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What is CRML?

The Common Requirement Modelling Language
Language for Verifying Realistic Dynamic Requirements

Started at « ~epFaround 2006
Further developed during the ITEA3 @MBMC@project



Ambition: Effective Engineering of Large CPS

Scope: Cyber-Physical Systems (CPS), especially energy systems
Characteristics

 CPS Projects have often strong social and environmental impacts
« They are long lasting projects involving numerous stakeholders
« They should obey to multiple even conflicting requirements

« Project performance is a key as large over costs may be induced quickly due to financial
charges (discount rate)

4[ Challenges ]

« How to focus on conceiving systems more sustainable, trusty and resilient?
» How to solve over-constrained problems? How to coordinate stakeholders efficiently?

« How to specify the right need without going into realization details?
How to reconcile innovation with what already exists?

« How to propagate changes in assumptions all over the system design cycle?

» How to evaluate design alternatives efficiently?

« How to perform failure modes, effects, and criticality analysis (FMECA) all along design lifecycle?
« How to justify and document design choices for future generations?
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Examples of Challenges - Related to Energy Systems

Interconnected systems with stringent physical constraints to ensure grid balancing

Long system lifecycles: new solutions built on existing ones (they are not created from scratch)
Compliance with strict safety and environmental rules

Compliance with dependability and availability constraints (to ensure security of energy supply)

Involvement of multiple stakeholders: clients, regulatory authorities, grid operators, energy
providers, insurers, urban and land-use planning, plant operators..., with different and possibly
contradictory objectives

Moving context with increasing uncertainties (due to geopolitical tensions, energy market
instabilities, climate change, lack of energy policy coordination between countries, evolution of
demand wrt. new usages...)

4 Energy systems are globally over constrained. )
New generation of methods & tools are needed to help engineers
find the best compromise for covering multiple “what-if’ operational
\ situations (incl. variabilities and hazards) )
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What Should Be Improved in CPS Engineering?

Today

system evaluation is performed
mostly with static models

(or dynamics are considered too late)

most verifications are performed manually
(or with domain-specific tools)
and hence not as often as necessary

information is difficult to share
between disciplinary engineering teams

There is a need for more rigorous engineering method to
Be more effective assessing the impact of each solution

all along the system lifecycle
including during preliminary design phases

- guide and justify design choices also for non-experts
Open the solution space to innovative products or services

- specify only “what is needed”

=» oversizing, late error detections,
and eventually delays and cost overruns

Thematic

Multi-physis saemuiotion
PhysicsJ&C procedures smulotion
Prodobiistic Sofety Anclyses
Rezdence Anclyses, FMECA
Safety justification

Security Justificotion

Human foctor onalyses
Construction planming

Cost estimations
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CRML - A Part of the Solution

Idea =

Use of realistic dynamic behavioral models Use of formal dynamic requirement models

to better handle multi-physics to automate verifications and evaluate multiple
& systems’ interactions 2 e.g. Modelica + “what-if” scenarios > CRML

'\

Rationale
- Consideration of “System Dynamics” as time may be part of new solutions to
cover non-regular situations and hence source of cost reductions
- Formal verifications since for many CPS demonstration that the system operates
\_ safely is as important as the design itself y

Scope of ITEA EMBrACE Project
“An enabler for making the best decisions at each step of the project cycle”
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CRML: A Language for Verifying Realistic Dynamic Requirements

Why a new language?

Main principles from « System Engineering »

Tools exists but are incomplete or essentially made
for software design

Native difficulty to address requirements that are

« realistic » for systems with strong physical aspects
In particular to study their dynamical interactions with
their environments

. Behavioral models
Modelchecking languages

(LTL, CTL, UML ..}

Semi-Formal
architectures / 4
(SysML/Capella...) /
LY 4

Disciplinary
tools

CRML positioning vs. State-of-the-Art :
a bridge between the physical & the functional views

N —

(Modelica, 3D CAD, CFD, 3 *

x2

Which operating
action should be
. performed?

A typical realistic
dynamical requirement

is multiple and stochastic « @

The system should stay within its normal operating domain.

If partial requirement 1 above fails, then the system should go back to its
normal operating domain within a given time delay.

