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Introduction

what symbol is T Riemann zeta function, Damping ratio,
Hurwitz zeta function, 1s Slater-type
function, Jerk (physics), Oblate spheroidal
coordinates, Routhian mechanics

define <= in A <= B Monoidal t-norm logic, Logical equivalence,
If and only if, Logical biconditional
Contraposition, (Tautology (logic) or Exportation

(logic))
definition a® b Direct sum, @, Exclusive or
‘a g Determinant, Laplace expansion
C

define notation >F¢(a, b;c;z) | Hypergeometric function
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Introduction @\

what symbol is T Riemann zeta function, Damping ratio,
Hurwitz zeta function, 1s Slater-type
function, Jerk (physics), Oblate spheroidal
coordinates, Routhian mechanics

define <= in A <= B Monoidal t-norm logic, Logical equivalence,
If and only if, Logical biconditional
Contraposition, (Tautology (logic) or Exportation

(logic))
definition a® b Direct sum, @, Exclusive or
‘a g Determinant, Laplace expansion
C

define notation >F¢(a, b;c;z) | Hypergeometric function

* MathIR is complicated

 Evaluation of Information Needs involves human factors
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Subproblem Information Extraction @\

1 0%

mpcC
5 o —v2¢+( 0 ) b =0. (30)
O3 hn (2,) — Fhy (2,t) + 12 hy (2,8) =0 (19)
h? ot hPCY 3
Ear o AN
T

s 1 0%¢ 2a+a a¢ o’+aa
Vig— crarr”  er ar - e2 ¢=0. (10)

2
—h2%+ c2h?V% = mictys

(15)
u,+Au+ f(u)= (1)
Uy— Au+mu+ P'(u) =0 (m > 0,Pu) > 0), (1)
VeV =utp, (4)
uy — du + m?u + G'(u) = G, (1)
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Subproblem Information Extraction @\

 Can one create a benchmark for semantic
extraction of ,machine readable” from human
readable documents?
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MathMLBen

* 300 formulae from
* Wikipedia
e arXiv

* DLMF

* Includes formulae from NTCIR

* Open github project
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https://mathmlben.wmflabs.org

Gold Standard GitHub Access Definitions Model W(2, k) > 2k /kE
Formula Name Formula Type
k
[ Van_der_Waerden's_theorem ] [ relation M W(2, k) > 2% /k*
Original Input TeX # Resize
’ W(2, k) > 27k/kMvarepsilon v J

V Expand

Corrected TeX

[ W(2, k) > 27k/kMvarepsilon v ]
5

Hyperlink

[ https://en.formulasearchengine.com/w/index.php?oldid=2459#math2459.3 ‘,]

Semantic LaTeX Input

[ WHQ7913892KW}2, W{Q12503Kk}) > {2PMKI{KINW{Q3176¢ }

Comment

Tree State QID State

@ Looks good! @ Looks good!

O Needs improvements O Needs improvements

Whether the MML tree is correct or Whether the QID's are correct or not.

integer

number that can be written without a fractional or
Gold ID decimal component
E

°
L
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https://mathmlben.wmflabs.org/

<annotation-xml encoding="MathML-Content" id="p1.1.m1.1b">

<apply id="p1.1.m1.1.6.cmml" xref="pl.1.m1.1.6">

<mrow id="p1.1.m1.1.6" xref="pl.1.ml.1.6.cmml"> <eq id="p1.1.m1.1.2.cmml" xref="p1.1.m1.1.2"/>
<mi id="p1.1.m1.1.1" xref="pl.1.m1.1.1.cmml" mi> eo——— < csymbol Cd="

