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SETTING

A=UxXV*

Given U, V approximations of the leading singular vectors of A

r+/¢

AIM: Approximate the leading singular values {o;(A)}/_;
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SETTING

Generalized Nystrém (GN)

A=UXV*

Given U, V approximations of the leading singular vectors of A
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AIM: Approximate the leading singular values {o;(A)}/_; '
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GN AS A PERTURBATION

GN and Orthogonal Transformations

Consider T1 and T, orthogonal matrices, then

Ti (Men,,0) T2 = (TI*MT2)GN,T2* v, T30

For any orthonormal V and U, we can:

1. Define @, = [U UL] Q= [\7 VL];
2. Consider the transformed matrix: Q; AQ2;

3. Consider the transformed GN approximation:

Qi Agn,v,0Q = (AT AR) g0 7,00 = (AU AQ2) H {w] :
1o’ 0
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GN AS A PERTURBATION

GN and Orthogonal Transformations

Consider T1 and T, orthogonal matrices, then

Ti (Men,,0) T2 = (TI*MT2)GN,T2* v, T30

For any orthonormal V and U, we can:

1. Define @, = [U UL] Q= [\7 VL];
2. Consider the transformed matrix: Q; AQ2;

3. Consider the transformed GN approximation:

Qi Agn,v,0Q = (AT AR) g0 7,00 = (AU AQ2) H {w] :
1o’ 0

= 10i(A) —oilAgy, v, o)l = |0i(QTAQ) — 0il(QTAQ2) {/,]’[/,H] )

0
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GN AS A PERTURBATION

e - n—r
r e e r+ef An | A1z
. - R
o[ } Express Acgy as a perturbation of the
V= L 0= . A= | original matrix A
n—r| 0 m—(r+¢) 0 m—(r+6)| Ax | Az
|
|
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GN AS A PERTURBATION

m—(r+4€)| Ax

r n—r

r+2| An A

Express Agn as a perturbation of the

Az

|

|

| a1 q

| original matrix A
|

|

|
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GN AS A PERTURBATION

i r n—r
YT r+t[ An | A
. & oL
o[ } Express Acgy as a perturbation of the
= o UES v A= | original matrix A
n—r| 0 m—(r+¢) 0 m—(r+6)| Ax | Az
|
|
An
R - 7* AV T
An, 7,0 = (UTAV) [ A1 | A1z ]
A
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GN AS A PERTURBATION

i - n—r
YT r+t[ An | A
. & R
o[ } Express Acgy as a perturbation of the
= Ue= (b | original matrix A
n—r| 0 m—(r+¢) 0 —(r+0)| Axn | Az
|
|
A1l
[ - T
AGN,V 0— (All) A1 ‘ A2
A2

Lorenzo Lazzarino
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GN AS A PERTURBATION

e 5 D=0
P b | | dm Express Agy as a perturbation of the
off & - | original matrix A
V= - 0:= A— |
n—r| 0 m—(r+¢) 0 m—(r+6)| Ax } Az
| MMM = M
|
A Al A A1 Al A
11771711 | 117471712
Al |
|
AN, v, 0 = (Ann)f [ Au | A2 ] = |
A1 A21A11A11 A21A11A12
|
|
L | ]
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GN AS A PERTURBATION

) r,if [ An | A Express Agy as a perturbation of the
,' - - " - original matrix A
V= | o= A= }
n—r| O m—(r+¢ 0 = 4
o )| A= I e M has linearly independent columns
} — MIM=M"M=M
- . -
—
AnAl An | A1 Al A
An |
Aen, 0,0 = (An)T [ A | Az ] = |
= i | t
A21A11 A1 | A21A11 A2
|
L | ]
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GN AS A PERTURBATION

re 4 ner
rre[ hae r+t[ An | A
. & R
o[ } Express Acgy as a perturbation of the
= Ue= (b | original matrix A
n—rl 0 m—(r+0| 0 m—(r+0)| Axn | Az
|
|
A1 | A11A11A12
A1l |
AGN V.0~ (All)T { An ‘ Atz ] - A AT A
21A11 A1l | T
A21 N—_——— A21A11A12
=/n |
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GN AS A PERTURBATION

i 7 D=5
I r+tf An | A

[

e [
m—(r+0)| 0 m—(r+0)| Axn } Az

[

[

0

AGN,V,U:A_
0

Express Agn as a perturbation of the
original matrix A

Az — Al AL A12

=:A— Egn
Axn — A21AJ{1A12
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GN AS A PERTURBATION

