0l JE@ CO/‘ vergence of Lhe
/\/\Qmen{/ SOS H’\erarchy 0 the

/ -"'-

F roA\chc of SP“mS 'X o @

/____//

SO-MI HOIOSe”\ Yok W/ Victor /"logro/l
LAAS~(NRS Toulmse + /V\a'(:evxﬁ' Skomra

kon ('lu,\z umvarsif Y

Pirt of Lhe TENORS Noduork




Roly nomel Optestin Fblen
N I o
Mmin F(X) Shn—l

ot Xesn'-lx---x



MDM‘G\ O\F‘E"“’“é;"" FTOM@M




M/\om:a\ O‘r):"”’“é;"" FTO]DIB/"‘

Mmin P(X) l
n, -l fim ”
b xS0

G- felk'| 1- - |



FD\\/ nomial OF):"M’”(:;M FTOM@/"‘



FD\\/ /\DM'.G\ OPTII"NU?(){:;O/\ FTOMBM

Min F(X) pn |
n,-1 ~”
%Q’% X = (X,,.../XA) X;= (X;./..., X'm',) élKﬂi

—

’? Mul%\)ﬂomoﬁeAeouS ot M\AH}JegTQQ (0‘,,...,0\»36 IN;‘
F o\egx.‘ﬁ: 0\1 Yor all [ [M]



FD\\/ /\DM'.O\\ OPT):"M;?(){:;O/\ FYOHBM

Min F(X) pn |
n,-1 ~”
BQ,% X = (X),.../X,‘) X;= (X;./..., X'm',) élKﬂi

—

'? Mul’c\)nomogueous ot MMI%;JeSree (0\,,...,(1,56 ,N.?l
F Aegx.‘-p—_ 0\1 Yor all [ [M]
e = 7
J’ M=t Ay X2 Yo Xig Y23 —> w!e9 =(2,)

Nz
X+ X, X h
! e Xa T2 Nomogensoul byt s Mm/%;hom"f)e/\eoﬁ
ur s,



FD\\/ nomial OMM FTOLIQM
| _

MIn F(X) |
n, -\ "
st xed )

. g: %xelkﬂi ‘ |- Ixl= 0}
o e Rixw, oy



Poly nomelOptrastin Feben
) |

n, -\

st X ey X

. gm-*: %XE!R"‘ ‘ |- Ixl= O}
° 70 ¢ R[X]:(A,,.._,Jm)b

Mmin F(X) SM A

Vector Space of
Mt homogeneous

polynomials oF

Mulf;degre@
(dis o dm)



FD\\/ nomial OMM FTOLIQM
| _

" ]C(X) l
n, -\ "
Gt X ED X

. g: %xelkﬂi ‘ |- Ixl= 0}
o e Rixw, oy




Vhy gé“"l‘/ ?




\A/hy gi’:hol\/ ?

ha¢ nice preperties

@Ar[)l;(p{’:on o} Moment/$0$ Hierarchy



Why CLudy ?

@Arplicn{’:on o} Moment/$0$ Hierarchy ha¢ nice preperties

L, Finite Convergence (gener;wlly) LHMS ‘25]



Why CLudy ?

¢ nice properties

@Ar[)l;(p{’:on o} Moment/$0$ Wierarchy ha

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS Izg]



Why CLudy ?

@Arplicn{’:on o} Moment/$0$ Hierarchy ha¢ nice preperties

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS Izg]
L> Good rate oF Convergence (O('/t1)) [Mnjru 257



Why CLudy ?

@Arplicn{’:on o} Moment/$0$ Hierarchy ha¢ nice preperties

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS Izg]
L> Good rate oF Convergence (O('/t1)) [Mnjru 257



Why Study (D7

¢ nice properties

A licats
@ pplication o} Moment/$0$ Wierarchy ha

L, fFiaite con
; l:C \lergence (gener;wlly) LHMS ‘25]
by ))\Aa; y [¢N ‘Ijail\Me/\t +
) strick Yeasiblit
> (700(\ rate ot Converje/me (( )('/ 1)))’ [HMS /26]
t [/Vlnjron 125]

@N\ode(s many Froblems



Why Study P 7

@APPI‘('{W" o} Moment/ 0§ Hierarchy ha¢ nice preperties

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS Izg]
L> Good rate oF Convergence (O('/t1)) [Mnjru 257

@N\mle(s many Froblems
Ly Best renk one approx toser [NW1Y]



Why CLudy ?

