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26th of February 2011 

28th of March 18.03.-26.03.2011 

Vorführender
Präsentationsnotizen
Find key information for your reserchSearch engines designed for general purpose useProblem in math and science worseProposed proof 2 pages (with errors)Asking a professor for helpRedirects the question to a domain expertCorrected proof Proof is quite complicated... Needs Analyisis III as prerequisite and Needs a lot of time to think about this special problem[[File:Valfrejus skilift.png|thumb|Valfrejus skilift]]18.03.-26.03.2010 Skifahrt Maria Alm19.3.2011	



GPS “research” question 
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26th of February 2011 

28th of March 18.03.-26.03.2011 

Goal: Find well established 
concepts related to a 
mathematical problem. 

Problem: The current search is 
slow, expensive and not 
deterministic 

Solution: Use a data-driven 
approach 

Vorführender
Präsentationsnotizen
Find key information for your researchSearch engines designed for general purpose useProblem in math and science worseProposed proof 2 pages (with errors)Asking a professor for helpRedirects the question to a domain expertCorrected proof Proof is quite complicated... Needs Analysis III as prerequisite and Needs a lot of time to think about this special problem[[File:Valfrejus skilift.png|thumb|Valfrejus skilift]]18.03.-26.03.2010 Skifahrt Maria Alm19.3.2011	



Example 1: 1
𝑥𝑥
≤ 1

𝑥𝑥
 

<apply> 

  <leq/> 
  <apply> 

    <divide/> 

    <cn type="integer">1</cn> 

    <apply> 
      <mean/> 

      <qvar>x</qvar></apply></apply> 

  <apply> 

    <mean/> 

      <apply> 

        <divide> 

        <cn type="integer">1</cn> 

       <qvar>x</qvar></apply></apply>… 

 

1. Different forms e.g. 

𝑥𝑥 1
𝑥𝑥
≥ 1 

2. Different notations e.g. 
∫ 𝑓𝑓 𝑥𝑥 𝑥𝑥𝑥𝑥𝑥𝑥 = 〈𝑥𝑥〉𝑋𝑋   

3. Exact match seldom 
4. Ambiguity in syntax e.g. 

𝐸𝐸Ψ = 𝐻𝐻�Ψ 
5. no TeX-function mean 

 $\frac 1 \mean ?x \le 
\mean \frac 1 ?x$  

NTCIR-11 
Math-2 
WMC-D1 
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Result 1: 𝜑𝜑(𝔼𝔼[𝑋𝑋]) ≤ 𝔼𝔼[𝜑𝜑(𝑋𝑋)]  

<apply> 

  <leq/> 
  <apply> 

    <divide/> 

    <cn type="integer">1</cn> 

    <apply> 
      <mean/> 

      <qvar>x</qvar></apply></apply> 

  <apply> 

    <mean/> 

      <apply> 

        <divide> 

        <cn type="integer">1</cn> 

       <qvar>x</qvar></apply></apply>… 

 

<apply> 

  <leq/> 
  <apply> 

    <qvar type="function">f</qvar> 

 

    <apply> 
      <mean/> 

      <qvar>x</qvar></apply></apply> 

  <apply> 

    <mean/> 

      <apply> 

        <qvar type="function">f</qvar> 

 

        <qvar>x</qvar></apply></apply>… 

 

$?f[type=function] \mean ?x \le 
\mean ?f[type=function] ?x $ 

 $\frac 1 \mean ?x \le 
\mean \frac 1 ?x$   

Vorführender
Präsentationsnotizen
𝜑(𝔼[𝑋])≤𝔼[𝜑(𝑋)] 



Result 1: 𝜑𝜑(𝔼𝔼[𝑋𝑋]) ≤ 𝔼𝔼[𝜑𝜑(𝑋𝑋)]  

<apply> 

  <leq/> 
  <apply> 

    <divide/> 

    <cn type="integer">1</cn> 

    <apply> 
      <mean/> 

      <qvar>x</qvar></apply></apply> 

  <apply> 

    <mean/> 

      <apply> 

        <divide> 

        <cn type="integer">1</cn> 

       <qvar>x</qvar></apply></apply>… 

 

<apply> 

  <leq/> 
  <apply> 

    <qvar type="function">f</qvar> 

 

    <apply> 
      <mean/> 

      <qvar>x</qvar></apply></apply> 

  <apply> 

    <mean/> 

      <apply> 

        <qvar type="function">f</qvar> 

 

        <qvar>x</qvar></apply></apply>… 

 

$?f[type=function] \mean ?x \le 
\mean ?f[type=function] ?x $ 

 $\frac 1 \mean ?x \le 
\mean \frac 1 ?x$  

$\frac 1$ -> $?f[type=function]$ 

Not trivial 
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Solution 1 inexact matches 

• Refined query: 
$\superconceptOf[ 
  orderby = editdistance ]{ 
  \frac 1 \mean ?x \le 
  \mean \frac 1 ?x 
}$ 

• Computational complexity 
• Restriction of the search space 
• Check most likely solutions at first 
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Tasks inexact matches 

1. Related work (applicable theorem search and citation 
recommender) 

2. Identification of the key indicators for relatedness 
3. Development of methods to calulate relatedness 
4. Implementation of a prototype 
5. Automated evaluation and comparision of the 

proposed methods  
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$\superconceptOf[ orderby = editdistance ]{ 
  \frac 1 \mean ?x \le 
  \mean \frac 1 ?x 
}$ 

 



Topic Overview: Levels of 
Abstraction 
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Presentation 

Content 
 

Semantic  
 



Overview 
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Image 
pro-

cessing 
Image Structure 

detection 
Presen-
tation 

Entity 
Linkage Content Semantic 

Integrated Queries 

Math 

Presen-
tation Content Semantic 

Text 

Keywords Relations 

Meta-
data 



Time Table 
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Completed Research 
Querying Processing Scalibility  

- Making Math Searchable in 
Wikipedia (CICM 2012) 

- Digital Repository of 
Mathematical Formulae 
(CICM 2014 coauthor) 

- Wikipedia Subtask at NTCIR 
11 

- Mathematical Language 
Processing (submitted to 
CICM 2014) 

- Mathoid: Accessible Math 
Rendering for Wikipedia 
(submitted to CICM 2014) 

- qErrors in Multidimensional 
Histograms (2012) 

- Applying Stratosphere for Big Data 
Analytics (coauthor, BTW 2013) 

- Big Data Analytics for European 
Small and Medium-Sized 
Enterprises  (European Dataforum 
2013) 

- Querying large Collections 
of Mathematical 
Publications (NTCIR 2013 
with Marcus Leich) 
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Integrated Queries

Math

Presen-
tation Content Semantic

Text

Keywords Relations

Meta-
data



Future research 
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Excluded 

• How scientists communicate with their 
colleagues? (user-study) 

• Evaluation of the ease of use of query 
language (user-study) 

• Measurement about the satisfaction of the 
scientist with the query results 

• Guessing the users intention from the query 
• Interface design for query input 
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Discussion 
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