id="p1.1.m1.1.1.cmm1" xref="p1.1.m1.1.1'csymbol>

<mo id="p1.1.m1.1.2" xref="pl.1.m1l.1.2.cmml">=</mo> <apply id="p1.1.ml1.1.6.1.cmml" xref="pl.1.m1.1.6.1">
<mrow id="p1.1.m1.1.6.1" xref="pl.1.m1.1.6.1.cmml"> <times id="p1.1.m1.1.6.1.1.cmml" xref="p1.1.m1.1.6.1.1"/>
<mi id="p1.1.m1.1.3" xr‘ef="p1.l.m1.1.3.cmm1"®/mi> o symbol cd="wikidata" id="p1.1.m1.1.3.cmml" xr‘ef="p1.1.m1.1.3"csymb01>
<mo id="p1.1.m1.1.6.1.1" xref="pl.1.m1.1.6.1.1.cmml"></mo> <apply id="p1.1.m1.1.6.1.2.cmml" xref="pl.1.m1.1.6.1.2">
<msup id="p1l.1.m1.1.6.1.2" xref="pl.1.m1.1.6.1.2.cmml"> <power id="p1.1.m1.1.6.1.2.1.cmml" xref="pl1.1.m1.1.6.1.2"/>
<mi id="pl.1.m1.1.4" xr‘ef=“p1.1.m1.1.4.cmm1"®/mi> o < csymbol cd="wikidata" id="p1.1.m1.1.4.cmml" xref="pl.1.ml.1.4"csymbol>
<mn id="p1.1.m1.1.5.1" xref="pl.1.m1.1.5.1.cmml">2</mn> <cn id="p1.1.m1.1.5.1.cmml" type="integer" xref="p1l.1.m1.1.5.1">2</cn>
</msup> </apply>
</mrow> </apply>
</mrow> </apply>

</annotation-xml>

<annotation encoding="application/x-tex" id="p1.1.ml.1c'|>E=mc~{2}<fannotation>

2

FE = mc
\w{Q11379HE} = \w{Q11423}{m} \w{Q2111}c}*2

Wikidata Q11379
energy

quantitative physical property transferred to objects to
perform heating or work on them

Paper and references are openly available from:

https://www.gipp.com/wp-
content/papercite-data/pdf/scharpf2018.pdf ¢ 2
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A wikidata content dictionary @\

e 49M Wikidata items
e MathMLBen uses 280 items

* https://cd.formulasearchengine.com/wikidata.ocd

Mathematical Formulae and Wikidata - www.formulasearchengine.com 13


https://cd.formulasearchengine.com/wikidata.ocd

Logistic function example entry

logistic function (a10s2379)
No description defined

» wikidata.ocd provides

access Iayer for Standard Statements
OpenMath tools to Wikiata e e

data

-6 -4 -2 0 2 4 6
Logistic-curve.svg
600 x 400; 3 KB

0 references

Identifiers
Freebase ID MathWorld identifier
<CDDefinition> & /m/0lj5d ¢ LogisticEquation
1 reference 1 reference

<Name>Q1052379</Name>
<Role>application</Role>
<Description>
logistic function
https://en.wikipedia.org/w/
index.php?title=Logistic+function

stated in Freebase Data Dumps
publication date 28 October 2013

Sitelinks

This description was generated from wyipedia @1 enis
https://www.wikidata.org/w/
index.php?0ldid=648452086
</Description>
</CDDefinition>

® arwiki asw> gl alls » frwiki Fonction logistique (Verhulst)

= cswiki Logisticka funkce = hewiki N'0O"AI> N'XPIID
= jtwiki Equazione logistica

u kowiki 2X|AE] HHEA|

= dewiki Logistische Funktion
= enwiki Logistic function

u eswiki Fiinecian Innistina u nlwiki | nnistiache fiinctie

imported from Wikimedia project English Wikipedia

defining formula

- L
“f“)=;:;ﬁm:ﬁ

1 reference

imported from Wikimedia project English V

Quora topic ID

¢ Logistic-Function
1 reference

imported from Wikimedia project Quora

PSHID
¢ 11351

0 references

= ruwiki [loructuyeckoe ypasHeHu
= skwiki Logisticka funkcia

= svwiki Logistisk funktion

= trwiki Lojistik fonksiyon

a 1ikwiki MaricTuuHa niRHIcTR
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Property talk:P5610

Documentation

OpenMath ID Start a query — Cumrent uses — Statistics by class — String ler
OpenMath content dictionary symbol

Represents Openhath (Q1465300)

Data type External identifier

Domain IMathematical concepts (note: this should be moved fo the properiy statements)

Allowed values Any valid symbol from one of the official Openiath content dictionaries in the form of CDName:Symbol hitps://www.openmath.org/standard/e& (note: this information should be moved to a property

format as a regular expression (P1793))
Example absolute value (Q120812) — arith1#abs&
division (Q1226939) — arith 1#divide &
greatest common divisor (Q131752) — arith1#gcd&
nyperbolic cosine (Q1253682) — transci1#coshe

Formatter URL hitp://tools.wmflabs.org/wikidata-externalid-url/?p=5610&url_prefix=htips.//www.openmath.org/cd/&id=$1
Tracking: usage no label (Q56039309)
Lists « Count of items by number of statements (chart)&

+ Items with the most statements &
« Items with the Tewest statements &
« Count of items by number of sitelinks (chart)&
» Items with the most sitelinks &
« Items with the most sitelinks, but no link to one Wikipedia (sample: Welsh Wikipedia, cywiki)&
« Items with the most identifier properties &
« ltems with no other external identifier=
« |tems with no other statements
¢ Items with novalue claims &
« ltems with unknown value claims&
« Usage history
» Database reports/Constraint violations/P5610

Proposal discussion Property proposal/Openiath 1D
Current uses 52
Search for values haswbstatement P56 10=arith1#abs ‘ ‘ Search for 'arith1#abs’

[create] Create a translatable help page (preferably in English) for this property to be included hered

single value’ this property generally contains a single value. (Help)

\ 1 ' Exceptions are possible as rare values may exist.