b0 r n—r
r e e r+el An | A
. - -

[ I |

= - 0= A= I
n—r| 0 m—(r+¢) 0 —(r+0)| Axn } Az

|

|

0

AGN,V,U:A_
0

Express Agn as a perturbation of the
original matrix A

Az — Al AL A12

=:A— Egn
Axn — A21AJ{1A12

Note: No-oversample (¢ = 0) — Aip — A11A11A12 =0, but change of block sizes!
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GN AS A PERTURBATION - WEYL’S BOUND

Weyl's Theorem

For any matrix M we have that
loi(M) — oi(M + E)| <[ Ell2
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GN AS A PERTURBATION - WEYL’S BOUND

Weyl's Theorem

For any matrix M we have that

loi(M) — oi(M + E)| < ||Ell2

loi(A) — ai(Agy \7,0)|

’
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GN AS A PERTURBATION - WEYL’S BOUND

Weyl's Theorem

For any matrix M we have that

loi(M) — oi(M + E)| < ||Ell2

loi(A) =

oi(Agn,v.0) < lEenll2

1g°10

10—15

1

e
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MATRIX PERTURBATION
THEORY RESULT
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RESULT ON HERMITIAN MATRICES

Consider the n x n Hermitian matrices

Moo Hal gl

Ho1  Hx

En Ef

H =
Ex  Ex

=:H+E.
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RESULT ON HERMITIAN MATRICES

Consider the n x n Hermitian matrices

Hi1  Hy A Ei1  E:
H = 2, H:=H+ 21| = H4E.
Ho1  Hx E»i  Ex
Theorem 3.2 (Nakatsukasa, 2012)
Define
S ( [Ha1ll2 + || E21l2 )
" \min [Xi(H) = X (Ha2)| — 2] E]l2

Then, for each i, if ; > 0, then

IXi(H) = Xi(A)| < ||Evall2 + 2/|Ezll27i + || Ex2ll27?,
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RESULT ON HERMITIAN MATRICES

Consider the n x n Hermitian matrices

Hu  H3
Ho1  Hx

H = , H:=H+

Theorem 3.2 (Nakatsukasa, 2012)

Define

S ( [Ha1ll2 + || E21l2 )
" \min; [Xi(H) = Xj(Hz2)| - 2][E]l2
Then, for each i, if ; > 0, then

IXi(H) = Xi(A)| < ||Evall2 + 2/|Ezll27i + || Ex2ll27?,

e 7; < 1 necessary to be better than Weyl
o If ||E11]l2 < ||E||l2 and A; is far from the spectrum of Hyp then 7; < 1

e If E13 = Ep; = 0 and Hbp is small, then ); is particularly insensitive to the perturbation Ex»
— bound proportional to || Ex||2||Ho1][3
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FROM THE HERMITIAN TO THE GENERAL RESULT

General case

!

Transform to Hermitian

!

Obtain necessary
structure

!

Apply Hermitian Result

!

Transform back

!

General Result

Generalize (Nakatsukasa, 2012) to the non-Hermitian/rectangular case:

Consider the 2 x 2 block matrix:

|Gt B
c=2 &)

and its perturbation:

A |:F11 F12

G.=G+ =G+ F.
F21 Fzz]

Strategy: Use a technique in (Li, Li, 2005)

Error Bound on Singular Values Approximations by GN Lorenzo Lazzarino 8



FROM THE HERMITIAN TO THE GENERAL RESULT

Gl @ Jordan-Wielandt (JW) Theorem

+ Let {o;(M)}7_, be the singular values of a matrix M € C™*", with m > n. Then,
Transform to Hermitian the Hermitian matrix

! [A;’ “0”] &)

Obtain necessary . .
CTTERIGE has eigenvalues +01(M), ..., +0,(M) and m — n zeros eigenvalues.

\L \
Apply Hermitian Result

!

Transform back

1

General Result
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FROM THE HERMITIAN TO THE GENERAL RESULT

Gl @ Jordan-Wielandt (JW) Theorem

+ Let {o;(M)}7_, be the singular values of a matrix M € C™*", with m > n. Then,
Transform to Hermitian the Hermitian matrix

! [A;’ “0”] &)

Obtain necessary . .
CTTERIGE has eigenvalues +01(M), ..., +0,(M) and m — n zeros eigenvalues.

