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Outline

e Background on MBSD and SysML

e Proposed approach on MBSD

e Athens Metro case study and demo

e Remote Patient Monitoring case study and demo
e Discussion
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The concept of SoS
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SoS Design is complicated
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e Different stakeholders
have a different
concern to explore
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SoS Design is complicated
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e Different stakeholders
have a different concern
to explore

e Different tools and
methodologies should be
integrated

e The System Engineer
gets a headache

e Becomes to complex to
be effectively performed
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Model-Based Systems Design (MBSD)

A single model throughout the whole - 00S
process Sm%?ion
Diverse pieces of information

(requirements and specifications) are
combined as distinct views

Seamless transition to the next phase mmoe =
Lowers cost of changes to preceding

rrrrrrrrr

activities & .
A comprehensive perspective of the Decision 1l
system is developed and is available e neccs
at any time -~
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Systems Modeling Language (SysML)

e A OMG Standard established in 2010

e Current version 1.7 (under publication)

e Defined as a UML extension (a profile)

to become for system engineering as popular as UML for software

engineering o

=l
ik
W

Y \
l ‘ //' / SysML'S
b X / extensions to
E \ \ / UML
/

OBJECT MANAGEMENT GROUP >/ \ )
not required \ \>X\/
by SysML ~ UML reused by

h— SysML
(UML4SysML)
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Systems Modeling Language (SysML)
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«diagram»
SysML
?
I | |
«diagram» «diagram» «diagram»
Behavior Requirement (req) Structure
i T
[ I [ |
«diagram» «diagram» «diagram» «diagram»
Activity (act) State Machine (stm) Block Definition (bdd) Package (pkg)
«diagram» «diagram» «diagram»
Sequence (sd) Use Case (uc) Internal Block (ibd)
«diagram»
Parametric (par)

SysML diagram taxonomy legend
DAbstract diagram DUnmodiﬁed UML 2 diagram DModiﬁed UML 2 diagram DNew SysML diagram type

e Facilitates MBSE of SoSs

o Information regarding the systems is defined in a standardized fashion

e SysML is extendable
o Profiles is the mean to extend/restrict SysML functionality
o Domain-specific languages (DSLs) may be defined to target specific domains needs
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How to use SysML for MBSD?
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1.“System model as a framework for analysis and traceability”, presented in the work of Friendethal et al. 1
S. Friedenthal, A. Moore, and R. Steiner, A practical guide to SysML: the systems modeling language. Morgan Kaufmann, 2014
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How to use SysML for MBSD?
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3.Hause, M. et al. (2017). Technology update on the unified architecture framework (UAF). INSIGHT, 2(X2), 71-78.
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How to use SysML for MBSD?
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1.Wolny, S. et al. (2020). Thirteen years of SysML: a systematic mapping study. SSM, 19(1), 111-169.
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3.Hause, M. et al. (2017). Technology update on the unified architecture framework (UAF). INSIGHT, 2(X2), 71-78. 13
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Obstacles in SysML adoption

e Engineers are skeptical towards SysML

e Main reasons *
o Lack of KPIs to promote its application.
m Itis still to expensive and unmanageable.
o Lack of training
m There is still no easy-to- follow, user-oriented methodology to allow its use.
o Domain-specific profiles are not widely available
o Requirement management and Virtual Verification/Validation are
characterized as critical issues to be managed.

According to a study performed (35 companies: aerospace, vehicle, plant) by INCOSE German

chapter

* System Engineering in Industrial Practice, Sven-Olaf Schulze et.al
https://www.hni.uni-paderborn.de/fileadmin/Fachgruppen/Seniorprofessur Gausemeier/ systemsengineerings/20150706 SE-Studie enGB Einzelseiten.pdf
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e Hide complexity to make the whole process more manageable
o Provide a single point of communication
o Hide interaction with external models/tools and integrate results into the SysML model
e Promote automation
o to help the designer in tedious (e.g. repeatable computations) or not that tedious (e.g.
decision making) tasks

e Focus on requirement analysis and verification in system design
o Non-functional (performance, quality, cost ....) are nasty ones
o Quantitative requirement verification requires extensive computations and external
analysis tools (for example simulation)

e Provide re-usable profiles for specific domains or tasks
o They usually work well with a specific modeling tool, the one they are built for
o Provide instructions on how to apply them

15
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Managing non-functional requirements in
MBSD using SysML
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Extend MBSD SysML framework by Friedenthal et al.

Model-Based Systems Design (MBSD)

Structure Analysis results analysis |
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bdd bdd
Model Based Systems Engineering ‘
System .
evaluate Requirement N
traceability Structure Behavior analysis :os nrjlpLDSleo Tkss 7 Verification Elements performance A':I':;Ysl':
rationale T needs Sy ) (SysML Blocks) ) =
External “ b= - closed form
Requirements : Syte viewpoint
m
== Documentation
= erformance and Specifications .
i int = A discrete event i contains requirement
viewpoint [ estimates q
System : il i ] Functional constraints
Documentation _ _ traceabili Requirements
& Specifications ‘ ‘ l ‘ N y (SysML Requirements)
1 rationale
T i i . Requirement Prolog
Requirements Parametrics TERIELS L7 |.--q Verification Formulas design Constraint
System Model (SysML) Analysis Models Non-Functional PP 5 -r;ﬁ’"; (SysML Constraint Blocks) i Solver
Requirements -7
‘ (SysML Requirements)
Model Level Requirements Parametrics
Linkage
System Model (SysML)
I Model Based o Model Based o Model Based [l Model Based
i Mel;’::i;::a' EIIJQ:sti"g?| sg::;’;;e [ Testing System framework for design
RTS CPHS
Design oo Design M‘;c.;tel
Model Model

= Extend framework for QoS-aware MBSD

to determine if system design can serve QoS.
17
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Objective of this effort

= Two_fold

e Hide complexity from the system designer by
promoting automation and external tool integration

e Support non-functional, quantitative requirement
exploration in MBSD

e Provision of reusable domain-specific profiles
o For a specific modeling environment (MagicDraw Product Family)

o Compliance with existing frameworks
o SYSMOD and UAF

18
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Design & development
QoS-aware MBSD SysML framework
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Provided Functionality

e Description and management of QoS
o provide SysML requirement entity extensions (SysML profiles)

e Integration of QoS analysis models into system model

o compute provided QoS based on results obtained via simulations or
mathematical solvers (external tool integration- plugins)

o Verification QoS requirements graphically
o check whether they can be met by the system (plugins)

e Proposal of system design solutions
o taking into account the requirements (external tool integration- plugins)

The framework was applied into two different domains, Railway
Transportation Systems (RTS) and Cyber-Physical Human System (CPHS)
(through specific SysML profiles).

