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AGENDA

* Motivation: Systems Engineering and Modeling and Simulation need to

converge
* Open Standards we build on: Modelica, FMI, OSLC, SySML
* Anldeal Process to Integrate Systems Engineering with Model Based Design
» (Continuous Integration to Close the Loop for Rapid Design Iterations
* First Steps to Automate Requirements Formalization

e (Call to Action



SYSTEMS ENGINEERING AND MODEL BASED DESIGN

Two worlds that need to converge



Modeling & Simulation IN THE V-MODEL is necessary Today
But SE tools and Simulation tools Typically don't Work together

Simulation-in-the-loop along the Design Flow of the Systems Engineering

Verifying against

requirements and
Requirements & Performance Targets identifying the ,best*
‘ ”

solution

Finished Product

Definition of top-level SV
. — stem Integration

requirements y &Validafion
and KPI derivation

Modelling and
simulating potential
solutions

Systematically o, ¢ Component
Building-up space of

potential solutions

Many industries do this all the time, but the tools are not integrated!



MODELICA: THE OPEN STANDARDS SYSTEM LANGUAGE

Modelica® is a non-proprietary, object-oriented, equation based language to conveniently model
complex physical systems containing, e.g., mechanical, electrical, electronic, hydraulic, thermal,
control, electric power or process-oriented subcomponents

* Object oriented modeling language

* Non-causal and equation based

 First principles (mass, energy, momentum balances)
* Supports multi-domain modeling

* Available in more than 10 different tools




FMIIN A NUTSHELL

 Whatis FMI?

= an application programming
interface and its semantics

= an xml schema that describes
the model structure and
capabilities

= the structure of a zip file that
Is used to package the model,

its resources and
documentation.

* > 90 tools support FMlin 10
different categories.

Supported by >90 tools: \

e 0/1-D ODE Simulators

* Multibody Simulators

* HIL Simulators /SIL tool chains

* Scientific computation tools

* Data analysis tools

e Co-simulation backplanes

* Software development tools

* Systems engineering tools

* Process integration and optimization
tools

& y




OSLC = reusing web standards for
tool integration

Based on Web standards linked
data and RESTful Web services

Create specifications for
interactions between tools

Initiated by IBM, now managed by
OASIS

Focus on software-and systems
engineering

Not much traction (yet) with M&S
tools

OPEN SERVICES FOR LIFECYCLE COLLABORATION (OSLC)
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We built an open-source OSLC-to-FMI connector
to link simulation results and parameters to life
cycle tools



AN IDEAL PROCESS TO INTEGRATE
SYSTEMS ENGINEERING
WITH MODEL BASED DESIGN



Semantic Integration

Behavior
Behavior Constraint
Purpose/Context Behavior
Observed
SysML
Requirements Simulation
- IJ The System .'r/
1E E shall. P




Purpose, Context & Anatomy of a Requirement

Interaction

System 1
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Attribute X N
U7 System 2

Attribute Ny
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1D Controller H(s)

o

H(s) = (K, + (K, s)+(K,]s)

Bill Schindel (of ICTT):
“Requirements are Transfer Functions”

0 t<0
d(t) = { undefined, t=10
0, t>0
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Example System
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Example Requirement

(Transfer Function)
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Moment A>, [Hinge AB] transmits Score
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Example Requirement
(Transfer Function)

When subjectto Vacuum Picker Moment A, Hinge AB shall
transmit Score Stiffness Moment AB
in accordance with attribute table: Scorebend K Value Table.

| “When subject to” <Trigger> |Trigger Condition| |, “the/The” <functional role(s)> “shall”
<action> <flow>
“in accordance with” <constraint that references attributes>.

= ! e e — =] DEnarn - E—

??? Machine readable requirements statement ???
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Prospective SE and M&S Integration Strategy
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Prospective SE and M&S Integration Strategy
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*The “Systems Engineering” metamodel is a representation of Bill Schindel’s “Systematica” method.
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EXECUTABLE REQUIREMENTS

Continuous feedback on compliance of requirements



IN-THE-LOOP REQUIREMENTS VERIFICATION

Connect SE to MBD: | Requirements
i Manager

Stakeholder Requirements

Design Requirements

These are low-level and

testable. When possible
also specified in a formal,
open standard language.