! L

Apply Hermitian Result

\L 0 0 | Gy B
o | G 0 0 | C G
Transform back G — Gy = - = | = — _
i G* | 0 Gl* c* | 0 0
B~ G | 0 0

General Result
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FROM THE HERMITIAN TO THE GENERAL RESULT

General case Obtain a matrix similar to G, suitable for (Nakatsukasa, 2012) and with blocks
reasonably related to the blocks of G

1
Transform‘IHermitian i 0 0 ‘ Gl B ]
0 0 | C G

Obtain necessary structure

1
Apply Hermitian Result - _ - -
1 G* C* ‘
Transform back 1
* X
I B* G;

General Result

Lorenzo Lazzarino 10
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FROM THE HERMITIAN TO THE GENERAL RESULT

Obtain a matrix similar to G, suitable for (Nakatsukasa, 2012) and with blocks
reasonably related to the blocks of G

General case

1

Transform ‘I Hermitian O 0 ‘ G]- B

Obtain necejsary structure Gf C* ‘ O O

Apply Hermitian Result

! 0 0 | C G

Transform back

! B* G; | 0 0

General Result
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reasonably related to the blocks of G

General case

1

Transform ‘I Hermitian O O ‘ G]- B

Obtain necejsary structure Gf C* ‘ 0 O

Apply Hermitian Result

! 0 0 | C G

Transform back

! B* G | 0 0
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FROM THE HERMITIAN TO THE GENERAL RESULT

Obtain a matrix similar to G, suitable for (Nakatsukasa, 2012) and with blocks

General case

1

Transform to Hermitian

!

Obtain necessary structure

!

Apply Hermitian Result

1

Transform back

!

General Result

reasonably related to the blocks of G

G | 0 B]
0 | ¢ 0

C | 0 G
0 | G 0

Note: Ai(Gp) = Mi(Guw) Y +0;(G)
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FROM THE HERMITIAN TO THE GENERAL RESULT

Obtain a matrix similar to G, suitable for (Nakatsukasa, 2012) and with blocks

GeelEl EE reasonably related to the blocks of G

1

Transform to Hermitian

0o G | o B
GG 0 | Cc* o0

L e |

Obtain necessary structure 0 @ ‘ 0 G
i B* 0 | Gy 0
Apply Hermitian Result
0 Fi1 ‘ 0 F1
Transform back Fl*l 0 ‘ F2*1 0
1 =G+ |- - — — —|=Gy+Fp
0 F>1 ‘ 0 F»
G | Resul
eneral Result Fr 0 ‘ F 0
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FROM THE HERMITIAN TO THE GENERAL RESULT

General case

!

Transform to Hermitian

i)

Obtain necessary
structure

!

Apply Hermitian Result

!

Transform back

!

General Result

Define

Il &]l, [l %
B* 0 2 (7 0 11,

. 0 G;
miy = ([ B])1-211,

Then, for each /, if 7; > 0:

A 0 Fu 0 Fx 0 F 2
e -aié <[ | +2| [ ot [ 2 3
P i\p Frooo ]l Fyoooll,” Fyo of,”
Error Bound on Singular Values Approximations by GN Lorenzo Lazzarino 11



FROM THE HERMITIAN TO THE GENERAL RESULT

General case

!

Transform to Hermitian

!

Obtain necessary
structure

!

Apply Hermitian Result

!

Transform back

!

General Result

= max{||M1||2, || M2]|2};
2

0o M
My 0

e Jordan-Wielandt theorem

= |Xi(Gp) = Mi(Gp)| = |0i(G) — 0i(G)],

fori=1,...,m

e By Jordan-Wielandt theorem and by construction of Fp:

IFpll2 = lIFl2
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FROM THE HERMITIAN TO THE GENERAL RESULT

General case Generalization of result in (Nakatsukasa, 2012)

i Theorem (Al Daas, Lazzarino, Nakatsukasa)

Transform to Hermitian
l Consider the matrices
! G; B A F F
Obtain necessary € = |2 ., G=G+ 1 2.6+ F,
structure [C 62] Fa F2
i and define
Apply Hermitian Result o (max{”B”z, [I1Cll2} + max{||F12]|, , ||F21||2})
1 ' min;j |oi(G) — 0 (G2) | — 2||F |,
Transform back Then, for each i/, if 7; > 0, then
|07(G) — 0i(G)| < || Fually + 2 max{||Fizlly , [|Farlla}7i + [ Fa2lly 77
General Result L
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FROM THE HERMITIAN TO THE GENERAL RESULT

