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M. Pfeffer, A. Uschmajew, A. Amaro, U. Pfeffer:
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Data fusion techniques for the integration of multi-domain genomic data from uveal melanoma.

Cancers, 11(2019) 10, 1434
A. Amaro, M. Pfeffer, U. Pfeffer, F. Reggiani:

Evaluation and Comparison of Multi-Omics Data Integration Methods for Subtyping of Cutaneous Melanoma.

Biomedicines 10(12) (2022)



CINMUWLTANEOWS EIGENSPACES



CINMUWLTANEOWS EIGENSPACES

L@/{' A : RV\\XV\ _ KW\XV\ bQ, & Q/\V\!Ua\f 0—\)&0\‘\‘9(



CINMUWLTANEOWS EIGENSPACES
Lt A RYT S R™N be a0 bwss opuater

Tl Fid p Lpwest a;?rw\/w&wg )(“,__‘)(P_



CINMUWLTANEOWS EIGENSPACES
Lt A RYT S R™N be a0 bwss opuater
Toal: Fied Lpwest ghgvechocs X, K

Assame: X have  fow camle 0




CINMUWLTANEOWS EIGENSPACES
Lt A RYT S R™N be a0 bwss opuater
Toal: Fied Lpwest ghgvechocs X, K

Assame: X have  fow camle 0

Nove veaichve: X; shase e e Go lomn S“f)ace. S(m\QA) | uel&m‘v




CINMUWLTANEOWS EIGENSPACES
Lt A RYT S R™N be a0 bwss opuater

Tl T p Lpweat uw\/w&w: )(“._.\XP_

Assame: X have  fow camle 0

X" share e qame  Golomn Space S(W«(u) : UlelKM,v

\‘/\9«)'0_ e chve

Motvaton - : Laq»ﬁaco, O‘)em*w I=RAoT « To A




CINMUWLTANEOWS EIGENSPACES
Lt A RYT S R™N be a0 bwss opuater

Tl T p Lpweat uw\/w&w: )(“._.\XP_

Assame: X have  fow camle 0

X" share e qame  Golomn Space S(W«(u) : UlelKM,v

\‘/\9«)'0_ e chve

Motvaton - : Laq»ﬁaco, O‘)em*w I=RAoT « To A




CINMUWLTANEOWS EIGENSPACES

. Cm.?wﬁ ><"I"' |><P



CINMUWLTANEOWS EIGENSPACES
. Cm.?wﬁ ><"I"' | XP

X = [\/ecb(q\ . ‘vcc/()(eﬂ

Sk



CINMUWLTANEOWS EIGENSPACES

. Cm.?wﬁ ><"I"' |><P

X = [\/ecb(q\ . ‘vcc/()(eﬂ

RMMQL A Hwmeate cankk with JVO

Sk



CINMUWLTANEOWS EIGENSPACES

- Compnbe ><"l"' X

X = [\/w()(q\ . ‘vcc/()(eﬂ

'RM\“‘LQ‘ & dmeate canle with  JVD

Sk

Prn\af.c,vvxs: . NU,OL + C@’foij— %‘AM A%xmva




CINMUWLTANEOWS EIGENSPACES

- Cw«.?v&c )(Al,,.l)((,

X = [\/ecb(q\ . ‘vcc/()(eﬂ

'RM\“‘LQ‘ & dmeate canle with  JVD

Sk

Prn\af.c,vvxs: . NU,OL + C@’foij— %‘AM A%xmx/adeﬂ

. \S\OQA&\"\W e\?hwﬂ G’Vv% m btk nerm
wd ek in et gom bﬁ A



CINMUWLTANEOWS EIGENSPACES

Altcaudive afpracs:

i ze &(}O = donce <)<T0A‘(>(>>
Jos Xe Stlmn,p) o R



CINMUWLTANEOWS EIGENSPACES

Altcaudive afpracs:

Minwcze 200 = Sence (N\M)
oo Xe Stlmn,p) o R

ke



CINMUWLTANEOWS EIGENSPACES

Altcaudive afpracs:

Hiwnze  2(X) = Sonce (XTA(X))
oo Xe Stlmn,p) o R
\ (D02 =



CINMUWLTANEOWS EIGENSPACES

Altcaudive afpracs:

Minwcze 200 = Sence (N\M)
oo Xe Stlmn,p) o R

Homveaad  denedR e



CINMUWLTANEOWS EIGENSPACES

Altcaudive afpracs:

Flimawanze ,g()() = donce ()(TL;As()())
oo Xe Stlmn,p) o R

Homveaad  denedR e



CINMULTANEOWS EIGENSPACES

Aﬂum\ﬂ\lc a/(*

proache:

Minwize  2(X) = dence (XV\(X})
%ﬁ.( X e SJV(W\V\'P> A (\Z":‘X"‘?

function value

—100

I I

—F— truncated eigenspace
—— semi-Riemannian AO
_A_

Riemannian

exact

rank r

C. Krumnow, M. Pfeffer, A. Uschmajew:
Computing eigenspaces with low rank constraints.
SIAM Journal on Scientific Computing, 43 (2021) 1, p. 586-608
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€ [terations CPU time [terations CPU time [terations CPU time

Random Rank One Measurements

101 196 0.4131s 196 0.2586s 6691 9.5539s
10772 831 1.7495s 831 1.1103s 11490 16.675s
107° 1583 3.3613s 1582 2.0928s 16095 23.931s
Fourier Measurements

101 8 0.1455s 10 0.0691s 4211 25.331s
1073 25 0.4592s 30 0.2189s 8941 58.069s
107° 45 0.8268s 46 0.3392s 13545 91.412s

H. Eisenmann, F. Krahmer, M. Pfeffer, A. Uschmajew:

Riemannian thresholding methods for row-sparse and low-rank matrix recovery.
Numerical Algorithms (2022)
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M. Pfeffer, J. Samper: The cone of 5 x 5 completely positive matrices. (2021)
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