20
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Integrated QoS-aware MBSD SysML framework

Model-Based Systems Design (MBSD)
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Integrated QoS-aware MBSD SysML framework

QoS
requirements
need to be
specified,
expressed,
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into system
model.
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Integrated QoS-aware MBSD SysML framework

Model-Based Systems Design (MBSD)
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Integrated QoS-aware MBSD SysML framework

Model-Based Systems Design (MBSD)
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Integrated QoS-aware MBSD SysML framework

Model-Based Systems Design (MBSD)
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Serving QoS is directly tied to costs.
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Integrated QoS-aware MBSD SysML framework

Model-Based Systems Design (MBSD)
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Integrated QoS-aware MBSD SysML framework

Model-Based Systems Design (MBSD)

Dept. of Informatics and Telematics
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Integrated QoS-aware MBSD SysML - Implementation
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Managing Non-functional Requirements
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Extending SysML to integrate QoS requirements
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Extending SysML to integrate QoS requirements
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[ Sir?\E\l,aStor ] [ °°e§3‘3§f““ ] 1.Kotronis, C., Routis, |, Tsadimas, A., Kapos, G. D., Dalakas, V., Nikolaidou, M., & Anagnostopoulos,
D. (2021). Engaging human participants in CPHS design: A model-based approach.
Analysis Model ACM Transactions on Internet of Things Journal. submitted for publication.
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Basic SysML extensions: Graded requirement

‘ Requirement |
requirement formula
(input)
requirement level R “+ SYSML EXTENSIONS ++eeeeseessrrsmssmsmsmsnnnnnsbunniunnnes
(input) H
LI satisty. ' Graded |prepresentedby | Bg;sm
System H e : ¢
component Component | :_estimation _ .. satisfy _ | %ua‘:‘i::?‘::ni | refine____ Requi
properties/ : L2 H q . H
: Feaurement | | Extends SysML R irement
conpauraton 5 ot et Requirement [ Xtenas Sys equiremen
(output) Entity ! Formula
t__evaluate (7 Requirement‘ compute # i Constraint
evaluate vel;f‘:?t:on - Block . Serves QOS
) S—
Relates text-based QoS external
Verification j_[ Verification > sJaYat . e O es ex Gse O ex ernc
Entity Entity : rip . .
—— — :
................................................................................................... : requirements to system design
component cost entity simulation computed
properties properties results requirement level
(input) (input) (output) (output)
Simulation
Model
prm— prom——— :
i Framework @ : . \ :
-------------------------- : | Mathematical | :
H Model

i Mathematical :

e S0NVEL L : 39

Analysis Model
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Basic SysML extensions: Requirement verification

| o - e Defined as
o : o SysML Constraint Block extension
requirgmer:t level g -+ SYSML EXtENSIONS «erswseessrsrsssmsmmssummnmnnssbinsinnniens
(input 5 — L | o or JScode
oo ’n | amve [0 -
pr/‘x;:i:s/ Comp ) : fy \Requu;ement, = - : S [ ) Descrl bed Os
configuration Co.St Everify R:;li‘l':,r:azznm H 1
(output) H [ Entity ] ' \ Formula O mothematlcal eqUOtlon of

b evaluate ("pe uir‘ement\ compute i . . . .
— vfggg;;ion T 2 o quantitative indicators
o or logical expression of quality
vercaton o indicators (“if-then-else” formula)

Entity
SN s s s . N
oo i e Depicts conditions

(output)

i : o must be satisfied by properties
B of model entities

ey _ ..... o for associated requirement(s)
to be verified
: Mathematical

L Solver
33

Analysis Model

(input) (input)
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Basic SysML extensions: Requirement verification

requirement formula
(input)

requirngr\t level grmme—— e SysML EXtensions «+f-eeseeeeernm : .
(input) . ’_‘__\ H . Deflned GS SUSML BlOCk
component Cﬂ;@ __ estimation, N ,%'ijﬁéé?m e refine____ .. .
e s ~ J e Acts as test/verification case

/system : ) -

configuration H Cost " eqylrerpem :

e [ e — O support _quontltotlve requirements
' e | "™ | e verification

J Le::;;:i?:: { = ] e Primary goal:

;nnty_} ﬂiw 1 i i i
.................................................................................................. : o store analysis results, i.e. simulation
component cost entity simulation computed .
Poperes Poperes e Tt or mathematically-computed values
(— """"" o check values against requirements
Simulation R
...... Framework . Mathematical

Mathematical

L Solver L
34
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Basic SysML extensions: Cost entity

g SysML Entities «-«-eeemsemssmsenees, .

D e Defined as SysML block

requirement formula
(input)

S I oy Extersions ._ e Used for financial assessment
(input) H :
: T ________________ e of component/system
component Corxlit:r:gnt __ estimation - satisfy _ > %‘:‘?i::ﬂ:ie‘:ye( le _refine__ _ -

properties/ i = < )
i e Includes value properties
' T bsiste (oo} ompse } related to costs
i Block

Verification
Entity

evaluate

e Satisfies cost-related graded
e 1 = quantitative requirements

e e = We keep separate cost entities

(o e no component overload
e ) e clearer, accurate, and extensible model

Simulation

=T N | P e discrete structural and economic
Mathematical perspeCtiVes

: Solver :
.......................... N

Analysis Model

]
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Extending SysML to integrate cost concepts

QoS Meta-Model
sat Graded
Cufnmn"e'nt e Y Quantitative
A Requirement
T
Model-Based Systems Design (MBSD) fecurement Constraint
9 Block
Structure Analysis results analysis
bad needs
DEVS RTS
Simulation
Cor?piir:ms Requirement Analysis
(SysML Blocks) Verification Elements performance Models
(SysML Blocks) 0." Parametric
estimates Modelica = . .
iewpoi ‘ Mathematical Diagram 1. =
System viewpoint ',‘ Solver Computation
Documentation compute R tion
and Specifications "
P [7 req J,’ contains requirement
H ReF:nmmnlts oar constraints
e ' Juiremes
traceability ¢ | (sysML Requirements)
rationale !
H Requirement Prolog / A
v _ .- Verification Formulas design Constraint
Non-Functional | _.A{--="" CysML Constraint Blocks) : Solver Integration_Cost Energy_Cost
Requirements Function Function
(SysML Requirements)
Requirements Parametrics
Acquisition_Cost | | L Labor_Cost
System Model (SysML) CapExicost CpEccos Function Function
System framework for design T I
R Maintenance_Cost
Acquisition_Cost Energy_Cost Function
CPHS
M ?::;2’1' Cost Functions Inventory
L Integration_Cost Labor Cost | ——
_Cost
-
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Extending SysML to integrate cost concepts

QoS Meta-Model
CoSysbem _____sd_li_sf_y____) QuGar:gt?tive
. mplonent Requirlement
e Cost SysML profile! I I
e Generic and extendable o] ] \\
o encode cost design parameters E L=
o address different cost categories U e e W
o enable cost analysis e e P
m capital/operational system expenses e / \
m individual cost of a single unit T - :
o traverse system to generate/compute costs . - .
e Cost functions inventory/library il I S |
o enable cost computations T T —
. . . Acquisition_Cost Energy_Cost L a'";i'r“‘;‘i%‘:‘—c"“
o readily available to designer s
— Integration_Cost Labor_ Cost [—
1.Kotronis, C., Tsadimas, A., Nikolaidou, M., Michalakelis, C., & Anagnostopoulos, D. (2021).