If partial requirement 2 above fails, or if partial requirement 1 fails with a too
high failure rate, then the system should go to a safe backup state within a
given time delay.

The complete requirement made of the conjunction of partial requirements 1,
2 and 3 should be satisfied with a given probability (e.g., > 99.99%).

... and a typical project quickly sees its
complexity increase with the number of
requirements/stakeholders and evolution
over time
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CRML: a Long-Lasting History

« EUROSYSLIB project: start reflections on how to specify systems without describing their detailed
behavior = need for a formal specification language
=» investigation of the state-of-the-art.

» OPENPROD project: proposition of a link between SysML and Modelica
=>» ModelicaML prototype developed by Airbus and tested by EDF.

* MODRIO project: proposition by EDF of a new language called FORM-L (Formal Requirement Modelling
Language)
« Specification written by EDF (Thuy Nguyen)
« Blocks as functions in Modelica

» Development of two Modelica libraries for the formal capture of requirements:
Modelica_Requirement (DLR) and ReqSysPro (EDF).

» Development of a FORM-L compiler (Inria and Sciworks Technology) on an EDF contract.

« EMBRACE project: proposition of CRML as the formal specification of FORM-L.
« Specification written by EDF (Daniel Bouskela).
» CRML compiler developed by University of Linkoping.

BASEECS 2025 - ITEAS project, FPP phase . .
Behavioral Analysis and Simulation for Environmentally and Economically-sustainable
Co-Engineered Systems
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How To Express a CRML Requirement?

R = [Where or Which] [When] [What] + (optional) [How well]

for all’ pump ‘in’ system.pumps 'during’ system.inOperation ‘check count’ (pump.isStarted ‘becomes true’) ‘<=' 3;
‘during’ systemOperatinglife ‘check at end’ (estimator Probability (noStart at inOperation ‘becomes false’)) ‘>’ 0.99;

Combination of 4 items
Spatial locators
Time locators
Condition to be checked
(optionally) Performance indicator

Value at instant t is a Boolean4
which can be :

true, false, undefined

or undecided

CRML

Types
Classes

Booleans Reals

Events -tla-lrrizzs Integers
P Strings

Sets
Probabilities

Objects Clocks

Requirements

CRML function libraries

ETL FORM-L

Evaluation of requirements Functions to express requirements

CRML Specification v1.1 (EMBrACE D2.1, Daniel Bouskela)
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How to Use CRML for Verifications?

Requirement models

to capture all constraints on - ~
the system and define N earere
envelopes of acceptable Natural language
behaviors

Behavioral models
to capture the behavior
of design solutions

CRML to Modelica compiler

Assumptions

Behavioral Bindings ETL/Modelica

Verification models i
to automate tests

by using requirement
models as observers

to check whether design
solutions meet S—— ] W ——

Test sequences Executable code

results

requirements
or not.
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How To Evaluate a CRML Requirement?

Case 1: Requirement R3 is declared as « violated »
as soon as condition ¢ becomes false

Requirement capture in CRML

Class Pump is {

Boolean isStarted is external};
Class System is {

Pump{} pumps is external;

Boolean inOperation is external};
System system;

Requirement R3 is {
‘for all’ pump ‘in’ system.pumps
‘during’ system.inOperation
‘check count’ (pump.isStarted
‘=" 3;

};

‘becomes true’)

.

} false
. ' undecided
Requirement defined
value ———
! false
undecided |
a(¢,P) x o

true

false
a(d),P) = d)\/PJr

true

¢ = (count(y,P)<3) false

5
4y
3 =
2 [ Eventshoump.isStarted
1 vents pump.isStarte
— s |
count(y,P) ; 2 4/7
A } P A A [ A } A
) ‘ T =) T w

5

=

i i (WD D2 (v (yD*
tﬁme perfod ya )LV v
system.inOperation

Requirement evaluation

>

(v 18 (y 1)’
Pl

external keyword is used to retrieve values in solution models

: : ) . via observation of system behavioral dynamics
Operators in ¢’ are defined by user to improve readability Y Y
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How To Evaluate a CRML Requirement?