List of this consiraint violations: Database reports/Constraint violations/P5610#Single value, SPARQL &, SPARCL (new)&d

Distinct values: this property likely contains a value that is different from all other items. (Help)

| # ' Exceptions are possible as rare values may exist.

List of this constraint violations: Database reports/Constraint violations/P5610#Unigue value, SPARQL (every item)d, SPARCL (by value) g, SPARQL (new)&

Format “([a-z]+[0-9]*)\#([a-z_]+)" value must be formatted using this pattern (FCRE syniax). (Help)
'\d 5 Exceptions are possible as rare values may exist.
List of this consiraint violations: Database reports/Constraint violations/P5610#Format, SPARCQL &7, SPARCL (new)

‘ Categories: All Properties | Properties with external-id-datatype | Properties used on 10+ items | Properties with single value constraints | Properties with unigue value constraints | Properties with format constraints




URI = cdbase + '/’ + cd-name + '# + symbol-name.

SELECT ?x WHERE { ?x wdt:P5610 "arithl#plus”.}

<CDDefinition>

<Name>Q32043</Name >

<Role>application</Role>

<Description>
addition
arithmetic operation of adding (augend+addend=summand+summand=sum,

total). (Add, Sum, Plus; Increase, Total)

https://en.wikipedia.org/w/index.php?title=Addition
See also
https://www.openmath.org/cd/arithl#plus

This description was generated from
https://www.wikidata.org/w/index.php?01did=720254931
</Description>
</CDDefinition>

Mathematical Formulae and Wikidata - www.formulasearchengine.com
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gamma

Description:

Euler's gamma function

Commented Mathematical property (CMP):
gamma(z)=\int 0" {+\infty} t~{z-1} e”{-z} dt (Re(z)>0)

Formal Mathematical property (FMP):
OpenMath XML (source)

Strict Content MathML

Prefix

Popcorn

Rendered Presentation MathML

real (z) > 0 = gamma(2) = Ztlz— D=2y

Example:
gamma(n) = (n-1)! (n\in N)
OpenMath XML (source) |
Strict Content MathML |
Prefix
Popcorn

Rendered Presentation MathML

Signatures:
sts

n € N=gamma(n) =(n-1)!

Gamma function

From Wikipedia, the free encyclopedia

In mathematics, the gamma
function (represented by I, the
capital Greek alphabet letter
gamma) is an extension of the
factorial function, with its
argument shifted down by 1, to
real and complex numbers. If n is
a positive integer,

I'n)=(n-1)!

The gamma function is defined for
all complex numbers except the
non-positive integers. For
complex numbers with a positive
real part, it is defined via a
convergent improper integral:

[(2) = f:x’_ le™*dx

Garmema funcson

The gamma function along part of the real axis

&

This integral function is extended by analytic continuation to all complex numbers
except the non-positive integers (where the function has simple poles), yielding the
meromorphic function we call the gamma function. It has no zeroes, so the
reciprocal gamma function 1/I'(z) is a holomorphic function. In fact the gamma
function corresponds to the Mellin transform of the negative exponential function:

I'(z) = {Me "}z)

The gamma function is a component in various probability-distribution functions,

and as such it is applicable in the fields of probability and statistics, as well as

combinatorics.
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arith1#plus (OpenMath vs. Wikidata)

<CDDefinition>

<Name>plus</Name>

<Role>application</Role>

<Description>

The symbol representing an n-ary commutative
function plus.

