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Motivation for initiating MAP “System Structure and
Parameterization” (SSP) — Using FMI as Basis

 FMIis basically a great technology to make exchanging
models inside and among companies much easier

* Typical use-case is a network of FMUs (System structure) ...

functional mockup interface for model exchange and tool coupling

e ... Therefore, some features are missing ...
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Motivation for initiating SSP — Missing features

|
- —
|

|

* Collected on a meeting with BMW, Bosch, ZF, PMSF
(2014): l ‘
— No possibility to separat parameter data from the FMUs

— No possibility to change parameters in a consistent way
independently from the integration environment for single
FMUs.

— No possibility to handle intellectual property of parameters
— No possibility of mapping parameters in a network of FMUS
— No possibility to store a network of FMUs tool independently
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Main Purposes of SSP

e Define a standardized format for the connection structure of a
network of components.

* Define a standardized way to store and apply parameters to
these components.

* The developed standard / APIs should be usable in all stages of
development process (architecture definition, integration,
simulation, test in MiL, SiL, Hil).

* The work in this project shall be coordinated with other
standards and organizations (FMI, ASAM, OMG).
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Overview of XML Schema Definitions
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XML Schema Description - System Structure Package

—

Use case
. * Exchange of Complete
_— Systems with Variants
9P Features
= v Sarrlzlzf;}zt:;nfauhS}rstemDictinnar}r PY A” info rm ation (F M US,
[ FirstFMU.fmu %Yt 3
----- L] Sarr:pIeS}rstemF'arameterMappingFirstFMU.ssm syStem StrUCture deflnltlon’
----- ] SampIeS}rstemF'arameter‘-falues.siw pa rameters) Can be Stor‘Ed
| SampleSystemParameterValuesFirstFMU.ssv . . . .
I8 Secondrufme in one archive (zip-file)
----- | | SystermnStructure.ss

 Multiple SSDs in one SSP
allows for variant modeling
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XML Schema Description - System Structure Definition

b Parameter Parameter Use case
Sl e NN * Defining a Network of FMUs
’ i o Features
 Paanarnons * Hierarchical sub-systems
Sy comeeos Lo Empty components/FMUs as
Nl interface templates
l| : "+ External resources via URIs:
B P o || componen Both relative to SSD/SSP or
Reerence | |- S | || absolute, e.g. via HTTP(S).
= é S e Connections with unit
conversions and optional
linear/map transformations
* Optional: Diagram geometry
2016-05-23 MA-Project “System Structure and Parameterization” — Early Insights Slide 7

— Japanese Modelica Conference 2016-05-23/24



XML Schema Description - System Structure Definition

[ Tsystem

This element describes a system,
which can contsin compenents

and other systems as elements,
connectors as an interface.
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o—

© [ ssdTElement (extension base)

~T@ @ Atrributes

(G
ssd:TConnectors

The set of connectors of this element, which represent the interface
of the element to the outside world. For..

(©]

ElementGeometry

This optional element defines the geometry infermation of
the component. (x1.y1) and (x2.42) define the positions of...

ParameterBindings @
ssdTParameterBindings

The set of parameter bindings for this element.

(T_h/l;sms base type for all elements, cunently consisting of components snd systsms)

ssd:TComponent

SignalDictionaryReference

ssd'TSystem

omins |0

SignaDictionaries ®
s=dTSignalDictionaries.

SystemGeometry | (D
This optional element defines the extent of the system
canvas. (x1.y1) snd (x2y2) define the lower-left snd...

|
N ®
ssd.TAnnotations.
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/—|® |:| =zd:TElement (extension base)

This is the base type for all elements, cumrently consisting of
components and systems.

] Adtributes

type
Type xs:string @
Default | application/x-fmu-sharedlibrary

This attribute specifies the MIME type of the component, which defaults to
applicationfx-fmu-sharedlibrary to indicate...

