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APPENDIX A

Table S1. List of Abbreviations

Affinity Propagation (AF.Prop)l

Balanced Iterative Reducing and Clustering using Hierarchies (BIRCH)l

Ball-Hall (BH)|

Cluster Affinity Search Technique (CAST)l

Cluster Identificaton using Connectivity Kernels (CLICK)l

clustering in quest (clique)l

Clustering Large Applications (CLARA)l

Clustering Large Applications based on Randomized Search (CLARANS)

clustering using representatives (CURE)l

core-attachment method clustering (CoAch)l

[Davies-Bouldin (DB)|

Density Based Clustering of Applications with Noise (DBSCAN)

density-based clustering (DenClue)l

Divisive Analysis (DIANA)|

divisive projected clustering (DPClus)l

[Expectation Maximization (EM)l

lexpectation maximization based gaussian mixture model (EMGMM),

IFuzzy C-Means (FCM)l

Gaussian mixture models (GMM)l

influence power based clustering algorithm (IPCA)l

K-nearest neighbour (KNN)l

IMinimal Spanning Tree (MST)l

imolecular complex detection (MCODE)l

normalised internal indices (NII)l

ordering points to identify clustering structure (OPTICS)

partitioning around medoids (PAM)l

principal component analysis (PCA)l

robust clustering (ROCK)l

root mean squared error (RMS)l

superparamagnetic clustering (SPC)l

Trace W (TrW)[[rWTrace W

variational bayesian inference gaussian mixture model (VBGMM)

Affinity Propagation

Balanced Iterative Reducing and Clustering using Hierarchies
Ball-Hall

Cluster Affinity Search Technique

Cluster Identificaton using Connectivity Kernels
clustering in quest

Clustering Large Applications

Clustering Large Applications based on Randomized Search
clustering using representatives

core-attachment method clustering

Davies-Bouldin

Density Based Clustering of Applications with Noise
density-based clustering

Divisive Analysis

divisive projected clustering

Expectation Maximization

expectation maximization based gaussian mixture model
Fuzzy C-Means

Gaussian mixture models

influence power based clustering algorithm
K-nearest neighbour

Minimal Spanning Tree

molecular complex detection

normalised internal indices

ordering points to identify clustering structure
partitioning around medoids

principal component analysis

robust clustering

root mean squared error

superparamagnetic clustering

Trace W

variational bayesian inference gaussian mixture model
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2 APPENDIX B

Table S2. Results of all clustering algorithms for feature-sets Eks, Dks, Uks, and Upca

Algorithms Eks Dks
Accu- DB BH TrW Rand Accu- DB BH TrW
Rand  racy racy

original 1 100 1 1 1 1 100 1 1 1
K-medoids 0.99 99.37 0.99 0.98 0.99 0.9 92.54 0.98 0.95 0.93
K-means 0.99 99.37 0.99 0.98 0.99 0.91 92.83 0.98 0.95 0.93
Agglomerative ~ 0.99 99.26 0.99 0.99 0.99 0.85 87.90 0.99 0.96 0.97
ISO-SPLIT 0.99 99.26 0.99 0.98 0.99 0.89 91.87 0.98 0.94 0.93
B i 0.99 99.26 0.99 0.99 0.99 091 92.89 0.99 0.98 0.96
Chameleon 0.92 87.81 0.73 0.54 0.96 0.88 83.58 0.95 0.91 0.88
CAS 0.97 97.01 0.82 0.45 0.99 0.63 54.69 0.69 0.71 0.97
[FCM 0.99 99.37 0.99 0.98 0.99 0.90 92.63 0.98 0.95 0.93
VBGMM| 0.92 80.29 0.36 0.14 0.98 0.88 73.40 0.66 0.34 0.94
EMGMM 0.90 76.14 0.47 0.29 0.98 0.86 65.31 0.62 0.52 0.91
ISPC 0.67 8.14 0.99 0.85 0.90 0.87 78.94 0.94 0.65 0.72
Mean-shift 0.98 97.98 0.98 0.91 0.97 0.94 94.08 0.9 0.66 0.83
0.82 82.73 0.91 0.76 0.75 0.76 76.07 0.96 0.93 0.93
Klustakwik 0.91 79.64 0.39 0.74 0.98 0.92 82.45 0.67 0.65 0.94
CLIC 0.87 75.89 0.83 0.97 0.98 0.69 65.4 0.93 0.73 0.97
[DTANA 0.77 67.37 0.76 0.4 0.34 0.34 33.7 0.96 0.47 0.53

