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* The presented content is a result of the joint project “AutomationML 4.0“ of inpro and Otto von

Guericke University Magdeburg and is funded by the Federal Ministry for Economic Affairs and Energy 
as part of the programme "Transfer of research and development (R&D) results through standardization 
(TNS)“.
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INTEGRATED ENGINEERING

BEHAVIOUR OF PRODUCTION SYSTEMS

HORIZONTAL INTEGRATION

Digital Twin

DATA TRANSFER

INTERNET OF THE THINGS

SMART FACTORY

BIG DATA
INTELLIGENT SERVICES

CONNECTIVITY AUTOMATION

IT SECURITY

PRODUCTIVITY

TECHNOLOGICAL CHANGES

EDUCATION

CROWD WORKING

CYBER
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SYSTEMS
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WORKING 
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IT SKILLS
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Referencing logic descriptions

AutomationML

Top Level Format CAEX

COLLADA

PLCopen XML

Additional data formats

Object A

Object A1

Object A2

Object An

…
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MathML

XML-based

Content Markup

Presentation 
Markup

What is MathML?

a+b
a+b

+

a
b
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What is the intention of MathML?

Internet

𝑎0 = 1

෍

𝑛=1

∞

𝑎𝑛

𝑓 𝑥 = 𝑎0
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complex

What can be expressed with MathML?

simple
𝑎0 = 1

𝑓 𝑥
= 𝑎0

+෍

𝑛=1

∞

ቀ

ቁ

𝑎𝑛 cos
𝑛𝜋𝑥

𝐿

+ 𝑏𝑛 sin
𝑛𝜋𝑥

𝐿
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Instance Hierarchy

Internal Element

Internal Element

Internal Element

POU

VAR

…

STEP

</MathML>

</MathML>

How should MathML be integrated?

*.aml *.xml
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MathML 2.0

Content MarkupContent Markup

Concept Basics

Presentation Markup

PLCopen XML

“addData”-Element

“addData”-Element

Function Block Diagram

Sequential Function Chart
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Integration of MathML into the addData element

PLCopen XML

mapping layer

MathML
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PLCopen XML file

Concept element variable declaration

<inputVars>

<variable name=“...” globalID=“...”>

</variable>

...

</inputVars>

<outputVars>

<variable name=“...” globalID=“...”>

</variable>

...

</outputVars>

PLCopen XML

mapping layer

MathML
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PLCopen XML file

Concept element variable declaration

<inputVars>

<variable name=“...” globalID=“...”>

</variable>

...

</inputVars>

<outputVars>

<variable name=“...” globalID=“...”>

</variable>

...

</outputVars>

PLCopen XML

mapping layer

MathML

globalID
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PLCopen XML file

Concept element MathML expression

PLCopen XML

mapping layer

MathML

<addData>

<data …> … </data>

<data name=“http://www.w3.org/1998/Math/“> 

<math xmlns=“http://www.w3.org/1998/Math/MathML“>

…

<math>

</data>

<addData>



1515© INPRO, Germany           Streng vertraulich – für internen Gebrauch 1515© INPRO, Germany           Streng vertraulich – für internen Gebrauch 1515© inpro, Germany - 18/10/2016 – 4th AutomationML user conference in Esslingen

PLCopen XML file

Concept element MathML expression

PLCopen XML

mapping layer

MathML

<addData>

<data …> … </data>

<data name=“http://www.w3.org/1998/Math/“> 

<math xmlns=“http://www.w3.org/1998/Math/MathML“>

…

<ci>…</ci>

…

<math>

</data>

<addData>MathML variable
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PLCopen XML file

Concept element mapping layer

PLCopen XML

mapping layer

MathML

<addData>

<data name=“http://www.automationml.org/IEC62714-

4Ed1/MathMLinPLCopenXML.xsd“>

<formula Name=“name of the MathML formula“ 

ID=“GUID1234“>

…

</formula>

</data> 

<data …> … </data>

<addData>
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PLCopen XML file

Concept element mapping layer

PLCopen XML

mapping layer

MathML

<addData>

<data name=“http://www.automationml.org/IEC62714-

4Ed1/MathMLinPLCopenXML.xsd“>

<formula Name=“name of the MathML formula“ 

ID=“GUID1234“>

<variable refMathMLVariable=”name in MathML“ 

refGlobalID=“GUID1235“ direction=”In or Out“/>

…

</formula>

</data> 

<data …> … </data>

<addData>

MathML variable

globalID
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Transport System Module