</Description>

<CMP> for all a,b | a + b =b + a </CMP>
<FMP>

<OMOBJ version=" "s
<OMBIND><OMS cd=" " name=" "/>
<OMBVAR> <OMV name="a"/> <OMV name="b"/>
</OMBVAR>
<OMA> <OMS cd=" " name="eq"/>
<OMA><OMS cd=" " name=" "/>

<OMV name="a"/>
<OMV name="b"/></0MA>
<OMA><OMS cd=" " name=" />
<OMV name="b"/>
<OMV name="a"/></0MA></OMA>
</OMBIND>
</OMOB3J>|
</FMP>
</CDDefinition>

<CDDefinition>
<Name>Q32043</Name>
<Role>application</Role>
<Description>
addition
arithmetic operation of adding (
augend+addend=summand+summand=sum, total). (
Add, Sum, Plus, Increase, Total)
https://en.wikipedia.org/w/
index.php?title=Addition
See also
https://www.openmath.org/cd/arithl#plus

This description was generated from

https://www.wikidata.org/w/

index.php?0l1did=720254931
</Description>

</CDDefinition>
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Language support (arith1#plus)

* Label in 88 languages

* Descriptions in 14 languages
RUgAR  |a| ST TSNS G & 91 39S 3iifhss A & SRR BT ¢ | IS8T

Absolute waarde absolute waarde van 'n reéle getal die nie-negatiewe waarde van die getal sonder
inagneming van die getal se teken

valeur absolue Distance a 0, valeur numérique d'un nombre réel sans tenir compte de son signe

warto$¢ bezwzgledna funkcja matematyczna, warto$¢ liczbowa nieuwzgledniajgca znaku danej liczby

Valore assoluto Funzione dove per valori negativi della x si ottiene lo stesso risultato.

absolute value magnitude of the number on the real number line; (of a real number x) non-negative
value of x without regard to its sign

Betragsfunktion mathematische Funktion

Mdtlaq giymat riyaziyyatda bir haqiqi adadin isarasiz qiymati

Valor absoluto ven dado pola seguinte expresion: Podemos notar que o valor absoluto dun nimero
sempre tomara valores non-negativos, é dicir:

Mogaynb nika raTa agnernacup ratara fiky ag Hyna

MOAYyNb Yncna MmaTemaTUyHa PyHKLUIA | TepMiH

07N TNV N'ONNNa, NTY2 0NN 2w DT DX NTTIMN N'X72119 KIN 07N 1Y
Aillaedad A AU lial sall pundid dualy ;o a7 by S 1)
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Plus vs Q32043

||I||I|I|| Wikidata Query = Beispiele O Hife ~ £¥ Werkzeuge ~ ¥ Deutsch
Abfragehelfer @ 1 SELECT ?item ?itemLabel ?value (GROUP_CONCAT(?classLabel; SEPARATOR=", ")
2 ?item wdt:P5610 rfvalue.
. i
+ Fiter 2 optional IR openmath 1D (P5610)
4 optional {?iter _
oo Openhath content dictionary L
5  SERVICE wikibas ymbol wikibase:language "en".
. ?class rdfs:.
+ Anzeigen - @ D
d OpenMath ID ‘ © 7 ?sclass rdfs:label PsclassLabel.
m 8 ?item rdfs:label ?itemLabel.} .
Begrenzung 1000 9}

10 group by ?item ?itemLabel ?value
11 ORDER BY ?value
12 LIMIT 1leee

u 4
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absolute value
division
greatest common divisor
subtraction
addition

exponentiation
nth root

sum
multiplication

opposite number

derivative

Lambda expression

Mathematical Formulae and Wikidata

arithl#tabs

arithl#divide
arithl#gcd

arithl#minus
arith1#plus

arithl#power
arithl#root

arithl#sum
arith1l#ttimes

arithl#unary_minus

calculus1#diff

fns1#lambda

- www.formulasearchengine.com

piecewise function, even
function, idempotent function

binary operation
function
binary operation, operation
binary operation

operation

type of mathematical function,
algebraic function

mathematical expression

binary operation

unary operation, mathematical
concept
Wikimedia disambiguation
page
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]

HE

Role
* OpenMath * Wikidata

m Application = Constant = Binder
m Application m Constant  m Binder L
Error Attribution

Error Attribution

Mathematical Formulae and Wikidata - www.formulasearchengine.com
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* OpenMath * Wikidata

289 official symbols * 330 symbols

* 38 content dictionaries ¢ 1 content dictionary

* 5 roles * 1role

* 149 examples * 0 examples

e 180 FMP 0 FMP

179 CMP * 0 CMP

* 131 average description ¢ 198 average description
length length

* English names * Qlds
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Conclusion and Future works @\

* https://cd.formulasearchengine.com/wikidata.ocd
e 330 Wikidata based CDSymbols
* 50 traditional OpenMath symbols

* P5610 OpenMath ID (Property in Wikidata)

e Can we derive more formal entries from Wikidata
to match the quality of OpenMath entries?

 How can we use alignments?
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