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Meaning of Each Axis
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cosine similarity as the == FastICA [Hyvarinen, 1999] computes
sum of semantic P T = T Y the orthogonal matrix R € RY%4 for
similarities across axes. ¢~ T the -transformed embeddings © = ZR.

* By deriving probability dlstrlbutlons we proposed-* The axes of the moﬁof%ﬁ i
a method to select statistically S|gn|f|cant axes. ICA-transformed  ppaymetns; = *=

. We demonstrated that ICA provides better embeddings are founs]
interpretability than PCA, and that interpretable [canada] -
normalization enhances this interpretability. [Musil+2024]. ¢ rezms |

» For embeddings X € R™¢ (n words, d-dim),
the PCA-transformed embeddings are Z = XA|

Cosine Similarity Interpretation

oS NENINIEIRY The ICA-

IS normalized to s;: for

ENNALE Bar graphs of normalized GloVe [Uileggae1ey The

transformed embedding of ajembeddings (ultraviolet, light, and their |semantic similarity on the
word w;, denoted by s; € R¢, [component-wise products) are shown |[£-th axis is defined as:

and PCA. The top five axes of the sem,(w;, w;) = A(@ (&)
5. =s./|s;|l = (Sl(f) ) ultraviolet embedding are highlighted.

>
e.g. for ultraviolet and light,

The [spectrum] value is emphasized.] | the semantic similarity on

i Z; =S, §; = cos(w;,w;).

FOr WOrdS Wl and szi g \ultraviolet - light / _ ultraviolet ® light _ the [SpeCtrum] aXIS IS
(0) A (0) { J e = == || semy(ultraviolet, light) = 0.296.
cos(wy, wj) = 5; 8 = E Si Sj e ol . JIWe interpret cos(w;, w;) as
=1 e wdoe |the sum of sem, (Wi, w;):
- S [PCAJ = e = e = oo d Ly "]

The normalized PCA- 2ot ’ =5 e =iz o =R
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satisfies z; = R-;. Then =

Sum of the products = cosine S|m|Iar|ty additive compositionality
shows greater sparsity than PCA. |of semantic similarities

Distribution of Components

“({)) follows a normal distribution
’\('B) mean.
i ~ N(Oll/d) {variancg: 1/d}

Histogram fits with the curve.

Densmy

Selection of Statistically Significant Axes
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Histogram fits with the curve.
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Component-wise Product Value

p, can be computed for each axis. To select from
d axes, we account for the multiplicity issue
(Bonferroni correction) and use p; = min{dp, 1}.
We compare the top components for ultraviolet

and light with « = 0.05.
[ICA

Axis  Meaning  Value p-value Bonferroni Axis Meaning Value p-value Bonferroni Axis Meaning Value p-value Bonferroni

0.535 9.97 x 10721 1299 x 10~ 0.554 4.44 x 10722 |1.33 x 1077 0.206 1.12 x 10710 |3.36 x 10738

53 [chemistry] 0.265 217 x 1075 | 6.51 x 10~* 1 [function words] 0.379 2.67 x 107! | 8.02 x 107 53 [chemistry]  0.030 138 x 107 | 4.15 x 1079

0.220  6.97 x 107 | 2.09 x 1072 153 [boxing] 0.230  3.35x 1075 | 1.00 x 1072 1 [function words] 0.022 1.69 x 1071 5.07 x 1072

0.142 6.88x10~% —  L.00 53 [chemistry] 0114  2.37 x 1072 1.00 153 [boxing] 0.014 256 x10% 7.68 x 1071

197  [virology] 0.140  7.53 x 1073 1.00 58 [ordinal ] 0.114  2.46 x 102 1.00 158 [police] 0.007 2.76 x 102 1.00
[ PC AJ (a) ultraviolet (b) light (¢c) ultraviolet ® light

Axis  Value p-value Bonferroni Axis  Value p-value Bonferroni Axis  Value p-value Bonferroni

0.197 321 x10°* 9.62x 10~ 10247 9.12x107° [274x107° 1 0.024 1.09x 104 |3.2h’ X 1{1—2|

80 0.172 141 x107?% 4.22x 1071 5 0.216 9.38 x107° ‘2.31 X 10> 80 0.022 221 x107* 6.62x 1072

0.134  1.01 x 10~ 1.00 61 0.176 1.15x 107° 3.44 x 10~* 131  0.020 3.80x10"* 1.14x 10t

0.129 1.30 x 102 1.00 118  0.176 1.16 x 1072 347 x 10t 0.019 458 x 107* 1.38 x 10!

222  0.113 2.52 x 102 1.00 127 0.146  5.76 x 107 1.00 60 0.017 9.65x10~* 290 x 10t
(a) ultraviolet (b) light (¢) ultraviolet © light

ICA results in more statistically significant axes.

Comparative Experiments on ICA and PCA

We compute the

median of interpretability scores
for each axis by the word

intrusion task [Sun et al., 2016].

. outperforms PCA.
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Component Values E e

Component values are .= - COr:]SqlnetSIgﬁlla_rrI}ty t'rS] R
averaged after sorting | (| <OMPULE (;'S('{)g c 51 S
in descending order (@) et top k In { S }f LT e
(a) along embeddings : for word similarity & = = -
and (b) along aAXes. § __________ o analogy tasks. E #
Both shows larger . shows greater -/ (maes
top values for (b) = == lIsparsity than PCA. " vopk'
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