The requirements manager
should be able to verify that all
requirements will be tested by

|s.

The report shows a

ca :
summary overview of the Z e aop?
pass/fail results. » are the executable 28

\/ exe ble verifi "sy
can be tes th
< refecks to verify the
‘ﬂrequirements are met.

Result Report

Complete




AUTOMATED REQUIREMENTS VERIFICATION

Connect SE to MBD: II\Q/IeaqnuE:;eeTents Stakeholder Requirements

l Design Requirements
T e R e .

Degree of
Automation?




AUTOMATED REQUIREMENTS VERIFICATION

Systems Engineering centric FMI-based workflow example:
automated requirements verification for hardware and
software requirements

Requirements [ eo— [

|—

COVSEUGIER I ———> [ ] —>

Software spec |:{>[ JI::)

/Automate Analysis \

& Deploy to team!

Executable model of

requirements (e.g. FMU)

Deployable model
of plant (FMU)

Deployable model

of software (FMU)

Model of

Operations ——> [ ] —)

Development of a customized workflow to allow

operations / loads

\_ /

rapid iterations of plant & software configuration



RESEARCH IMPLEMENTATION: REQUIREMENTS IN MODELICA

* Open Source Modelica library, based on 3-valued logic:
Satisfied, , Violated
» Large Library of pre-defined requirement structures
* -> Executable and formal model of requirements, in Modelica language

satisfaction:100.0% e H . .
(x,y) coordinates of input must

~ J\“f'_ | stay within closed polygon
st [ (output: closest distance to

polygon + property)

pressure domain, more than 5s.

The cakin attitude rate of change
D—b— \x should not be out of the cabin




CONTINUOUS INTEGRATION OF REQUIREMENTS
VERIFICATION

Test Automation with Optimica Testing Tools (OTT)



EXECUTABLE REQUIREMENTS FOR DESIGN ENGINEERS

Process Enabled by
Modelica Requirements &

OPTIMICA Test
Automation

1. Design task (e.g. controller with given performance metric)
1. Designer has access to a model with executable requirements monitors
2. Designer validates requirements with each design iteration interactively
3. Designer adds finished models of design and requirements to Continuous Integration

server & trigger for automated re-testing
2. Designer moves to next task and repeats process
3. Observe productivity gain and fewer turn-backs



OPTIMICA TESTING TOOLKIT

» Key features
= Modelica and FMI cross testing & execution platform
» Flexible test authoring, with GUI & scripts
» Simulation-specific automated validation
= Automated test execution and reporting

e Architecture

= Core
» Command line tool for running & automating tests

* Integrated with Jenkins

= GUI
 Tool for creating, updating and running tests
* Reviewing and updating results



OPTIMICA TESTING TOOLKIT GUI
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TRANSFORMING NATURAL LANGUAGE TO A FORMAL
REPRESENTATION

Closing the gaps



MOTIVATION |

Several ways to verify & validate requirements:
» Formal methods: check e.g. consistency of a set of logical requirements

= Simulation: verify that requirements are consistent with physical reality of
system

= Both require formalized and executable requirements



MOTIVATION Il

> Need to ensure that the requirements are consistent in terms of time

Req-88: If Air Ok signal remains low, auto-control mode is
terminated in 3 seconds.

Req-17: When auto-control mode is entered, eventually the
cuff will be inflated.

Req-28: If a valid pressure is unavailable in 18@ seconds,
manual mode should be triggered.

