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MIaS Formulae RepresentaƟon and WeighƟng
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MIaS Formulae Searching and Matching
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Structural UnificaƟon

MATCH!
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Query RelaxaƟon: Deriving MulƟple Queries from the Original

Example of query consisƟng of two formulae and three text keywords:

𝑓భ: 𝑠(𝑝) = 𝑖𝑑
𝑓మ: 𝑝 ≠ 𝑖𝑑
𝑘భ: ”hyperellipƟc surface”

𝑘మ: ”Riemann”

𝑘య: ”holomorphic map”

original query: (𝑓భ ∨ 𝑓మ) ∧ (𝑘భ ∨ 𝑘మ ∨ 𝑘య)
subquery 1: (𝑓భ ∨ 𝑓మ) ∧ (𝑘భ ∨ 𝑘మ)
subquery 2: (𝑓భ ∨ 𝑓మ) ∧ (𝑘భ)
subquery 3: (𝑓భ ∨ 𝑓మ)
subquery 4: (𝑓భ) ∧ (𝑘భ ∨ 𝑘మ ∨ 𝑘య)
subquery 5: (𝑘భ ∨ 𝑘మ ∨ 𝑘య)

NoƟce the strategy is
not symmetric.
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Strip Merging of Search Engine Results Pages (SERPs)

original query: (𝑓భ) ∧ (𝑘భ)
subquery 1: (𝑓భ)
subquery 2: (𝑘భ)

Results of the original query:
1: ೝభoriginal
2: ೝమoriginal
3: ೝయoriginal
4: ೝరoriginal
5: ೝఱoriginal
6: ೝలoriginal
7: ೝళoriginal
8: ೝఴoriginal
9: ೝవoriginal

10: ೝభబoriginal
11: ೝభభoriginal

Results of the subquery 1:
1: ೝభsubquery 1
2: ೝమsubquery 1
3: ೝయsubquery 1
4: ೝరsubquery 1
5: ೝఱsubquery 1

Results of the subquery 2:
1: ೝభsubquery 2
2: ೝమsubquery 2
3: ೝయsubquery 2
4: ೝరsubquery 2
5: ೝఱsubquery 2

The final result list:
1: ೝభoriginal
2: ೝమoriginal
3: ೝయoriginal
4: ೝభsubquery 1
5: ೝమsubquery 1
6: ೝభsubquery 2
7: ೝరoriginal
8: ೝఱoriginal
9: ೝలoriginal

10: ೝయsubquery 1
11: ೝరsubquery 1
12: ೝమsubquery 2
13: ೝళoriginal
14: ೝఴoriginal
15: ೝవoriginal
16: ೝఱsubquery 1
No more results from subquery 1.
17: ೝయsubquery 2
18: ೝభబoriginal
19: ೝభభoriginal
No more results from the original query.
20: ೝరsubquery 2
21: ೝఱsubquery 2
No more results from subquery 2.
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New Querying Strategies and Result Merging

NTCIR-11 Reverse (N11Rev)

original: ௙భ ௞భ ௞మ ௞య
1: ௙భ ௞మ ௞య
2: ௙భ ௞య
3: ௙భ
4: ௞భ ௞మ ௞య

NTCIR-11 Remove Most Specific First
(N11RmSpecFrst)
original: ௙భ ௞భ ௞మ ௞య

1: ௙భ ௞మ ௞య
2: ௙భ ௞మ
3: ௙భ
4: ௞భ ௞మ ௞య

NTCIR-11 Random Input Reordering
(N11Rnd)
original: ௙భ ௞భ ௞మ ௞య

1: ௙భ ௞భ ௞మ
2: ௙భ ௞మ
3: ௙భ
4: ௞భ ௞మ ௞య

NTCIR-11 Remove Most Specific Last
(N11RmSpecLast)
original: ௙భ ௞భ ௞మ ௞య

1: ௙భ ௞భ ௞య
2: ௙భ ௞భ
3: ௙భ
4: ௞భ ௞మ ௞య

Colours denote the specificity of the term: term resulƟng in high number of results is less
specific then highly specific term resulƟng in medium or low number of results.
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New Querying Strategies and Result Merging