F_Prop 0.73 27.93 0.88 0.96 0.93 0.74 33.72 0.96 0.92 0.72
OPTICS 0.68 17.17 0 0.91 0.97 0.68 12.38 0.14 0.79 0.94
CoAc 0.67 425 0.81 0.87 0.92 0.67 478 0.9 0.69 0.61
[TPCA 0.66 1.22 0.84 0.87 0.91 0.66 0.58 0.94 0.68 0.58
graph-entropy  0.66 1.24 0.96 0.86 0.9 0.66 0.78 0.92 0.65 0.52
IMCODE 0.62 3.35 0.73 0.87 0.72 0.61 3.3 0.82 0.69 0.94
[cliqu 0.33 0.22 0.89 0.76 0.09 0.75 64.29 0.89 0.81 0.76
CUR 0.99 66.83 0.99 0.98 0.99 0.33 0.11 0.91 0.99 0.48
ROCK 0.96 64.48 0.99 0.86 0.95 0.35 0.2 0.91 0.65 0.63
DBSCAN 0.98 97.87 0.85 0.47 0.99 0.33 33.3 0.85 0.61 0.47
Algorithms  Uks Upca

Accu- DB BH TrW Rand Accu- DB BH TrW
Rand  racy racy

original 1 100 1 1 1 1 100 1 1 1
K-medoids 0.87 80.39 0.97 0.87 0.86 0.67 56.95 0.98 0.8 0.84
K-means 0.82 78.86 0.97 0.87 0.85 0.67 57.61 0.98 0.8 0.84
Agglomerative  0.84 80.88 0.97 0.87 0.85 0.67 55.45 0.98 0.81 0.86
ISO-SPLIT 0.9 88.33 0.97 0.86 0.87 0.89 87.85 0.98 0.86 0.91
B i 0.84 80.88 0.97 0.87 0.85 0.67 55.45 0.98 0.81 0.86
Chameleon 0.68 64.02 0.98 0.82 0.8 0.67 62.39 0.98 0.73 0.78
CAS 0.88 86.29 0.99 0.77 0.88 0.86 84.31 0.99 0.61 0.9
[FCM 0.70 63.96 0.98 0.86 0.85 0.67 55.49 0.98 0.80 0.84
VBGMM| 0.58 39.59 0.96 0.96 0.85 0.64 5274 0.99 0.93 0.77
EMGMM 0.57 34.04 0.95 0.95 0.86 0.62 46.22 0.99 0.86 0.78
ISPC 0.75 62.41 0.97 0.76 0.72 0.51 27.33 0.98 0.61 0.61
Mean-shift 0.81 82.02 0.97 0.85 0.96 0.44 0.01 0.97 0.61 0.59
0.53 40.44 0.99 0.81 0.78 0.51 24.76 0.99 0.7 0.77
Klustakwik 0.64 50.39 0.98 0.88 0.82 0.84 81.18 0.99 0.38 0.87
CLIC 0.46 27.06 0.98 0.89 0.48 0.46 26.44 0.98 0.74 0.6
[DIANA! 0.89 87.21 0.97 0.95 0.89 0.67 55.78 0.99 0.95 0.83

F_Prop 0.44 0.04 0.96 0.76 0.66 0.44 0.2 0.98 0.61 0.59
OPTICS 0.44 428 0.85 0.8 0.9 0.44 2.0 0.89 0.68 0.88
CoAch| 0.44 1.80 0.99 0.76 0.68 0.44 1.15 0.99 0.62 0.61
[[PCA] 0.44 0.69 0.98 0.76 0.67 0.44 0.53 0.98 0.61 0.6
‘graph-entropy ~ 0.44 0.28 0.97 0.76 0.66 0.44 0.27 0.98 0.61 0.59
[MCODE] 0.46 1.14 0.99 0.76 0.9 0.45 0.98 0.99 0.62 0.99
[cliqu 0.38 3.7 0.98 0.76 0.5 0.55 0.08 0.99 0.79 0.4
CUR 0.55 53.9 0.96 0.92 0.33 0.55 55.7 0.97 0.92 0.41
ROCK 0.44 1.07 0.03 0.77 0.36 0.44 0.52 0.023 0.68 0.43
DBSCAN 0.57 72.19 0.99 0.23 0.34 0.55 33.3 0.97 0.66 0.4