@Arplicn{’:on o} Moment/$0$ Hierarchy ha¢ nice preperties

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS Izg]
L> Good rate oF Convergence (O('/t1)) [Mnjru 257

@MOJC(S many Froblems
Ly Best rank one approX tensor [Nwrllﬂ

L SOS Co,,vax:‘fy [Lu'OX]



Why CLudy ?

¢ nice properties

@Ar[)l;(p{’:on o} Moment/$0$ Wierarchy ha

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS Izg]
L> Good rate oF Convergence (O('/t1)) [Mnjru 257

@MOJC(S many Froblems
Ly Best rank one approX tensor [Nwrllﬂ

Ly 505 Convexty [Lu'es)
L CLTQUE [LNGy e



\A/hy gl):hol\/ ?

¢ nice properties

@Ar[)l;(p{’:on o} Moment/$0$ Wierarchy ha

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS 126]
L> Good rate oF Convergence (O('/t1)) [Mnjru 257

@MOJC(S many Froblems
Ly Best rank one approX tensor [Nwrllﬂ

Ly 505 Convexty [Lu'es)
L CLTQUE [LNGy e

L—) bPS Hieraréhy
Lb Q\m/\fw"\ oPé;Mﬂl '{:ranjforf




\A/hy gl):hol\/ ?

¢ nice properties

@Ar[)l;(p{’:on o} Moment/$0$ Wierarchy ha

L, Finite Convergence (gener;wlly) LHMS ‘25]
L7 D\mli'&\/ ottainment + Strict Featiblity [HMS 126]
L> Good rate oF Convergence (O('/t1)) [Mnjru 257

@MOJC(S many Froblems
Ly, Best rank one approX tensor [Nwrllﬂ

Ly 505 Convexty [Lu'es)
L CLTQUE [LNGy e

L—) bPS Hieraréhy
Lb Q\m/\fw"\ oPé;Mﬂl '{:ranjforf







k/\/\ oMmé /‘{7/ SOS
C-aenerml\y

Min P()(]
i xeK



g/\/\om en{f/ SOS

Generml\y e Pelynomial

Min P(’(]
x Xé€

K t— Se”;”‘lgfbra:cl e

k: }Xeknl hi (x)=0, 33(x)3o}



Genernﬂy

Min P(x)
i xeK

g/\/\om (’,/‘{7/ SOS

& moX

¢t P-X20 o2 K

Pm'm

T



k/\/\ oMmé /‘{7/ SOS
Genermlly

min PO & maX
a xeK ¢t P-A20 on K




M ment/ SO F

Genermlly
Frr= min Px <_,—7F,ﬂ-,~_mmx A
a xeK ¢t P-X20 o2 K

S'l:reng'fhe/\ -Fgr Pmin
Vk: §X€[E"l h; (X)=o, 35(x)aoj ])\M .
P




M ment/ SO F

Genermlly
F"""‘: Min P(x) <—~—7Fu'.‘=f"‘mx A
0 xeK ¢t P-X20 on K
S'l:reng'fhe/\ -Fgr Pmin
k: Xéknl hi (x)=o, -3'(x)ao ]>\Mx
vk=1 jwee} K

PS“S: /V\p\)()\
ZJ"O_J 9 + Z-‘li"\'.

S-'I: F“)\i Oy +



L/\/\omen{f/ o3 .

Genehl\y >\
e M F(x) <_,_7F,-,:Mm¥
F Ms.{ xeK st P<XA20 on K
PM'|
S-l:reng{hen for ]>\ n
Vk: §X€k"l hi (x)=o, 93 (X)ZO} ‘Lf max K
Psns': MmaX A
s P-A= Oo ¢ ijﬂjd + 2,'3- i
A"b'\Jcrn\rV
g“” oF Smuﬂres polynemial

So a|way5 20



M gment/ SO P

Ger\e\”mny
B"'"‘: M'n F(X) <—a—7 F,q:,.‘:f"'m)( >\
st xeK st P-A=o on K
Strengthen for Pain
i _ $xeR"| hito=e, 9j020 ];M
Vk §€ J j — X
PS“S = maX N "—'—’_*K
st F‘)\i Oo + Z.\—o_"j" + 2'-1|h' ZO

- J R
Arbitrary \ By det

gum of S'?z"”EJ polynenial
ot K

So dl\ﬂa\)/_( ZO




M ment/ SO F

Genermlly
F"""‘: Min P(x) <—~—7Fu'.‘=f"‘mx A
0 xeK ¢t P-X20 on K
S'l:reng'fhe/\ -Fgr Pmin
k: Xéknl hi (x)=o, -3'(x)ao ]>\Mx
vk=1 jwee} K

PS“S: /V\p\)()\
ZJ"O_J 9 + Z-‘li"\'.