Extending sysml to integrate cost analysis into model-based systems engineering. i  Cost 37
IEEE Journal of Engineering Management. accepted for publication.
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Analysis models

System designer
Transformation engine
System design Transformation
& adjustment K——\
=
] - N | 7 N
£
S SysML N .
Model-Based Systems Design (MBSD) = System Simulation
5 Model Model
Ly
c
. . J . J
Structure Analysis results analysis %
needs [=]
bdd bdd DEVS RTS = e N\ | 3
-]
H] 8 Simulation Simulation
System ) : = Results Executab!e
Components | evaluate | Ve : eqylrerEnlent Analysis z Configuration
SysML Blocks) ferification Elements performance Models 3 )
¢ (SysML Blocks) ° g \ \ Y,
Modelica
i i Results
nt
System viewpel collection
Documentation
P Simulator
and Specifications i
P contains requirement A d
R::"{““’“‘;ﬂ constraints utomate
- uireme!
traceability (SysML Requirements) System designer
rationale
Requirement Decision Prolog
Verification Formulas " Support Constraint ;
- design System design Transformation
Non-Functional |- ((SysML Constraint Blocks) suggestions Model Solver & adjustment
Requirements &
(SysML Requirements) 7]
= K<
s SysML Y
Requirements Parametrics S System g
= Model
w o
System Model (SysML) = ) g
] Mathematical I~
a Model 2
. ) ( \ ]
System framework for design 3 =3
= Computed =
= Outputs =3
g ]
CPHS Cost =
oo Design Model
Model

Automated 39
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Analysis models

e Produce results (’
o to evaluate quantitative requirements &j = j}

o are stored in specific profile entities

e 2 kinds of such models - )
o Discrete-event simulation
o Mathematical equations solvers with s i

parametric values and relationships

e Either customized for the specific domain
or general

19A10s UofIenba jedRRWaAYIR

Modeling tool / Design envi

40
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Dept. of Informatics and Telematics

Analysis models

System designer

Transformation engine

System design Transformation
Model-Based Systems Design (MBSD) & adjustment K—_\
s N | N
Structure Analysis results analysis
t needs SysML Simulation
bdd bdd DEVS RTS

System
Model Model
. J . J

System .
luate Requirement 5 —
Components | evaluate | e Analysis
(SysML Blocks) Ve"(';;:;‘insffc’:s?"'s performance Models s N | N
i Modelica . X Simulation
Mathematical Simulation Executable

viewpoint Results Configuration

\ J \ J

contains k J

.
i
’) lll
® .
/
q >
req ).' & K requirement .
. Fun'ctlonal , constraints collection
traceability e Requirements . par
ysML Requirements) . .
rationale ' “verify Simulator

Solver

System
Documentation
and Specifications

Modeling tool / Design environment

7
satisfy,' Y satisfy
\

H R Requirement Decision Prolog Automated
v o |-~ Verification Formulas design Support Constraint
Non-Functional 4 - (SysML Constraint Blocks) 3 Model Solver

. e RTS — large-scale systems
Requirements Parametrics O COnnOt be mOdeIed bg
System Model (5ysML) simple functions

Sysem famerk for desin o need repeated simulations

o extract results for massive
n S esign Cost .
e Vo commuter populations!
1.Kotronis, C., Tsadimas, A., Kapos, G. D., Dalakas, V., Nikolaidou, M., & Anagnostopoulos, D. (2016).

e Use of external simulation
Simulating sysml transportation models. In 2016 IEEE International Conference on
Systems, Man, and Cybernetics (SMQ). (pp. 001674-001679). IEEE. O D EVS frO mework 41
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Dept. of Informatics and Telematics

Analysis models

e CPHS — personalized systems!
: —— o analyzed with customized
et P functions

Simulation

oo | [ regremen o encode needs of user(s)

o1 Analysis
Verification Elements
perfc od
(SysML Blocks) ormance ploces

Model-Based Systems Design (MBSD)

System
Components
(SysML Blocks)

e Mathematical solver
o compute analysis results
o OpenModelica

viewpoint

System
Documentation
and Specifications

7
satisfy,' Y satisfy
\

contains

R
. , >
4 Ead
. ll
R
e .
/
Y
d ﬁ)l » requirement
: R::"Ftional )/ constraints
traceability B ulrerr'wms L par
ML Requirements) e
rationale H (SysML Req ) “verify

'

H R Requirement Decision Prolog

Y ',’ |.--1 Verification Formulas design Support Constraint

Non-Functional [ fe (SysML Consiralnt Blocks) ; Model Solver System designer

Requirements -7 refine

(SysML Requirements)
System design Transformation
Requirements Parametrics & adjustment :—-

System Model (SysML)

SysML

System

Model
—
S

& Computed

Outputs

System framework for design
RTS CPHS
Design oo Design Cost
Model Model R

1.Kotronis, C., Routis, |, Tsadimas, A., Nikolaidou, M., & Anagnostopoulos, D. (2019, July). A model-based approach
for the design of cyber-physical human systems emphasizing human concerns. In 2019 IEEE ICIOT (pp. 100-107). IEEE.

Mathematical
Model

J13A10S UoiIenba ednewayle

Modeling tool / Design environment
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Automated decision-making within SysML models

Model-Based Systems Design (MBSD)

System
Documentation
and Specifications

viewpoint

traceability
rationale

Structure

Analysis results

bdd

bdd

System
Components
(SysML Blocks)

Requirement
Verification Elements
(SysML Blocks)

contains

Non-Functional
Requirements

analysis
needs

performance
estimates

Analysis
Models

requirement
constraints

design

(SysML Requirements)

Requirements

Parametrics

System Model (SysML)

System framework for design

CPHS
Design
Model

Prolog
Constraint [
Solver

SysML System Design Model

System input Parametric Design
comp L — P , diagram plugin
+properties ) ~. satisf Requirement "
= fy e constraint manage ﬁﬁ activate
Requirement - | If-ft hen-false |
ormu send System
+level Prolog designer
query
transforms \\transforms transforms
" system
‘SUQQES"‘:PS component requirement constraint
Pt definition definition formula
( sof;t?:n)la & requirement & properties & properties
satisfy
Requirement R;g::;;n;e:st Design
satisfaction as exact-value constraints as
Prolog predicates Prolog predicates Prolog rules
input
_—
composed of System composed of Qﬁ
: configuration
System design
suggestions as Prolog rule produce, ::’l.‘:‘i
exact-value gl
Prolog predicates
Decision Support Model

Decision Support System

43
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Automated decision-making within SysML models

Modeling Tool / Design System

e Provide system designer with decision g Sl sysemDesgn ol |

efog e System input Pafametric Design
support capabilities’ e e e O L

o automated suggestions | o i

o alternative design solutions exploration | e s/l | i
o solutions incorporated back into e — e —
SysML system model b o | e | onan
Som'i’:,:;'a‘ & requirement & properties & properties
e Maintain generality S R W —

: h d : M L Requirement quuirement Design
O W lt O U t exte n I n g S U S satisfaction as ::anc]te—::i:es constraints as
: Prolog predicates Prolog rules

o applicable to various SoS, described — ]
p p composed& %:mposed of GQ

H System_

in SysML [ b
o applied for entire or part of system L ?

hierarchy I Proogkoowiedgebesel o

Decision Support System

1.Kotronis, C.,, Tsadimas, A., & Nikolaidou, M. (2021, April). Providing Designers with Automated Decision-Making within SysML Models to Promote Efficient Model-Based Systems Design. 44
In 2021 IEEE International Systems Conference (SysCon) (pp. 1-8). IEEE.
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Transforming SysML model to decision model (I)

. Designer activates plugin in design tool
o Automated SysML-to-decision model transformation process

. Plugin validates SysML model’s correctness & completeness
o Validation rules capture conditions
o E.g., every constraint must contain a formula and connect with

requirement

SysML System Design Model

System
component

input

+properties

Parametric
diagram

Requirement
constraint

1| rif-then-else

formula

Modeling tool / Design System

1
plugin

45
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SysML to Prolog entity transformation (one-way)’

Dept. of Informatics and Telematics

Exact-value Prolog predicates |

requirement_name ( component_property 1 value, ..., requirement_level _value).