Original Query Only (OrigOnly)

𝑓భ 𝑘భ 𝑘మ 𝑘య

Math Terms Only (OrigOnlyMath)

𝑓భ

Text Terms Only (OrigOnlyText)

𝑘భ 𝑘మ 𝑘య

All Possible Subqueries (AllPsbQrs)
original: ௙భ ௞భ ௞మ ௞య

1: ௙భ ௞భ ௞మ
2: ௙భ ௞మ ௞య
3: ௙భ ௞భ ௞య
4: ௙భ ௞భ
5: ௞భ ௞మ ௞య
6: ௙భ ௞మ
7: ௙భ ௞య
8: ௞మ ௞య
9: ௞భ ௞య

10: ௞భ ௞మ
11: ௙భ
12: ௞భ
13: ௞మ
14: ௞య
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New Querying Strategies and Result Merging

Leave One Out (OneOut)
original: 𝑓భ 𝑘భ 𝑘మ 𝑘య

1: 𝑓భ 𝑘భ 𝑘మ
2: 𝑓భ 𝑘మ 𝑘య
3: 𝑓భ 𝑘భ 𝑘య
4: 𝑘భ 𝑘మ 𝑘య

Leave One or Two Out (OneTwoOut)
original: 𝑓భ 𝑘భ 𝑘మ 𝑘య

1: 𝑓భ 𝑘మ 𝑘య
2: 𝑓భ 𝑘భ 𝑘య
3: 𝑓భ 𝑘భ 𝑘మ
4: 𝑓భ 𝑘య
5: 𝑓భ 𝑘మ
6: 𝑘భ 𝑘మ 𝑘య
7: 𝑓భ 𝑘భ
8: 𝑘భ 𝑘య
9: 𝑘భ 𝑘మ
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Phrase Expansion

These modificaƟons are only applicable on mulƟ-word text keywords of
the original query. For example, having query

Formula 1: ℵబ
Keyword 1: categorical simple theory

we have two methods of transformaƟon—phrase and full phrase
expansion.
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Phrase Expansion

Phrase exansion For mulƟ-word keywords individual words are used
instead of the original mulƟ-word keywords.
Thus, our query is transformed to query:

Formula 1: ℵబ
Keyword 1: categorical
Keyword 2: simple
Keyword 3: theory
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Phrase Expansion

Full phrase exansion Individual words from the mulƟ-word keywords are
added one by one at the end of the keywords list (removing
duplicates across mulƟple mulƟ-keywords, if any).
Thus, our query is transformed to query:

Formula 1: ℵబ
Keyword 1: categorical simple theory
Keyword 2: categorical
Keyword 3: simple
Keyword 4: theory
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Math Handling Features

CanonicalizaƟon The canonicalizaƟon process aims to normalize potenƟal
serializaƟons (different notaƟons in MathML encoding) of
the same math formulae. The normalizaƟon is opƟmized
for similarity search not to preserve full semanƟc
informaƟon of the original formulae but possibly removes
semanƟcally negligible differences in behalf of similarity
matches.
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Math Handling Features

CanonicalizaƟon operators removal List of math operators to be removed
from canonicalized formulae:

• U+2062 INVISIBLE TIMES

• U+22C5 DOT OPERATOR

• U+002A ASTERISK

• U+2063 INVISIBLE SEPARATOR

• U+2064 INVISIBLE PLUS
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Math Handling Features

Unary operators removal Unary operators are removed from the input
formulae in the process of formulae normalizaƟon by our
MathML Canonicalizer.

Operator unificaƟon We define an operator equivalence relaƟon. We
subsƟtute all of these operators (e.g.+,−) with a canonical
operator that represents each equivalence class.

Structural unificaƟon Indexing structurally unified derivaƟves of the
original formulae was used for the first Ɵme by MIaS
system at NTCIR-12.
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NTCIR-11 EvaluaƟon and NTCIR-12 Runs SelecƟon
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Test Hardware DescripƟon

• Physical server (no virtualizaƟon).