Case 2: Requirement R5 is declared as
« undecided » until time period is completed

Requirement capture in CRML

Class Pump is {

Boolean isStarted is external};
Class System is {

Pump{} pumps is external;

Boolean inOperation is external};
System system;

Requirement R5 is {
‘for all’ pump ‘in’ system.pumps
‘during’ system.inOperation
‘check count’ (pump.isStarted
‘="' 5;

};

‘becomes true’)

.

Requirement ; true
value | undecided ’—
undefined !
dOP=[aldp)xd |
true
undecided 1 T
a(d,P) xd |
| true
false ! ‘
a(d,P) == dvPl ‘

true

¢ = (count(y,P)<5)

5

4 |

Dec |0Rq\4/g[14t“u“w“

3
2
1 Evends pump.isStarted
count(y,P) | 2
W A 3 P A A A A /'277
\|] T T T >
e 2 3 )4 5 )6 7
Time period /(w P)T (D2 (v (yD (v 1) (v Pl(\v )

system.inOperation

Requirement evaluation
via observation of system behavioral dynamics
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How to Use CRML As a Decision Tool?

S . System of Interest . 4
\ f C2 ' f{ Interacting | refine my assumptions on the environment/interface
N°0 I inherit m .
) C1 KPI C_] -\ System sysem missn Model to support complexity
L y . level » system HEH
L . and/ = Scope of responsibility of stakeholders
* | renegotiate the contract or e e . . .
=  Multiplicity of constraints and operating
_ _ , , scenarios
R is During operational scenario N°1 ) ) )
C1 dynamic variable V(t) | change system design and/ =  Dynamics of interactions between
should satisfy condition C(t) meﬁg"nmy or systems, human and environment
system
oty 2 Center development on the
[ \ RS requirements
4 N . .
Interfaces model / =  Evaluate the impact of each solution
Environment model e & e on your overall ambition
\ y . something . .
3 Requirement R =  Design only for the « right » need
- N model is satisfied? " ) o
_ 1o *  Adapt the studies to « what is just
Solution model ?VEETEE’% needed »
O g J = Allalong the project
and/ along the projec
‘ or =  And according to the data
available at instant T
On-site M
Data ))) | change system operation
\0 , IQT:-4
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How to Use CRML As a Decision Tool?

S System of Interest 4
* *
4 . . . . .
\ C2 ' f{ Interacting | refine my assumptions on the environment/interface
N°0 linherit
L) C1 KP' - SyStem systenlwnm(iesnsigqnys ' ™y
C from the « top- i R
/ L y .- l \ level » system an d / List of Informal Assumptions,
. . - . Requirements and Test Scenarios
| renegotiate the contract or \ /
| formalize tha‘n & specify
the \Me’?yce;:‘n;’r“aasw\h p Yy . r ‘
R is During operational scenario N°1 Architecture Model of
C1 dynamic variable V(t) | change system design and/ > U Systems  feeseessseeesenens )
should satisfy condition C(t) | detlga my or 2 Environment (SysML) :
system s \, J :
= - "
s :
O ¥
g ™)
N°3
. N System )
| ver\lnf’)l/t .T)rl]itsiglstem & Re qur ement Sﬁats I;’: ?Olg '.Ilfl: |r11r|‘:-10 cle_l
/ \ requirements Model (CRML) (Modelica, SyshiL, ...}
7 N\ . I N .
Interfaces model / o l
Environment model Ihave o inprove p L L J .
\ J Requiremen R something
t equirement . . Verification Model
- N model is satisfied? " (model composition via bindings)
Isend . o
Solution model oy Gomporent
providers L
L J ' N
\ / and/ Design V5. Requirements Test Repori
(simulation of the verification model for the different test scenarios)
L or L )

On-site ., Corresponding modellin
Data ))) | change system operation p . g 8
a . architecture
=0
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CRML Tooling
The CRML Compiler

CRML Integration
OMEdit & VSCode & Online
Status

Future work
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CRML Toolin

The CRML compiler
https://github.com/lenaRB/crml-compiler/
Implemented in Java
Translates CRML to Modelica
Integrates with Unit testing and Reporting

Ongoing work
Support the full CRML specification
Graphical notation for CRML and support in OpenModelica GUI
Continue to improve the integration with OpenModelica GUI

