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Dependency on Information Retrieval: Information Society Now!
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Scholarly STEM Communication via Digital Math Libraries
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History of information retrieval: gradual speedup of changes
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Search: A gate to knowledge

Querying and searching similar structures more and more important.

Structures: math formulae, syntactic or sentence dependency trees,
compositional named entity terms, knowledge base terms.

<http://google.cz/search?g=Kovacik+Rakosnik>
SLM{p(x)}$
https://www.google.cz/search?g="L"{p (x) }”

+ without quotes or figures :-).
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Starting small but adding up: a free maths archive

A small group of researchers is
meeting in Birmingham, UK, later
this month to plan a free digital
library of mathematics.

All the mathematical literature
ever published runs to more
han 50 million pages, with around
75,000 articles added each
year. Over the past decade there
have been several attempts to
make this prodigious body of
work accessible in a single digital
archive, but so far none has
succeeded.

A group of mathematicians

intends to change this. They have
started small, with a handful of
digitization projects in Poland,
Russia, Serbia and the Czech
Republic. Ina few years they hope to
unite these repositories with their
western European counterparts
inanarchive to be hosted by the
European Union, according to the
organizer, Petr Sojka, an informatics
scientist at Masaryk University

in Brno in the Czech Republic.
Eventually this pan-European
archive could be expanded globally,
he says.

To make such an archive easier
to search, researchers have found
ways to guess the subject of a
paper on the basis of the frequency
of symbols in it. But there will be
many more-practical challenges,
such as finding the funds to scan
millions of old papers and striking
deals with publishers who hold
rights to them.

It may already be too late to build
asingle free mathematical archive,
according to John Ewing, head of the
American Mathematical Society,
which maintains a list of more than

© 2008 Macmillan Publishers Limited. All rights reserved

1,500 journals whose archives have
already been digitized. "A few years
ago, this model had the potential

to change the mathematics journal
literature in profound ways," he
says. But most publishers have
rushed to scan their own archives in
order to lock them up and sell them
to libraries.

“While the effort to digitize the
smaller collections is admirable,
and it's certainly worthwhile, it's
unlikely to effect a larger change,”
says Ewing. ]
Jascha Hoffman

263

Workshop series Towards a Digital Mathematics Library founded to tackle
numerous challenges identified during DML-CZ project.
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DML workshop series archived in DML-CZ
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DML-CZ Home >
DML >

DML

Tomards a Digitl
Mathematics Library
[

Archive:

Description

Mathematicians dream of a digital archive containing all peer-reviewed
mathematical literature ever published, properly linked and
validated/verified. The objectives of DML workshops were to formulate
the strategy and goals of a global mathematical digital library and to
summarize the current successes and failures of ongoing technologies
and related projects.

DML 2008: Proceedings of the 1st workshop, Birmingham, 2008
DML 2009: Proceedings of the 2nd workshop, Grand Bend, 2009
DML 2010: Proceedings of the 3rd workshop, Paris, 2010

DML 2011: Proceedings of the 4th workshop, Bertinoro, 2011

Browse by Titles or Authors
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Aggregation of data from building bricks of regional repositories:
EuDML

14 data and technology providers plus associated partners as ZMath,
Gaéttingen library,...

DML content providers serve mostly publisher’s or regional more or less
established DML repositories: The Czech Digital Mathematics Library
DML-CZ, NUMDAM, DML-PL, DML-PT, DML-GR, DML-BG, DML-ES,...

Aggregation via standard OAI-PMH protocol (OAl servers run by data
providers).

<http://eudml.org>
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Math aware Search and Indexing

» Conventional searching approaches are not applicable for math

» Usage of existing mathematical search engines (MathDex, EgoMath,
[ATEXSearch, LeActiveMath, MathWebSearch) problematic

* new Math Indexer and Searcher (MIaS) developed at MU
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MIR systems comparison
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Math Indexer and Searcher MlaS — features

* Inspired mostly by MathDex and EgoMath

» Presentation and now also Content MathML

* Allows similarity (not only exact match) between query and matched
term, distributional representation of formulae

» Commutativity

+ Unification of variables and constants

+ Subformulae matching
* Level of similarity calculation for expressions
* Mixed mathematical-textual queries

» Based on full text state of the art Apache Lucene core
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Math Indexer and Searcher — Design

Input Indexing

document \ Document

handler

Math processing
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Math formulae indexing processing
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math processing
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Implementation

+ Java
» Solr + Lucene
- scalable (indexing 100+ formulae without problems

+ Mathematical part implements Lucene’s interface Tokenizer — able to
integrate to any Solr/Lucene based system as DSpace, Elasticsearch...
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Help About

cuDML

The EUROPEAN DIGITAL
MATHEMATICS LIBRARY

How to write query

~<mathmr p><mi i o> o sy </ i</ o< /mat -

Canonicalized MalhML query:

<math xmins="http://www.w3.0rg/1998/Math/MathML">
<o v
amsup> amisxe/mixamna 2</mu/msup>.
Mo+ /mo>
AMSUP> <My 2. /M /mSup.

