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Dependency on Information Retrieval: Information Society Now!
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Scholarly STEM Communication via Digital Math Libraries

E = mc2 ?

Markup Design Typesetting Proofreading Preprint Print Distribution

!

E = mc2

E = mc2
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History of information retrieval : gradual speedup of changes

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





Motivation Searching: MIaS MIaS at NTCIR Similarity Entailment Summary

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?q=Kovacik+Rakosnik>

$L^{p(x)}$

https://www.google.cz/search?q=”L^{p(x)}”

+ without quotes or figures :-).
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Nature 454, 263 (2008) | doi:10.1038/454263b

SLEEPLESS NIGHTS LEAD 
TO FALSE MEMORIES
But caffeine comes to the 
rescue ...
www.nature.com/news

Drinking water in Myanmar’s Irrawaddy 
delta may be contaminated with high levels of 
arsenic, a geological map suggests.

Arsenic contamination is a serious problem 
in several regions of south Asia, most nota-
bly Bangladesh, where half of the country’s 
wells may be polluted. Long-term exposure to 
arsenic can cause skin lesions and cancer. 

A new map of southeast Asia by geologist 
Michael Berg, of the Swiss Federal Institute of 
Aquatic Science and Technology in Düben-
dorf, and his colleagues shows the probability 
of arsenic contamination in the ground water, 
based on geological and soil properties 
(L. Winkel et al. Nature Geosci. doi:10.1038/
ngeo254; 2008). The region is particularly 
prone to arsenic contamination, Berg says, 
because of the abundance of large deltas filled 
with relatively young sediment deposited just 
10,000 years ago. Young sediment is more reac-
tive, and so thought more prone to releasing 
arsenic.

The map marks several recognized arsenic 
hotspots, including the Red River and Mekong 
deltas and the Chao Phraya basin. And it 
reveals a high probability of arsenic in excess 
of safe limits in southern Sumatra and the 
Irrawaddy delta — regions for which few data 
previously existed. 

The models will spur debate because not 
every one agrees that soil characteristics accu-
rately reflect the sediment below. Years of 
weathering could have taken its toll on sur-
face properties, argues John McArthur, a geo-
chemist at University College London. “It’s like 
asking you to tell me what’s in the basement 
of your building by looking at the floor plan 

of your lobby,” he says. But Charles 
Harvey of the Massachusetts Institute 
of Technology in Cambridge notes that 
the sediment’s youthful age means the 
surface may still hold useful informa-
tion about the composition below. 
Berg and his collaborators found that 
their predictions matched known data 
60–75% of the time. 

Geologists agree that it would 
not be surprising to find arsenic in the 
Irrawaddy delta. A 2002 survey of 25 vil-
lages in the region found high levels of 
arsenic in 67% of the wells examined. That 
survey covered only a fraction of the 3.5 million 
inhabitants of the region, Berg notes: “There is 
an urgent need to have a closer look there.”

Because the arsenic originates in sediment 
below the surface, Cyclone Nargis, which hit 

the area in May, is unlikely to have greatly 
affected the region’s groundwater. The inhab-
itants of the delta now mainly rely on rainwater 
as a source of drinking water, says Paul Jawor, 
a relief worker for Médicins sans Frontières 
who has recently returned from the region. The 
wells in the delta are currently mostly used for 
cleaning and washing, he says. ■

Heidi Ledford

Irrawaddy may be poisoned by arsenic
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Skin lesions from arsenic poisoning.

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. In a few years they hope to 
unite these repositories with their 
western European counterparts 
in an archive 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 
a single free mathematical archive, 
according to John Ewing, head of the 
American Mathematical Society, 
which maintains a list of more than 

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

Starting small but adding up: a free maths archive
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NATURE|Vol 454|17 July 2008 NEWS

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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Aggregation of data from building bricks of regional repositories:
EuDML

14 data and technology providers plus associated partners as ZMath,
Göttingen 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 (OAI 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,
LATEXSearch, LeActiveMath, MathWebSearch) problematic

• new Math Indexer and Searcher (MIaS) developed at MU
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MIR systems comparison

Input
documents

Internal
representation

Used
converters

Approach
α-
eq.

Query
language

Queries
Indexing
core

MathDex
HTML,
TEX/LATEX,
Word, PDF

Presentation
MathML (text)

jtidy, blahtex,
LaTeXML,
Hermes,
Word+Math-
Type, pdf2tiff-
>Infty

syntactic 5 ?
text, math,
mixed

Apache
Lucene

LeActiveMath
OMDoc,
OpenMath

OpenMath
(text)

- syntactic 5
OpenMath
(palette editor)

text, math,
mixed

Apache
Lucene

LATEXSearch LATEX LATEX(text) - syntactic 5 LATEX
titles,
math, DOI

?

