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Abstract: Multi-omics data are of paramount importance in biomedicine, providing a comprehensive view of processes
underlying disease. They are characterized by high dimensions and are hence affected by the so-called “curse
of dimensionality”, ultimately leading to unreliable estimates. This calls for effective Dimensionality Reduc-
tion (DR) techniques to embed the high-dimensional data into a lower-dimensional space. Though effective
DR methods have been proposed so far, given the high dimension of the initial dataset unsupervised Feature
Selection (FS) techniques are often needed prior to their application. Unfortunately, both unsupervised FS
and DR techniques require the dimension of the lower dimensional space to be provided. This is a crucial
choice, for which a well-accepted solution has not been defined yet. The Intrinsic Dimension (ID) of a dataset
is defined as the minimum number of dimensions that allow representing the data without information loss.
Therefore, the ID of a dataset is related to its informativeness and complexity. In this paper, after proposing a
blocking ID estimation to leverage state-of-the-art (SOTA) ID estimate methods we present our DR pipeline,
whose subsequent FS and DR steps are guided by the ID estimate.

1 INTRODUCTION

Many human diseases arise from the interplay of vari-
ations in multiple genes and environmental factors.
While disease diagnosis can be performed based on
similarities of symptoms, disease subtype identifica-
tion based on biomolecular profiles can lead to deeper
understanding of underlying disease mechanisms, di-
agnosis/prognosis, and to personalized treatments (as
aimed by Precision Medicine). In this context, the ad-
vent of high-throughput techniques recently allowed

acquiring unprecedented amounts of multi-omics data
that, when opportunely integrated, may provide a
comprehensive description of genetic, biochemical,
metabolic, proteomic, and epigenetic processes un-
derlying a disease (Nicora et al., 2020).

The past decade has experienced an increasing in-
terest in the development of multi-view integration
methods integrating datasets as complex as multi-
omics ones, and some effective approaches have been
proposed (Meng et al., 2016; Gliozzo et al., 2022).
Nevertheless, most of them cannot handle the di-
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mension of the considered views, which is often
much larger than the available sample size (small-
sample-size problem). This results in largely sparse
datasets, where the “curse of dimensionality” (Trunk,
1979; Lv, 2013; Hughes, 1968) causes unreliable es-
timates of pairwise-distances (Francois et al., 2007;
Sodergren, 2011; Ceruti et al., 2014). In this context,
the samples are assumed to be drawn from an original
lower-dimensional manifold that has been twisted and
curved by a smooth mapping bringing to the observed
high-dimensional space. Hence, the true information
can be outlined by many fewer coordinates than those
of the high-dimensional space. Under this assump-
tion, DR techniques have become essential in the
bioinformatics field, and several (linear/non-linear)
methods have been proposed in literature (Nanga
et al., 2021) to embed the data into a space where re-
dundancy and noise are removed while salient infor-
mation is emphasized (Erichson et al., 2016; Halko
etal., 2011), or the local and global topological struc-
ture of the dataset is preserved (Van der Maaten and
Hinton, 2008; Mclnnes et al., 2018). Most DR
techniques showed impressive results but they often
base their analysis on pairwise-point relationships,
which are biased when incurring small-sample-size
and curse of dimension. An unsupervised FS step is
therefore required prior to their application (Solorio-
Fernandez et al., 2020) to obtain a more tractable (re-
duced) space. However, both FS and DR techniques
need the dimension of the lower-dimensional space as
input. This value should be carefully chosen (Nguyen
and Holmes, 2019); excessively large values would
bring to the computation of still sparse, noisy, and re-
dundant datasets, while excessively low values would
cause the loss of salient information. Such a choice is
still an open problem.

The ID of a dataset is defined as the minimum
number of dimensions needed to represent the data
without information loss (Ceruti et al., 2014; Facco
et al., 2017). We propose an FS and DR approach
that exploits a novel and robust estimate of the dataset
ID as a crucial description of the dataset informative-
ness, which should be maintained and targeted by the
proposed pipeline. We use our approach to reduce
the dimension of each view in a multi-omics dataset.
However, the generality of the method allows its ap-
plication to any type of data.