Searchin: MREG 2011.4.439 + Search
Total hits: 36817, showing 1- 30. Searching time: 116 ms

Finite Precision Measurement Nullifies Euclid’s Postulates

_and the unit circle x2 + y’ = 1 are both dense but they do not intersect, in contradiction to Euclid’s postulates ..
'score = 3.2980976
arxiv.org/abs/quant-ph/0310035 - cached XHTML

COMMENT ON RECENT TUNNELING MEASUREMENTS ON Bi225r22CaCu22088
-gap, (b) s-wave gap, and (c) s,2 +y2 93P
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Formulae search demonstration comments

Demo web interface: https:/mir.fi.muni.cz/webmias-ntcir/

* MathML/TgX input (LaTeXML for conversion to MathML)

+ Canonicalization of the query — our own MathCanEval canonicalizer
(developed as part of Dean’s program at FI MU)

» Matched document snippet generation
» MathJax for nicer math rendering and better portability

» Snuggle TeX for on-the-fly as-you-type rendering

All up and ready on the EUDML system: <http://eudml.org/search/>
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How to evaluate math-aware systems like MlaS

IR tradition of evaluation competitions: TREC, CLEF, NTCIR, FIRE,...

Since 2013 there is a new Math task at NTCIR for evaluation of math-aware
systems.

NTCIR-11 is going to be held in Tokyo, Dec 9—12th: Math task 2, Wikipedia
math task.

100,000 arXiv documents to index, splitted on paragraphs. 50 queries,
containing several textual keywords and math formulae.

Up to four runs, and up to thousands ranked answers for every query.

Pooling technique, experts mark pool of most frequent relevant documents in
the range from 0 to 4.

Metrics evaluated: P@5, P@10, AVG.
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NTCIR-11 Math Task 2

<http://research.nii.ac.jp/ntcir/ntcir-11/program-poster.html#math>

© (Tokyo) G. Y. Kristianto, G. Topic, F. Ho, and Akiko Aizawa: The MCAT Math Retrieval
System for NTCIR-11 Math Track

@® (Braunschweig) G. Pinto, J. Maria, S. Barthel, and W-T. Balke: QUALIBETA at the
NTCIR-11 Math 2 Task: An Attempt to Query Math Collections

® (Bremen) R. Hambasan, M. Kohlhase, and C-C. Prodescu: MathWebSearch at
NTCIR-11

@ (Berlin, Washington) M. Schubotz, A. Youssef, V. Markl, H. Cohl and J. Li: Evaluation
of Similarity-Measure Factors for Formulae based on the NTCIR-11 Math Task

@ (Rochester) N. Pattaniyil, and R. Zanibbi: Combining TF-IDF Text Retrieval with an
Inverted Index over Symbol Pairs in Math Expressions: The Tangent Math Search
Engine at NTCIR 2014

@ (Brno) M. Ruizitka, P. Sojka, and M. Ligka: Math Indexer and Searcher under the
Hood: History and Development of a Winning Strategy

@ (Vienna) A. Lipani, L. Andersson, F. Piroi, M. Lupu, and A. Hanbury: TUW-IMP at the
NTCIR-11 Math-2

@ (Beijing) L. Gao, Y. Wang, L. Hao, and Z. TangThe: The ICST system at NTCIR-11
Math-2
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MIaS4NTCIR: data indexing statistics

Table: Index statistics

Indexing times [min] Index
Wall Clock CPU size [GiB]
1,940.0 | 3,413.55 68

Table: Formulae count statistics

Formulae
Documents | Original Indexed
8,301,545 | 59,647,566 | 3,021,865,236
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MIaS4NTCIR: canonicalization

We have designed, implemented and continually improve a
converter<https://mir.fi.muni.cz/mathml-normalization/> for both Presentation
and Content MathML for this task.