Supplementary Material

6661)

uoykd

uoyAg

(1qe[rer

J1) dgesded
remijos

(zw)O usSH

Amv\ +u)O mog

Axarduwod dwmn

YStH

QJBISPOIA

asiou
Spaesmo)
DUAIISY

1004

poon
SENEA141)
[euorisuduIIp
LI

0} HIqy

1004

1004

39S ejRp
Jdxe[ ajpuey
0) KMqy

proysaIy} 1ysrom

yred 1s9110yS
‘Sopou J9)sn[o Juadelpe
3O 9% wnwiuiy

PIOYSAIY) SSAUISO[D)
‘proysary [, Anuyyy
‘proysaiy L, Aysuaq

Kradoad
10)$0[0 ‘AJISUSP I9)SN[O

9z1s senbrpo

s1djoueaed yndur

NOHTHNYH
DAd/oyTeazeodrTuuenoTt
b/woo-qnyatb//:sdaay

I93SNTO UOSTaWRYD /3
onduooR /woo *qnyatb//
:sd3jy

SurI)sn[) uod[AwWEYD)

uono)Ip
x9[dwod remosjowr

1Tb6-buTtISlSNTO-Y
dexb-uoyjAd/soTadena
1/wod - qnyath//:sdlay

wyLoge Surelsn[o
paseq Jomod douanguy

Suri)snpo poyreur
JUSWYIBIIB-2I0D

Kdonuos-ydeid

Suneysnpo
payoaload aAtsIAIQ

jsonb ur Surraisny)

[1an] 32anog w03y

110da1 Q) UT Pasn 0IN0OS JO S[IeId( ¢S d[qel.

O XIAN3ddv €

UOJ[OWEYD)

Adonua
-ydeid

anb!

j10daa
ul pasn
uonejoN

Frontiers


https://github.com/trueprice/python-graph-clustering.git
https://github.com/trueprice/python-graph-clustering.git
https://github.com/trueprice/python-graph-clustering.git
https://github.com/Moonpuck/chameleon_cluster
https://github.com/Moonpuck/chameleon_cluster
https://github.com/Moonpuck/chameleon_cluster
https://github.com/giovannipcarvalho/PyCHAMELEON
https://github.com/giovannipcarvalho/PyCHAMELEON
https://github.com/giovannipcarvalho/PyCHAMELEON
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Notation Algorithm
used in
report
URE Clustering Using
Representatives

Divisive Hierarchial
Clustering:
Implemenation name
Divisive Analysis or

Di-Ana)
Klustakwik Klustakwik
AST Cluster Affinity

Search Technique

‘Wave _clus(SPC  Wave_clus tool uses
Super-paramagnetic
clustering method

spectral_clus Spectral Clustering

Source [url]

https://stat.ethz.ch
/R-manual/R-devel/1li
brary/cluster/html/d
iana.html

https://pypi.org/pro
ject/klustakwik2/

http://mev.tmd.org

http://www.cs.tau.ac.
il/~rshamir/expander/
expander.html

https:

//www2.le.ac.uk/depa
rtments/engineering/
research/bioengineer
ing/neuroengineering

-lab/spike-sorting

input parameters

Ability to
handle large
data sets

min cluster size Good

min cluster size -

threshold -

homogeneity value =

Temperature -
range(min, max,
step-size),
Swendsen-wang

cycles, Nearest
Neighbours,

clusters(min and max)

graph, min cluster size  Poor

Ability to Resilience
high towards
dimensional noise
data sets

Good High

Good High

time complexity

Low O(s? x logs)

High (eigenvector)

Software
package (if
available)

python
package:
pyclus

R Package:
cluster

Python:
Klusta2 suite

TIGR
software

Expander
software

wave_clus
matlab imple-
mentation
suite

python
package:
scikit-learn,
SpectralClu-
stering

Citation

as
S
=
Sl

SEH

[\
S
(=
o0

]

e

letal.l
(1999);

il

letalll



https://stat.ethz.ch/R-manual/R-devel/library/cluster/html/diana.html
https://stat.ethz.ch/R-manual/R-devel/library/cluster/html/diana.html
https://stat.ethz.ch/R-manual/R-devel/library/cluster/html/diana.html
https://stat.ethz.ch/R-manual/R-devel/library/cluster/html/diana.html
https://pypi.org/project/klustakwik2/
https://pypi.org/project/klustakwik2/
http://mev.tm4.org
http://www.cs.tau.ac.il/~rshamir/expander/expander.html
http://www.cs.tau.ac.il/~rshamir/expander/expander.html
http://www.cs.tau.ac.il/~rshamir/expander/expander.html
https://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroengineering-lab/spike-sorting
https://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroengineering-lab/spike-sorting
https://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroengineering-lab/spike-sorting
https://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroengineering-lab/spike-sorting
https://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroengineering-lab/spike-sorting
https://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroengineering-lab/spike-sorting
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https://scikit-learn.org/stable/modules/clustering.html#clustering
https://scikit-learn.org/stable/modules/clustering.html#clustering
https://scikit-learn.org/stable/modules/clustering.html#clustering
https://scikit-learn.org/stable/modules/clustering.html#clustering
https://pypi.org/project/pyclustering/
https://pypi.org/project/pyclustering/
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Notation
used in
report