2 MULTIPLE SCLEROSIS
DATASET

Multiple Sclerosis (MS) is a chronic disease of the
Central Nervous System, characterized by inflamma-
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tion, demyelination and axonal loss. It currently
affects more than 2.8 million people globally, be-
ing the most common cause of non-traumatic neu-
rologic disability in young adults. MS is an highly
heterogeneous disease in terms of clinical presen-
tation and treatment response and its precise aeti-
ology is unknown, although it is widely accepted
that it implicates an interplay between genetic, en-
vironmental, and lifestyle factors. With the advent
of high throughput assays, an important contribu-
tion can be derived from their integration to iden-
tify (through unsupervised clustering) disease sub-
phenotypes, which would be an important step to-
wards stratified medicine. To obtain reliable in-
tegrative unsupervised clustering results from high-
dimensional multi-omics views, a well-designed prior
step of DR is needed.

We tested our ID-based DR method on both
miRNA and mRNA data of a private multi-omics
dataset describing the genome profile of MS pa-
tients, which were sampled before the start of a
first-line treatment, with further exclusion of those
who had been treated with highly-active immunosup-
pressive or second-line drugs. These criteria were
adopted in order to minimize the impact of drugs on
-omics values. The transcriptome was generated us-
ing the Truseq stranded mRNA kit and sequenced on
the Illumina HiSeq4000, whereas miRNA libraries
were generated using SMARTer smRNA kit Sequenc-
ing on Illumina NOVAseq6000. Both assays were
performed on peripheral mononuclear blood cells
(PBMC). Quality control, normalization and filtering
for the two -omics was performed in order to mini-
mize possible technical artifacts and to discard fea-
tures deemed as not expressed, yielding D = 502 and
D = 20745 features for miRNA and mRNA, respec-
tively. Overall, for 170 patients both miRNA and tran-
scriptomics values were available.

3 METHODS

Our ID-based DR method processes each view of the
MS dataset by applying four consecutive steps (Fig-
ure 1). After each step, we monitor the ID to un-
derstand whether important information has been re-
moved.

1. Min-max Normalization Step followed by
Global ID estimation (Sections 3.1.1 and 3.1.2)
to obtain a first estimate of the dataset informa-
tiveness. Though the ID estimated at this step
is most probably affected by the curse of dimen-
sionality, it can be used as an input parameter for
computing the blocking-ID estimate we propose
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in this paper.

2. High Pairwise-correlation Filtering to remove
redundancy. Pairs of features showing a high pair-
wise correlation (i.e. Spearman correlation > 0.8)
are filtered to remove the feature having the higher
mean correlation with all the other features in the
dataset'. The parallel algorithm we implemented
to perform this task is outlined in Appendix A.

3. Blocking ID Estimation (Section 3.1.3). This
estimation approach is inspired by the blocking
analysis applied in (Facco et al., 2017) to com-
pute an ID estimate less affected by noise in the
data samples. In this paper, we revisit it in order
to provide an ID estimate (hereafter referred to as
blocking-ID) robust with respect to the curse of
dimensionality (affecting datasets characterized
by an extremely large dimensionality compared to
the limited sample cardinality). Furthermore, we
use it to identify the minimum number of features,
C, that should be kept by the next unsupervised
FS approach (Step 4 below) to ensure that, with
a certain degree of confidence, most of the salient
information is kept, while noise and redundancies
are minimized.

4. Unsupervised FS via Hierarchical Clustering
(Solorio-Ferndndez et al., 2020; Gagolewski,
2021) to select C features that are the medoids of
the corresponding ( feature clusters (Section 3.2
and Appendix B).

5. Blocking ID Estimation in order to monitor po-
tential retained noise and information loss.

6. Dimensionality Reduction: The representative
feature set is finally embedded to a lower-
dimensional space, whose dimensionality is cho-
sen based on the blocking-ID estimate computed
in Step 3. To this aim, we compare four differ-
ent DR techniques (UMAP, t-SNE, RPCA and
RCUR) and choose the one that allows obtain-
ing a global ID estimate that is comparable to the
blocking-ID computed in Step 3.