S-'I: F“)\i Oy +



M gment/ SO P

Gem.fmny
B"'"‘: M'n F(X) <—a—7 F,;.:me >\
st xeK st P-X 20 on K
Strengthen for Pain
_ $xeR"| hito=e, 9j020 ];M
Vk § ¢ A j — X
PS“S = maX N '—’—’_*K
4 P-N= Oo # 23_0'335 + Z,"l'-hi

Truncate degree
\

?{ A
sos = M aX
y JSJ + Zl_qlhl

.4 P-N= Oo ¢
ond dejm, deg 075 9; ,Aej 1;}1; <2t



M gment/ SO P

Gem.fmny
B"'"‘: M'n F(X) <—a—7 F,;.:me >\
st xeK st P-X 20 on K
Strengthen for Pain
_ $xeR"| hito=e, 9j020 -J)M
Vk § ¢ A j — X
PS“S = maX N '—’—’_*K
4 P-N= Oo # 23_0'335 + Z,"l'-hi

! N
7 For s “mak = sup

Truncate degree
Vi /\j but not a S)Mefal ‘A

?{ A
sos = M aX
y JSJ + él_qlhl

.4 P-N= Oo ¢
ond dejm, deg 075 9; ,Aej 1;}1; <2t




M gment/ SO P

Gem.fmny
B"'"‘: M'n F(X) <—a—7 F,;.:me >\
st xeK st P-X 20 on K
Strengthen for Pain
_ $xeR"| hito=e, 9j020 ];M
Vk § ¢ A j — X
PS“S = maX N '—’—’_*K
4 P-N= Oo # 23_0'335 + Z,"l'-hi

Truncate degree
\

?{ A
sos = M aX
y JSJ + Zl_qlhl

.4 P-N= Oo ¢
ond dejm, deg 075 9; ,Aej 1;}1; <2t



g/\/\omen'[f/ SOS .

Genermlly
Purz pin P2 <_,—7F,-,~_mo.x A
st xeK ¢t P-x=20 on K
S-l:reng{hen for Puin
Vk: §X€|E"] hi ()=, 35(")3°} . ])Mx
FSHS = maXx X s ,_*K
5.t F‘)\Z OCo + Zj—-o_dﬁ‘, + 2.1,"\,

%%
Tfunm{ﬁ Aegree e hav&
AV

P't
505 = MmaX A
Zro_.i % * Z-”lih;

4 P-\N= Oo +
ond Aejm, dego;9; ,degg;h < 22

1
t
PSOS 5---fP$nS§ ;,;f Pm'.n




L/\/\omen{f/ SOS P

Genermlly

Frr= min Px <_,—7F,ﬂ-,~_mmx A
a xeK ¢t P-X20 o2 K

Strengthen for
Vk: §X€|E"] hi (x)=o, 35(")3°}

PS"S: MmaXx A
Zj—o_.iﬂ.) + Z-‘lih'.

S-‘I: F‘)\‘.’J OCo +

Tfumm{q, }\egreg
AV)

A
iscf = maX
Z‘._‘ g 5).) Z-i ”lihi

4 P-\N= Oo +
ond Aejm, dego;9; ,degg;h < 22

?VAL



Meoment/ $0S  Convergence




Meoment/ $0S  Convergence

T— P?}

. Pu'l:iur
Agsumin A”h-\nedeunnzfs we h ! t—e
:) ave Pfos Fﬂ




/V\OM e,/\%/ SOS *Cw
BT

$o§

. Pu‘l:iur L i
——.

