂ.: gfuen T e oo’ % P ¢ R*x R®x IRC,
determine RetRer p € 4( T)

. Close” to (NP % colNP
(a bitsize of certificales s e problem

¢ Scael'nj METROGLS can de.ciale ‘Jes-l;\STa’\C?S e Prac'tt'ce
L # vertices cs ‘Capc'ca-eeg not PO%'\OM'&? ¢ dlimension (a,b,c)

e Retter uno(e.l’.stana(fna Fegaires More examples




Some s‘ta'f-'s

3 )
cCeoC o®C

Inequalities Vertices | Runtimes

Tensor All Not generic Maxranks Attainable Final Final Q F,
(3) 2845 2187 355 0 45 33 0.254 0.239
Ty 2845 2187 359 20 52 53 0.264 0.237
Ty 2845 2187 736 292 25 18 0.293 0.263
(4) 8109383 7139405 1102518 0 270 328 =~ 120:10

{ MMbs 22 || 8109383 7139405 1102518 1227 129 181 O 3:06

"’ \\/

. . .
e C ®C @ C

tRs Step uses

ro bner bases

sTcol jor: ng

af[er 10 Rowurs