Value range Prolog rules |

requirement_name ( component_property 1_name, ..., requirement_level_name) :-

» component_property_1_name "==" or "\=="or "=<" or "=>" component_property 1 value), ..,
“if-then-else" requirement_level_name "=="requirement_level value.
formula X
Requirement .
constraint Component-Requirements Prolog rules |
Parametric — ./ o] component_name ( component_property 1_name, ...) :-
dhpm ; " requirement_name ( component_property 1_name, ..., requirement _level name).
satisfy ,%
input S \
System Requirement satisfaction Prolog predicates |
component
+properties componentSatisfyRequirementLevel ( component_name ( component_property 1_name, ...),
requirement_level_1_value, ...).

composed of composed of
System configuration Prolog rule

configure ([ component_1_name ( component_property 1_name,...),...]) ==
componentSatisfyRequirementLevel 1 (...), ...,
requirement_1_name (...), ...

1.Kotronis, C.,, Tsadimas, A., & Nikolaidou, M. (2021, April). Providing Designers with Automated Decision-Making within SysML Models to Promote Efficient Model-Based Systems Design. 46
In 2021 IEEE International Systems Conference (SysCon) (pp. 1-8). IEEE.
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Transforming SysML model to decision model (Il)

e Plugin generates decision model

Dept. of Informatics and Telematics

. SysML System Design Model
o Itis a Prolog knowledge base == . — oesin
. component L input ) diagram plugin
o Stems dire Ct|y from SySM L L Loropertes | T oy Requrement : manage o acthate i
: M reﬁn_e_ - .
mo d e I i * Requirement [¢”~ 'f-gﬁ;';false : Q :
H ystem
+evel : generate designer
........................... .‘T*.’.".‘f‘?"’.'.‘.s..."‘..\.‘T'T""“f‘.’.’f'.‘.s.‘H......m...... eSO
e Requirements, constraints and
requirements-components deman & eison omi
) ) req:;:iesrf:ent & properties & properties
associations | e
O Are t ra n Sfo r m e d i nto Requirement :T::]i::e:: Design
satisfaction as ctvalue constraints as
P r.o | Og p re d ica teS/ ru I e S Prolog predicates Prolog predicates Prolog rules
o Predicates/rules are \ o / ’
combined into general e
system configuration rule - cgiooesgebny
Decision Support System

47



XAPOKOTEIO MANETIIZ THMIO Dept. of Informatics and Telematics

HAROKOPIO UNIVERSITY

Transforming SysML model to decision model (lll)

e Plugin sends Prolog query T smspemDesgnocel
o “Asks” for feasible system [ sstem input Parametric Design
] ) . component [ P B diagram plugin
configuration solution - Loopertes | 7 sy el | e i
: | : Requirement "fﬁ_"f “if-then-etse” 0
: : formula System
.« e . . : H i generate send esianer
e Decision model is input to external tool : | Hevel ; Prolog .
) E transforms \transforms transforms . ; query
e System design suggestions are output sesions | ot | et constait
orporation i definition & deﬁnitiop formula.
o Exact-value Prolog predicates s
e If feasible solution is found | e || S | | 0mn
: Prolog predicates ProT:Z pr\::jilé:tes Prolog rules

o Full or partial a —
o Resulting suggestions incorporated | composedx System %m'”’““’f @

: e desian configuration :
into SysML model | e Pro e | produe” Tokg
o le. values fed back into Lo [T i
, . oo, PrOlog knowledge base) a
ComponentS prOpertIeS Decision Support System

48
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Implementation

System
designer
design activate
@ AMEO Cameo Systems
SYSTEMS MODELER Modeler
apply
S N
SysML system |nandge] -a Profiles
design model
3 N <
U NetBeans
E suggestions analysis -~ " generate :
:Incorporm'on —lo'.,tpm I An0|g5is I‘_ M‘M:i:mgn “Transformation engine symn:?ﬂw
s ' models ; o : *Wq
N 4 £ A HENEN g
i Eg | @aMEO
____________ i\(na SIMULATION TOOLKIT
Decision : H ' § g
support - — o —
.___model n o
Designer transparent tools i

---------------------------------------------- 49
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QoS-aware MBSD SysML in specific domains

Analysis Model
R DEVS RTS
itiall
initialize > gm
/output
Structural Cost LoS
Entities Entities Entities
SysML Cost QoS
Profile Profile Profile
Analysis Model
c;’:r‘;gim initialize Pc'::lse initialize
Solver
! Josos
Structural Cost Criticality
Entities Entities Entities
SysML
Profile

Model-Based Systems Design (MBSD)

Structure Analysis results analysis
bdd bdd needs
DEVS RTS
Simulation
System .
Corrypnnens | evaluate | Ve : equlrer;l:nt Analysis
ferification Elements
(SysML Blocks) (SysML Blocks) perft?rmance Models
viewpoint
System
Documentation
and Specifications "
P contains requirement
R::"'Cﬁo"ar:ts constraints
it uiremer
traceability (SysML Requirements)
rationale
Requirement
_--1 Verification Formulas "
Non-Functional _.--="T" |sysML Constraint Blocks) design
Requirements S refine
(SysML Requirements)
Requirements Parametrics
System Model (SysML)
System framework for design

RTS CPHS
Design co. Design
Model
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QoS-aware MBSD SysML in specific domains

initialize

Analysis Model
DEVS RTS

Decision Support Model

Prolog

Constraint
Solver

> Simulation
/output
Structural LoS
Entities Entities
SysML Cost QoS
Profile Profile Profile
Analysis Model
- e Modelica
initialize ‘S;:Ii initialize N[y
Solver
[ Joup

Structural
Entities

Criticality
Entities

i

SysML
Profile

f

Dept. of Informatics and Telematics

Apply MBSD to specific domains
o0 via domain-specific SysML profiles

Domain SysML profile

o contains basic domain stereotypes
o describe structural entities

Integrate QoS and Cost profiles

Analysis models
o produce results to satisfy (or not) requirements

Logical solver
o support decision-making process

51
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Demonstration & Evaluation
LoS-aware RTS operation design
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Railway Transportation Systems

e Railway Transportation Systems (RTSs)

o Comprise of diverse sub-systems / components and are characterized as SoSs
o Can be modeled as a system composed of stations, lines, stops, trains, commuting

passengers
) LOS represents LoS Category Passenger space (m?)
. . . A Free movement >=1.21
o quality of the transportation services 5 Y p—— 093101
m from the passengers' point of view C Personal comfort 0.65 - 0.93
o quantified in six classes D | Occasional contact with others 0.27 - 0.65
m F (worst situation) to A (best service quality) E Contact with others 0.19 - 027
. F Frequent contact with others <0.19
e LoS is focused on passenger comfort

o available space for passengers in Stops (platforms) / Trains
o departure frequency and on-time arrival of Trains
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RTS: Athens Metro

e Study passenger comfort on trains/stations during peak
hours'

o Costs are directly connected to comfort-related metrics
o e.g., more space — more frequent trains — more operational cost

= Explore how to achieve certain level for passenger comfort2

e Estimate passenger comfort during peak hours
e Improvement comfort under certain operational budget constraints