Assunming Archinedeanness W € have Pm

L Desgr;Pé;un of K has 3,—_— R- Il For  Some R?O



Moment/ $0S  Convergence
b7

$o§

&
. P‘A{""r 4 ASyMPfofio\\
1 Lo
A ; e deanness Conv
Ssuming Archineaean e we ’WVC P‘o‘ E-.in egence

L DGSCF"PE”" of K has 3,: R . ”X”.L Yor  Some R?O



oot/ 505 Convergence

S

$o§

. Pu'l:iur
1 +—
Assunming Archinedeanness  we have P(o! - an

OMC ( Sch eiderer, Marshall )

Agguniu_) Ard\, and local Ofi{'ima\l;fy Conditions o©n oll S’obal M'A'm'ze
wim; I-S

we hae Jl N (4 F::; = FM'-/‘



Moment/ 505 Convergence
pe .7

$o§ N,

. Pu‘l:iur |
— o0
Assuming Archinedeanness  we have Pio! an

| Like Pirst and second dervadive test

~

bt wiing Lajrnﬁainl\ mult:pliers
e ((Sch eiderer, Marchall ) i
’ N ¢ grodient iS zero” 4 “Hessian positive d,eﬁ,.;}:

A“‘“‘;"ﬁ Ard\, and l"“’l of{'"*‘l\li‘l{'y Conditions on oll S’obnl M.’m'm;aers

we have ;J'}.o 6”\/ s.t F::‘ = FM'./\



oot/ 505 Convergence

So§ !
. Pu‘l:iur
1 4=
Assuning Ardrimedesnnsss e have pl =2 P,

oMe ( Sch eiderer, Marshall )

A““M;"f) Arch.  and local ofl'.'mnl;‘zl:y Conditions o0n all S’obnl minimizor
Waim, S

we have 'JJ ¢V .
° 5.t S&S = Jmia inite CO"VET@P_/)
L



Mamenb/ 05




Mamenb/ 05

o Case of ore sphere




/v\om en%/ SOS for\/

o Case of one sphere
For 3”(”;(' ’\mﬂogenews 'pé ,R[X]:A o\nA m=|
the mom/ 508 '\;erarchy n]orl.'eA to has fmide conv
" on ersence




/v\om en%/ SOS for\/

NUhLer
o Case of one sphere

or S[DAGI‘Q
The [Huery 280 VAR

Fr Sgner.( ’\mﬂogenews 'pé ,R X]A o\nA m=|

the mom/Sos 'nerarchy nﬂ:l-e} to has finite Convergence



/v\om enjc/ §05

o Case of ore sphere
eneric ’\omogeneous 'Pé ,R[X]:A o\nA m=|

For M)
the mom/ses hierarchy nfrl.'eA to has fimide Convergence

l/) Fro(ﬂr’ uses ‘lDTO\')e(:JC"\:e E)im;/\a‘é.’w\ T")eory
s N:ﬁls T’qm (loco\) OP‘LL Com}ié-’m\f}



/v\om en%/ SOS for\/

o Case of one sphere
For 3”(”;(' ’\mﬂogenews 'pé ,R[X]:A o\nA m=|
the mom/ 508 '\;erarchy n]orl.'eA to has fmide conv
" on ersence




/v\om en%/ SOS for\/

o Case of one sphere
For  qeneric homogenesss feRM, ard m=l
the mom/ses hierarchy n]orl-'eA to has finide Convergence

° Any number oy‘ SP"GTGS
T LHMS 25

;or generic M\Al'tl'}lchose/leous -PE]K[X]—‘-IJV--AM)
the mom/Sos B:erarchy a?orl-'eA to has finite C"”\’e!’sence