General case Generalization of result in (Nakatsukasa, 2012)

+ Theorem (Al Daas, Lazzarino, Nakatsukasa)

Transform to Hermitian
i Consider the matrices
! G B A F F;
Obtain necessary @ o= |2 , G=G+ 1 2. 64+ F,
structure |: C G2:| F21 F22
i and define
Apply Hermitian Result o (max{||B||2, ||C||2} + max{||F12||2 s ||F21||2})
1 ' minj |oi(G) — 0 (G2) | — 2||F |,
Transform back Then, for each i, if 7; > 0, then
|0i(G) = 0i(G)| < [|Fully + 2max{||Fazlly , | Faull }7i + | F2ll, 77,
General Result

e Generalization to Block Tridiagonal: A Singular Value is insensitive to blockwise perturbation if it is
well-separated from the spectrum of the diagonal blocks near the perturbed blocks.
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BOUND ON GN APPROXIMATION
ERROR
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BOUND ON GN APPROXIMATION ERROR - DERIVATION

Use previous results to obtain a bound on GN singular values approximation error

e AV, U — Agy=AV(U*AV)I*A
o Define A=[U U ]*A[V V.], Aey = <[0 0, 1*A[V VL]) GN {I'] {Irﬁ»({}
0 Ap-— AnALAu] — A Eay

- AG =A-— — I
N [0 A22—A21ALA12

Error Bound on Singular Values Approximations by GN Lorenzo Lazzarino 14



BOUND ON GN APPROXIMATION ERROR - DERIVATION

Use previous results to obtain a bound on GN singular values approximation error

e AV, U — Agy=AV(U*AV)TT*A
e Define A=[U U, |*A[V V.], A= <[U U, *AV VL]> GN [’r] {Irﬁ»f}

lo|’] o
0 612 - %11611612 — A Eay
0 Axn-— A21ALA12

Theorem, Bound on GN Singular Values Approximation Error (Al Daas, Lazzarino, Nakatsukasa)

Define

= AGN—A—[

max{ 1 Avall, 1 Aaullo} + || Arz — AnaAfy A
min; |o;(A) — o (A2) | — 2 ||Egnll,

T =

Then, for each i, if ;7 >0

|0','(A) — O'i(AGN)| = |0’,(/Z\) — O'i(AGN)| <2 HAlQ — A_n[\h;\lez T + HAQQ — A21A11A12H2 7‘,»2

e 7; < 1 necessary to be better than Weyl. If ;(A) is far from the spectrum of Ay then 77 < 1

Error Bound on Singular Values Approximations by GN Lorenzo Lazzarino 14



BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - £ =0

A € R1000x1000 . | ‘
e Ue, Vex Haar Matrices 105t ‘\\ |
e 0;(A) exponentially decaying

o [V,~] =ar(A*Q,0)

. [0, ~] =qr(AQ, 0)

o V/ ¢ [R1000X%200 1610

° 0 c RIOOOX:UU

e Compute pseudoinverses by QR
factorization

107 - oA cag)

—— Weyl

oi(Ay,v,0) = oi(AV(U"AV)T 5" A)

150 200
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - £ =0

o A c R1000X1000 10° . ‘ ‘
® Uey, Vex Haar Matrices
e 0(A) exponentially decaying g 1

. 10} |
o [V, ~] =ar(A"Q,0)
o [0,~] =ar(A2,0)
o V/ c R1000X200 el
o (J € RI000X200
e Compute pseudoinverses by QR -

- 15 |o o
factorization 10 e
Ty o la(® - aag )l
et —Weyl
Ui(AGN,\’/,U) = 0i(AV(UTAV) U™ A) ~——Our Bound
10.20 L | T
0 50 100 150 200
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

o A c R1000X1000 105 . ‘ ‘
® Uey, Vo Haar Matrices .H‘-.'.‘-
e 0(A) exponentially decaying oo
o [V,~] =az(4"2,0) o ot
~ ”»*
o [U, ~] =qr(AQ,0) ‘-'.\
o V € R1000x200 & ~
o
° 0 c RIOOOX 300 .-.,r’
. 10718 T . e ]
e Compute pseudoinverses by QR .".'{‘.Q )
factorization [ c;u'%{an- b -"f
I
et o la(® - aag )l
Ui(AGN,V,U) =oi(AV(UTAV)'U" A) —— Weyl
10-20 L L L
0 50 100 150 200
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

