OpenDreamKit Deliverable D6.1
Full-text Search (Formulae + Keywords)
over IATEX-based Documents
(e.g. the arXiv subset)

Michael Kohlhase

http://kwarc.info/kohlhase
Computer Science
Jacobs University Bremen, Germany

OpenDreamKit Workshop, Bremen, 28. June 2016

Kohlhase: ODK Deliverable D6.1 1 OKD Workshop Bremen, June '16

i ...



Background: WP6 (Data/Knowledge/Software-Bases)

» The Big Picture:

oM i ZRED|

Knowledge .

Teaching
wikipedia.org resource
repositories

Blogs

Scientific journals

Collaborative
help centers
Mailing lists

mathoverflow.net

reprint servers
arxiv.org

oeis.org
Issue trackers

Researcher Code repositories o
Imfdb.org L ode repositories $
Communities ‘ 5
Continuous &
. User interfaces integration L
findstat.org (Jupyter notebook, ...) tools ‘,:O«“

OpenDreamKit
Collaborative
workspaces

Computational
components

Databases

Computational resources

Storage resources
(local, super computer, cloud)

(local, shared folder, cloud)

Kohlhase: ODK Deliverable D6.1 2 OKD Workshop Bremen, June '16




Background: WP6 (Data/Knowledge/Software-Bases)

» The Big Picture:

Knowledge .

Teaching
wikipedia.org resource
repositories

Scientific journals Blogs

Collaborative
help centers
Mailing lists

mathoverflow.net

reprint servers
arxiv.org

oeis.org
Issue trackers

Researcher Code repositor
Imfdb.org L ode repositories o,z?
Communities ‘ 5
Continuous &
. User interfaces integration L
findstat.org (Jupyter notebook, ...) tools ‘,:O«“

OpenDreamKit
Collaborative
workspaces

Computational
components

Databases

Computational resources

Storage resources
(local, super computer, cloud)

(local, shared folder, cloud)

» What do do with all this data/knowldege/software?: We need search!
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More Mathematics on the Web

vV V.V vV vV VY

v

The Connexions project (http://cnx.org)
Wolfram Inc. (http://functions.wolfram.com)
Eric Weisstein's MathWorld (http://mathworld.wolfram.com)
Digital Library of Mathematical Functions (http://dlmf .nist.gov)
Cornell ePrint arXiv (http://wuw.arxiv.org)
Zentralblatt Math (http://www.zentralblatt-math.org)

... Engineering Company Intranets, ...
Question: How will we find content that is relevant to our needs
Idea: try Google (like we always do)

Sicenario: Try finding the distributivity property for Z
(Vk,,meZ.k-(I+m)=(k-1)+ (k+ m))
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Searching for Distributivity

Web |mages Groups MNews Froogle Maps more =

Google e =TT

Web

Tip: Try remaving quotes from your saarch to get mare results.

Your search - "forall k,I,m:Z. k* {1 + m) = k*l + k*m" - did not match any documents.

Suggestions:

+ Make sure all words are spelled correctly.
* Try different keywords.
+ Try more general keywords.
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Searching for Distributivity

Web |mages Groups Mews Froogle Maps more »

Google fforall vz Z x*(y + 21 = 7y + X'z |

Web

Untitled Document

... theorem distributive_Ftimes_Fplus: distributive Z Ftimes Zplus. change with (\forall xyz2Z x* (y +
Z) = x"y + x°z). intros.elim x. ..

matita.cs. unibo. it/ librargZtimes.ma - 21k - Cached - Similar pages
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Searching for Distributivity

Web |mages Groups News Froogle Maps more =

GOL)gle fiforal a.b.c;z.a*—cb+ T — search |

Web

Mathematica - Setting up equations

Try "Aeduce” rather than *Sohlve” and uza “ForAll® to put a condition on %, v, and z. In[1]:=
Reduca[ForAllfx, v, z}, 5% + 8y + Tz == a’x + b’y + ¢°2], ...

wiww.codecomments. comvarchive382-200E-4-D04B44 himl - 18X - Supplemental Resul -

Cached - Similar pages

[FDF arXiv:nlin.51/0309017 v1 4 Sep 2003
Fila Format: PDF/Adobe Acrobat - View as HTRL

7.2 Appendix B. Elliptic conztants ralated to gifM,G). ... 1 for all 5 < j. [4.14). The first condition maanz
that the traces {4.13) of the Lax operator ...

wwwy. citebase.org'egi-binfultbext Mormat=application’odi&idant fer=oai:ar¥ v.org:nlin’ 0308017 -

Supplamental Result - Similar pa

JEiE

‘documentclass{article] \usepackagelaxiom] ‘usepackagelamssymb ...

i+1) bzi= bz - 2NNl else bzi= bz + 2"izbz = zhz + cZ X " y == z ... b,i-1]] be ;= reduce(™", ml}

c=1==bec:Ex " becoerca[x) Ex==1...

wiki. axiom-developer.org'aiom--test—1/srefalgebra’'CliffordS padane - 20k - Supplemental Resuli -

d - Similar pages .

