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Shared Component Analysis (SCA)
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Existing Works on ldentifiable SCA and Challenges

Aligned SCA
» Require paired samples (w§l),m§2))ﬁ\;1, e.g., [Ibrahim et al., 2021],
» Formulated as canonical component analysis (CCA).

Unaligned SCA

» Stringent conditions for identifiability, such as component-wise
independence [Sturma et al., 2024].
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Proposed Method
find QW eR™™, g=12, (22)
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Identifiability of Unaligned SCA

Theorem 1 (Informal) Sufficiently different p(z(l)) and p(z(g)) = identifiability of ¢ (i.e., QWg(a) =
®c) if one of the following holds,

1. Individual components of ¢ are statistically independent and non-Gaussian,

2. Support of p(e) is a hyper-rectangle.
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Figure: Validation

Synthetic experiment detail:

»  Shared component R2 - Vonmises distribution. p(q) € R! from Laplace and Uniform distribution
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Enhanced ldentifiability via Structural Constraints

Homogeneous Domains (i.e., A = A Vg =1,2)

Theorem 2 (Informal) Sufficiently different p(z(l)) and p(z(z)) with same mixing matrix = identifia-
bility of ¢ (i.e., Qz(?) = @c).

Weakly Supervised Cases (i.e., Q(l)wy) = Q<2)m§2), le {(mél),mf))}f,

1)

Theorem 3 (Informal) Sufficiently different p(z(l)) and p(z(2)) with D > dg paired samples =—>
identifiability of ¢ (i.e, QP a(?) = @c).
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Table: Classification accuracy on the target domain of office-Home dataset (ResNet50 embedding).

source — target | ResNet DANN MDD MCC SDAT ELS Proposed

Ar — Cl 420+0.2 | 46.7+02 | 474+03 | 444+03 | 473+ 04 | 485+02 | 51.0 £ 0.3
Ar — Pr 69.2+0.1 | 702+04 | 728+04 |724+02 | 71.1+03 | 71.0+03 | 75.8 £0.1
Ar — Rw 80.2+03|81.2+04 | 812+01|803+03|805+0.1]|80.8+04|825 +0.2
Cl — Ar 60.7 =04 | 60.8+03 | 624+01|592+04 | 57.6+0.2 | 59.8 +£0.1 | 62.7 £ 0.4
Cl — Pr 71.0+0.1 | 698+03 | 700+04 | 71.1+04 | 66.5+0.1| 685+02 | 725+0.3
Cl — Rw 748 +0.2 | 733+01 | 741+01|762+02|707+01 ]| 71.7+01 | 758 £0.1
Pr — Ar 60.6 +0.2 | 622 +0.1 | 643+01 | 592+0.1 | 625+ 0.4 | 609 +£02 | 64.4 +£0.3
Pr— Cl 448+ 0.1 | 488+0.1 | 480+03 | 462+ 0.2 | 49.0+ 0.3 | 49.6 £0.3 | 50.4 +0.1
Pr —» Rw 79.6 0.1 | 80.3+04 | 796 +£03 | 80.3+0.2 | 80.0+ 0.1 | 79.2+0.1 | 81.7 £ 0.2
Rw — Ar 701+02 | 715+01 | 714+03 | 678+ 0.2 | 71.6 £ 04 | 71.3 £ 0.4 | 72.6 £ 0.1
Rw — ClI 458+ 0.2 | 509 +£0.2 | 503 +£0.1 | 50.0 £ 0.2 | 51.4 £ 0.1 | 50.7 £ 0.1 | 53.2 £ 0.1
Rw — Pr 80.7+0.1 | 80.6 +0.4 | 81.1 +£0.1 | 81.2+0.1 | 80.7+ 0.1 | 79.8 +0.3 | 829 +£ 0.3
Average 649 + 0.1 | 66.3+02 | 66.8+02 | 656+ 0.2 | 657+ 0.2 | 659+ 0.2 | 68.7 +£0.2
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Experiments: Cross-lingual Information Retrieval & Single Cell Sequence
alignment

0.80-—— Proposed: No paired  —=— Proposed: 256 paired
—— Proposed: 1 paired  —+- CM-AE: 256 paired + class labels
—— Proposed: 50 paired =& CM-AE: 770 paired + class labels

0.70
. . 0.60
Table: Average precision P@1 of cross-language
information retrieval. o
© 0.50
<
Source — target || Adv - NN [ proposed - NN || Adv - CSLS [ proposed - G55 2
en—es 61.3 66.4 702 % 0.40
es—en 5.4 65.3 67.6 756
en—it 82 544 608 67.7 =
itsen 55.2 519 63.8 66.0 Z0.30
en—fr 63.6 602 726 737 ¥
froen 5.4 58.4 64.1 714
en—de 514 56.7 593 67.6 0.20
de—en 425 57.0 510 59.3
enru 327 329 386 iz
ru—en 27.6 41.6 35.0 50.8 0.10
en—ar 126 227 167 201 .
ar—en 15.7 26.9 201 356
en—vi 21 10.4 77 2238
vi-ven 27 173 44 33.0 0.00
Average 37.6 445 45.1 54.9 14 16 18 20

8 10 12
K of the K-NN evaluation metric

Figure: k-NN accuracy for single-cell sequence
alignment.
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