MathWeb
Search

Presentation
MathML,
Content
MathML,
OpenMath

Content
MathML,
OpenMath
(substitution
trees)

- semantic 4

QMath, LATEX,
Mathematica,
Maxima,
Maple, Yacas
styles (palette
editor)

text, math,
mixed

Apache
Lucene
(for text
only)

EgoMath

Presentation
MathML,
Content
MathML, PDF

Presentation
MathML (text)

Infty mixed 5 LATEX
text, math,
mixed

EgoThor
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Math Indexer and Searcher MIaS — 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
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Math Indexer and Searcher — Design II
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Formula processing weighting example
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Math formulae indexing processing

math processing

ordering

tokenization

variables unification

constants unification

indexing

searching

w
ei

gh
tin

g

canonicalization
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Example

math processing

ordering

tokenization

variables unification

constants unification

indexing

searching

w
ei

gh
tin

g

canonicalization

searchingindexing

x y+y3

x y+y3 , x y , y3 , x , y , 3,+

x y+y3 , x y , y3 , x , y , 3,+ , id1
id 2+id 2

3 , id 1
id 2 , id 1

3

x y+y3 , x y , y3 , x , y , 3,+ , id1
id 2+id 2

3 ,

id1
id 2 , id1

3 , x y+ yconst , yconst , id 1
id 2+id 2

const , id 1
const

x y+y3

x y+y2

x y+y2

x y+y 2 , id 1
id 2+id 2

2

x y+y 2 , id1
id 2+id 2

2
,

x y+yconst , id 1
id 2+id 2

const

x y+yconst , id 1
id 2+id 2

const Match!
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Implementation

• Java

• Solr + Lucene

• scalable (indexing 1010+ 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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Search demonstration
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Formulae search demonstration comments

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

• MathML/TEX 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/>

Petr Sojka, Informatics Colloquium, Faculty of Informatics, Brno, CZ, October 25th, 2014: Towards Structure-Aware Information Retrieval
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How to evaluate math-aware systems like MIaS

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>

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

2 (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

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

4 (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

5 (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

6 (Brno) M. Růžička, P. Sojka, and M. Líška: Math Indexer and Searcher under the
Hood: History and Development of a Winning Strategy

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

8 (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 Růžička (lead), David
Formánek, Dominik Szalai, Robert Šiška, Jakub Adler is designed and
developed for evaluation of the canonicalizer.
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MIaS4NTCIR: canonicalization II
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MIaS4NTCIR: representation of math for indexing

Concepts of similarity and distributional representations are central in the
design of MIaS. 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): f1 f2 k1 k2 k3
subquery 2: f1 f2 k1 k2
subquery 3: f1 f2 k1
subquery 4: f1 f2
subquery 5: f1 k1 k2 k3
subquery 6: k1 k2 k3

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

Results merging, finally.
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Query expansion results’ insight

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Original Query Subquery 1 Subquery 2 Subquery 3
Subquery 4 Subquery 5 Subquery 6 Subquery 7

The percentage of results returned by individual subqueries

Q
ue

ry
 ID

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

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@10 avg 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@5 avg 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 Řehůřek—„the most robust, efficient and
hassle-free piece of software to realize unsupervised semantic modelling
from plain text“: <http://radimrehurek.com/gensim/>
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Example I: Automated Meaning Picking from Texts
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Probabilistic Topical Modeling: Latent Dirichlet Allocation

• topic: weighted list of words

• document: weighted list of topics
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Topical Modeling: Latent Dirichlet Allocation II

• all topics computed automatically from document corpora
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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
TfIdf-LSI (200 topics)

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

Description 0
SimilarityText 6
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: 4117.3155

Variance Matrix Mean
4117.3155

Method
TfIdf-LSI (200 topics)

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

Description 0
SimilarityText 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
TfIdf-LSI (200 topics)

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

Description 0
SimilarityText 0
Authors 30
Language 0
Category 0
Id 0
Title 30
Keywords 50
MscCodes 0
MathMathML 0
MathBeginingElements 0
MathElements 0
MathMterms 0
MathWightedMterms 0

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



Motivation Searching: MIaS MIaS at NTCIR Similarity Entailment Summary

Evaluation framework for math, knowledge representation and
machine learning methods

Yesterday’s first results:

Matrix 30 Variance Mean: 3517.1352
Matrix 27 Variance Mean: 3562.7631
Matrix 21 Variance Mean: 3591.9553
Matrix 24 Variance Mean: 3631.0433
Matrix 18 Variance Mean: 3657.6139
Matrix 15 Variance Mean: 4117.3155
Matrix 9 Variance Mean: 4290.0905
Matrix 12 Variance Mean: 5365.2903
Matrix 3 Variance Mean: 6888.0026
Matrix 6 Variance Mean: 6914.4168
Matrix 36 Variance Mean: 6971.8214

confirms hyphotesis that math matters and that our math (distributional)
representation gives best results.
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Semantic gap between lexical surface of the text and its meaning
in [M]IR

  Lexical

  Syntactic

  Semantic

  Distributional
Semantics

Processing 
Level

  Text 1   Text 2

Figure: Natural language processing levels
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New MIaS architecture with textual and math entailment modules
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General Textual Entailment architecture

Preprocessing 

text
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Comparative
Analysis 
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Yes
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Feature 
Vector
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Data flow in TE and TME modules

Indexer

Searcher

Pythagorean theorem

TE 

TME 

a2+b2=c2

text

. . .
Pythagorean theorem

Pythagoras
. . .

2 2a b c= +

...

...

wiki

knowledge
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Data flow in ME and TME modules

Indexer

Searcher

ME 

TME 

Mass–energy equivalence

math

...

...

wiki

knowledge

E=mc2

E=mc2

...

...

Maxwell’s conception of electromagnetic waves
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Future work?

• full text mining in semantic direction (typesetting−1), 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, UI, 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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