Kohlhase: ODK Deliverable D6.1 6 OKD Workshop Bremen, June '16 i ...




Does Image Search help?

» Math formulae are visual objects, after all (let's try it)

Google

frac.jpg

Web Images

News Shopping Maps More ~ Search tools

—b+ VI —dae

2u

Image size:
133 x 61

No other sizes of this image found.

Tip: Try entering a descriptive word in the search box.

Your search did not match any documents.

Suggestions:

¢ Try different keywords.
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Of course Google cannot work out of the box

» Formulae are not words:

» a, b, c k I, m x,y, and z are (bound) variables. (do not behave like
words/symbols)
» where are the word boundaries for “bag-of-words” methods?

» Formulae are not images either: They have internal (recursive) structure and
compositional meaning

> ldea: Need a special treatment for formulae (translate into “special words")
Indeed this is done (IMY03, MM06, LM06, MG11])
.. and works surprisingly well (using e.g. Lucene as an indexing engine)
> ldea: Use database techniques (extract metadata and index it)
Indeed this is done for the Coq/HELM corpus ([AGCT06])
» Our ldea: Use Automated Reasoning Techniques (free term indexing from

theorem prover jails)

» Demo: MathWebSearch on Zentralblatt Math, the arXiv Data Set
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Instantiation Queries

» Application: Find partially remembered formulae

» Example 0.1 An engineer might face the problem remembering the energy of a
given signal f(x)

» Problem: hmmmm, have to square it and integrate

» Query Term: /(x)zdx ( are search variables)

. : 17 = . .
» One Hit: Parseval's Theorem 7/ s*(t)dt = E llck|l® (nice, | can compute it)
0

k=—o00

» This works out of the box (has ween working in MathWebSearch for some time)

» Another Application: Underspecified Conjectures/ Theorem Proving

» during theory exploration we often have some freedom
> express that using metavariables in conjectures
> instantiate the conjecture metavariables as the proof as the proof dictates

applied e.g. in Alan Bundy's “middle-out reasoning” in proof planing
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Generalization Queries

» Application: Find (possibly) applicable theorems
» Example 0.2 A researcher wants to estimate [p. |sin(t) cos(t)|dt from above
» Idea: Find inequation such that [, |sin(t)cos(t)|dt matches left hand side.
» Query: [p. [sin(x)cos(x)] dx <
> matches e.g. Holder's Inequality in the index: ( are universal variables)

i

@ ‘(X)(X)‘ dx < <]/@ ‘(X)‘p dx) ° (@ ‘(x)‘q dx) q

» Solution: Instantiate query accordingly and get

/Rz Isin(x)cos(x)] dx < (/}Rz |sin(x)|"dx)‘1’ (/RZ cos(x)|qu>:

Problem: Where do the index formulae come from in particular the universal
variables (we'll come back to that later)
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Where do the universal variables come from

» Problem: we need to have e.g. Holder's Inequality in the index:

folrormotecs ([l «) ([l «)

» How do we know what symbols are “universal” (to be instantiated?)
» what is their scope (when are different occurrences of f different?)
> we have no sources with explicit quantifiers, but ([Wikipedia])

Let (D,X, 1) be a measure space and let 1<p,q < oo with1/p+1/q=1.
Then, for all measurable real- or complex-valued functions f and g on D, . ..

» Solution: Use techniques from computational linguistics and integrate them into
the indexing pipeline. (we have started a bit on the arXiv)

» Another Solution: Use born-formal representations (e.g. theorem prover libraries,
computer algebra data, knowledge bases)
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Back to OpenDreamKit as a VRE

» OpenDreamKit builds on an ecosystem of Data/Knowledge/Software
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Joint search is a global service that binds them together into a math VRE

» Call for Action: export text + content MathML from all ODK components

» Preview: OEIS Search
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http://oeissearch.mathweb.org/

Auto-Discovering Relations between OEIS Sequences

(see [LK16])

» Idea: use the data that is already in the OEIS
(~ content MathML)

> parse the (ASCll-art) formulae in the OEIS
» find relations between the “generating functions” of sequence

» submit back to the OEIS

> Results:
current realations with ODK (one B.Sc.)
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