> Proposal:

L4

L4

L4

analyze NL requirements,
detect temporal elements,

formalize them

assess temporal quality and show results using a The REUSE Company’s RQA
Custom-coded metric



Method



Method
Automatic Translation from Natural Language to Formal representation

\L Conceptual
Requirement . ” repregsr:r[:l)’lc—‘ation
Requirements Formalized output

Pattern i
. Transformation
Matching




Method

Formal Analysis or Simulation based verification

Requirements
Pattern Formal

Matching Conceptual Transformation
graph

representation

LTL
) LTL Analysis Tool Analysis

NL
Requirement

MoD’E Ll'cA-

Simulation based
Analysis

Compilation to
FMU (FMI standard)

L]
I' I ll FUNCTIONAL
MOCK-UP
e osmme  INTERFACE

Simulation based
Analysis

ROA
REQUIREMENTS ¢
REMENTS QuaLiTy ANALYZER

Requirements
Quality Analyzer:
RQA

Requirements
Authoring Tool:
RAT



RAT Overview
Create a Metric for LTL consistency: Custom Code in RQA

Requirements Quality Analyzer - O X
Quality Control Workbook configuration Quality Assurance & @
= ]
[ 6 B g i
Worksheets @ 3-Physical Restriction Regs Correctness  Completeness  Consistency Suggestion Prq‘e«_jt ‘% g:i: Attributas
management credentials Detete
Workbook Metrics Suggestions RQS Synchronizer Workbook permissions
Metrics
|dentifier Name + Rationale Weight Enabled Consistency type

10055 Anthmetic operation compliance with SCM metric - Weight Arithmetic operation compliance ...
W 10117 Weight consistency metric 1 Properties consistency metric

Add new metric ¢ | i Properties consistency

Delete metric(s)

&=
Enabled
g8
oo
[=]m]
68

Measurement units consistency for specific property

Edit metric Measurement units consistency
'=°
E]

Overlapping consistency |

Mo. of metrics: 2 Arithmetic operation compliance with SCM

Select all
Custom-code ]

Selected metric ranges Select none

Lowerlimit .« Upper limit Mandatary Quality level Invert selection
High
() Refresh
.[' 1 += False Low
Medium
Low
Mo. of ranges: 2

RMS Repository: Requirements; Project: Bicycdle Reguirements.xls Connected to *CAZ-REP




Example



Shared Resource Arbiter

» SRA 2

e When the flying engine activates, the propeller shall be canceled until the ignition starts
When the aircraft departures, the wheels shall be closed until the electrical power system activates
When ignition starts, electrical power system shall be stopped

Mutex g ( y pp

When electrical power system activates, ignition shall be deactivated

G((flying_engine=1) > X((propeller=0)U(ignition=1)));
G((aircraft=1) > X((wheel=0)U(electrical_power_system=1)));
G((ignition=0) + (electrical_power_system=0));

Example



Example
Shared Resource Arbiter

> SRA 3
When the flying engine activates, the propeller shall be canceled until the ignition starts

Client = When the aircraft launches, the wheels shall be closed until the electrical power system activates
When the navigation system starts, the control mode shall be stopped until the gearshift enables

[ When ignition starts, electrical power system and gearshift shall be stopped
Mutex — When electrical power system activates, ignition and gearshift shall be deactivated
( y 8 g

L When gearshift begins, ignition and electrical power system shall be terminated

G((flying_engine=1) > X((propeller=0)U(ignition=1)));
G((aircraft=1) > X((wheel=0)U(electrical_power_system=1)));
G((navigation_system=1) - X((auto_control_mode=0)U(gearshift=1)));

G(((electrical_power_system=0) * (gearshift=0)) +
((ignition=0) * (gearshift=0)) +
((ignition=0) * (electrical_power_system=0)));



Ontology Building



Ontology Building
Pattern matching and Formalization

When the flying engine activates, the propeller shall be canceled until the ignition starts

/ / «Start» «Start» «Start»

{ \ ﬁ ( h —-
«Time» «System» «System» l «System» I
VERB VERB . VERB
\ J y \ Shall VERB Until
or or [ NOUN ] or

ADVERB NOUN — NOUN —_——
<<St0p>> <<St0p>> <<St0p>>
-~/ - J
VERB VERB VERB
«Stop» tribute Value
g ReqType Client
Flying Engine Propeller Ignition Flying Engine Activated