Belt 1B1 B2

Belt 2B5 B6

B4

B3

Belt 1B1 B2
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Example for the integration of MathML in a SFC

Sequential Function Chart

S_Move to
Lift 

Position

true

T_Move to Lift Position

DA_Move to Lift PositionD 4

TA_Move to Lift PositionSD 7

Example: v=s/t1

Belt 1B1 B2

B4

B3
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PLCopen XML file

Concept element variable declaration

<inputVars>

<variable name="var" 

globalId="ISID_1234563">…</variable>

<variable name="var4" 

globalId="ISID_1234564">…</variable>

</inputVars>

<outputVars>

<variable name="var2" 

globalId="ISID_1234566">…</variable>

</outputVars>

PLCopen XML

mapping layer

MathML

ISID_
1234566

ISID_
1234563

ISID_
1234564

Example: v=s/t
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PLCopen XML file

Concept element MathML expression

PLCopen XML

mapping layer

MathML

<addData>

<data …> … </data>

<data name=“http://www.w3.org/1998/Math/“> 

<math xmlns=“http://www.w3.org/1998/Math/MathML“>

<apply>

<eq/>

<ci>v</ci>

<apply>

<divide/>

<ci>s</ci>

<ci>t</ci>

</apply>

</apply>

<math>

</data>

<addData>

v s t

ISID_
1234566

ISID_
1234563

ISID_
1234564

Example: v=s/t
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PLCopen XML file

Concept element mapping layer

PLCopen XML

mapping layer

MathML

<addData>

<data name="http://www.automationml.org/IEC62714-

4Ed1/MathMLinPLCopenXML.xsd">

<formula Name="equation" ID="GUID1234">

<variable refMathMLVariable="s" 

refGlobalID="ISID_1234563" direction="In"/>

<variable refMathMLVariable="t" 

refGlobalID="ISID_1234564" direction="In"/>

<variable refMathMLVariable="v" 

refGlobalID="ISID_1234566" direction="Out"/>

</ formula>

</data>

<data …> … </data>

<addData>

v s t

Example: v=s/t

ISID_
1234566

ISID_
1234563

ISID_
1234564
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PLCopen XML file

Concept element mapping layer

PLCopen XML

mapping layer

MathML

<addData>

<data name="http://www.automationml.org/IEC62714-

4Ed1/MathMLinPLCopenXML.xsd">

<formula Name="equation" ID="GUID1234">

<variable refMathMLVariable="s" 

refGlobalID="ISID_1234563" direction="In"/>

<variable refMathMLVariable="t" 

refGlobalID="ISID_1234564" direction="In"/>

<variable refMathMLVariable="v" 

refGlobalID="ISID_1234566" direction="Out"/>

</ formula>

</data>

<data …> … </data>

<addData>

ISID_
1234566

ISID_
1234563

ISID_
1234564

v s t

Example: v=s/t
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The concept for the integration of MathML in PLCopen XML makes it possible to…4.0

Summary

model physical behaviour

extend discrete event models by continuous behavior

support virtual commissioning

support a continuous data exchange

support Industry 4.0
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Outlook - international standardization 

NP

CD

CDV

FDIS

AUTOMATIONML 
4.0

NP = new work item proposal

CD = committee draft

CDV = committee draft for vote

FDIS = final draft International Standard



2828© INPRO, Germany           Streng vertraulich – für internen Gebrauch 2828© INPRO, Germany           Streng vertraulich – für internen Gebrauch 2828© inpro, Germany - 18/10/2016 – 4th AutomationML user conference in Esslingen

inpro

Innovationsgesellschaft für fortgeschrittene

Produktionssysteme in der Fahrzeugindustrie mbH

Steinplatz 2

D-10623 Berlin

www.inpro.de

Any questions?

Thank you for your kind attention!

Carla Pilz T.: +49 30 399 97-108 E.: carla.pilz@inpro.de 