17


https://github.com/lenaRB/crml-compiler/

CRML - OMEdit Integration

CRML menus in OMEdit activated by
Tools->Options->General->Enable CRML support

Generate and load Modelica code (also via the Library/File
browser, right click)

Call the CRML compiler on the opened CRML file, generate Modelica
code, load it into OMEdit, give errors if the code cannot be loaded

Dialog for CRML configuration before compilation
Set the name of the generated Modelica file, the package name, etc

Future
annotation in the CRML file where one can provide a configuration
Modelica annotation in the generated Modelica file
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CRML - OMEdit Integration

Run test suite
Select a directory with CRML files
Call the CRML tool to generate the html report
Load and display the html test report
A CRML test will go through these phases

Parsing

Translation

Verification model generation
Execution

Result Verification
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CRML - OMEdit Integration

[ Open CRML Model(s)
Open Directory

) OMEdit - OpenModelica Connection Editor (=13
File Edit View SSP Simulation Data Reconciliation CRML Sensitivity Optimization Debug Tools Help

B 0 @ 6 X

£

@.@ A BooleanAccumulation.mo X o BooleanAccumulation.crml X

Load directories e =a7

~ B9 BooleanAccumulation

BooleanAccimi

B | writable | jhome/adrpo33/crml-compiler/src/test/resourcesft d pec-doc Accumulation.crml

BooleanAccumulation.mo 1 [nodel BooleanAcgumulatmn is {
Boolean bl is external;

° °
| BooleanAccumulation.mos. Boolean b2 is external;
BooleanAccumulation_external.txt Boolean b_accumulation is bl + b2;
| BooleanAccumulation_externals.mo };

BooleanAccumulation_verif.mo

4 [El CRMLtoModelica

Syn tax High lig htin g iy L

. BooleanAccumulation.crml o BooleanAccumulation.mo SEE

4

| BooleanAccumulation_no_ext.crm| |E ‘Wrilable |mume,'adrpoBBIcnnI-compilerfbuild,u-w i d/spec-doc-examples/Bools C ion/BooleanAccumulation.mo
BooleanAtEvent.crml 1 model BooleanAccumulation
BooleanAtEvent_no_ext.crml CRMLtoModelica.Types.Booleand bl;

CRMLtoModelica.Types.Booleand b2;
CRMLtoModelica.Types.Boolean4 b_accumulation = CRMLtoModelica.Functions.add4(b2, bl);
end BooleanAccumulation;

BooleanConjunction.crml
BooleanConjunction_no_ext.crml
BooleanConjunctionWithEvent.crml

BooleanConjunctionWithEvent_no_ext.crml

BooleanConstructors.crml ‘ .
BooleanConstructors_no_ext.crml Messages o®
BooleanDisjunction.crml All | Notifications =~ Wamings ~ Errors

BooleanDisjunction_no_ext.crml
BooleanDisjunctionWithEvent.crm|
BooleanDisjunctionWithEvent_no_ext.crml
BooleanDuration.crml
BooleanDuration_no_ext.crml
BooleanEquality.crml

BooleanEquality_no_ext.crml

Ln: 6, Col: 0 QL Welcome o4 Modeling =2 Plotting =~ @ Debugging
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Generate and Simulate Modelica code

™ OMEdit - OpenModelica Connection Editor =1
File Edit View SSP Simulation Data Reconciliation CRML Sensitivity Optimization Debug Tools Help

F-eBE B 066 X 985 XPl-|® ad &%

IJ_brarles . ._@ [x Plot - 1 X \n_’anables. ~
[Filter Classes T2 42 @ [Filter Variables |92
LEv LT : - ¥ -
iy OpenModelica l-x-l 2%, |Grid ) s e /e = = Simulation Time Unit s v

, |~ P BooleanAccumulation )
L —— b_accumulation b2 — bl

BooleanAccumulation.mo 4 “ ’ II Time:|:| Speed:|1 |~

BooleanAccumulation.mos

BooleanAccumulation_external.txt ] Variables ~ Value Display Uni Description
BooleanAccumulation_externals.mo i M @ I:Abctw..._venf
. V| b1 4
BoaleanAccumulation_verif.mo 35 - v b2 3
» IE CRMLtoModelica ] b_accumulation 4
» P9 spec-doc-examples - » externals
- CRML 1
3 —