\/ \ ‘\ Propeller Deactivated
Activated

eniti
G((flying_engine=1) > X((propeller=e)U(ignition=1))); —o

|

\

|

|




RAT overview



RAT Overview

Plug-in for IBM rational DOORS

LE_.\E] 'SOW Statement of Work' current 0.2 in /SS5 Document ISO 29148 (Formal module) - DOORS — O X
File Edit View Insert Link Analysis Table Tools Discussions Authoring user Change Management Help
HeF [ & | FadfFen [esagsig
View | Standard view v | Allevels  ~ £ &£ 4 d3c7 £ FH T ¥ A% 4]
(=) SOW Statement of Work D l A
- 0. ement of Work F .
t [1’ SSéEPE of Work Fomat. (S 1  0.Statement of Work Format. (SOW)
4 2 APPLICABLE DOCUMENTS 2 |i» General.
+-3 REQUIREMENTS 3 0.1 SCOPE
4 #Include here a statement about what this SOW covers. If applicable, provide some background information that will be helpful to
clarify the needs of the procurement.
5 0.1.1 Background
113 | Do not discuss any work tasks in section 1
6 0.2 APPLICABLE DOCUMENTS
7 HList here all documents invoked in the requirements section of the SOW by document identifier and title. These documents may
include Standards, Specifications and other referenced documents needed to identify and clarify the work task or deliverable product
Any document listed in the section must be invoked and tailored to meet the minimal needs of the planned procurement in the
requirements section.
8 0.2.1 SPECIFICATIONS
9  0.2.2 Standards.
MIL-STD-499, ML -STD-498, MIL-STD-9610, MIL-STD-15218, others as necessary, elc.
10  0.2.3 Other documents.
11 | 0.2.4 Availability of documents
12 0.3 REQUIREMENTS
112 0.3.1 General
13 0.3.2 Detail the require tasks.
111 ' 0.3.3 Program Management
« J
15 [ The following provides an engineering example:
16 | 1 SCOPF v
lUsemame: Administrator Exclusive edit mode




Allows Requirements Authoring

<

+-2 APPLICABLE DOCUMENTS

+- 3 REQUIREMENTS

requirements section.

La_\;], 'SOW Statement of Work” current 0.2 in /SSS Document ISO 29148 (Formal module) - DOORS — O
File Edit View Insert Link Analysis Table Tools Discussions Authoring user Change Management Help
& [F = =X Insert > |6
View | Standard view Edit < E 7 AL
- SOW Statement of Work Reload ontology
=I- 0. Statement of Work |
L. Generl. Change RQS Server connection parameters L. (Sow)
+)-0.1 SCOPE Select Authoring License
--0.2 APPLICABLE | Test Li
¢ L. Listhere all do = what this SOW covers. If applicable, provide some background information that will be helpful to
+-0.2.1 SPECIFI Assess quality Inline nent.
-+ 0.22 Standarc Change Language >
i 0.2.3 Other do i section 1
- .0.24 Availabilr Configure authoring shortcuts
+-03R IREME} Al
i 1+Sé}03PEEQU ENME R n the requirements section of the SOW by document identifier and title. These documents may

include Standards, Specifications and other referenced documents needed to identify and clarify the work task or deliverable product
Any document listed in the section must be invoked and tailored to meet the minimal needs of the planned procurement in the

8 0.2.1 SPECIFICATIONS
9  0.2.2 Standards.

10 = 0.2.3 Other documents.
11 | 0.2.4 Availability of documents
12 0.3 REQUIREMENTS
112 | 0.3.1 General
13 | 0.3.2 Detail the require tasks.

111 0.3.3 Program Management
« J

16 = 1 SCOPF

> <

Usemame: Administrator

Exclusive edit mode

MIL-STD-499, MIL-STD-498, MIL-STD-9610, MIL-STD-15218, athers as necessary, efc.