[ TComponent

Base Type | ssd:TElement

®
Type | ssd:TSignabictionaryReference

source

This attribute indicates the scurce of the compeonent as an
URI (cf. RFC 3888). For purposes of the resclution of ..

implementation
Type Restriction of xs:string’ @
Default | any

‘When the referenced component is an FMU that contains multiple
implementations (e.g. Co-Simulation and Model Exchange),...

Annotations ®
Type | ssd:TAnnotations
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XML Schema Description - System Structure Definition

<33d:Elements:>
<3ad:Syatem "SubSystem” >

<3sd:Connectors>

<ggd:Connector "Locallnl™ "input”><3sd:Real "m/8"/></a3d:Connector>
<33d:Connector "Outl"” "output"><ssd:Real "m/s"/f></35d: Connector>
<3ad:Connector "Out3i” "putput"><gad:Real "m/s"/></g3sd: Connector>

</33d:Connectorss
<33d:Elements>
<33d:5ignalDicticnaryReference
<ssd:Connectors>
<33d:
<3sd:Connector
</3sd:Connectors>
</33d:5ignallicticnaryReferences
<gad:Component "FirstFMUInstancel™
<33d:Connectorss

"Vard
"Vard"

Connector

<ssd:Connector "Inl"™
<33d:Connector "Jutl"™
<ssd:Connector "Juc2"”

</3sd:Connectors>
<ssd:ParameterBindings>
<gad:ParameterBinding
<33d:ParameterMapping
</gad:ParameterBinding>
</33d:ParameterBindings>
</s3d:Component>
<gad:Component
</gad:Elements:

"FirstFMOInstanceld™

<33d:Connections>
<gsgd:
<33d:

Connecticn
Connecticon
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"regources/SampleSystemParametervaluesFirstFMU. sav”

"LocalInl™
"LocalInl™
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"MyDictionary"™ "MyDict">

"inout"><gsd:Real
"inout"><ssd:Real

"m/ 8"/ ></3ad:
"m/ 3" /< /asd:

Connector>
Connector>

"resources,/FirstFMU. fma"” "application/X-fmu-sharedlibrarcy™>
"input"><ssd:Real

"output”><sad:Real
"oputput"><ssd:Real

"m/ 3" /></3sd:Connector>
"m/a"/ </ 3ad:
"m/3" /=< /358d:

Connectors
Connector>

"application/Xx-ssp-perameter-set”>

"resogurces,/SampleSystemParameterMappingFirstFMU. ssm™ application/x-ssp-parameter-mapping”™/>

"resources/FirstFMU. fmu™ "application/x-fmu-sharedlibrary"> [6 lineal

"FirstFMUInstancel™
"FirstFMUInstancel™

"Tnl"/>
"Tnl"
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XML Schema Description - Signal dictionaries

D TSignalDictionaryReference

Base Type | ssd:TElement
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© [ ssd:TEEment (extension base)

am ® Attributes

-
This opticnal element defines the geometry information of
the component. (x1,y1) and (x2,y2) define the positions of...
‘arameterBindings

xs:strin
This attribute gives the name of the signal dictionary that is
to be referenced. Name lockups oceur in hierarchical

Use cases

* Collecting Control Signals in
a Central Location

Features

e (Causality is checked by tool
automatically

* Crosses hierarchies without
need for downward passing

 Well-suited for e.g. ECU
control busses
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XML Schema Description — Parameter Values Data

N ParameterSet Use Case
b- T * Tool-independent Exchange
—r L \ of Parameter Data
i Paramett.sr Annotations - +Annot‘ation Featu res
1 e+ Neutral exchange format
o [15E i between parameter sources
m  Compatible to FMI standard
ad A .
* Provides some meta data
| Ree.tl Integer Enumer.at‘ion Boo‘lean Strir.wg [ ) Access to pa ram DBS Via
HTTP (-> Parameter API)
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XML Schema Description - Parameter Mapping