Voo

ISO-SPLIT

PAM

CLARANS

CLARA

FCS

DBCLASD

MCLUST

Algorithm

Variational Bayesian
Inference Gaussian
Mixture Model

Gaussian Mixture
Model using
Expectation
Maximization

Fuzzy C-Means

ISO-SPLIT

Partitioning Around
Medoids

Clustering Large
Applications based on
RANdomized Search

Clustering Large
Applications

fuzzy c-shells

Distribution-Based
Clustering of LArge
Spatial Databases

model-based
clustering

Source [url]

https://au.mathworks
.com/matlabcentral/f
ileexchange/35362-va
riational-bayesian-1
nference-for-gaussia
n-mixture-model

https:
//au.mathworks.com/m
atlabcentral/fileexc
hange/26184-em-algor
ithm-for-gaussian-mi
xture-model-em-gmm
https:
//au.mathworks.com/h
elp/fuzzy/fcm.html

https:
//github.com/flatiro
ninstitute/isosplitb

https:
//www.datanovia.com/
en/lessons/k-medoids

-~in-r-algorithm-and-

practical-examples/

https://pypi.org/pro
ject/pyclustering/

https://www.datanovi
a.com/en/lessons/cla
ra-in-r-clustering-1
arge—applications/
http://ugrad.stat.ubc
.ca/R/library/el071/
html/cshell.html

https:
//github.com/spalaci
ob/py—-dbclasd/blob/m
aster/dbclasd.py

https://cran.r—-proje
ct.org/web/packages/
mclust/vignettes/mcl
ust.html

input parameters

min cluster size

min cluster size

min cluster size

min cluster size

min cluster size,
maximum neighbours

min cluster size

min cluster size,
iterations

Ability to
handle large
data sets

Poor

Poor

Poor

Poor

Good

Good

Poor

Good

Ability to
high
dimensional
data sets

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Good

Resilience
towards
noise

High

High

low

High

High

High

Low

Low

time complexity

High O(n? * kt)

High O(n? * kt)

low O(n)

High O(k® x n?)

High O(n?)

Moderate
O(ks? + k(n — k))

High (kernel)

Moderate
O(n * logn)

Software
package (if
available)

Matlab

Matlab

Matlab

Matlab

R Package

python
package:
pyclustering

R Package

R Package

Pyhton
Package

R package

Citation

land”— "]
Barnett]