MathCanEval application developed by Michal Rizi¢ka (lead), David
Forméanek, Dominik Szalai, Robert Sigka, Jakub Adler is designed and
developed for evaluation of the canonicalizer.
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MIaS4NTCIR: representation of math for indexing

Concepts of similarity and distributional representations are central in the
design of MlaS. Every formulae is represented in the index as a set of
weighted tokens (subformulae, features) that grab both structure and content
of indexed mathematical formulae. The weighting is computed via small set
of rules reflecting similarity distance of indexed tokens to the original
formulae: the more similar is token to the original (in size, variable naming,
constants used, ...), the higher weighting score is stored in the index for a
token. On average, currently the formulae representation is distributed over
about 30 indexed weighted tokens.
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MIaS4NTCIR: query expansion

subquery 1 (the original query):
subquery 2:
subquery 3:
subquery 4:
subquery 5:
subquery 6:

Figure: Complete sequence of subqueries derived from the original user’s query

Results merging, finally.
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Query expansion results’ insight

0 m

19 L
18 e
17 L
16 e —

=&

=}
-|

e =)

4
3 | ————
2 | ——
1 .

0%

=

10% 20% 30% 40% 50% 60% 0%

The percentage of results returned by individual subqueries

B Original Query M Subquery 1 * Subquery 2 M Subquery
W Subquery 4 Subquery 5 M Subquery 6 ® Subquery

Figure: Relative number of results found using different subqueries for every query
in CMath run
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MlaS Results: 4 runs PMath, CMath, PCMath, TgX

Table: Results of submitted runs with Relevance Level > 3 (Relevant). Main task
team rank is in [ ] for our best runs (in bold).

PMath CMath PCMath TeX

MAP avg 0.3073 | 0.3630[1] | 0.3594 | 0.3357
P@10avg | 0.3040 | 0.3520 [1] | 0.3480 | 0.3380
P@5 avg 0.5120 | 0.5680[1] | 0.5560 | 0.5400

Table: Results of submitted runs with Relevance Level > 1 (Partially Relevant).
Number in [ ] is team rank of all runs.

PMath CMath PCMath TeX

MAP avg | 0.2557 | 0.2807 [2] | 0.2799 0.2747
P@10 avg | 0.5020 | 0.5440 0.5520 [1] | 0.5400
P@5avg | 0.8440 | 0.8720[2] | 0.8640 0.8480
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Martin wins poster session at FI MU with NTCIR-11 poster :-)
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Content Similarity in EuDML: <http://eudml.org>

We have developed and delivered technology DocSim for document
similarity with Gensim by Radim Rehtfek—,the most robust, efficient and
hassle-free piece of software to realize unsupervised semantic modelling
from plain text®: <http:/radimrehurek.com/gensim/>

English (en) [¥| Jane Doe Log Out

EJ{DML ATHENATICS LIBRAR
MATHEMATICS LIBRARY - -
e, AU eyword, Citati ate Search

Displaying similar documents to “On oscillation
criteria for third order nonlinear delay differential
equations”

On the solution of the differential equation /( Yo ¥y v‘l), . \‘('1)) =0,

Smbat Abian, Arthur B. Brown (1958)
Bollettino dellUnione Matematica ltaliana
Similarity: |

ot and Fefferman's inequality
Miroslav Krbec, Thomas Schott (1999)
Bollettino dell'Unione Matematica ltaliana

Similarity:
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Example |: Automated Meaning Picking from Texts

LDA Topics Pie Chart for math.0406240

W map, bundle, holomorphic,
21, 7% cohomology, complex
m theorem, lemma, ideal, finite,
31,8% hence
other
M real, integral, complex,
analytic, imaginary
M polynomial, formula, poly-
nomials, coefficients, sum

10,6%
ewery, finite, theorem, sets,
exists
cune, cunes, points,
4,1% 8.2% degree, singular
i)

9,9%

13,7%
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Probabilistic Topical Modeling: Latent Dirichlet Allocation

* topic: weighted list of words

» document: weighted list of topics

Topic proportions and

Topics Documents assignments
gene. 0.04
d 0.02 . - : P
genetic 0,01 Seeking Life’s Bare (Genetic) Necessities
life 0.02
evolve 0.01
organism  0.01
brain 0.04
neuron 0.02
nerve 0.01
/ a~dsequenc7 —
Now Yok, Stipping down, Compule anai yieds an est-
et of e minimum moden and anent enomes
data 0.02 . e
e oo SCIENCE » VOL 272 » 24 MAY 1o
computer  0.01 L
T
-
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Topical Modeling: Latent Dirichlet Allocation Il

Similarity
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+ all topics computed automatically from document corpora

d “Di: “g 3
human evolution disease computer
- genome evolutionary host models
< dna species bacteria information
genetic organisms diseases data
24 genes life resistance computers
> sequence origin bacterial system
(;% ~ gene biology new network
8 ° molecular groups strains systems
. . sequencing phylogenetic control model
S map living infectious parallel
" H information diversity malaria methods
24 4 L genetics group parasite networks
1616 29 <6 ths B 6 76 G EB mapping new parasites software
e project two united new
sequences common tuberculosis simulations
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How math formulae affect document similarities?

how weight metadata, full texts, formulae?

how represent formulae representations for similarity computation?
which learning methods?

how to evaluate performance?