3.1 ID Estimation

The ID (Johnsson, 2011; Campadelli et al., 2015)
of a dataset is the minimum number of parameters

!1s worth mentioning that, from a biological perspec-
tive, the correlation between omics variables could often be
meaningful: for example, correlated variables in expression
data could relate to the same molecular pathway (Allocco
et al., 2004), and thus to coregulated genes. However, from
a statistical point of view, highly-correlated variables may
affect the reliability of estimates leading to inflated values.
Thus, their removal is often advisable.

needed to maintain its characterizing structure; in
other words, the ID is the minimum number of di-
mensions of a lower dimensional space where the
data can be projected (by a smooth mapping) in or-
der to minimize the information loss. When a dataset
X, = {x;}’_; C RP has ID equal to d, the D- dimen-
sional samples are assumed to be uniformly drawn
from a manifold with topological dimension equal to
d, that has been embedded in a higher D-dimensional
space through a nonlinear smooth mapping. Unfor-
tunately, the estimation of the topological dimension
of a manifold using a limited set of points uniformly
drawn from it is a challenging, not yet solved task. All
the SOTA ID estimation techniques exploit differing
underlying theories, according to which they are of-
ten grouped into the following four main categories:
Projective ID estimators, Topological-based ID esti-
mators, Fractal ID estimators, and Nearest-Neighbors
(NN) based ID estimators.

In the bioinformatics field, the available datasets
are often noisy and complex. In this context, Pro-
jective, Topological-based and Fractal ID estimators
are often outperformed by NN estimators; Fractal ID
estimators fail when the points are noisy and/or not
uniformly drawn from the underlying manifold, while
Projective and Topological-based ID estimators pro-
duce reliable estimates for data drawn from mani-
folds with mainly low curvature and low ID values.
On the other hand, NN estimators have shown their
robustness on not-uniformly drawn, noisy and com-
plex datasets, where the two main assumptions at the
base of Fractal, Topological-based, and Projective ID
estimators are often violated. Indeed, (1) the points
cannot be assumed to be uniformly drawn from the
manifold where they are assumed to lie, and (2) the
complexity of the available datasets allows assuming
that the points lie on more-than-one, eventually in-
tersecting manifolds, each characterized by a specific
topological dimension.

To account for the aforementioned issues, NN es-
timators often compute a reliable “global” ID estima-
tor by integrating all the “local” IDs estimated over
point-neighborhoods. Based on these remarks, in this
work we estimated the ID of the available multi-omics
views by comparing two NN ID estimators, namely
DANCo (see subsection 3.1.1) and TWO-NN (see
subsection 3.1.2).

3.1.1 DANCo

DANCo  (Ceruti et al., 2014) estimates the (potentially
high) ID of a dataset by comparing the joint probabil-
ity density functions (pdfs) characterizing the point-
neighborhood distributions in the input dataset to a set
of pdfs, each characterizing the point-neighborhood
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Figure 1: Workflow of our ID-based approach.

distribution in a synthetic dataset uniformly drawn
from a manifold of known (candidate) ID?. More pre-
cisely, the Kullback-Leibler (KL) divergence is used
to compare the pdf estimated on the input dataset to
each of the pdfs estimated on the synthetic datasets
and the input-dataset ID is estimated as the dimen-
sionality of the synthetic manifold minimizing the KL
divergence.

DANCo  has proven its effectiveness when tested
both on synthetic and real, noisy datasets, composed
of points for which the assumption of uniform sam-
pling from the underlying manifold does not hold.
However, our preliminary tests performed to under-
stand its behaviour (when applied to both the available
views and in some views from the TCGA dataset®
- data not shown due to shortage of space) clearly
showed its dependency from the size of the consid-
ered point-neighborhoods that are used to estimate
the joint pdfs (defined by the number k£ of NNs to
be considered). More precisely, in order to pursue
the assumption of local uniformity of point distribu-
tions, k should not be too high (e.g. it could be set so
that the neighborhoods contain less than the 1/10 of
the sample-cardinality). However, choosing a fixed k
value for different views may lead to unreliable esti-
mates. Indeed, on less sparse, “twisted”, and curved
datasets, (i.e. less affected by small-sample-sizes as in
the available miRNA data - Figure 2 -left) the ID esti-
mate increases together with k. On the other side, on
more sparse datasets (cursed by high-dimensions and
small-sample-sizes, as in the available mRNA data
- Figure 2 -right) a low neighborhood size (k = 6)
produces a peak in the ID estimate, after which we
note a drop. This may be due to the fact that, being

2The joint pdf characterizing the distribution of neigh-
borhoods in a given dataset is the product of two indepen-
dent (parameterized) terms namely g(r;k,d) and ¢(0;v,1)
that characterize, respectively, the normalized NN distance
distribution and the pairwise-angle distribution.