Fﬂ)o]@ gkeéchg




Fﬂ)o]@ gkeéchg

o Sord’s Theorem




Fmo]@ gkeécha

o Sard’s Theorem
dord s Theorem

2
WC R open Thea the set of
9. A —> R mosth in R" has Lebesque measure Zero

¢ritical values of P



FrOO‘F gke{:c}]‘. Points in image where

Yacobian of T dees not
have ‘Fh” fank
A

o Sard’s Theoren 7 '
0 al
W RY open Then the set of ¢ritical valves o

%: U —R" mosth i R" has Lebesque meafure Zero



FYOO]C gkeéchg

. Sur&IS Theorem
dord § 17eRA

2
WC R open Thea the set of
v:WL—1R gmosth n R has chesoue measure zZero

¢ritical values of P



FYOO]C gkeéchg

. Sm-.i's Theorem
dord § Theorem

2
WC R open Then the set of
¢k —>R" crorth R has Lebeggue measere 2ero

¢ritical values of ¥



Prool Skekeh

. SN’AIS Theorem
dora § lheonn

2
WC R™ open Thea the set of
g: Uk —>R" mosth in R has Lebesque  measure Zero

Cr'--&,'(al \/aIUeS O‘p \P

° Del\széy oY W

L DSMooth
D e gatisFies local o{rf;mal:éy cond i diong

at all local minimizers



ool Skebeh

. SMAIS Theorem
dord § JREOBA
vye R! open Then the set of

—_—

%: U —R" mosth i R" has Lebesque meafure Zero

¢ritical  values of ¥

° Del\széy oY W

L DSMooth
D e gatisFies local op‘f;mal:éy cond i diong

at &l local minimizers

M Nies thn needed ot &l 9)010(,4[

minimizers |



FYOO]C gke\[,ch‘~

. Sur&ls Theorem
dord 3 T727ER

we RY open Then the set of
v:U—R gmosth ia R" has Lebes\,ue measure Zevo

critical values of ¥

. Del\szfy oF Morse Functions

\4
Y:XEG‘ ""aej R[X]:(d,_..,)‘,) 1S & veckr cpace Parame{r,-geo\ on Coews—



Proof Skekeh

. Sur&ls Theorem
Jdora $ TR

W C I'R! open Thea the set ot
Wim'quﬁ gmooth in R" has Lebes\,ue measure zZero

critical values of P

. Del\szfy oF Morse Functions

Vv
Y'.XE«‘ maej ,R[X]:(d,_._d,,.) 1S @ vecer cpace Parame-l:r,-zed_ Ly Coeﬂ:fg

S)’\ow that O‘AJCSiole Some Lebe(jue mst zero Set

all  po \‘/nomials are  Morse



Fmo]@ gkeéchg

. Sur&ls Theorem

2
UCR opin i Then the set of
Y: W\ — rR ¢ moo o \Rn has ches\,“e’ measure 2ev0

¢ritical  values of ¢



Fmo]@ gkeéchg

. Sur&ls Theorem

2
UCR opin i Then the set of
Y: W\ — rR ¢ moo . lRI\ has ches\,“e’ measure 2ev0

¢ritical  values of P

LT hink of RIzcdr.dw) &S5 @ perameter Space ‘6



Frodo Skedeh

. Surals Theorem
Jdora $ A

¢ritical  values of P

Wwe RY open Thea the set of
v:WL—1R gmosth in R has chesoue measure Zero
c¢ é Ve ctor
+ Dencity of Morte functions J7 2 e
mulZihomo poly

L’Th'mk of rR[X]:(d\,...,AM) as a Paro\mc'ber Spoce



Fmo]@ gkeéch

. Surals Theorem
Joer¢ ° _ — —

2
WC R open Thea the set of
v:WL—1R gmosth v R has chesoue measure zZero

¢ritical  values of ¢

¢¢ f, Ve ctor
o Density oF Morse functions 7ot i g
multihomo poly

LThek of RI@i.an &5 0 parameter Space

L Map Cﬁf, ta {'G"SUt veckors of ;an;L’Q set



Frodo gkeéch

. Sm-.i's Theorem
dord § Theorem

2
WC R open Thea the set of
v:WL—1R gmosth A~ RY has chesoue measure zZero

¢ritical values of ¥

¢¢ f, Ve ctor
. W /7 of coelFy
MU,‘éiAoMo Poh/

LThek of RI@i.an &5 0 parameter Space

ce 'C {ta %anse,n't Uﬁ"‘.‘or! o¥ J:en.t:ble S(’,‘{: _—

Ls
’ MOP c — V‘Pc



Proof Skekeh

. SMAIS Theorem
dord § 17eRA

critical values of P

2
e R open Then the st of
—>R" gmosth in R has Lebesque measere Zero
¢ f, Ve ctot
. Def\széy oY Morse 'Fun(,'{:;ohi ﬁ of coefFy F
mMulihomo poly

LThek of RID:@i.an &5 @ parameter Space

J:anse,n": vectors oF J:enj.'L’e set -

LM ce € te
op ¢ +—> V'Fc

TL\M I-F /"\GF ‘;TOM 6 ‘éo {?Gnsen'ﬁ Space Su\roeoflVe
then chﬁ P ‘F Mgrse , Z ch mer Z2erlp




otl cobion of

SR =

%QS{ Yo\»k one onrO)‘:Mal:Mj éeﬂSor



'%es% rank 1 tensor




%esjc roank L tersor

- —

’

