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Problem

Employees at the tax office often lack prior knowledge about the TAX |
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Motivation

Objective
Gain an initial understanding of the data. J

Challenges:
X Lack of labeled data for supervised training
X Diverse data formats and structures

How did we tackle these problems?
v Fully unsupervised analysis pipeline

v/ Handles multiple languages and file types
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Dataset

Direct use of tax data is restricted due to privacy concerns, so we rely on a proxy
dataset for our case study.
Requirements for the proxy dataset:

@ Dataset heterogeneity
@ Structured hierarchy
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Everything You Need To Know Ever (ETYNTKE)?

e ~ 101 GB
@ Images, text documents, and other file types

@ Malformed files

Ihttps://archive.org/details/ETYNTKE (29.01.2025)
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ETYNTKE?

~ 101 GB

Images, text documents, and other file types

Malformed files
Uploaded in 2015

Topics include politics, weaponry, and

computer science

Hierarchical organization into directories
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Formal Concept Analysis (FCA)

Formal context K := (G, M, I)

o (G object set
@ M attribute set
@ I C G x M incidence relation

Derivation operations
o For ACG: A ={meM|(g,m)elVge A}
@ For BCM: B :={ge€G|(g,m)elVYme B}
Formal concepts B(K) := {(A, B)|A’ = BandB’ = A}
e ACGand BC M
Concept lattice B(K) = (B(K), <) with (A1, By) < (42, Bs) < A; C As.
e A, CGand B;C M
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Selection of Related Work

Assuming we work on data structured in directories.
o Topic models (LDA, BERTopic, and Top2Vec)

V" Semantic topics
x Do not leverage intrinsic hierarchical structure of documents

o FCA on Twitter data (Cigarran, Castellanos, and Garcia-Serrano 2016)

v Discard high- and low-frequency terms
x Concepts are topics, but based on one-hot BoW encoding (not semantics)
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Hanika 2024)

Klara M. Gutekunst (klara.gutekunst@uni-kassel.de) University of Kassel September 12, 2025 10/35



Related Work
[ele] ]

Related Work

@ Representation of document-topic relations using a concept lattice (Hirth and
Hanika 2024)

. . Table: Term-topic relation
Table: Document-topic relation P

- Topics
Topics t t L. t T P 31 12} T 29
Documents ! 2 " erms

dy wig | wig | o | Wi S1 Wi | W12 | W1 n

dy Wy | W22 | - W2 n S9 1;}2’1 1172’2 ce ﬁ)2,n

d wia | wie | | win = = =

Sl w1 | W2 | o Wi,n
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Related Work
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Related Work

@ Representation of document-topic relations using a concept lattice (Hirth and
Hanika 2024)
V' Hierarchical representation
V' Excluding low support items
x Homogeneous dataset (academic papers on Machine Learning)
% Exclusively textual data
X Lacks ability to aggregate information

. . Table: Term-topic relation
Table: Document-topic relation P

: Topics
Topics t t L. t T P 31 12} T 29
Documents ! 2 " erms
dy wig | wig | o | Wi S1 w1, | W12 | 0 Win
dy Wy | W22 | - W2 n S9 1;}2’1 1@2’2 ce 12)2,”
d; win | Wi | | Wi n = =
Sl Wyl | W2 | 0 | Win
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FAT-CAT

FAT-CAT FCA-based Aggregation for Topics using Conceptual Analysis and
Taxonomies
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Motivation )atase s C n List of abbreviation

FAT-CAT

FAT-CAT FCA-based Aggregation for Topics using Conceptual Analysis and
Taxonomies

NLP FAT-CAT FCA

= Unstructured text = Structured data
= Semantic topics = Hierarchies
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Text Extraction

topic
model

documents
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Motivation Datase

Text Extraction

Axt

—p filetype -jpg/.png/.jpeg ... Image —) .
o ) Captioner j X

| 4 A
- PdfReader
file

df (per page)

P

Appendix details:

Klara M. Gutekunst (klara.gutekunst@uni-kassel.de) University of Kassel September 12, 2025 14 /35



FAT-CAT
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Topic Modeling

Definition
Topic modeling is used for discovering latent semantic structure, usually referred
to as topics, in a large collection of documents (Angelov 2020).
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Top2Vec (Angelov 2020)