15 EThe following provides an engineering example:

RAT Overview




RAT Plug-in running on top of DOORS

E;] 'SOW Statement of Work” current 0.2 in /SS5 Document ISO 29148 (Formal module) - DOORS —
File Edit Viel Requirements Autharing Tool - o IEN
H @ ‘j File View
. Authoring with pattern 'Stakeheolder Functional Requirement’ i} Correctness metrics summary:
View Standard N B
_ : - " : : ¥ Metric Value
= SOW Statem 01 - System Functienality Stakeholder Functional Requirement
=- 0. Staten v > P —_ — - _
P L Genl 4 @D & B I U A AE=EEE tE OE:x ¥ Corpound terms 1
019 The following checklist items apply to the development and documentation of safety critical computing system ¥ R14 - Incorrect spelling 1
.02 A specifications, including CLDs. These items are provided to ensure the comprehensiveness of these w/ RZ - Passive voice 1
L specifications. MNot all items are appropriate to all designs. ¥ R20 - Combinators 1
{ | ¥ R24 - Enumeration 1
a ¥ R35 - Universals 2
( - w" R4 - Defined verbs 5
[ | Matching patterns elements: = ¥ R44 - Synonyms 1
i gp ) ynony!
: +-03R manager Weight | Pattern name ¥ R45 - Acronyms 2
-1 SCOPE ¥ RS- Imprecise quantifiers 1
1:' 2 APPLI ' w Shall occurrences (1}
+-3 REQUI ) ¥ Specific terms 1~
Suggest manual assessment Ready
Other quality elements:
Links Lessons learned Quality forums Requirernent original data Formal representation Indexing information
Correctness Consistency Completeness Terminclogy coverage Cwverlapping requirements Additional attributes
Metric Correctness  Value Surmmary 4 Ambiguous sentences -
- ® Al
¥ Compound terms 1 Use any part term in the PBS instead of the compound... APPROPRIATE
¥ R14- Incorrect spelling 1 Avoid misspelling 4 Compound terms
¥ R2 - Passive voice 1 Avoid passive voice in your requirements SYSTEM
¥~ R20 - Combinators 1 Aveoid coordinators : Connectors
| .
¥ R24 - Enumeration 1 Aveoid enumeration :_Iefatlwe sentenceTl.
4 - ct
¥ R35 - Universals 2 Avoid universals suh as ‘all', 'both' or 'any’ CL;;OHE speling
* 4 RZ - Passive voice
L 4
L 4 : Save and close - m
Usemame: Adminig -

O pd
e helpful to
nents may
verable product
ant in the
>

RAT Overview



RAT Plug-in running on top of DOORS

Requirement

_?_;] 'SOW Statement of Work” current 0.2 in /S55 Document ISO 29148 (Formal module) - DOORS / k g
File Edit Viel Requirements Authoring TO{V - B
H é j File View
Vi Standard Authoring with pattern 'Stakeheolder Functional Requirement’ i} Correctness metrics summary:
lew  Standa - -
= SOW Statem 01 - Systern Functionality “ | Stakeholder Functional Regdfirernent - Metric Value
s osaenll | . . S o © Ambiguoussentences 2
L L. Gen 4 @D & B I U A AE=EEE tE OE: ¥ Corpound terms 1
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Metric Correctness  Value Surmmary 4 Ambiguous sentences
By
¥ Compound terms 1 Use any part term in the PBS instead of the compound... APPROPRIATE
¥ R14- Incorrect spelling 1 Avoid misspelling “ Compound terms
¥ R2 - Passive voice 1 Avoid passive voice in your requirements SYSTEM
¥~ R20 - Combinators 1 Aveoid coordinators : Conne.ctc-rs
¥ R24 - Enumeration 1 Aveoid enumeration I :_Iefatlwe sentenceTl.
4 - ct
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RAT Plug-in running on top of DOORS
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The following checklist items apply to the development and documentation of safety critical co
specifications, including CLDs. These items are provided to ensure the comprehensiveness of these
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WHERE DOES THIS LEAVE US OVER ALL?

» We have a vision of an integrated process and tool landscape to bring together
Systems Engineering and Model Based Design
» A few good things can be done today:

» The RAT allows to write high quality requirements, integrated into requirements
management

» We can use Modelica to make requirements executable

> We can give the requirements to design engineers and enable automated
requirements verification with Optimica Testing Tools

> We can transform natural language requirements to a formal representation for
formal or simulation based verification

» There are still many missing links to fill the gaps'!



CALL TO ACTION

* We are looking for other systems engineering users that support
the same vision

* We are looking for more tool vendors on the systems engineering
and modeling and simulation side that share our vision

» We strongly believe in open standards to connect SE & MBD

« Let's work together to make this a reality:
We need better tool integration to enable engineers to design
complex systems!