: » 0 UsersGuide i
¥ - Timelocators
» < Requirements i
» =2 Blocks 2.5 1
4 ETL

» b Examples 1

| v b Tests 2
——Ttr]7]—
i » 777 Modelica 0 2 4 [ 8 10 12 14
k Complex time (s)
» ModelicaServices Messages B
m BooleanAccumulation All | MNotifications = Warnings =~ Ermors | BooleanAccumulation_verif X

» |P] crmL_test :

CRML test.Spec_doc.Boole...anAccumulation_externals

© CRML_test.Spec_doc.Bo...eanAccumulation_verif Compilation | Output

The initialization finished successfully without homotopy method. -
b #E STATISTICS ###
The simulation finished successfully.

100% ' %% | | Open output File

1 2

i Ln: 3, Col: 11 €€ welcome = o Modeling | 5 Plotting & Debugging
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CRML - OMEdit Integration

Run CRML Testsuite

| OMEdit - OpenModelica Connection Editor (=1 R Mail i 3 Mine [ Work

File Edit View SSP Simulation Data Reconciliation Sensitivity Optimization Debug Tools Help ) a
[ ‘ Run CRML Testsuite
J. T - @ Os ®\ N s

Test Summary

. &Y Test results

¢« > O

|Ijbrarij.ls EDET @ ars.crml X off CategoryAssociationExamplel.crml X | o Categoryassociation.crml X | & BooleanOperatorsExamplel.crml X
Filter Classes p
i |E |Writab|e |fh[:mejadrp[:33jcrml-(umpiIerfsr(}test{resour(esftestl\dodelsfspec—doc—exampIes,"BouIeanOperatorsExamplel.(rrnl o
raries ~
BooleanEquality.crml 1 model BooleanOperatorsExamplel is { 336 168 0 8m38.96s 500/
. - - - (1]
BooleanEqua...no_ext.crml 2 // Verify that bl is equal to b2 when y becomes positive. tast fail . d diifati
: ...No_ext. 3 Boolean bl is true; esls aillures ignore! uration successful
BooleanFilter.crml 4 Boolean b2 is true;
BooleanFilter_no_ext.crml 5 Real y is sin time;
BooleanlfThenElse.crml 6 Clock c is new Clock (y > 0);
BooleantfTh.. no ext.crml 7 Boolean b outl is (bl == b2) at c;
oS Boolean b_out2 is (bl at c) == (b2 at c); // b_outl is equivalent to b out2 Failed tests Packages Classes

Booleanintegration.crml| }i
Booleaninte...no_ext.crml
BooleanNegation.crml SRl e e =

BooleanNega...no_ext.crml EibioologollNaliolliieols. | B

ETLTests$SimulationTests. [18] Varyingl_no_ext.crml

o ETLTests$SimulationTests. [19] Varying2_no_ext.crml
CategoryAssociation.crml|
ETLTests$TranslationTests. [18] Varying1_no_ext.crml

CategoryAss...amplel.crml
ETLTests$TranslationTests. [19] Varying2_no_ext.crml

CategoryConstructors.crml

ClockBounde...ection.crml Messages Browser (&l e S—— .

: P ‘ SpecificationTests$TranslationTests. [101] RealAtEvent.crml
ClockConjun...dEvent.crml All | Notifications = Warnings  Errors e .