— n —_— ‘ —_ S 4.\“,‘ !
e 00,

Documents Embedding Dimensionality Clustering using
using DBOW reduction using HDBSCAN
(Doc2Vec) UMAP
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Motivation 3 Rel ork FAT-CAT

Top2Vec (Angelov 2020)

— n —_— ‘ —_ oS
. 00,

Documents Embedding Dimensionality Clustering using
using DBOW reduction using HDBSCAN
(Doc2Vec) UMAP

@ Words, documents and topics share vector space
e Multilingual USE

e 16 languages
o 300-dimensional vector space

@ Dimensionality reduction to five dimensions

@ Embeddings are clustered into topics
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Directory-Topic Concept Lattice

document-topic incidence

directory-topic context

Assuming all documents are organized in directories.

@ Top 10 topics per document incl. relevance scores
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Directory-Topic Concept Lattice

Assuming all documents are organized in directories.
@ Top 10 topics per document incl. relevance scores
@ Compute threshold § s.t. document-topic matrix density < 0.1

Density of document-topic incidence matrix

Density
---Optimal threshold = 0.09

for density = 0.1

0.00

1.0

Threshold
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H M ation

D|rectory—Top|c Concept Latt|ce

YNE
diroctories i
—_—

Assuming all documents are organized in directories. sl
@ Top 10 topics per document incl. relevance scores
@ Compute threshold § s.t. document-topic matrix density < 0.1

.o 1 if W 4 Z 5,
@ Ds(i,7) :{ 0 else. 7

Table: Document-topic relation Ds (Hirth and Hanika 2024)

Topics . ¢ ¢
Documents ! 2 "
dq w1 | W12 | W1,n
do Woq | Waa | <o+ | Wap
d; wi | Wi | | Wip

Klara M. Gutekunst (klara.gutekunst@uni-kassel.de) University of Kassel September 12, 2025 18 /35



Motivation )a

topic
model

documents

V NE
directories i:

document-topic
context

Klara M. Gutekunst (klara.gutekunst@uni-kassel.de)

Directory-Topic Concept Lattice
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FAT-CAT
O8000

Iceberg Lattice (Stumme et al. 2002)

Problem

The size of a concept lattice can grow exponentially with
respect to the size of the context.

Figure: Concept
lattice.
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FAT-CAT
O8000

Iceberg Lattice (Stumme et al. 2002)

Problem

The size of a concept lattice can grow exponentially with
respect to the size of the context.

Solution

Consider only top-level concepts. Figure: Concept
lattice.
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Iceberg Lattice (Stumme et al. 2002)

Let K := (G, M, I) be a formal context, A C G and B C M.

Definition
B/
Support supp(B) = % J
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Iceberg Lattice (Stumme et al. 2002)

Let K := (G, M, I) be a formal context, A C G and B C M.

Definition
Support supp(B) = % J

minimum support minsupp € [0,1]: Threshold below which attribute sets are not
considered frequent

frequent attribute set B C M: supp(B) > minsupp
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FAT-CAT
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Iceberg Lattice (Stumme et al. 2002)

Let K := (G, M, I) be a formal context, A C G and B C M.

_ 1zl

Definition
Support supp(B) = @ J

minimum support minsupp € [0,1]: Threshold below which attribute sets are not
considered frequent

frequent attribute set B C M: supp(B) > minsupp
frequent concept (A, B): B is frequent attribute set
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FAT-CAT
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Iceberg Lattice (Stumme et al. 2002)

Definition
The iceberg concept lattice of a context K comprises all
frequent concepts.

Figure: Iceberg
concept lattice
coloured.
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FAT-CAT
[e]e]e] o]

Iceberg Lattice (Stumme et al. 2002)

Definition
The iceberg concept lattice of a context K comprises all
frequent concepts.

TITANIC algorithm computes iceberg concept
lattices.

Figure: Iceberg
concept lattice
coloured.
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Directory-Topic Concept Lattice

Assuming all documents are organized in directories. , :
© Top 10 topics per document incl. relevance scores P e
@ Compute threshold § s.t. document-topic matrix density < 0.1

1 if w; ;>0
D ;2 — ] =
© Ds(i.J) { 0 else.