3https://www.cancer.gov/about-nci/organization/ccg/
research/structural-genomics/tcga
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the dataset more twisted and curved, local uniformity
(and consequent reliable estimates) may be assumed
only when considering small neighborhoods.

The strong dependency of DANCo estimates from
the k parameter requires choosing its value by a care-
ful and objective analysis of each individual view of
a multi-omics dataset. To automatize this choice we
propose selecting the value of k that minimizes the
distance between the DANCo and the ID estimate ob-
tained by the following TWO-NN estimator.

3.1.2 TWO-NN

TWO-NN (Facco et al., 2017) is a NN ID estimator
that has been developed by considering that several
SOTA ID estimators compute estimates that are either
influenced by the cardinality of the considered point
neighborhoods, or are not robust with respect to not-
uniformly distributed point-neighborhoods, which is
often the case of real-world bioinformatics datasets.
To tackle the aforementioned problems, the authors
proposed theories that highlight how, assuming local
uniformity across 2-NN neighborhoods, the volume
of the shell between the first and the second NNs of
each point in a manifold is dependent on the (local)
manifold ID. This ultimately brings to a Pareto law
relationship linking the (true) manifold ID, d, and the
ratio, y; = % of the distances between the i—th point

and its second and the first NN: L(y;;d) = d,ul(dfl).
Based on this relationship an ID estimate, cf, can be
derived by fitting the empirical cumulative distribu-
tion of the y;s through a maximum likelihood estima-
tor.

Note that the TWO-NN formulation requires as-
suming a uniform distribution only across 2-NN
neighborhoods, and it should be therefore less af-
fected by more twisted and curved datasets. When
compared to DANCo (Figure 2), the TWO-NN esti-
mator has a lower variance of the estimates; however,
DANCoO has proven to be more robust than TWO-
NN in the presence of boundary points (Facco et al.,
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Figure 2: Comparison among IDs computed by DANCo estimator and the TWO-NN estimator. Shaded areas mark the
standard deviation of the ID estimates computed by the two methods. On the miRNA view (left) the chosen neighborhood
size for DANCo is k = 14. On mRNA the chosen neighborhood size for DANCo is k = 6.

2017), often characterizing datasets where the imbal-
ance between dimension and sample cardinality is ex-
tremely large. Considering also the previously docu-
mented (Campadelli et al., 2015) robustness and accu-
racy of DANCo, we chose it for the evaluation of the
ID. However, given the appealing properties of TWO-
NN estimator, we considered it a valid aid to auto-
matically set the best neighborhood size k to be con-
sidered when using the DANCo estimator. In detail,
among all the neighborhood sizes that contain less
than 1/10 of the cases, we choose the value minimiz-
ing the distance between the DANCo and the TWO-
NN estimates.

3.1.3 Blocking-ID Estimate

The dimension of the lower dimensional space where
the data should be projected to avoid the curse of
dimensionality should be defined based on the esti-
mated dataset ID. However, as highlighted also in the
previous sections, several ID estimators produce un-
stable global estimates on sparse and noisy datasets
affected by the curse of dimensionality (Ceruti et al.,
2014; Campadelli et al., 2015; Facco et al., 2017).
This is particularly true for NN estimators, which of-
ten suffer from high variance or overestimation when,
e.g., the considered neighborhood size increases. Fur-
thermore, since all the ID estimators contain some
randomness, most of them suffer from an added fac-
tor of variance, particularly evident when working in
high dimensions.