Ac RlOOOXlODO

® Uey, Vo Haar Matrices

e 0(A) exponentially decaying
o [V,~] =qr(A*Q,0)

o [0, ~] =qr(AQ,0)

° ‘7 c Rloooxzm

° 0 c R1000% 300

e Compute pseudoinverses by QR
factorization

oi(Ay,v,0) = oi(AV(U"AV)T 5" A)

10} i
; A
- : .U‘
-
10-10 L - .1. (} =
o
-
o
1078 [ " -_'.:“.' B g
N T R
SRR, o
Lag ) '.".‘:.;‘ A . \nI(A} - 'Tl(AGN”
— Weyl
~—— Qur Bound
10.20 L L T
0 50 100 150 200

Error Bound on Singular Values Approximations by GN
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

A

L ix entries))

1000

0 200 400 600 800 1000

Error Bound on Singular Values Approximations by GN Lorenzo Lazzarino 17



BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

1000

200

400

600

800

1000

Error Bound on Sir

100

A

Log(abs(matrix entries))

0 200 400 600 80 1000

ular Values Approximations by GN
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

Log(abs(matrix entries))

0 200 400 600 800 1000 A 0 200 400 600 80 1000
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

Size of A1z : 300 x 200

___Eooktalmeticentriesd. ______

‘7 c RIOOOXZOO
0 c RIOOOXSOO

10710

10715 L

10720

Error Bound on Singular Values Approximations

LA
.
X
Il Ry 1
.?"
-
o
v
ey
o
2 oy ]
B N R
LI T ~——Our Bound
e — — Updated bound
——Weyl
0 50 100 150 200
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

‘7 c RIOOOXZOO
0 c RIOOOXSOO

Size of A7 : 200 x 200

10° : : -
Log(abs(matrix entries) a
100
0
20 105+ ]
o
300 20 é
o
400 1 O_m .-\*’ 4
-30 1 ot
500
a0
w0
10718 TR
- E i Aan
\“."",ﬂv__.._,. P — eyl
& 50 e ——— Our Bound
—— Updated bound
900 1020 . . T
© 0 50 100 150 200
1000

[ 1000
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

10°

10—15

1 0—20

10—25

Without oversample (¢ = 0)

L | ]
T
] —
L / e
/‘ -
i \‘:v\-
L Yot ]
e
b4 .
LY
i I o Agl
! —— Weyl
—— QOur Bound
50 100 150 200

oi(A) = (3)*

With oversample (r + ¢ = 1.5r)

o oA - o Agyl
——Weyl 1
~——Our Bound
—— Updated Bound

0 50 100
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

Rayleigh Ritz (RR)

oi(A) = U,-(U*AV) =3 Ui(ARR,\"/,U)

o |oi(A) - Uf(ARR, H 1 {/,M} )l

i oymz [z |0 Ap
e 0i(ARr) = o <A [Am A22:|>

—> Perform the same analysis and derive a
similar bound!
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

Rayleigh Ritz (RR)

oi(A) = oj(0*AV) =: Ui(ARR,\"/,U)

o |oi(A) — Uf(ARR H 1 {m} )

= nnz - 0 A].Q ’
i(A =0 |A—|; =
* oilArr) = o < [A21 A22}>

o

|t
3

—> Perform the same analysis and derive a
similar bound!

101
]
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

Rayleigh Ritz (RR)

U,'(A) ~ O’,(U*AV) = O.i(ARR,V,U)

o |oi(A) - Uf(ARR, H 1 {/,M} )l

= nnz x 0 A12
o Ui(ARR) = 0j A— A A * RRsing. val. emor
21 22 + GN sing. val. error ]
RR "best" bound
RR "best" Weyl
. . ~——GN "best" bound
—> Perform the same analysis and derive a ——GN “best" Wey!