@ Compute iceberg lattice for each directory

Iceberg concept lattice coloured.
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H M ation

D|rectory-Top|c Concept Latt|ce —

Assuming all documents are organized in directories. ==l R e
@ Top 10 topics per document incl. relevance scores o R
@ Compute threshold § s.t. document-topic matrix density < 0.1
@ Diij)=1 , F ="

@ Compute iceberg lattice for each directory

@ Combine frequent topics across directories into directory-topic matrix

Table: Weighted directory-topic relation. The weights w;,; € {0, 1} represent whether a
topic t; is present in a directory d;.

Topics
. . t t t
Directories ! 2 "
dy Wi | Wio | -0 | Wi
do Wo 1 | Waa | ~-+ | Wanp
dy, Wr1 | Wr2 | - | Wk
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Motivation )atase Related Worlk

Directory-Topic Concept Lattice —

directory-topic Incidence. e
directory-topic context

Assuming all documents are organized in directories.
@ Top 10 topics per document incl. relevance scores
@ Compute threshold § s.t. document-topic matrix density < 0.1

.o 1 if W;j 4 Z 5,
© D5 (i, j) :{ 0 else. !

@ Compute iceberg lattice for each directory
@ Combine frequent topics across directories into directory-topic matrix
— Directory-topic context
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Topics

@ 50 words per topic

o Multi-lingual
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Results
000

@ 50 words per topic

o Multi-lingual

Table: Subset of translated topic IDs and

directory-topic concept lattice.

their top 5 descriptive words for the

Topic ID Topic Words

34 gun weapons rifles pistol firearm

36 terminological | nonverbal linguist codeword longtext

54 microelectron | microkernels | microparticle microphysics microcosmic
56 pythonpath pythonmac python_version | python_object | pythonpowered
58 nuclear hazardous explosive nanotoxicity chernobyl
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Directory-Topic Concept Lattice

"4chan", "Peroxides", "For Guys", "US Military", "Manuals", "Spark Charts", "Shaped Charges, Penetrators", "
Exotic Weapons", "Science of Explosives", "Lead Styphnatt "Military", "Publications - Canada", "Knives, Swords",
"Math", "1550" "Firearm Manuals", "Smugglm hmg“ "Forensics and Investigation", "Advanced Tech Advice", "Incendiaries",
etonatocs,\mnators, Igniters", "Set 2", "Nitro-containing Compounds",
"Pyrotechnics, F|reworks, Smoke Bom ncyclopedia. of Eiploglves\qnd Related Items", "Detection”
"4chan's Guide To Anal", "RDX, l-lMX“ A "Combat";. "Ammeulum Nitrate Compounds", "Fuel Air Explosives"
"Anonymous Web Surfing", "For Girls", //
"Personal”, "Info Board", "How to", "W;afa ie", ) T %4 "Demolition, Blasting, Sabotage",
"Proxy", "Guides" ide Folder FB'L("Ho 0 Troll", "Tiers",/ Arson and Bomb", "Scene Investigation",
"Interesting Stuff", "Hackers T)p§ yo}l&hould ve| known" y "BATF", "PETN", "Biometrics",
54~ / Exploswes" "Los Alamos” "Testing Data",
"12vguide’

‘La (re Firearms)", ”Machln
amouflage and Conceal nt"
6 57 67 133/153 170
Success Advice"  "Geometry", "]

"Serial Offenders", "Revenge, Anarchy",
"Law (reExplosives)", "MISC", "Gunpowder",
i "Ballistics, Gunshot Residue",
\ l "Calculus" "Algebra,”/ "DPPP", "The Poor Man's James Bond",

0-12 14- 1\7\33 35 37-39 42-45 4 47-4 48— "Death Scene Investigation”, "Explosives"
51-53 55 59-| ? 72-91 9395 ¢ 97‘117 "Private Investigation”,

119-124 126-132 §4 137 139-143 145-152 "High-Tech Crime"

154-158 161-169 1 201-210 212-221

"Issues 1 - 42", "Home", "Power Magazine",
"12-volt Guide - Junk Science"