To account for such variance and obtain more re-
liable estimates a classical blocking method may be
used (Facco et al., 2017). Under the ID estimation set-
ting, the blocking can be applied feature-wise by: (1)
considering randomly sampled feature sets (blocks)

of increasing size; (2) estimating the ID on each
block, and (3) estimating a global blocking-ID (and
its standard deviation) as the mean (and total standard
deviation) of all the block IDs (and their standard de-
viations). In more detail, to compute the blocking-ID
we first define the dimension of the smallest block as
L(0) = d *2, being d the DANCo ID estimate com-
puted on the input dataset. Though we are aware that
the first ID estimate might be biased, it can be a valid
aid to guarantee that also smaller blocks can contain
enough information. Next, we iterate over the block
dimensions and, at the j’h iteration, we increase the
considered block dimension to L(j) = L(0) * j and
we estimate a mean ID (and its standard deviation)
for blocks composed of L(j) features by the follow-
ing steps:

1. compose ny, (random) blocks, each with L(j)
randomly drawn features;

. estimate the DANCo ID of each random block;

3. compute the mean and the (within) standard devi-
ation of the obtained estimates, which essentially
provide an estimate of the ID that would be ob-
tained if the data was represented by L(j) ran-

domly selected features®.

We keep increasing the block dimension and es-
timating each mean block-ID with its within-block
standard-devation for np;,.ks iterations, until the con-
sidered block includes the whole feature-set. An
unbiased blocking-ID for the whole dataset may be
then computed by averaging all the block-IDs com-
puted during each iteration, and by computing the to-

4We set nyry = 51 to reduce time costs of the algorithm;
however, the higher the value, the higher the precision of
the estimate.
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Figure 3: Cumulative mean and total standard deviation of the Block-IDs computed by using the DANCo estimator (left:
miRNA, right: mRNA view). The grey dashed line shows the initial global ID estimate computed by DANCo on the entire
dataset. The shaded area highlights the ID values that are one standard deviation away from the global blocking-ID (cor-
responding to the last point of the cumulative distribution). Observing the shaded area, we note that, for e.g. the miRNA
view, randomly selected feature-blocks with dimensions higher than ~ 330 obtain ID estimates that are less than one standard
deviation away from the blocking ID estimate. The cumulative mean distribution on mRNA (and its total standard deviation)
confirms that the data may be represented by a much smaller feature set (that the available one) without losing too much
information. Indeed, as we start from the smallest blocks (= 200 randomly selected features), the cumulative mean keeps
increasing until the block dimension becomes approximately equal to 9000. At this stage, the feature set contains enough
feature to properly represent the data-structure. Indeed, the block ID remains stable and the total standard deviation at each
point has a small reduction, suggesting that the addition of more features does not improve informativeness.

tal standard deviation to account for both the within
and the between-blocks variance. This value is es-
sentially representing the mean ID estimate (and its
fluctuation) that would be obtained on a dataset com-
posed by randomly sampling a number of features
that is equal to (or lower than) the dimension of the
whole dataset. The idea behind the blocking method
is that, assuming that some features are mostly carry-
ing noise and/or redundant information, the random
under-sampling of features that is performed to com-
pose blocks with varied and increasing dimensions,
as well as the evaluation of the ID for different block
dimensions, is able to reduce (by averaging) biasing
effects due to noise and redundancy. Thus, instead of
limiting our analysis to the global blocking-ID esti-
mate, we compute the cumulative mean of the block-
IDs and the corresponding total standard deviation.
Figure 3 shows the distributions we obtained on the
miRNA and mRNA views in our dataset. The ;™
point in the plot shows the mean (and its total stan-
dard deviation) computed over all the blocks with di-
mension lower or equal to L(j). In practice, for each
block dimension, we obtain an estimate of the ID (and
its variability) that would be obtained if we randomly
selected blocks of dimension equal to L(j). Hence,
the comparison between the final blocking-IDs (the
last point on the cumulative curve) and the cumula-
tive means computed for smaller blocks allows choos-
ing the number of features that should be (even ran-
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domly) retained in order to obtain an ID estimate that
is no more than one standard deviation away from
the global blocking-ID estimated. In simpler words,
we automatically analyze the cumulative mean plot to
find the number of features that suffices to represent
the information in the dataset.

This dimension is used as the target dimension for
the FS step described in the following Section 3.2.