1.Manual, H. C. (2010). HCM2010. Transportation Research Board, National Research Council, Washington, DC, 1207.
2 Kotronis, C., Nikolaidou, M., Kapos, G. D., Tsadimas, A, Dalakas, V., & Anagnostopoulos, D. (2020).
Employing SysML to model and explore levels-of-service: The case of passenger comfort in railway transportation systems. Systems Engineering, 23(1), 82-99. 54
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Target
Model RTS

o Structural entities like lines, stops, trains
o LoS-related requirements
m Associated to lines, stops

o Simulation entities to store analysis results

Compute LoS

o Using simulations results
o Verify LoS requirements

Compute OpEx cost

Explore potential LoS

improvements under budgetary
constraints

Dept. of Informatics and Telematics

Graded
_______________ 2 Stri 1 Quantitative
| Requirement
|
| LoSFr LoSComfort
| +Generate_components : Operation +Generate_components : Operation
| +Compute_values : Operation +Compute_values : Operation
|
|
| TrainLoSSpace
I |
|
|
| StopLoSSpace
I satisfy satisty,~ — Sl |
| P
| B
! L1 [ v v é
PassGenerator
Line Stop : Lo system
-linelD : Real -stopName : String -name : String Component
-lineName : String -linelD : Real -arrivalsDistr : Real
-trainCapacity : Real -stopArea : Real -arrivalsMean : Real
-trainArea : Real -anchorTime : Real -arrivalsStandDev : Real
-departureFrequency : Real -arrToStoplLeft : Real
~trainsDistr : Real -arrToStopRight : Real Trai
trainsMean : Real -PercPassDisembarkLeft : Real gain
-trainsStandDev : Real -PercPassDisembarkRight : Real -trainiD : Real
-intTrainLoSSpaceLeft : Integer -intStopLoSSpacelLeft : Integer -linelD : Real
-stringTrainLoSSpaceLeft : String -stringStopLoSSpaceLeft : String -currentCapacity : Real
-intTrainLoSSpaceRight : Integer -intStopLoSSpaceRight : Integer -maxCapacity : Real
-stringTrainLoSSpaceRight : String -stringStopLoSSpaceRight : String -trainArea : Real
r, C
Route i Station
-expectedRouteMinutesDuration : Real * |-stationName : String
-routeKmDistance : Real -stationID : Real
-routesPerDriverShift : Real
evaluate Tevatuate evaluate Tevaluate
SimRoute SimStation i Based
-StatsRouteMinutesDuration : Real -stationSimiD : String | Verification
-StatsTotalNumTrainsLeft : Integer -StatsNumPassCommuting : Real Entity
-StatsTotalNumTrainsRight : Integer -StatsNumPassChangingLine : Real

SimLine SimStop SimController
-lineSimID : String -stopSimiD : String -time : Real
-StatsTotalNumTrainsL : Real -StatsNumPassInOutL : Real -runs : Real

-StatsTotalNumTrainsR : Real
-StatsMaxNumTrainsOnLineL : Real
-StatsMaxNumTrainsOnLineR : Real
-StatsAvgCapTrainsL : Real
-StatsAvgCapTrainsR : Real
-StatsAvgTrainsPerHourl : Real
-StatsAvgTrainsPerHourR : Real
-StatsMinSpacePassTrainL-ByTen : Real
-StatsMinSpacePassTrainR-ByTen : Real
-StatsAvgPassengerDelayOnLineL : Real
-StatsAvgPassengerDelayOnLineR : Real

-StatsNumPassInOUtR : Real
-StatsAvgNunPasWa: :ngL : Real

+Control_simulation : Operation|

gl Real
Real
R:l SimStatsCollector
: Real - i 1 String
gl Real : Real
gl ini| : Real ommuting : Real
ini : Real hangedLine : Real

-StatsMa;NumPassCrowdedL : Real
-StatsMaxNumPassCrowdedR : Real

-ByTen : Real

-StatsTotalNumTrains : Real

+Collect_simulation_results : Operation
+Load_simulation_results : Operation

pl
-StatsMinSpacePassStopR-ByTen : Real
L
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RTS Engineers Viewpoint

1. Set different LoS bounds (upper and lower) for different LoS requirements
2. Describe verification formulas

LoS Bounds LoS Comfort X
1-Introduction 2 -TrainLoSSpace 3 - StopLoSSpace
Description
The StoplLosSpace requirement has lower and upper bounds
that endlose the Level of Service cateqgories (from A to F)
Bounds
LoS & LoS B LoS C LoS D LoSE LoSF
Lower  Upper Lower  Upper Lower  Upper Lower  Upper Lower  Upper Lower  Upper
0.0 0.19 0.19 0.28 0.28 0.65 0.65 0.93 0.93 1.21 1.21 2.0
Default Values Reset Values
Menu
Back OK Cancel
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RTS Engineers Viewpoint

1. Set different LoS bounds (upper and lower) for different LoS requirements

2. Describe verification formulas

Generating Requirements

X
1-General 2 -LoSComfort
LoS Bounds Description
1-Introduction 2 -TrainLoSSpace 3 - StopLoSSpace Please choose the desired LoS and the way for the verification (Average or Worst case)
Description
The StoplLosSpace reguirement has e
that endlose the Level of Service cate: LoS Category
Bounds OA|@®@8|Oc|OD|OE|OF
LoS & LoS B LoS C
Lower  Upper Lower  Upper Lower  Upper Lo Verification
0.0 0.15 0.19 0.28 0.28 0.85 0.6
Verification Method
(® Average | () Worst Case
Default Values Re
Menu
Menu
Back OK
Back OK Cancel
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RTS Analysis Framework

e DEVS4SysML profile* is used for

simulation purposes
o DEVSJava is employed as a

simulation platform
o QVT is utilized for model

transformation
o Simulation results are integrated back

into the system model

e RTS simulation libraries were
developed for DEVSJava

Simulation Model

Dept. of Informatics and Telematics

Model (DEVS) Code
Tran(scf.)o\;r_p)ation Generation
System Model DEVS Simulation
Environment

(based on SysML Profiles) (e.g., DEVSJava)

Model Simulation Results
Specification Incorporation
Modeling Tool

Design Environment
(e.g., MagicDraw)

Exploration

RTS Operation

&

* Kapos GD, Dalakas V, Nikolaidou M, Anagnostopoulos D. An integrated framework for automated simulation of SysML models using DEVS. Simulation

2014;90(6):717-744.
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Automated Activities

e Simulation instantiation

e Simulation results incorporation (simulation entities)
e LoS Comfort Computation

e LoS Comfort Requirement Verification

e Activities are started by the designer through Cameo Interface

LoS Computation Formulas

Average space LoS at Stop (AL S):

ALS(S,d) = Z LoS(S.d,t)/N
t

Average space LoS at Train (ALT):

ALT(T,d) = Z LoS(T.d,t)/N
t
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RTS Engineers Viewpoint

3. checks if desired LoS is verified by model entities
4. evaluates environment's automated feedback

NewTrainLefiout, leftin leftout
sLines f--—————-—-—- - — —— ————— - — = = =] «Stops H- -
Line 3 o inPass 5 Doukissis Plakentias L3 |
Lines = [ <Station» - - =3 <Stop» |

StatsAv @ oSSpaceConstraint > =— e e Doukissis Plakentias PercPassDisembarkLeft = "50.0" |

StatsAy & TrainLoSSpaceConstraint > | «Stations PercPassDisembarkRight = "50.0" |

StatsSAVg: covorigor o oiay crier oo gnere angingLine = "0" StatsAvgNumPassRemainingL = "0"

StatsAvEPassenaerDelayOaneR ="20" Select in Validation Results mmuting = "28855" 'f'“i“"’j“ |StatsAvgNumPassRemainingR = |