222:226
"Pratips"
227:243

Military Media - Explosives and Demolitions", "CD", "ATF Online - Publication", "Subtitle B, Subchapter B, Subchapter C, Part 173, Subpart C"
"NDIA.org", "Insensitive", "Munitions & Energetic Materials", "Symposium 2000", "National Licensing Center"

Figure: ETYNTKE directory-topic concept lattice. The text entries below the nodes
represent directory names, number above nodes denote topic IDs.
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T 94

"Demzﬁition, Blasting, Sabotage",
A "Arsof and Bomb", "Explosives",...

istics"

0-41 71 96

60
ice” ::GeomEtf}'i'/"I”igbnf’TEtW}rﬁErivate Investigation”,
Calculus”;"Algebra*- "High-Tech Crime",...
e 7
-
0 212-271
"Issues 1 - 42" ["Home", "Power Magazine",

"12-volt Guide 1 Junk Science"
2221226
"Prgtips"
227:243

"Military Media - Explosives and Demolitions", "CD", "Munitions & Energetic Materials",...

Figure: Incomplete ETYNTKE directory-topic concept lattice. The text entries below the
nodes represent directory names, number above nodes denote topic IDs.
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@ Majority of bottom nodes are subdirectories
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What I've learnt about ETYNTKE

@ Majority of bottom nodes are subdirectories
@ Lower nodes introduce philosophical topics
@ Intriguing thematic associations

o High-Tech Crime contains explosives related topics
o Success Advice contains chemical related topics
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Conclusion

Objective

Gain an initial understanding of the data.

- Dataset exploration without manual inspection
+ Semantic relationship of directories
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é » doca 2,1 Wa,a| e |Wa,n
’{tiﬂv---ytin}ERn}] - nE )

topic vector ot R ) 7

V document i document-topic incidence

documents

V NE
directories i:

——___ Topics|
Directorics
dir,
diry

dirye Wt [ W2 |- [Whn

directory-topic incidence

document-topic

context directory-topic context
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Conclusion

Objective

Gain an initial understanding of the data.

+ Dataset exploration without manual inspection
+ Semantic relationship of directories
- Unintuitive for inexperienced users

"achan", "Peroxides", "For

17S], L US Miltary ™, Miltary” .
\ N\

118 144 94
~Anonymous Web. Math/Basics "\ "Demgition, Blasting, Sabotage",
Personal”, "How t ‘Statistics' \ "Arso and Bomb", "Explosives",...

)/

4 58 {
"12vguide®. "LaW.(re Firearms)'\... - vy
\ 13 49-50 92~ 40-41 71 96~
1646 57 67 133/153 170 138200211 125159160
. Success Advice"  "Geometry", "Trigonometry";

\ "Calculus”; "Algebra"

ivate Investigation”,
High-Tech Crime”,...

0-1 20\1\:\2\\10}11:221,.,
"Issues 1 - 42"?"6'Hcme“, "Power Magazine",
"12-volt Guide 1 Junk Science”
2221226
"Prtips"
2271243
"Military Media - Explosives and Demolitions", "CD", "Munitions & Energetic Materials",...
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Objective

Gain an initial understanding of the data.

Conclusion
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+ Dataset exploration without manual inspection
t Semantic relationship of directories
- Unintuitive for inexperienced users

- Numerical topic representation

Topic ID Topic Words

34 gun weapons rifles pistol firearm

36 terminological | nonverbal linguist codeword longtext

54 microelectron | microkernels | microparticle microphysics microcosmic
56 pythonpath pythonmac python_version | python_object | pythonpowered
58 nuclear hazardous explosive nanotoxicity chernobyl
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Conclusion
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Conclusion

Objective
Gain an initial understanding of the data. J

+ Dataset exploration without manual inspection
+ Semantic relationship of directories
- Unintuitive for inexperienced users

- Numerical topic representation

Thank you for your attention!
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List of abbreviations

BoW Bag of Words
ETYNTKE Everything You Need To Know Ever

FAT-CAT FCA-based Aggregation for Topics using Conceptual Analysis and
Taxonomies

FCA Formal Concept Analysis

GIT Generative Image-to-text Transformer
NLP Natural Language Processing
SBERT Sentence-BERT