e

=
5
o
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o
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=
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https://au.mathworks.com/matlabcentral/fileexchange/35362-variational-bayesian-inference-for-gaussian-mixture-model
https://au.mathworks.com/matlabcentral/fileexchange/35362-variational-bayesian-inference-for-gaussian-mixture-model
https://au.mathworks.com/matlabcentral/fileexchange/35362-variational-bayesian-inference-for-gaussian-mixture-model
https://au.mathworks.com/matlabcentral/fileexchange/35362-variational-bayesian-inference-for-gaussian-mixture-model
https://au.mathworks.com/matlabcentral/fileexchange/35362-variational-bayesian-inference-for-gaussian-mixture-model
https://au.mathworks.com/matlabcentral/fileexchange/35362-variational-bayesian-inference-for-gaussian-mixture-model
https://au.mathworks.com/matlabcentral/fileexchange/26184-em-algorithm-for-gaussian-mixture-model-em-gmm 
https://au.mathworks.com/matlabcentral/fileexchange/26184-em-algorithm-for-gaussian-mixture-model-em-gmm 
https://au.mathworks.com/matlabcentral/fileexchange/26184-em-algorithm-for-gaussian-mixture-model-em-gmm 
https://au.mathworks.com/matlabcentral/fileexchange/26184-em-algorithm-for-gaussian-mixture-model-em-gmm 
https://au.mathworks.com/matlabcentral/fileexchange/26184-em-algorithm-for-gaussian-mixture-model-em-gmm 
https://au.mathworks.com/matlabcentral/fileexchange/26184-em-algorithm-for-gaussian-mixture-model-em-gmm 
https://au.mathworks.com/help/fuzzy/fcm.html
https://au.mathworks.com/help/fuzzy/fcm.html
https://au.mathworks.com/help/fuzzy/fcm.html
https://github.com/flatironinstitute/isosplit5
https://github.com/flatironinstitute/isosplit5
https://github.com/flatironinstitute/isosplit5
https://www.datanovia.com/en/lessons/k-medoids-in-r-algorithm-and-practical-examples/
https://www.datanovia.com/en/lessons/k-medoids-in-r-algorithm-and-practical-examples/
https://www.datanovia.com/en/lessons/k-medoids-in-r-algorithm-and-practical-examples/
https://www.datanovia.com/en/lessons/k-medoids-in-r-algorithm-and-practical-examples/
https://www.datanovia.com/en/lessons/k-medoids-in-r-algorithm-and-practical-examples/
https://pypi.org/project/pyclustering/
https://pypi.org/project/pyclustering/
https://www.datanovia.com/en/lessons/clara-in-r-clustering-large-applications/
https://www.datanovia.com/en/lessons/clara-in-r-clustering-large-applications/
https://www.datanovia.com/en/lessons/clara-in-r-clustering-large-applications/
https://www.datanovia.com/en/lessons/clara-in-r-clustering-large-applications/
http://ugrad.stat.ubc.ca/R/library/e1071/html/cshell.html
http://ugrad.stat.ubc.ca/R/library/e1071/html/cshell.html
http://ugrad.stat.ubc.ca/R/library/e1071/html/cshell.html
https://github.com/spalaciob/py-dbclasd/blob/master/dbclasd.py
https://github.com/spalaciob/py-dbclasd/blob/master/dbclasd.py
https://github.com/spalaciob/py-dbclasd/blob/master/dbclasd.py
https://github.com/spalaciob/py-dbclasd/blob/master/dbclasd.py
https://cran.r-project.org/web/packages/mclust/vignettes/mclust.html
https://cran.r-project.org/web/packages/mclust/vignettes/mclust.html
https://cran.r-project.org/web/packages/mclust/vignettes/mclust.html
https://cran.r-project.org/web/packages/mclust/vignettes/mclust.html
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Supplementary Material

Notation

used in

report

Kernel SOM

Kernel FCM

SvC

MMC

MKC

ACO_based

(LF)

PSO_based

SFLA based

ABC_based

QC

DQC

HDBSCAN

Algorithm

Kernel
Self-Organizing Map
Clustering Algorithm

kernel fuzzy c-means

Support Vector
Clustering

Modulated Modularity
Clustering

Multiple kernel
clustering

Ant Colony
Optimization

Particle swarm
optimization

shuffled frog-leaping
algorithm

Artificial Bee Colony

Quantum clustering

Dynamic Quantum
clustering

Hierarchical
Density-Based Spatial
Clustering of
Applications with
Noise

Source [url]

https://rdrr.io/rfor
ge/yasomi/man/batchs
om.kernelmatrix.html

https://rdrr.io/cran
/SwarmSVM/man/cluste
rSVM.html

https://rdrr.io/bioc
/scran/man/clusterMo
dularity.html

https://rdrr.io/gith
ub/SeojinBang/MKKC/m
an/mkkc.html

https://rdrr.io/cran
/ShortForm/man/antco
lony.lavaan.html

https://au.mathworks
.com/matlabcentral/f
ileexchange/7506-par
ticle-swarm-optimiza
tion-toolbox
https://rdrr.io/cran
/metaheuristicOpt/ma
n/SFL.html

https://rdrr.io/cran
/ABCoptim/man/ABCopt
im-package.html
https:
//github.com/sliorde
/quantum-clustering

https://github.com/p
eterwittek/dgc—gpu

https:
//hdbscan.readthedoc
s.io/en/latest/how.h
dbscan_works.html

input parameters

min cluster size,
iterations, kernel type

graph, min cluster size

graph, min cluster size

ants, evaporation,
steps, max runs

lower bounds, upper
bounds, omega, swarm
size, max iteration

cost function, max
iteration, number of
population to be
detected

standard deviation
from gaussians

alpha

Ability to
handle large
data sets

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Good

Ability to
high
dimensional
data sets

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Resilience
towards
noise

Low

Low

Low

Low

Low

Low

Low

Low

High

High

High

time complexity

High (kernel)

High (kernel)

High (kernel)

High (kernel)

High (iterations)

High (iterations)

High (iterations)

High (iterations)

High (schrodinger
equation + iteration)

Moderate (schrodinger
equation)

Middle O(n * logn)

Software

package (if

available)

R package

Matlab

R Package

R package

R package

R Package

Matlab

R package

R package
Python,
Matlab, C

C++

Python
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