StatsAvgTrainsPerHourl = "26" E stationName = "Doukissis Plakentias" | tatsAvgNumPassWaitingL = "131" |

StatsAvgTrainsPerHourR = "26" }”, stationSimiD = "_17_0_58f01fa_1459437358431_980303_1988" | StatsAvgNumPassWaitingR = "100" |

StatsMaxNumTrainsOnLineL = "10" Ble — StatsAvgPercPassRemainingL = "0" |

StatsMaxNumTrainsOnLineR = "10" o " | StatsAvgPercPassRemainingR = "0" |

StatsMinSpacePassTrainL-ByTen = "0 23" o ntin | StatsMaxNumPassWaitingL = "260" |

StatsMinSpacePassTrainR-ByTen = "0.23" / o _ _ pStatsMaxNumPassWaitingR = "200"

StatsTotalNumTrainsL " < rightoutPasq| >tatsMinSpacePassStopL-ByTen = "0.90" |
tatsTotalNumTrainsR = "87" < StatsMinSpacePassStopR-ByTen = "0.29" |
epartureFrequency = "300" n StatsNumPassIinOutL 1422" |

intTrainLoSSpaceleft =4 < StatsNumPassInOutR = "12297" |
intTrainLoSSpaceRight = 4 = anchorTime = "120" |
linelD = "3" B arrToStoplLeft = "60"
lineName = "Line 3 - Doukissis Plaknetias-Aghia Marina" 3 arrToStopRight = "60" !
lineSimiD = *_17_0_58f01fa_1459437353392_863525_1937" intStopLoSSpaceLeft = 3 I
maxTrains = "28" intStopLoSSpaceRight = 4 |
stringTrainLoSSpaceLeft = "D" linelD = "3" |
stringTrainLoSSpaceRight = "D" stopAre; "300.0" |
trainArea = "300.0" stopName = "Doukissis Plakentias L3" |
trainCapacity = "1030" stopSimiD = "_17_0_58f01fa_1459437360191_910930_2054"

trainsDistr 0 stringStopLoSSpaceleft " I

trainsMean = "120" stringStopLoSSpaceRigh |

trainsStandDev = "10.0" H |
| = Tonin |
ety T T ey JWepm T T T T T T T T T o= b
~ I
v ~ 7
«<LoSComforts S «TrainLoSSpace» / i
LoSComfort TrainLoSSpace 4 (]
14="6" 7 L7 I
intAvg = 3 text="Holds the LoS for the L rightowt ||
intWorst= 4 passenger's available space SRS St =M
Los-Comfort="B" p—|inside atrain" ‘S,:SLZSST,‘:C:: H.,:n‘;‘:i’u LH !
stringAvg =" TrainLoS-Space = ey oo |
stringWorst="D" JSE5.1 e linelD="3" e |
Text="Holds the general LoS for the SRS o evertys | stopArea = *300.0°
comfort of the It text="Holds the LoS forthe [ P |
passengers. lts y stopName = "Halandri L3"
sub-requirements are the Savallatisispaca
" while waiting at a stop.” stringStopLoSSpaceLeft |
StopLoSSpace and TrainLoSSpace. stringStopLoSSpaceRight=" |

leftin
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Results and Experience obtained’

e Assisted the Metro operator to identify

Train frequency to
o balance QoS and OpEx

e The operator provided passenger data,

the configuration of network and cost

estimation formulas

Average Line 2 Space LoS

Average Line 3 Space LoS .

D
c
(2]
o
B
A
2 3 6

2 3 6

oRight

Train Departure Frequency (minutes)

e The operator appreciated the fact the all data where
accessible through a single environment, still skeptical for

using SysML

Athens Routes | Peak hours OpEx | Peak hours OpEx | Daily OpEx | Daily OpEx | Avg | Accepted
Metro (L +R) (E) increase (%) (E) increase (%) | LoS solution
Line 1
Line 1 |7 56 35575.68 - 160494.03 - D X
trains |6 62 38827.15 9.1 164213.1 9.14 D X
frequency | 5 78 49551.84 39.2 174243.98 15.8 C v
(minutes) |3 128 81315.8 128.5 205632.99 36.7 B X

1.Kotronis, C., Nikolaidou, M., Kapos, G. D., Tsadimas, A, Dalakas, V., & Anagnostopoulos, D. (2020).
Employing SysML to model and explore levels-of-service: The case of passenger comfort in railway transportation systems. Systems Engineering, 23(1), 82-99.

D

Cc

LoS

B

A

Traln Departure Frequency mlnutes

Average Stop Omonia Space LoS

mleft
oRight
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Profiles and Tutorial

e Profiles and plugins are available at

https://bitbucket.orag/ckotronis-phd/plugins/src/main/

e A demonstration is available at RTS demo

62


https://bitbucket.org/ckotronis-phd/plugins/src/main/
MagicDraw%20and%20plugins%20tutorial%20-%20RTS%20case%20study.pdf
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Demonstration & Evaluation
Criticality-aware CPHS design
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CPHS application domain - REMS

= Human participants affect the operation of CPHS
e To become willing participants they should participate in system design
e Their concerns should be taken into account

o Multi-view MBSD facilitates
o Definition of human concerns
o Transformation of human concerns into design requirements and their

correlation to system components
o Communicating to human-participants how their concerns are treated

e Remote Elderly Monitoring System (REMS)
o Part of EmBIioT research project to develop wearables to monitor patient’s

heart condition
o REMS solution designer should assist patients choose appropriate REMS

home configuration taking into account their concerns o
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Criticality concept

e Indicates the severity for the human participant if the
system does not accommodate his/her concern

e Assigned a level of importance by the participant

o Categorized as human or system
o human — restrict participants’ activities, defined by patient
o system — restrict system components, extracted from human

criticalities by the system designer

65

1.Burns, A, & Davis, R. (2013). Mixed criticality systems-a review. Department of Computer Science, University of York, Tech. Rep, 1-69.
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CPHS design views

= Human view'?2
e Human Behavior Model

o entities related to human behavior like activities

— Criticolities view — Homan Homan
e Human Criticalities Model llmen I
o human concerns and criticalities
.y og e [ Human View
e System Criticalities Model é
o system criticalities, derived from human ones f

allocate

= System view

K derive

e System Model

System
Criticalities
Model

o system structure, defined by designer
e Evaluation Model m,m

o verify system criticalities

| System View

1.Kotronis, C., Routis, |, Tsadimas, A, Nikolaidou, M., & Anagnostopoulos, D. (2019, July).

A model-based approach for the design of cyber-physical human systems emphasizing human concerns. In 2019 IEEE ICIOT (pp. 100-107). IEEE.
1.Kotronis, C., Routis, |, Tsadimas, A., Kapos, G. D., Dalakas, V., Nikolaidou, M., & Anagnostopoulos, D. (2021).

Engaging human participants in CPHS design: A model-based approach. ACM Transactions on Internet of Things Journal. submitted for publication.

U

o
Eﬁj

System

designer
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Mapping patient activities to patient concerns

Dept. of Informatics and Telematics

Criticalities View

HumanParticipant»| _ _has «Comfort»
Iderly_patient | Charging_habbits

lonce_in_a_while

T~ I = the assistance

: «Concern» concern asting_battery

: Lasting_battery Id ="14" i .

. |actor = "Elderly_patient" levels = "once_in_a_while"

'oid="4" Text = "The patient requires a

| [Text = "The patient wants the long-lasting battery for the

! |devices to have a long battery devices to actually reduce

! |lifetime. This way, she feels their charging frequency.” P e I"fO rm ed by
i |comfortable to use them valueType = "Charging_levels"

! : 5 x . .