SSM /
Parameter
Mapping
MappingEntry
source :string
target :strin
suppressUnitConversion :boolean
.1
Transfor-
mation
Linear
1 [agcsljogorﬂleatlon IntegerMapping EnumerationMapping
Transformation Transformation
MapEntry MapEntry
+ source :string
+ target :int + target :string

2016-05-23
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Use case

* Mapping Parameters to FMUs
when the Parameter Names
differ or Parameter Values
require Transformations

Features

e (Can be stored separately from
System Structure and
Parameter Data

 Can beinlined into SSD

* Optional manual linear and
mapping transformations
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Parameter APl Get Mechanisms

e General Idea:

— Access to external parameter sources via HTTP(S) GET AUner3 veel
Requests it ot et Model
— Request URI is the source attribute parameters P1 P2 P3
— Type attribute passed via accept request header ramers T
— Updates handled efficiently via ETag/Conditional directly
G ET/H EAD HTTP GET
 Returns Parameter Data in the format requested: reauests
— application/x-ssp-parameter-set -> SSV file format Data
— Sources and tools can support other formats source
9016-05-23 MA-Project “System Structure and Parameterization” — Early Insights Siide 13
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Parameter APl Get Mechanisms

GET /context/ParamSetA HTTP/1.1
Host: pardb.example.com:80
Accept: application/x-ssp-parameter-set

HTTP/1.1 200 Ok

Content-Type: application/x-ssp-parameter-set
Content-Length: ..

ETag: "3f80f-1b6-3elcbo3b"

<?xml version="1.0" encoding="UTF-8"?>
<ssv:ParameterSet version="Draft20151124"
name="SystemParams" ..>

<ssv:Parameters>

2016-05-23

Future extension:

— Request version/ variant
Descriptor for Resources

— Query for alternative
versions/ variants based on
descriptor with wild-cards

— Full parameter management
API for editing, managing
parameters and parameter
Sets
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Integration of FMUs for HIL Testing

HIL configuration tools ﬁModeIing HIL Integration
are importing FMUsto |~ " - ey
integrate them with b ! > = e
other FMUs, Simulink- |+~ | _——
based models and real = 2 HIL Configuration
Model A -
ECUs _ '
Data Management | ,;‘ el Data Management
tools are managingthe | . . 5 RN |
lifecycle of the FMUs f 2 _> _> = = =
- Model B Model Management
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Reuse of the System Structure for SIL, MIL and HIL

Integration and Data
Management tools
share a vendor
independent system
description (SSP)
Reuse of tools,
configurations, models,
tests, layouts and
parameters at system
level is supported
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Integration

Configuration

Offline Simulation

=

Data Management

¢

—

*SSP
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Prototypes — Integration Tool

* Model.CONNECT™ by AVL — Scope:

— Simulation architecture set-up

— Model integration
(FMI and dedicated interfaces)

— Execution
(office and lab)

— Model management

— Handling system structure and
parameter variants
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Prototypes — Integration Tool

* Model.CONNECT™ by AVL — SSP prototype:
— Import and export of system structure (SSP packages)
* Prototype supports multiple structure variants in the package
* Mapping between the SSP variant handling and the tool-specific
variant handling had to be implemented
* Import-export roundtrip does not re-produce original ssp content
* This is a consequence of the deliberately simple SSP variant
handling concept
— Import and export of graphical information

e Overall layout information can be transferred via SSP. Intention is
not to have pixel-by-pixel reproduction in any tool
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Prototypes — Online Testing Tool

* Scalablility of <ssd:Connectors>

— Ring configuration at a glance

— 3D Flash Ul for <ssd:Component>

* Time integration control master
— Unit Test with default parameter
— Synchronized Co-Simulation Test

e Parameter database as FMU
— FMU of (sqglite.DB + sql.DLL)
— exported by Optimus®

