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Seminara kartiba

» Par sevi, par profesionalo darbibu ka motivaciju LZP projektam

» Matematika, topologija un to pielietojumi

» Par topologisko datu analizi
» K3 papildus riks jebkada pétnieciba

» Par LZP projektu

» EN: Efficient topological signatures for representation learning in medical imaging
» LV: Efektivi topologiski invarianti reprezentaciju atklasanai attelu diagnostika

» Par plasakam interesem un darbibu
» Neirozinatne un ekologija
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Profesionala pieredze

» studijas arzemes (2009.g. - 2019.g.)
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» darbs Latvija (2020.g. - ) un ar Latvijas kolégiem (? 2025.g. - )
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Darbs akademiska vide

Doktorantiira (2014.g. - 2019.g.) P&cdoktorantiira (2019.g. - 2020.g.)
> Teorétiskie pamati TDA » Topologija neirozinatne
» Globali stabilu struktiru define$ana

» Atvertas kopas, stratificétas telpas,
simplicial complexes, sheaves

» Kodegsana, signalu klasificesana
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Topologiska datu analize &cdoktorantiiras proje Plagaka zinatnisk
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Geometrija un topologija

Topolgija ir virsmu un telpu matematika.

Bay Area Circle for Teachers
2012 Summer Workshop

1 images trom vetusimathmaseum o

» Geometrija ir par attalumiem, izliekumiem, un to mériganu telpas (metric, distance)

» Topologija ir par telpu Tpa&ibam, kas nemainas, pat ja telpas tiek deformetas

> Algebriska topologija ir par algebrisku objektu (skaitu, virknu) pielidzinasanu telpam, lai
telpas atskirtu vienu no otras

> Lieitska algebriska topologija (applied algebraic topology) ir par algebriskas topologijas
rezultatu pielietoSanu zinatne arpus matematikas - biologija, fizika, medicin3, utt.



Topologiska datu analize
oeo

Lietiska algebriska topologija

Viens no plagak pazistamiem lietiskas topologijas sasniegumiem ir Mapper algoritms, kas

vienkar¥o datus izmantojot topologiju (Singh, Memoli, Carlsson 2007).
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Nielson et al, 2015. Topological data analysis for discovery in
preclinical spinal cord injury and traumatic brain injury.
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Nicolau et al, 2011. Topology based data analy-
sis identifies a subgroup of breast cancers with a
unique mutational profile and excellent survival.

Raul Rabadan and Andrew J. Blumberg, 2019.
Topological Data Analysis for Genomics and
Evolution: Topology in Biology.

ST metode ir viens no rikiem topologiska datu analizé (vélie 90tie / agrie 2000ie gadi).



Topologiska datu analize
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Topologiska datu analize (
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Jebkuru datu kopu var parverst topologiska telpa. lzmantojot topologiju, iegiist:
» Papildus pamatojumus novérojumiem

» Struktiiru identifikacijas augstakas dimensijas

» Vienkarsotus invariantus komplicetam kopam
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LZP pécdoktorantiiras projekts
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Projekta parskats

EN: Efficient topological signatures for representation learning in medical imaging
LV: Efektivi topologiski invarianti reprezentaciju atklaSanai attélu diagnostika

WP1: Implementation of
topological signature [ X | X X X X X X X X X|x X
update algorithm

WP2: Applicaion of
traditional and geometric
ML methods to WSI

WP3: Dynamic
tapological ML X |x|x|[x|x|x|[x|x|x|x| x|x
dlassification method

WP4: Proof of concept for
e servica fanctiorality X | x| x[x|x|x[x]|x|x
WPS: Communication
with specialists, general [ X | X X x| x X[ x X X[ x X x X[x|x|x
public

» Turpinat attistit topologisko petniecibu
> lepazit un attistit topologiskas metodes masinmacisanas (ML) algoritmos

» Pielietot un gatavot komercializacijai attistitas metodes attélu diagnostika



LZP pécdoktorantiiras projekts
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LZP pécdoktorantiiras projekts
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Masinmaci$anas attelu diagnostika

WP1: Topologija, programmeésana
WP2: Masinmacisanas, sadarbiba ar AIDA projektu
WP3: Topologijas metoZu izmanto$ana masinmacisanas algoritmos

WP4: Topologiska ML algoritma realize$ana ka komercializ€jams produkts

zinatniece/ks izmanto secindjums par objektu,
vértibas no ka attéls uznemts

attéls ievadits attéla dajam dotas vértibas

ML modelis
salidzina ar
zinamiem
piemériem
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informacija
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aidacuproject.org

Mans projekts izmanto topologiju, lai dotu attéla dalam vértibas un lai vertetu ML modeli



LZP pécdoktorantiiras projekts
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Topologiskas metodes

Masinmacisanas struktura ML algoritmu validacija
» Graph neural networks Ja telpas prezentacija ir mainijusies, bet tas
» ievaddati ir grafs topologiskas TpaSibas nav mainijusas,
> attélo ne-linearas attiecibas algoritmam ar 3adam ievadtelpam vajadzetu

» Topological machine learning dot vienadu rezultatu.

» izmantot3s vértibas (features) ir v {eR iy oy — [] > oupan
Q 3

saistttas ar ievaddatu topologiju ML |7
» attélo attiecibas da?adas dimensijas (6.} ({20} (b, ) {e ah)) — | | — oupue2

» Persistent homology

» standarta metode datu topologisku
Text vertibu novérodanai

» prasa lielu skaitlo8anas jaudu,

Networks Images = o
eksponenciala sarezgitiba

Stanford University



ka zinatniska darbiba
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National Instttes of Health, nin.gov

biologiski dati novéro tikai neironus un dati defin& grafu un saistibu matrica ka
savienojumus vienkarsu topologisku telpu analiz&jams objekts
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ka zinatniska darbiba
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Neirozinatne un topologija

accuracy

Ja, noveérojot visu neironu aktivitati daudzos Ja, noverojot apkaimju aktivitati garos
Tsos intervalos (Reimann et al, 2017) intervalos (Concei¢do et al, 2022)



iska darbiba

Ekologija un topologija

Environmental parameters (temp, rain, sun, ...) are key to species’ survival. A species:
» (realized) niche is the range of environmental parameters in which it can exist (is observed)
» hypervolume is an approximation of the realized niche as a subset of Euclidean space

Temperature-precipitation niche of Chinese mitten crab (Eriocheir sinensis)
Observations Range of individual variables Convex hull across variables
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The species niche is related to
» diversification rates: indicated by size of the climatic niche
» species coexistence: (dis)similarity of species’ environmental or functional hypervolumes
» climate change: niche similarity allows comparison to better understand invasions



LZP p&cdoktorantiiras projekts ska darbiba
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> (Gaussian) KDE infers
new data nearby each true
observation

> Topology infers new
data between collections of
true observations

Eso$3s metodes

» Both methods infer
more samples and
uniformize with respect to
density

Jauna metode
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