. |without needing to charge them ) “walueTyper t t th
1 |most of the time." “«generater Charging_levels p a I e n WI

.

i

|

% c | «genermier = = _ _ - .
H (oo ) f th lut
i | Satisfies = i : _vital_signs_{ ) E— : O e SO u IO n
2 Conce P .
® T 7 7|Affordable_devices
x — designer
l «Monitoring»
(B ________ Vewvitalsigns_ ] = “«Concerm Measuring_vital_signs_frequency
(Semsies - Cxesprg. son yovae) | Satisfies = _vital_signs_{ ) = Constant_display concern = - Constant_display
actor = "Elderly_patient” Id ="5"
Id="1" levels = "real-time"
Text = "All data related to the IText = "Data of the patient
b patient should be displayed imust be measured and
o either to the patient and/or to imonitored (by caregivers)
her caregiver as soon as immediately. This helps the
X possible. This way, she knows [patient and her caregiver
that (i) the results are current, detect and diagnose a heart
and (ii) her caregiver (who disease quickly and resort to
monitors the measure Generate human criticality and enumeration X
~ fand/or herself can iNS | i man aiticaity 2 - Enumeraton
if something is wrong ...
- heart.” is 2 concern that
X e ] - - | B e i e
J st ot amicns] " 7| o ot eave bark text ks, a defident-human aiticaty

and a corresponding enumeration wil stil be generated.

Human ariticality stereotype and name

- Stereotype Name
Monitoring Measuring_vital_signs_frequency
B R — & —X—f @I T
Incoming Human riticality description
s Pata of the patient must be measured and monitored (by ~

caregivers) immediately. This helps the patient and her caregiver
detect and diagnose  heart disease quickly

ot | [ G 67

Menu action(s)
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Derivation of system criticalities from human ones

Activa

device

— ) |_allocatedTo = _DevicePowerQn/Off]
& Criticalities View atisties = SCharging_habbits
jEComforts «deriveReqt» _ _wrefine»_ WVerificationCritFormuia
Charging_habbits v v( Device_charging_frequency_computation Measure vital signs
iconcern = i Lasting_battery «Usability» 7 |_allocatedTo = _Shimmer3-ECG________|
" — ’ (output=if(windowLength=="Raw", =
Id ="1 Device_charging frequenc e - y==" " "frequently” "NA"), atisfies = . Measuring_vital_signs_frequency]
levels = "once_in_a_while" Id 9" if(wi ength:
Text = "The patient requires a levels = "occasionally" i y=="1Q"," onally”, /
long-lasting battery for the Text = "The medical device should y=="HQ","shortly","NA")), "NA"))} View vital signs
i -lasti = - allocatedTo =
de\{lces to _actually reduct"e have a Ion_g lasting battery (>5y) t? e Acrawucy : Siring i
their charging frequency. operate without frequent charging. [windowLength : String %
valueType = "Charging_levels" valueType = "Device_charging_levels"| output : String e atient_ home
N |LA_Satisfies = “Measuring_vital_signs uenc
«walueType» «alueType» ~
Charging_levels| Device_charging_levels| ~ TT--------= —
lonce_in_a_while occasionally System View
often frequently
shortly s B 1 e «Layer»
v . Elderly_patient_home H
4 «Time» Pl ~ i 2
ata_transmission signal : Stri
deriveRe: o= «VerificationCritFormula» % = o —
- » . Data_transmission_computation s 27 P rf d b
: levels = "real-time” Erraints ) M errorme
| Text nt's data should be [{output=if(signalTransmissionMode=="RT","real-time", ) . .
«Monitoring» itted between the devices in f(ignalTransmissionMode=="1s"best_effort", g th I t
Measuring_vital_signs_frequency *real—time (<1s), otherwise the system's AR Iramemissionhode~ 155 ponfmportent’, NA))) % e SO u Ion
concern = (Constant_display behavior is considered falJ‘Ity.‘" signamarsmssnnMoaé Stri ng F type : String . .
Id ="5" ivalueType = "REMS_monitoring_levels" loutput : String lheight : Real d eS I g n e r I n a
levels = "real-time" ::;‘: 3 l;eeaal‘
Text = "Data of the patient «valueType» weight : Real H
must be and qt» [REMS_monitoring_levels displayScreen : Boolean Y Se m |-
monitored (by caregivers) [~ real-time storageCapabiliy : Boolean
immediately. This helps the H best_effort L et ey Copacty © l;;?ger
¥ i = = i = e = i s i = s e = e = e = 3 Y :
L v R . e . automated
detect and di a heart — o \2 «refine» iwindowLength : String o
3 5 «Time»  [&---——- b y : St
disease quickly and resort to Device. monitoring operation VerificationCritFormulan [numberOfSensors : Intege; f h H
. . e e ashion
valueType [oerie human citcalty X » operations,
Ermers Raw’ (Charge()
1-Srviem ottty ! * "real-time","NA"), DevicePowerOn/Off()
Detais splay X i y=="LQ","best_effort", PairWithOtherDevice()
_vital_signs | if(reconstructionAccuracy=="HQ","non_important","NA")),"NA"))} [MonitorHeartFunction()
L Fdo — RecordHeartRate()
w . g Lmetrs Stream/PushECGData()
B N LS (e ke f= W i x:gmw{ﬂ:ﬁy Tto DisplayData() )
‘ :n‘c:;eb?&v:l:« text fields, a -defident- system cribicaty Evels” loutput - String Alert() /
System arcalty name : L | Py R S SR S LI -D%t:Aa&rexg::on /
Iroid-;
| Ounden: . sparatat ' refines | VerificationCritFormula» T
i SNty Ao i & Aggregator_monitoring_operation_computation lcoreType : String
e e S peterts s {outputsificore A1 ‘l‘;e’rc;lco 2 inumberOfCores : Integer
b medical device bt ereer) Y (output=if(coreType=="A15" if(numt res>2, icoreFrequency : Real
o e ;;::v:: ot ‘ozu(»gm'v ¥ina preer Sme i Ige "SP","real-time”,"NA"),"NA"), communicationProtocol : String
f(coreType=="A7" if(numberOfCor IreconstructionAlgorithm : String
== g “OMP" "best_effort”,"NA"), instances - Integer
OfCores i Boatitions
r—u ) o OMP","non_important”,"NA"),"NA")),"NA") PowerOn/Off()
pnd/or paramett CollectSignalsFromDevices()
| oo:';'rey%'bslrmg | ProcessRealTimeData()
[window (close to real-time, i.e. <1s)." 1 res : Integer Extract/ClassifyData()
g reconstructionAlgorithm : Stri
valueType = "REMS_monitoring_levels"|  |output s,,,ng"Ng o BEEtasDutaToS erver() 68
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Verifying criticalities across views

