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SVD
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Partial SVD

Let kK < n.
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Partial Lanczos bi-diagonalization

Start with a given vector p;. Compute m steps of the Lanczos
process:

ATQn = PuBl +rmel,
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PrPm = QnLQm = In,
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Pm = [p17p27°"7pm]-
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Approximating partial SVD with partial Lanczos
bi-diagonalization

AT QmBm

ATAP,,
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Approximating partial SVD with partial Lanczos
bi-diagonalization

AT QmBm

ATAP,,

AATQn = APLBl + Arpel,
= QmBnBl + Arnel.
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Approximating partial SVD with partial Lanczos
bi-diagonalization

Let
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Approximating partial SVD with partial Lanczos
bi-diagonalization

Let

m T
B, ,B B
%:ZW%W)-
j=1

. B_ _B,B T,b_ B,B
<|.e., Bmv/- =07 y; and Bmuj_o—jvj.)

Define:
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Approximating partial SVD with partial Lanczos
bi-diagonalization

Let
m T
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Partial SVD approximation of A

AV = APpv?
— +BQuf
= O-j Qmul

= 94
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Partial SVD approximation of A
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Augment and restart

1. Compute the Lanczos process up to step m.
2. Compute k < m approximate singular vectors.

3. Orthogonalize against the approximate singular vectors to get
a new starting vector.

4. Continue the Lanczos process with the new starting vector for
m more steps.

5. Check for convergence tolerance and exit if met.
6. GOTO 1.
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Sketch of the augmented process...

Pk+1 = [V‘|7V27"'avkapm+1]7
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Sketch of the augmented process...

Pk+1 = [‘717 027" 'aVkapm—H]v
APxiy = [G1l4,61lp, ..., Gklk, ADm11]
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Sketch of the augmented process...

Pk+1 = [\717 027' . 'aVkvpm—H]v
APii1 = [6104,61Up,. .., 0klk, ADm 1]

Orthogonalize Apm.1 against {T;}K 1 Apmer = /¢ il + 1.
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Sketch of the augmented process...

Pk+1 = [\717 027' . 'aVkvpm—H]v
APii1 = [6104,61Up,. .., 0klk, ADm 1]

Orthogonalize App,.1 against {Elj}]’.‘:1: APmit = Z]’-‘:1 pili + k.

©k+1 = [017uZ:"'aukvrk/”rkHL
01 P
_ 02 p2
Bki1 =
Pk
17|
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Sketch of the augmented process...

Pk+1 = [\717 027' . 'aVkvpm—H]v
APii1 = [6104,61Up,. .., 0klk, ADm 1]

Orthogonalize App,.1 against {Elj}]’.‘:1: APmit = Z]’-‘:1 pili + k.

©k+1 = [017uZ:"'aukvrk/”rkHL
01 P
_ 02 p2
Bki1 =
Pk
17|

APyt = Qiy1Brsa.
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The irlba package

Usage:
irlba (A,

nu = 5,
nv = 5,
adjust = 3,
aug = "ritz",
sigma = "1ls",
maxit = 1000,
reorth = 1,
tol = 1le-06,
V = NULL)
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Small example

> A<-matrix (rnorm(5000+x5000),5000,5000)
> require (irlba)

> system.time (L<-irlba (A,nu=5,nv=5))
user system elapsed
41.640 0.470 36.985

> gc()

used (Mb) ... max used (Mb)
Ncells 143301 7.7 ... 350000 18.7
Vcells 25193378 192.3 ... 78709588 600.6
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Small example (continued)

> system.time (S<-svd(A,nu=5,nv=5))
user system elapsed
616.035 4.396 187.371

> gc()

used (Mb) ... max used (Mb)
Ncells 143312 7.7 ... 144539 7.8
Vcells 25248388 192.7 ... 200285943 1528.1
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Small example (continued)

> system.time (S<-svd(A,nu=5,nv=5))
user system elapsed
616.035 4.396 187.371

> gc()

used (Mb) ... max used (Mb)
Ncells 143312 7.7 ... 144539 7.8
Vcells 25248388 192.7 ... 200285943 1528.1

> sqrt (crossprod(S$d[1:5]-LS$d)/crossprod(S$d[1:5]))
[,1]
[1,] 1.56029%e-12
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Large examples (live demo)

The R implementation of IRLBA supports:
» Dense real/complex in-process matrices (normal R matrices)
» Sparse real in-process matrices (Matrix)

» Dense, real in- or out-of-process huge matrices with
bigmemory + bigalgebra

Partial | anczos SVD methods for R



References

http://www.rforge.net/irlba
http://www.math.uri.edu/ ~jbaglama
http://www.math.kent.edu/ ~reichel
http://www.math.kent.edu/ ~blewis
http://revolution-computing.com

ok wp

Partial | anczos SVD methods for R



	SVD and partial SVD
	Partial Lanczos bidiagonalization
	The irlba package