20 o 60 10 200

similar bound!
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BOUND ON GN APPROXIMATION ERROR - COMPUTABILITY

Provide ideas on how to make the bound computable in practice

i

For 7 >0, |0i(A) — 0i(Acn)| < 2 HA12 = An/KLAlez Ti + H/‘_\zz = /‘_\21/511/512“2 72

max{[| A2 l2, | Az l2} + | Ar — A Ay Ara
min; |oj(A) — o; (A22) | = 2| Eanll,

T =
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BOUND ON GN APPROXIMATION ERROR - COMPUTABILITY

Provide ideas on how to make the bound computable in practice

i

For 7 >0, |0i(A) — 0i(Acn)| < 2 Hfalz = An/KLAlez Ti + H/‘_\zz = /‘_\21/511/512“2 72

max{l| Az Iz, 1 A21ll2} + [ Arz — An Al A,
min; |oj(A) — aj (A2) | = 2||Eenl

(Forward Bound) Agy =A— Egy = 7 =
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BOUND ON GN APPROXIMATION ERROR - COMPUTABILITY

Provide ideas on how to make the bound computable in practice

i

For 7; >0, |0j(A) — 0i(Aen)| < 2 HA12 = An/KLAlez Ti + H/‘_\zz = /‘_\21/511/512“2 72

max{l| Az Iz, 1 A21ll2} + [ Arz — An Al A,

(Forward Bound) Agy =A— Egy = 7 = . _ _
’ min; |o;(A) — aj (A22) | = 2| Eqwll

max{[|A11 Al Aolz, [|Avzll2} + || A2 — A1 Al Ara|l2

(Backward Bound) A=Ay + Ecn = 1 = : — -
min; |oi(Acn) — 0j(A21A1; A2)| = 211 Eenll,
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BOUND ON GN APPROXIMATION ERROR - COMPUTABILITY - (BB)

Provide ideas on how to make the bound computable in practice

i

For 7 >0, |0i(A) — 0i(Acn)| < 2 Hfalz = An/KLAlez Ti + H/‘_\zz = /‘_\21/511/512“2 72

=llAw2l2 <|lA12]l2

o max{[|An Al Ava|2, [| A1z ||2} + || A12 — A1 Al Aroll2
[ . — = —_. —
min; |0 (Aen) — 0j(A21 A} Ar)| — 2| Ecnll,
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BOUND ON GN APPROXIMATION ERROR - COMPUTABILITY - (BB)

Provide ideas on how to make the bound computable in practice

For 7; > 0, |0','(A) - G;(AGN)| <2 HA]Q — A11ALZ\12H2 Ti + H/_\QQ — A21AJ{1A12H2 T,-2

10° ; '
o loi®) - aag )l
—— "pest" (FB)
100 r|— "best" Weyl 1
—— "best" (BB)
— "best" approx(BB)

=[lAw2l2 <||A12]l2

max{[|An1 Al; Ava|2, [| A1z ||2} + || A12 — A1 Al Aroll2 1010
min; |0 (Aen) — 0j(A21 A} Ar2)| — 2| Ecnll,

T =

10-15
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FUTURE WORK

Error Bound on Singular Values Approximations by GN

Lorenzo Lazzarino
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FUTURE WORK

e More on the difference between oversampled and non-oversampled cases
e More on the strategy to improve the bound;

e Use bounds to formally characterize the differences in behaviors of the different
techniques: GN, HMT, Rayleigh-Ritz;

e Use norm estimation strategies to make the bound fully computable.
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FUTURE WORK

More on the difference between oversampled and non-oversampled cases

More on the strategy to improve the bound;

Use bounds to formally characterize the differences in behaviors of the different
techniques: GN, HMT, Rayleigh-Ritz;

e Use norm estimation strategies to make the bound fully computable.

Thank You!
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BOUND ON GN APPROXIMATION ERROR - NUMERICAL EXPERIMENTS - r + ¢ = 1.5r

V =qr(A’ *randn(1000, 200));
U =qr(Arandn(1000, 300));

Size of A7 : 180 x 175

10° : : -
Logabs(matrix entries)) _ |
. | g
10 5 -4
200 1 10 I
o
300 18 .20 s ‘PA
400| 1 -10 | .h";
100 [ P 1
500 | i
o 1 -40
107" ffap o I @ - Al ]
] by o i an
% ”'I"ﬂ,.:w,...:.‘_:' o — Wyl
- il 3 bl —— Qur Bound
—— Updated bound
900 4 1 0720
%0 0 50 100 150 200
1000

[ 1000
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