MSC — mathematical subject classification mandatory for math
publications (ZMath, MathSciNet)

MSC induces equivalence: similarity of papers of the same primary
top-level MSC should have lower variance than with other

picked papers with just one primary MSC for evaluation of math
representation and methods

winner is the method with lowest mean of variances within same MSC
document blocks
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Matrix 33 Variance Mean: 3390.8107

Variance Matrix Mean
3390.8107

Method
Tfldf-LSI (200 topics)
MTerm Weight Conversion

Description
Similarity Text
Authors

Language

Category

Id

Title

Keywords
MscCodes
MathMathML
MathBeginingElements
MathElements
MathMterms
MathWightedMterms

Petr Sojka, Informatics Colloquium, Faculty of Informatics, Brno, CZ, October 25th, 2014: Towards Structure-Aware Information Retrieval

min(trunc(10 * mtermWeight),

Summary
0000000

4)



Motivation Searching: MlaS MiaS at NTCIR Similarity Entailment Summary
00000000 00000000000 0000000000 000000800 00000 0000000

Matrix 15 Variance Mean: 4117.3155

Variance Matrix Mean
4117.3155

Method
Tfldf-LSI (200 topics)

MTerm Weight Conversion
min(trunc(10 * mtermWeight), 4)

Description 0
Similarity Text 0
Authors 30
Language 0
Category 0
Id 0
Title 30
Keywords 50
MscCodes 0
MathMathML 0
MathBeginingElements 0
MathElements 0
MathMterms 0
MathWightedMterms 1
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Matrix 15 Variance Mean: 6971.8214

Variance Matrix Mean
6971.8214

Method
Tfldf-LSI (200 topics)
MTerm Weight Conversion

Description
Similarity Text
Authors

Language

Category

Id

Title

Keywords
MscCodes
MathMathML
MathBeginingElements
MathElements
MathMterms
MathWightedMterms
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Yesterday’s first results:

Matrix
Matrix
Matrix
Matrix
Matrix
Matrix
Matrix
Matrix
Matrix
Matrix
Matrix

confirms hyphotesis that math matters and that our math (distributional)
representation gives best results.
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0000000000
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Mean:
Mean:

Similarity

00000000e

Evaluation framework for math, knowledge representation and
machine learning methods
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Semantic gap between lexical surface of the text and its meaning
in [M]IR

Processing
Level Distributional
Semantics

Semantic \

Syntactic

/
/ Lexical \J

Text1 Text 2

Figure: Natural language processing levels
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New MlaS architecture with textual and math entailment modules

P m -
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! [
! Lo I
! [
} . ® canonicalization }
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[ } \
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| math processing [
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! I
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| searcher |
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[ query handler searching |
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Future work?

+ full text mining in semantic direction (typesettingfl), higher level NLP
+ globalization (Google Scholar), deploying global knowledge bases
* personalization (up to the individual’s preferences)

* increase of automation and precision on semantic level
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Future challenges

» Math-aware knowledge representation

» Math entailment (Partha Pakray), ‘flexiformat’ processing,
‘canonicalization’ of math formulae

» Math-aware corpora processing
* robust Math OCR is necessary
* robust born-digital PDF2Math conversion is needed as well

+ only then challenges as: multilingual math retrieval, MathML indexing
and search, math common sense, text and math disambiguation and
understanding, mathematical document classification, document
similarity could be possible
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Challenge of math-aware distributional semantics processing

» Math-aware knowledge representation: handling abstractions, i
high-dimensional vector space representations?

+ math2vec? ‘smooth’ vector space representation of math formulae
learnt by recurrent neural network: math2vec aka word2vec (T. Mikolov
from Brno, now Google), GloVe (Stanford’s tool for distributional
semantics), COMPOSES Semantic vectors (M. Baroni’'s way of
distributional semantics)

» Hyperlapsed vector space representation of documents (narrative
qualitites, rephrased plagiarism)
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Challenge of math-aware corpora processing and tools

+ Canonicalization of math formulae processing (MathCanEval)
+ Switching between different levels of structured data

* tools adaptation (handling trees and abstractions), ideally on data
acquired and tagged without supervision
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Challenge of Evaluation of Math Information Retrieval

» what works in math-aware IR, Ul, pragmatics

« first MIR happening in 2012, now regular Math Tasks at NTCIR-10,
NTCIR-11

+ deploying MIaS and our tools in the GDML project
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That's it!
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