3.2 Hierarchical Feature Clustering

Though correlation filtering removes redundancy in
the data, the number of retained features may be still
high, so that any (linear and non-linear) dimension-
ality reduction step would incur in the curse of di-
mensionality. To further reduce data dimensionality,
feature clustering can be an insightful step, which not
only allows exploring the relationships between fea-
tures, but also selects a lower dimensional subspace
composed of representative features that are either
cluster medoids or singletons (that is, features that
do not belong to any cluster). Feature clusters were
composed by an agglomerative hierarchical clustering
method (Cai et al., 2014) named Genie (Gagolewski,
2021). Genie guarantees robustness with respect to
noise and boundary points by computing pairwise-
points distances by the mutual reachability distance
(Campello et al., 2013). It applies a Single Link-
age (SL) criterion (Nielsen, 2016) to merge closer
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clusters but provides a strategy to penalize the for-
mation of small clusters. Indeed, at each iteration of
the algorithm, the inequality between the cluster car-
dinalities is evaluated by the Gini index. If the in-
equality is above a certain threshold Genie starts fa-
voring the merge of the smallest clusters with their
NN clusters. In high dimension the computational
costs of Genie becomes impracticable; hence we im-
plemented a distributed-hierarchical algorithm (Ap-
pendix B) using Genie to extract a number of fea-
ture clusters (i.e. the dimension of the reduced space)
equal to the smaller block dimension whose block-
ID estimate is within one standard deviation from the
global block-ID.

3.3 Dimensionality Reduction

The lower-dimensional dataset can now be obtained
by embedding the dataset derived by feature cluster-
ing into a lower-dimensional space whose dimension
is set to be equal to 2. target ID, being target_ID
the blocking-ID estimated by DANCo after correla-
tion filtering. In bioinformatics, the method com-
monly used for DR is the Principal Component Anal-
ysis - PCA (Gerbrands, 1981), generally solved in
high-dimensional spaces by its approximated Singu-
lar Value Decomposition - SVD (Gerbrands, 1981).
Both PCA and SVD projections are often ineffec-
tive (Mahmud and Fu, 2019) due to their sensitivity
to noise and outliers. Moreover, the linear projec-
tion of PCA onto a space with dimension much lower
than (or equal to) the sample size causes loss of in-
formation. Finally, the computation of PCA/SVD on
massive datasets may be prohibitive. To avoid all the
aforementioned problems, randomized PCA (RPCA)
exploits the theories of randomness and probabilis-
tic matrix algorithms (Drineas and Mahoney, 2016;
Erichson et al., 2016) to derive a smaller space catch-
ing all the relevant information. Considering that
both PCA and RPCA compute novel dimensions
whose meaning is difficult to interpret (Erichson et al.,
2016), the CUR decomposition (and its more promis-
ing randomized version RCUR) has been proposed
(Mahoney and Drineas, 2009; Halko et al., 2011;
Voronin and Martinsson, 2017) as an interpretable DR
alternative to PCA and RPCA. It factorizes the ini-
tial matrix A € R"*? into 3 matrices: C € R"k U ¢
Rk R € RF*P where C and R are formed by a small
subset of columns and rows from the original dataset,
which are chosen based on their capability of main-
taining the original structure of the dataset. Com-
pletely different DR approaches are UMAP (Mclnnes
et al., 2018) and t-SNE (Van der Maaten and Hin-
ton, 2008), which find a non-linear embedding into

a lower dimensional space that maintains the original
(local and global) dataset structure, by optimizing a
function that preserves the distances within the data
neighborhoods.

Since RPCA, RCUR, UMAP, and t-SNE have
shown their promise, we compared them for DR.
Among the computed projected views we then se-
lected the one whose DANCo-ID is most similar to
the target_ID.

4 PRELIMINARY RESULTS

Table 1: ID estimates (and standard deviations) for the
views in our dataset. Asterisks (*) refer to the blocking-ID
estimate, while the red values refer to the target_ID.