De’f MY XNm

".'J\e[R

order m tenser



Def

! k 7] tensor
rFoan
%es

- —

’

XX Nm
N

+ensor
order m
A ¢ R

Vm
® -8
- &VI

k one ."F Q

ran

hag

Tensor Q

"
Vie R
!
de[ﬁ



Def

%QS% raak 1 '(fe/\jof‘

/
' Can ke
XX fim Scaled 1o
\A ¢ [Rn order m tengor Norm one,

y

Tensor Q ho¢ rank one F Q= oLV @V ,V;e[R
¢ R



% L orank 1 tensor
es

- —

be
Can
Scaled to
| Norm pne
A XX Nm Aer " {eﬂsor
‘ r
De\—’ [R p

)
Y A, A -1
= LV.® OV, v;eJR/S
rank bne -"F Q_. dék

Tensor Q hag



Jc k 7] tensor
rFon
%es

- —

XX Nm
N

+ensor
order m
M\Ae R

ﬂ;_'
. v /
’,‘ &VI®®
! e ' Q_.
k on
s Y ar
N /39
e S0 Q



Ret rank 1 temser

- —

’

A XX Nm

Pﬁ?\j\é [R oro(er m tensor

n;-j
or Q ho¢ rank one i+ Q= LV B - QVn ,V;eS
déR

. Jens

. rank\/[\ = argmin {\A: %Q. ’ Q. rank one}



Ret rank 1 temser

- —

’

A XX Nm

‘Dﬁ.’i\j\é [R oro!er m tensor

;-]
Teasor () hos Fark one F Q= A Vi® -Qv~ Viég
. r déai
. rank\A = argmin E\A: ZQ. ’ Q. rank one}
r (]

LD Very hard to ¥id and can be high




Ret rank 1 temser

- —

’

A XX Nm

Pﬁ?\j\é [R oro(er m tensor

n;-j
or Q ho¢ rank one i+ Q= LV B - QVn ,V;eS
déR

. Jens

. rank\/[\ = argmin {\A: %Q. ’ Q. rank one}
PfoHeM




Ret rank 1 temser

- —

’

A XX Nm

Pﬁ?\j\é [R oro(er m tensor

;-]
Teasor () hos Fark one F Q= A Vi® -Qv~ Viég
. r déR
. rank\/[\ = argmin {\A: ZQ. ’ Q. rank one}
r (]

PfoHeM

Min “\A"'O(”l
S+ I’anklx:l




Ret rank 1 temser

- —

A XX Nm

Pﬁ?\j\é [R oro!er m tensor

;-]
Teasor () hos Fark one F Q= A Vi® -Qv~ Viég
. r déR
. rank\/[\ = argmin {\A: ZQ. ’ Q. rank one}
r (]

PrOL‘eM Like, ¥mb&f\;u5 Noem

£
Min “\A - O(“
St I’amklx =1




Ret rank 1 temser

- —

’

A XX Nm

Pﬁ?\j\é [R oro!er m tensor

;-]
Teasor () hos Fark one F Q= A Vi® -Qv~ Viég
. r déR
. rank\/[\ = argmin {\A: ZQ. ’ Q. rank one}
r (]

PfoHeM

Min “\A"'O(”l NN\SN—
St I’amklx:l




Rest rank L tensor

S —

A XX Nm

‘Dﬁ?\j\é [R order m tensor

;-]
Teasor () hos Fark one F Q= A Vi® -Qv~ Viég
. r déR
. rank\/[\ = argmin {\A: ZQ. ’ Q. rank one}
r (]

Pfo“eM

Min “\A-'O(”l NN\ M¢x<‘/\,)(,@...®xh>
st renkX=1 st X, ¢ Sna-l




Ret rank 1 temser

- —

’

A XX Nm

Pﬁ?\j\é [R oro!er m tensor

;-]
Teasor () hos Fark one F Q= A Vi® -Qv~ Viég
. r dék
. rank\A = argmin {\A: ZQ. ’ Q. rank one}
r (]

PfOHQM w;’ch 4 dn =1
\

Min “\A“O(”l NN\N—

Max<\/\,x,@...@x~>
g{. rankx - 1 S.{ X; € Sni-l



%es{ raak 1 '&e/\joi’

- —

’

N X -XNm
Cor '
G;ven o 361\&7‘;(, ll.e,/\sor A € [R

the best rank one OPrToX-'Ma{,:nj

'I:@/ISor can be found in ¥.'n:'l:e‘y rmary

Steps oF the momeat/SeS hierarchy



¢

Q

om& i€ rank O”e?