• 2 × Intel Xeon E5-2650v2 @ 2.60GHz
(2 × 8 cores × 2 via hyperthreading).

• 256GiB of RAM.

• 11 disks 7200 RPM in Btrfs RAID10
(4 × 6 TB, 4 × 4 TB, 1 × 3 TB, 2 × 1 TB).

Math Indexer and Searcher under the Hood: Fine-tuning Query Expansion and UnificaƟon Strategies NTCIR-12 MathIR, Tokyo, Japan, June 10th, 2016



MIaS Overview New Approaches tried for NTCIR-12 Run SelecƟon, EvaluaƟon and Results Summary and Future Research DirecƟons

Main Task Indices

Indexing Ɵmes [min] Index Indexed
Index Wall Clock CPU size [GiB] formulae P@5

ntcir-12-10 1,054 1,453 47 2,354,850,850 0.1241 (CMath RMSFR PE)

ntcir-12-15 769 1,155 59 2,704,770,446 –
ntcir-12-18 5,913 5,604 288 5,591,527,950 0.1250 (PCMath LOoTO PE; SimTo)

ntcir-12-19 5,181 5,486 288 5,592,489,129 0.1310 (PCMath LOoTO PE)

Feature nt
cir
-1
2-
10

nt
cir
-1
2-
15

nt
cir
-1
2-
18

nt
cir
-1
2-
19

canonicalizaƟon • – • •
special operators removal • – • •
unary operators removal – – • •
operator unificaƟon – – • •
structural unificaƟon – – • • (progressive weighƟng)
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Wiki Task Indices

Indexing Ɵmes [min] Index Indexed
Index Wall Clock CPU size [GiB] formulae P@5

ntcir-12-30 30 46 3.4 25,242,248 0.0600 (PMath LOoTO)

ntcir-12-35 20 37 4.7 28,842,062 –
ntcir-12-38 81 98 13 67,231,738 –
ntcir-12-39 82 99 13 67,308,089 0.0600 (PCMath LOoTO PE)

Feature nt
cir
-1
2-
30

nt
cir
-1
2-
35

nt
cir
-1
2-
38

nt
cir
-1
2-
39

canonicalizaƟon • – • •
special operators removal • – • •
unary operators removal – – • •
operator unificaƟon – – • •
structural unificaƟon – – • • (progressive weighƟng)
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Effect of Structural UnificaƟon

Number of beƩer results on NTCIR-11 topics
MAP With struct. unificaƟon Without struct. unificaƟon
no phrase expansion 2 31
phrase expansion 3 30
full phrase expansion 5 25

Number of beƩer results on NTCIR-11 topics
Bpref@1000 With struct. unificaƟon Without struct. unificaƟon
no phrase expansion 23 10
phrase expansion 24 9
full phrase expansion 14 16
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Outline

1 MIaS Overview

2 New Approaches tried for NTCIR-12

3 Run SelecƟon, EvaluaƟon and Results

4 Summary and Future Research DirecƟons
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Summary

• New evaluaƟon plaƞorm based on NTCIR-11 ground truth.

• IntroducƟon of math structural unificaƟon.

• Use of structurally unified derivaƟves increases recall but has negaƟve
impact on precision.

• Fine tuning the weights of structural unificaƟon nodes could possibly
balance performance of our system towards recall.

• Seƫng and tuning the indexing and preprocessing parameters is
necessary for given applicaƟon.
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Future Work and Research DirecƟons

• Machine learning techniques to formulae disambiguaƟon (random
walking), formulae weighƟng, to document ranking and filtering.

• Deploying Computer Algebra Systems for beƩer canonicalizaƟon of
the input formulae.

• Using NTCIR-11 and NTCIR-12 MathIR ground truth data and our
evaluaƟon plaƞorm to disƟnguish effects of MIaS system features.

• Using arXiv.org as a testbed for scalability and development and to
provide full text+math search.
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QuesƟons?
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IllustraƟons by Jiří Franek.
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