2016-05-23
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1 ¢hml versions 10" encoding="UTF-6"1>

2 <ssd: SystemStructureDesor iption xminstssd="htte://umr. ensf .net/xsd/ SystenSt rustureDescriet jonDraft”

3 minsixsi="http: //mw. w3 ore/2001/ M Schena- instance’ Draft20160721" xsi:schemaLocat ion="ht1p: /fwmi. prsf .net /xsd/Syster
4 ssd:Systen name="eDriveSanp | eSysten” descript ion="eDrive ssnple with zeonetry’>
5 007 width="0.0" heisht="0.0" canvasljdth="2.75" canvaseisht="2.41" />
8 Poutput” /> ¢fsed: Connectors>
7
8 desoription="">
9 288" y="1.16" width="2.35
10
11 input”>
i 0 ssal ity=" input”
1 s Cont” causal ity="autput ">
14
is
18 <ssdi Conponent nans="Drivet rain” type="apm | icat |
it <ssdiConponentheanetry x=70,07 v 0.0° width="|
i <zsd:Eonnectors>
18 oo G rput >
20 nane="tau_|oad” causality="inj
B
22 ausa | ity="outeut ">
Css causal ity="output”’
24 </ssd: Connectors>
% </ssdi Component >
28 Casd: Component. nane="elfachine" type:"appl icat ion|
27 <ssd:Conponent Geomet ry x="1. 457 y="0.0372" wid
2 <ssdiComnectars,
25 <eed: Connector
a0
3
32
a3 _out” causal ity="out pu
34 A’ causal 1ty="output”
35
a6
37
3
a3
an
a
2
3
4
ks
%
2
3
43
50 </ssd: Connect fons>
51 </ssdiSysten>
52 <ssd: Conponent name="Drive_Control” type="apl |
53 <ssd: Conponert Geomet ry = 2,017 y="0.0" widt!
54
55
5
57 Cssd: Connector mane="" causality="output”> Cesd|
58 : Comnectors>
59 /55 Component >
B0 <ssd: Conponent. name="eDrive_stinuli” type="applicat ion/x-fmu-sharedlibrary” source="resource/elrive s = = 0 Lt L L B
61 <ssd: Conponent Geonet ry x="0.0" y="1.16-06" width="0.5" heleht="0.8"/> -
62 |
62 [ -388"/> </esd
64 1.0° y="0.667" sy,
65 ks
&6 </ssd: Component >

81 {fssd:Elenentsy

63 CssdiConmections> Jas
89 <ssd: Connect ion startElenent="Drive fontrol” startConnectors”n_desired” endElenent="ebr fve_stinuli” of® &
bl s Comnect ionGeomst ry pointshs"™ pointsf=""/> |

n =
b <esd: Connect ion startElenent="Drivetran’ startConnector="tay_load” endElement="eDr ve st inul|* endCor
i) <ssd: Bonnect jonGeonst ry Fointsk="0.088 0,068 0,70 0.70" pointst="1.85 0.54 0,54 0.407/> |=
i </ssd:Connect ion> R
75 <ssd: Connect on startElenent="Drive Control” startConnectors"V" endElenent="Dr ivetrain’ endConnector= &
i <ssd: Bornect jonGeonst ry Fointsk= .11 8,11 166" paintst="0.30 1,63 0.83"/> |=
7 </ssd:Connect ion>

8 <s3d: Bonnect fon startElenent="Drive Control” startDonnector=""

ndE lement="Dr [ vetrai i’ endConnector=
0.40 0.95 095 1.70°/>

3 <ssd: Gonnest ionfeonet ry pointsk="T.80 1.0 3.12 5.12" paint.
a0 onnect ion>

81 {/ssd:Connect ons>

92 </ssdilysten

83 ¢fesd: Systenstructurabescript ion>
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Prototypes — “Co-Simulation Browser” concept

* Mobile co-Simulation environment

e SSP(.zip) as online content
* Minimal GUI

read fmu

xml edit

port connggt
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Prototypes: Integration Tool FMI Bench

 FMI Bench by PMSF: Workbench for FMUs

2016-05-23

FMU Inspector & Editor . o .