How e v rork e
MatriX Exanple (SVD)




A i g ra/\k One?
\/\ﬂ%oo

Mo.‘:r;x EX«MP'Q (SVD)

Original Rank-1 Approximation

credits Samir Beall ~ Wi Kipedia



Ten sor  Example




Te//'\ Sor EXO‘MP_[i

case 1 case 2 case3

10-

05-
@
8
‘§ 00-

05~

10-

0 25 s 75 1000 25 5 75 1000 25 5 75 100
Time

vane NN
02 04 06 08

Creolif- A’Qxe.jls ]ol°3 on Eunsjp,rr



Space

Tensor Exanl

case 1 case 2 case3
10-
05-
00-
05~
10-
0 25 s 75 1000 25 5 75 1000 25 5 75 100
Time

Value

02 04 06 08

Class 3

credit: Alexej’s blog

on R L|ngje,rr



Tensor Exanl

case 1 case 2 case3
1.0~
05~
8
303-
)
0.5~
1.0~
0 25 S 75 1000 25 5 75 100 25 s 75 100
Time
Value
02 04 06 08
.
Time

-0.01005-

u (sample component)

0.0120-
0.0115-
0.0110-

0.0105-

0O 10 20 30 40 50 60 70 80 90
v (space component)

-0.005-
-0.010-

-0.015-

0

w (time component)

-0.00990 - -
-0.00995 -

-0.01000 -

0 10 20 30 40 50 60 70 80 90 100

Creolif- A’exe‘jls ]o'°3 on E]obgjerr



SU\MMGFV




U\MMGFV

o Produt oF Spheres
Trodwt oF SPH7H

Mmin '? -t nm-|
¢t X ¢ S x---XS
4} My.H:ihomo



U\Mmary

o Produt oF Spheres
._f/-

hag nice properties
whena Solved with

Mmin 'p -t nm-| L
¢4 €S xe% rmon/Ses hierarchy
4} My.H:ihomo



U\/\/\Mdl"y

i FI'O&“L{ of thefe)’ //3¥7"l'£6 Conver

l,\ ni ;
as nice Properties

whena Solved with \ >D”‘“li{:y Gt

Mmin 'p -t Ne-l| L
@ ¢t X € S X'IIXS rMom/ oS h;erard'\\/ N
43 multihomo S‘):row C&nmw
rode



U\Mmary

i FI'O&“L{ of thefe} /,ﬁh‘ﬁe Conver
hag nice properties

whena Solved with \\>D““li{:y Gt

Mmin 'p -t Ne-l| L
¢t X € S X'IIXS rMom/ oS h;erard'\\/ N
43 multihomo S{r“@ C&nvas:g
rode

’ /"\oﬂe Theory/ D:Werené:a( Geoue,-éry
-

Sa"(’-'“k"' seswlts  and difF gee tools
Save be tter lA/\JerS-‘mnl;ng oF Problems

Con



V\M/\Aary

i FI'O&“L{ of thefe} /,ﬁh‘ﬁe Conver
hag nice properties

~
whena Solved with \ >D”‘“liéy Gt

Mmin 's} P nem-l L
¢t X ¢ ¢ %X S mom/ oS hierarchy N
Itih Stretg Converg
4} mn inomoO rm%e

’ /"\oﬂe Theory/ D:Werené:a( Geoue,-éry

Sa"(’-'“k"' seswlts  and difF gee tools
Save be tter lA/\JerS-‘mnl;ng oF Problems

Con

.Be,d: ronk one apprex tentor

Moo\elecl ’0)’ w/ Promiting Aumerical resulds



wmmary

i FI'O&“L{ of thefe} //1%""& Conver
hag nice properties

~
whena Solved with \ >D”‘“liéy Gt

Mmin 'p P nem-l L
¢t X ¢ ¢ %X S mom/ oS hierarchy N
Itih Stretg Converg
4} mn inomoO rm%e

’ /"\oﬂe Theory/ D:Werené:a( éeoue,'éry

Sal’(’.‘“ke seswlts  and difF gee tools
9ive be tter U‘/‘JEFS“:MJ.Mg & Problems

Con

.Be,.d: ronk one apprex tentor

Moo\elecl '0)’ w/ Promiting Aumerical resulds