View Corr* | Clust* DR

miRNA | 28.46 28.83 23.73
+1.27 | £2.35 | +1.49 (RCUR)

mRNA 32.92 36.3 30.27
+0.49 | £0.55 | +3.95 (RCUR)

In Table 1 the IDs estimated after all the consecutive
steps of our algorithm are shown, highlighting that,
for both the views, the ID remains approximately sta-
ble’. In Figure 4 we show the scatter plots of the
first two components of the different embedded space
computed by the four DR algorithms. For both the
views, RCUR is the DR method that produces an ID
estimation more consistent with the previously com-
puted ID. Indeed, for the miRNA view we have an
agreement with the target_ID within ~ 2 standard de-
viations, while for the mRNA view the final ID esti-
mate is within 1 standard deviation of the target_ID,
showing a significant consistency of our pipeline,
even for largely sparse datasets. Remarkably, RCUR
is the only DR method that completely preserves data
interpretability for it finds a reduced space that is a
subset of the original features. While our prelimi-
nary results show the promise of our proposal, fu-
ture works are aimed at its thorough comparison with
SOTA DR approaches, and at the evaluation of dif-
ferent ID-estimation methods within our blocking-ID

3It’s worth mentioning that the blocking-ID estimate for
mRNA view after clustering, higher than the target one, can
be addressed to the fact that in the hierarchical clustering
step we used the correlation matrix as similarity measure,
and thus dismissing highly similar (i.e. correlated) tran-
scriptomic features, significant from a biological perspec-
tive (Allocco et al., 2004), could slightly increase noise.
However, hierarchical clustering for reducing correlation
bias in mRNA data is an efficient method already proposed
in previous analysis (Park et al., 2007).
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miRNA DR with reur - Danco ID = 23.73 (+/-1.49) mIRNA DR vith rpca - Danco ID = 17.27 (+/-1.74)

MRIVA DR vith reur - Danco ID = 30.27 (+:3.95) MRNA DR vith pca - Danco 1D = 11.36 (+/-1.75)

miRNA DR vith tsne - Danco ID = 4.09 (+/-0.3) miRNA DR with umap - Danco ID = 427 (+-0.47)

MRINA DR vith tsne - Danco 1D = 3.0 (+/0.3) MRNA DR with umap - Danco ID = 3.82 (+/0.4)

Figure 4: Plot of the first 2 components of miRNA (top) and mRNA (bottom) embedded views. In the case of RCUR these
are two features from the original dataset (therefore for better visualizing the reduced space, a RPCA transformation can be

applied on RCUR reduction).

estimation. The aim is to choose the most performant
ID-estimation approach to produce tractable multi-
views, to be used for patient subtypes identification.
Furthermore, the computational complexity strongly
depends on the blocking-ID step and thus has an es-
timated lower bound of Q(npjocks - ery - D* - NlogN).
This requires future works to improve code optimiza-
tion and parallelization.
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APPENDIX

A. Pairwise Correlation Analysis

For the computation of pairwise correlations, we pre-
ferred the Spearman correlation coefficient since its
assumption of monotonic relationships between vari-
ables is weaker than Pearson’s requirement of lin-
ear relationships. We considered as highly-correlated

pairs of features with a correlation coefficient > 0.8.
Between correlated variables, we discarded the one
whose mean absolute pairwise-correlation with re-
spect to all the other features is higher. Since the
application of pairwise-correlation filtering is com-
putationally demanding, we implemented a parallel-
distributed algorithm that (1) splits the feature-set into
subsets, (2) filters each subset, (3) recomposes the fil-
tered feature-set, (4) shuffles the remaining features
and reiterates until a maximum number of iterations
has been reached or no high correlation has been re-
moved from any of the feature subsets. This pro-
cedure allows distributing the filtering of the feature
subset into multiple cores.

B. Distributed-Clustering Through Genie

To optimize the feature clustering, we apply a parallel
algorithm to iteratively cluster the feature set until the
space dimension is greater than the desired number
of clusters, C. In more detail, the following steps are
applied.

1. To limit the computational cost of Genie, the
current D-dimensional data X € R"™*P (being
m the number of cases) is randomly split into
N lower-dimensional subsets subX; € R4, i €
{1,...,N}, d = 1000,N = |2 ]. The subsets are
distributed across multiple cores.

2. On each core, Genie is applied to cluster the fea-
ture space and obtain c clusters and the relative
medoids (c is chosen at the beginning of the al-
gorithm in order to ensure a maximum number of
iterations are applied).

3. The N x ¢ medoids are recollected to recompose
the reduced feature space X € R"*(N*¢)_ If the
new dimension is still (N x ¢) > C, the process
restarts from step 1 to apply a further reduction.
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