USE Universal Sentence Encoder
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Supplementary Material
@®000000

FAT-CAT

FAT-CAT FCA-based Aggregation for Topics using Conceptual Analysis and

Taxonomies
Our contributions:
e Open-source®
@ Minimal training requirements
@ Non-textual data

o Information aggregation across directories

’https://github.com/KlaraGtknst/text_topic (29.01.2025) &
https://github.com/KlaraGtknst/clj_exploration_leaks (29.01.2025)
Klara M. Gutekunst (klara.gutekunst@uni-kassel.de) University of Kassel September 12, 2025
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Supplementary Material
O0000

Content of Military directory

TYNTKE/Military$ 1s
‘Land Force Sustainment (1999) - B-GL-300-00.pdf
‘Land Force Tactical Doctrine (1997) - B-GL-308-002.pdf"

‘Logistics Operations - MCHP 4-1.pdf'
22).pdf'  Mercs_-_True_Stories_of Mercenaries_In_Action_-_Bill Fawcett.rar

‘Military Almanac 2001-2002.pdf'

‘American & NVA Weapons & Tactics In Vietnam.pdf'
“Army Non-Commissioned Officer's Guide - FM 7-22-7.pdf"

‘Attacks - Erwin Rommel.pdf'
T\ s Handbook of the Gernan Arny 1944 (ID Special Series No.

*Company Offic
‘Corp Operations (1998) - B-GL-321-801.pdf
"Decisive Force - The Army in Theater of Operations - FM 180-7.pdf' ‘Military Manuals'
‘Military Training'
Nazi Robot Soldiers.pdf'

*Encyclopedia of Modern US Military Veapons.pdf'
"Gernan Infantry Weapons 1943 (MIS Special Series No. 14).pdf' .
‘German Methods of Warfare in the Libyan Desert (Information Bulletin No. 20).pdf' ‘Operational Level Doctrine for the Canadian Army (1998) - B-GL-308-001.pdf
Military Training 1942 (MIS Special Series No. 83).pdf' *Professional Knowledge Gained from Operational Experience in Vietnam, 1965-1966 — FMFRP 12-48.pdf'
*Professional Knowledge Gained from Operational Experience in Vietnam, 1968 - FMFRP 12-42.pdf'

*German
‘German Mountain Warfare (MID Special Series No. 21).pdf'
‘German Rifle Company-For Study and Translation (MIS Special Series No. 15).pdf* ‘Spetsnaz - FMFRM 3-201.pdf
‘German Squad in Combat 1943 (MIS Special Series No. 09).pdf 'SWAT glossary.rar’
@8).pdf ' ‘The Army - FM 1.pdf'
*The Encyclopedia of Weapons of World War II.pdf'

'German Tactical Doctrine (MIS Special Series No.
*German Winter Warfare (MID Special Series No. 18).pdf'
"Handbook of the Chinese People's Liberation Army.pdf" 1US Ammy History Of Lessons Learned. pdf®

"History of US Army Lessons Learned.pdf' *Vietnam Primer - Lessons Learned.pdf"

"Land Force Command (1996) - B-GL-380-003.pdf ‘Wartime Exploits of a Mindanao Guerrilla - Nick Minecei.pdf'
‘Land Force Information Operations (1999) - B-GL-380-00.pdf"

Figure: Screenshot of content of Military directory.
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Content of Business directory

.84 Financialritnots.pat
Thigdenpsychological.
‘gensanin Grahon - The xmumm Investor_investing_ . found_at_redsomara. con.pdf*

-E€n.pat

Susiness B1o0ging Toolsetooi00 Tntornet Resources for Enthepranser-Weivors bt
Consulting-Ten Commandaents of Seall Business (Lesson].doc:

*CRM McGraw Hill - nship M: 2062) .pdt
*David Frey - Business - Six Deadly Ssall Business Marketing Secrets.pdf'
“Donald Trump - Fortune Without Fear Real Estate Riches.pdf'
dropshipreport..pdf

1{Ebook) - David Frey - Tho sesll Business Marketing Bible 2083 (312 Pages).pat"
*Ebook ~en- Cooking- Jamie Oliver - The Cook 8ol

:(Ebook) Warper Gusiness - Stock Market m.m (Qack Schwager). et

*[eBook) How To Write A Business Plan

“Econoaics - Freakonoaics -

*Father to Son.pdf’
“Finance Investaents Sth d - 2 Bodie, A Kane & A J Marcus (HcOraw-Hill) - 2001.pdf"
(Finance, Investaent, Stock, Trading - Soros Unsuthorized Biography.