) . ) . SpecificationTests$ TranslationTests. [10] BooleanConstructors_no_ext.crml
ClockConjun...Clocks.crml [1] 13:20:40 Scripting Notification S 3 P

Automatically loaded package Complex 4.0.0 due to uses annotation fram Modelica. SpecificationTests$ TranslationTests. [111] RealExponentiation.crml
ClockConstructors.crml —— .
ClockConstr..no oxt.crml [2] 13:20:40 Scripting Notification SpecificationTests$ TranslationTests. [118] RealOperatorsExample1.crml
- Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica. SpecificationTests$ TranslationTests. [125] SetCard.crml

ClockCurrentTick.crml

ClockCurren...no_ext.crml

ClockDelay.crml

ClockDisjun...dEvent.crml

Run the CRML Testsuite and display report L welcome | o4 Modeling | &5 Plotting = @ Debugging SpecificationTests$ TranslationTests. [12] BooleanDisjunctionWithEvent.crml
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CRML - OMEdit Integration

Editor Settings

sleanEquality.crml ‘ 1 model BooleanOperatorskExamplel is {
S — 2 // Verify that bl is equal to b2 when y becomes positive.
OMEdit - Options [x]
alean
dleanl | [7] General Colors

dleanl &= Libraries
— Items: Item Color:

slean! Text Editor
=| = | pick Color
dlean E Modelica Editor Number
) _ Keyword
Jlean E MetaModelica Editor Type

bEM — CRML Editor Quotes

— : Comment h
dlean E CompositeModel Editor

m Preview:
0 SSP Edit -

E er model HelloWorld is {
-egon E C/C++ Editor };

egon | ] HTML Editor
‘egon a;i Graphical Views
ckBol 6 Simulation
ckCol C? Messages
ckCol o Notifications
ckCol . Line Style
ckCol | &7 Fill Style
ckCul Plotting
ckcul | B8 Figaro

CRML
g Debugger
EMI ey
22| oMTLMSImulator

92| oMsimulator/ssp

* Traceability

* The changes will take effect after restart. oK Reset Cancel



CRML - OMEdit Integration

Tool Settings ~° &

E General CRML
gfj Libraries
) CRML Compiler Jar: |crm|-compi|er—all,jar | Browse...
E Text Editor
E Modelica Editor CRML Compiler Arguments: | |
I MetaModelica Editor CRML Processor: liava Browse... Reset
E CRML Editor CRML Library Paths:
E CompositeModel Editor |/homefadrpo33/crml-compiler/resources/modelica_libraries
E SSP Editor [ Add Path Remove Path
E C/C++ Editor fhomefadrpo33/crml-compilerfresources/modelica_libraries

T
_|
=
l_
m
[=N
=
[=]

5

#‘i Graphical Views

2

Simulation
@ Messages

Notifications
%, Line Style
%7 Fill style
ﬁ Plotting
B Figaro

E, Debugger

[ RS

lass EIE OMTLMSimulator
Bl 2 ovsimuiator/sse

s Traceabhility
arning

* The changes will take effect after restart. oK Reset Cancel




CRML - VSCode integration

Basic VSCode extension for CRML

/ / github.com/lenaRB/crml-vscod

t I ° I l ° I t ° ) File Edit Selection View Go Run - « £ crml-compiler Do @mon - o >
Sy I aX ] g ] g ] l I g @ EXPLORER = BooleanAccumulation_no_ext.crml X = Boole \tEvent.( M
v OPEN EDITORS src > test > resources > testMo 5 > spec-doc-examples > = BooleanAccumulation_no_ext.crm
X = BooleanAccumulation_no_ext.crml src\test\reso... 1 BooleanAccumulation_no_ext is {
= BooleanAtEvent.crml test\r test = b_true is Hes
b_false is z
Vv CRML-COMPILER X
S b_undecided 2
Vv src N
b_undefined is ned;
V test
V resources
Vv testModels b_true_accumulates_true is b_true + b_true;
> libraries b_true_accumulates_false is b_true + b_false;
b_true_accumulates_undecided is b_true + b_undecided;
v spec-doc-examples = = = K = = X
b_true_accumulates_undefined b_true + b_undefined;
> to_be_added_to_spec
= BooleanAccumulation_no_ext.crml b_false_accumulates_true is b_false + b_true;
£ BooleanAccumulation.crml b_false_accumulates_false is b_false + b_false;
= BooleanAtEvent_no_ext.crml b_false_accumulates_undecided is b_false + b_undecided;
BooleanAtEvent.crml b_false_accumulates_undefined is b_false + b_undefined;
BooleanConjunction_no_ext.crml g
= BooleanConiunct | b_undecided_accumulates_true is b_undecided + b_true;
= booleanConjunction.crm
_ ! ) ) b_undecided_accumulates_false is b_undecided + b_false;
= BooleanConjunctionWithEvent_no_ext.crml b_undecided_accumulates_undecided is b_undecided + b_undecided;
= BooleanConjunctionWithEvent.crml b_undecided_accumulates_undefined b_undecided + b_undefined;
= BooleanConstructors_no_ext.crml
= BooleanConstructors.crml b_undefined_accumulates_true is b_undefined + b_true;
= BooleanDisjunction_no_ext.crml ‘ - . o " ‘ - . T
" ) BLEMS (82 3: ) TERMINAL BJpwsh +~ @ W - ~ X
= BooleanDisjunction.crml
£ BooleanDisjunctionWithEvent_no_ext.crml PS C:\home\adrpo33\dev\crml-compiler>
£ BooleanDisjunctionWithEvent.crml
= BooleanDuration_no_ext.crml
= BooleanDuration.crml
£ BooleanEquality_no_ext.crml
= BooleanEquality.crml
= RanlaanCilbar na Av Femal
> OUTLINE
> TIMELINE