FMU Profiling and Debugging e . e
FMU Integration b e
Automated Workflows

Export FMU Networks as
Integrated FMUs or C
Stand-alone Simulators

Supports Remote FMU Execution, FMU-internal Parallelization
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Prototypes: Integration Tool FMI Bench

— Direct Editing of SSDs,
SSPs, incl. Variants

Generation of Native

FMI Bench Projects
from SSP Projects
— Generation of FMU
or Stand-alone Sim.
from SSP
— Parallelization

2016-05-23

FMI Bench SSP Prototype

@ PMSF FMI Bench 1.4.3.0 (Developer Edition)

File Project Windows Help

55D Project Herarchy

Bl System Structure Project Editer for SampleSystemVariants.ssp

System Structure Project Cortterts

&l Project Editor for Unnamed

Project Hierarchy | Project Connections

ftem Properties Project Corterts

frem Properties

-l Main System Structure
= System SampleSystem
=] Connectors
-3 Connector Inl
= Connector Outl
=] Elements
il Component FirstFMUInstancel
=] Connectors
=+ Connector Inl
= Connector Outl
=+ Connector Out2
i Component FirstFMUInstance2
Connectors

5+ ConnectorInl
-+ Connector Outl
++ Connector Out2
B Component SecondFMU
Cennectors

=+ Connector Inl
Connector In2

Cennector In3

—
-
=+ Connector Ind

Connector Outl

[ SampleSystemSubSystem.ssd System Stru

-t

-l System SampleSystem
B Connectors
4+ Connector Inl
++ Connector Outl
B Elements
=l System SubSystem
-0 Connectors
++ Connector Locallnl
+> Cennector Outl

« ,

Property  Value =l SampleSystem. FirstFMUlnstancel:FirstFMU {1 | Propery Value
SampleSystem. FirstFMUlnstancel:Sample| fgz e FI
Causalty  INPUT - Veriables FMl Version 10
id E Kind cs
Descrption - Parameters Targets WIN32
Input Model Name FirstFMU
Outputs Model dertfier  FrstFMU
P |
GUID 484005 T0b309c2eb 6af £8460c 70RO
I FirstFMUlnstan te|| Beaertion 0
Auth Piers R M
@y PMSF FMI Banch 14.3.0 (Developer Edition) == - Verdan I
Generation Tool P Toolbox 1.8.5 rom Modelon un 2
FMU irapper Generstion Tme ~ Sat Mar 28 1419:30 2015
= =TT — |k liamng Convenion STALCTURED
SEEaE e BT vent Indicators
ondFMU:SecondfMU (1.3} | Foerf moceto 1
e o .SecondFMU:SampleSysten | Constarts 0
Addiionl Logging Parameters 2
© No Addtional Logging () Logto Fixed Fie () Log via Envirorment Variable et 1
—" T ¥ Outputs 2
Fie Peth: [C:\Users\Pierr R. Mai\App Data\Local\Tems\DemeSimSIMlog o T

Variable Name: [DEMOSIM_SIM_LOG_PATH
Log Vanable Values (Siowl)

Simulator Parallelization

] Make Smulator Parslisized [ | Use Thre=d Pool

FMU Information Hiding
7] Eide wrapped FMU Model Descrintions

Debug Varizbles
FMU Class Name
Source Path

SampleSystem FirstFMUlnstance 1
C:\Users'PIERRE™1.MAN AppData\L

« i r

ltem Relations:
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Future work / Outline

e Further Development of API for parameter handling

* Try to involve providers of simulation data management
systems in this project

* Evaluate approaches with ,real-world examples”
e Publish first release soon

* Any contribution is very appreciated!
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