*Finance Investaent - The Global Money Markets.

“Finance Investaent - Trump Stratesies for Real Estate
*Finance Management Projec: endsook for seath business.pat-
“Fivekinote Hos In Comporste Finente.pdf:

information gives you comatitive advantage - Michasl Porter.pat"

*Harvard Business Review - How

“Marvard Business Review - What Is Strategy - Michael Porter.pdf
*Harvard Business Review - Why Good Companies Go Bad.

“Marvard Business School Press - Blue Ocean Strategy (2005).pd

“Helpis 1 Business Owers and Self-Employed Professionsls Do More With Less.pdf’

*IDIOTS GUIDE - Complete Idiots Guide to Small Business.pdf
“Insider's Guide to Trading the World's Stock Markets.pdf®
*Inside The Guru Mind - Peter Drucker.pdf'

A Rogue Ecanomist Explores the Kidden Side of Everything - § O Levitt & § 3 D-0.pdf*

30hn wiley & Sons = The 7 [rrefutablo Rules of Saall Business Growth - 2605.paf"
‘Just 1% The Power of Microtrends.

‘Xaplan Professional  Financing Secrets of o Millionsire Resl Estate Investor - 2003.pdf"
*Koplan - The Business Start Up Kit.pdf'

Ktz & Mecoraick 2000 The Encyelopedia of Trading Strategies pdt®

“Loorn the rinciples of Business WEiting.pdr

20d gition.che:

‘Marketing, Planning And Strategy.
Mba In Finance.pdf’
Mogron-HiLL - Fundamentals of amagerial Econamics.sat
i aw of Financisl Success.pdf®

Memihidor — Wi1Mianaices and Memagers < Stiveture of US Finaneial Oligarchy (1969).pat'
*Powerful Sleep Package"
‘Real Estate - Mortgage & Finance.pdf"
*Ron Paul —— Pillars of Prosperity - Free Markets, Honest Money, Private Property.pdf’
‘smart strategies for small business.pdf®
Strategic_Marketing Handbook.pd

Ternet - Michasl Porter (Harvard Business Review).pdf*

‘Strategy
Tao e Cring

“The Creation of Conscious Culture through Educational Tonovation.pat®
“The Financiel Analyst: s Handbook (Stack Narket).p

*The World Ts Flat A Brief History Of The 215t Century.pdf'
“think and gron rich. pat-

Trading For A Living Tn The Forex Market.pdr

What You Would Leatn At Top-Tier Business Schools - Wiley 2004.pdf

‘Wiley Intermsrket Technical Analysis Traing Strategies For The Global S \mesnes

Figure: Screenshot of content of Business directory.
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Content of Business directory

Wordcloud of directory' Business

e product
l‘Jbond
prlce; year '

vVa l ue

need v

Stomer

U = people ,
emmmbUSlﬂeSS

'JT

Figure: Wordcloud® of content of Business directory.

3https://github.com/amueller/word_cloud (01.02.2025)
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Text Processing

xt

-jpg/-png/.jpeg ... [ Image
7| Captioner

14

NER N
L) [ text |

text  md

—3p filetype

SBERT

embedding

PdfReader database

file
(per page)

Appendix details:
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Image Captioner (Wang et al. 2022)

d-dim

/%\ > |mage flatten > x projection > Text caption

Encoder = Decoder

Figure: Generative Image-to-text Transformer (GIT)*

“https://huggingface.co/microsoft/git-base (29.01.2025)
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Sentence-BERT (SBERT) (Reimers and Gurevych 2019)

/

S)

439 (esawe
JawJojsuel]
Buijood

512 384

\

Text
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USE (Yang et al. 2019)

/

3POWIIG TIST
auiojsue. |

Text

\
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