> JAVA PROJECTS
X gy main* < ® 57 A3 @ 2 Wo plava Ready Ln1,Col1 TabSize:2 UTF-8 LF crml {:'3 Spell G


https://github.com/lenaRB/crml-vscode

CRML - Online

RML and OpenModelica tutorial available online
https://tutorial.opennmodelica.org/
No install needed ] =
Contact Us fOr USEr [fo . coronr oo —

File Edit View SSP Simulation Data Reconciliation Sensitivity Optimization Debug Tools Help

U j EXF F = typical_requirement.crmi >

adCCessS o> = oo

Libraries

» [E] OpenModelica

inNormalDomaings Modeli...rvices

i
; Complex

Recent Files | Latest News & Events

» 7% Modelica

»

Clear Recent Files Reload www.openmodelica.org

Create New Modelica Class Open Model/Library File(s) System Libraries - Install Librg)

‘
Messages Browser

All | Notifications =~ Wamings  Errors
Package Installed successtully (SHA /40056er1D4a89463408ba/Utc4eadabs3ab2yet).

[9] 22:18:19 Scripting Notification
[/data/.openmodelica/libraries/index.json: 0:0-0:0]: Downloaded package index from URL https://
libraries.openmodelica.org/index/v1/index.json.

[10] 22:18:19 Scripting Notification
Automatically loaded package Complex 4.0.0 due to uses annotation from Modelica.

[11] 22:18:19 Scripting Notification
Automatically loaded package ModelicaServices 4.0.0 due to uses annotation from Modelica.
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https://tutorial.opennmodelica.org/

Status (1)

CRML integration is now part of OpenModelica v1.25
Available as nightly-build
Will be released as final version soon

We continue the CRML compiler development

To support as much as possible from the CRML specification

Work ongoing on support of ETL and FORML libraries, Probabilistic
aspects, hierarchical modeling
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Status (I1)

Visual Graphical support for CRML

Starting point is the KTH Master Thesis from Baptiste Mazurie

Support for UML-style (inheritance) class diagrams for CRML classes,
attributes and inheritance

Support for UML-style internal structure diagrams for CRML class
composition and behavior

Graphical method for the

Su p po rt fo 1 nsta nce d | ag rams creation of the requirements
model
Inheritance diagram
[ )
Attributes and Set of the parameters from - (Instance dagrams ) )
2 different requirements

s

views
) Instantiation of
s ™ the
Internal structure diagram
components

Internal design < Compliant with =

.

Diagrams for the system D Diagrams for the CRML
architecture CRML library instantiation



https://kth.diva-portal.org/smash/get/diva2:1742865/FULLTEXT01.pdf

Future work
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Future Work

Near Future
Design and implement the CRML graphical support
Present CRML to Modelica Association as a new standard

Future
How to group together several requirements into a project
How to handle debugging (CRML <- Modelica <- C code)
Evaluate traceability from CRML to simulation results

Integration with dashboards to support dynamic requirement
monitoring
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Thank You!
Questions?

The CRML Project
https://crml-standard.org/

The OpenModelica Project
https://www.OpenModelica.org
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