Dept. of Informatics and Telematics

1
System View
icationCritData «Evaluate» «Layer»
P e rf O rm e d \W Data, lransmlsflon Verification[ = ~ “everitys Y J csatisty | Elderly_patient_home
const values
. «HumanParticipanty| _ _hes «Comfort : Data_{ ission_ «Time» signalTransmissionMode : String
a u tol I Iatlcal I ety pationt M Charging_habbits parts Data_transmission | ——
y : : - r— lconcern = . ‘Lasting_battery : Elderly_patient_home [Bi="41" SignalTransmission() )
= values levels = "real-time"
i | Lasting battery | Id ="14" loutput Smng\= real-time o i,
L actor = "Elderly_patient" levels = "once_in_a while” | | :;:z;;n;:;tf:x:et:tiz‘z:cs:::ji:e
i |d="4" . [lect™ 'The eisiiToqures a real-time (<1s), otherwise the system's
o Text = "The patient wants the long-lasting battery for the e , faulty.”
I P et fong batiery devices to actually reduce behavior is considered faulty.
G " A s 3 valueType = "REMS_monitoring_levels"
V1L fifetime. This way, s feels their charging frequency. ve = o
0 lcomfortable to use them valueType = "Charging_levels'
] without needing to charge them ) «walve jAssauity»
ype» f
U1 |mostof the time.” “Gereraies Charging levels | Dovice_charging_frequency |
o Id ="39"
[ - — s e levels = "occasionally”
o yfiGen ) _ T L “Pracy hortl «VerificationCritData» 3 i i
0 e Keoping tata_peate shortly BRI e harcine fraauency. Verification Text = "The medical device should TR
- " i —— _._D_G.J_Z._m == have a Ion_g-lasllng battery (>5y) to Shimmer3-ECG e—
e | : : Device_charging_frequency_computation operate without frequent charging." alios
; : | valueType = "Device_charging_levels" type : String
part: ) height : Real
K RS . Shimmer3.ECG | _ _everifyn ol Tosatistys fuidin: Real
i N = «Evaluate» depth : Real
é I e weight : Real
[ «Monitoring» EERES = frequont I displayScreen_.‘ Boolean
1 RN «Concerm» Measuring_vital_signs_frequency «VerificationCritData» — Powe ;:gggyeg:;;wv £ mﬂg;e'faﬂ
x i Constant_display concem = —Constant_display Device, monltl)rl!\ogv :Emlfﬂon Verification «verrfy»‘:, \’{«sa(lsly» batteryVoltage : Real )
e . | 30‘0[' ="'E|d9'1y_Paﬁe"r Id = "5" r : Device_monitoring_operation_computation i «Time» ] vcv?r%’:vl:::?\:z? Prso((rtlx’c‘;o ey
| Id="1 levels = "real-time' parts | Device_monitoring_op y : String
X ! Text = "All data related to the Text = "Data of the patient : Shimmer3-ECG Id = "42" numberOfSensors : Integer
== | patient should be displayed must be measured and ot - String = ma‘;;;‘é levels = ”real-lim_e" i instances - Integer
& ! leither to the patient and/or to monitored (by caregivers) - Text ="The med]calldevuce should
| her caregiver as soon as immediately. This helps the generate the patient's data and display
4 I possible. This way, she knows | [patient and her caregiver it to her or transmit it to the data
| that (i) the results are current, detect and diagnose a heart ag}gregtator “I"t_h'" a_prozer time window
| land (ii) her caregiver (who disease quickly and resort to ( fs":r" o :',';E;ge' s‘t)- o
N : monitors the measurement) proper countermeasures. " iaellype = Eonionng_eve's
i &% | land/or herself can instantly see | |valueType = "Monitoring_levels" erficationCritDatar 1 «Evaluate» B
b k - . - e
| if something is wrong with her | ™ - Al Tyner |Aggregator_monitoring_operation_Verification| = = iy 1 satisty | Odroid-XU4
i heart.” el constrs v ) values
| g leve : Aggregator_monitoring_t ation_computation «Time» coreType : String
| |mm:‘dnale parts Aggregator_monitoring_operation numberOfCores : Integer
it o | el = iquickly . id- e coreFrequency : Real
R dokous| @ portant SR - EiEa A L [communicationProtocol : String
-~ i 3 values levels = "real-time’ reconstructionAlgorithm : String
— ;i' output : String = real-time Text = "The data aggregator should instances : Integer
= _ transmit the patient's data to her and/or
o corcger |~ her caregiver within a proper time
T window (close to real-time, i i 6 9
B s = e valueType = "REMS_monitoring_levels"
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Results and Experience obtained

e Four criticality categories were
identified .

N @64' 0@' 9.7% @‘* @‘«
e Right balance between them S
is not trivial o | =Noniring in st ime
o Patients have the change to decide 0] <
what is more important for them by N | . | |

“co-designing” the system

o Solution designers are provided with @
comprehensive manner to transform
concerns into system design
requirements and automatically verify

them B

r T T T T
0% 0% an%. AN% 80% 100%

e Patients participation in system design is important e P o
o affected decision to use and operate a personalized REMS

Dept. of Informatics and Telematics

70



~\ XAPOKOIMEIO MANEMIXTHMIO

Dept. of Informatics and Telematics

{4 HAROKOPIO UNIVERSITY

Profiles and Tutorial

e Profiles and plugins are available at

https://bitbucket.orag/ckotronis-phd/plugins/src/main/

e A demonstration is available at REMS demo
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https://bitbucket.org/ckotronis-phd/plugins/src/main/
Cameo%20plugins%20-%20REMS%20case%20study.pdf
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Discussion
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Implementation Limitations

e MBSD using SysML is been tested in practice
o Using tools such as Cameo System Modeler, profiles and plugins

e Integration
o profiles and plugins
o external tools

e SysML capabilities
o Difficulties arise when trying to “work” with your models (active SysML

models)
m Similar to UML and the extraction of executable code
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Integration

o All external tools integrated in our framework, provided @

Java API to be integrated in Cameo Java Plugins
o We basically needed ways to a) provide them with data, b) instantiate
them and ¢) integrate results into the SysML models

e The application of more than one profiles is not that easy in
practice

o This becomes more difficult when you are not the one that created
them

o All object-oriented features (class specialization for instance) is always
more efficient in theory

e Versioning is always an issue

o Affecting all the tools integrated and also MagicDraw product suite
74
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SysML Capabilities

e SysML is defined as a graphical language

o Depiction of information was the main concern
o However to study design alternatives one needs to "evaluate” models

o Computations are essential to evaluate design solutions
o In SysML they can be described using parametric diagrams
To obtain the result you need external tools (Cameo Modelica plugin)

o Quicker to integrate them in plugins
Known in advance, not defined by the designer
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SysML Capabilities

e Analysis results must be integrated in the SysML model
o History of experiments should be kept
o This should be facilitated by a specific diagram
In our case we introduced specific stereotypes for the purpose

e SysML standard is not fully supported by modeling tools
o Details do matter (computation, inheritance, profile definition)
o SysML support the main reason for choosing MagicDraw and Cameo
Suite
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Good practices

e Provide a specific order of steps to engineers to apply an
MBSD framework

o Profiles are needed to restrict SysML entities for specific domains
o Define specific generic stereotypes to manage QoS

requirements
o Introduce discrete entity to Integrate the results of analysis tools

o Abstract specific parameters related to specific viewpoint
(engineering task) from system entities
o Cost entities containing information to compute cost of ownership
o Automate tasks for the designer

o Automated computations were fully appreciated

o Validate models in all stages
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Reality Check

e When applying an MBDS approach in a real case you need

to answer specific questions
o When complex systems are involved, it is complicated!

o lterative approach improving design solution in each iteration
o More than one alternatives should be studied, thus it is important to
store and access intermediate results

e Stakeholders of the case are interested in the results and

not your approach/ framework

o Flexibility and customization is needed (integrating and creating
SysML profiles and external tools)
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Reality Check

e Analysis is always tricky (whether concerning an existing

system or not)
o Designers should really know/study the system and explore its
behavior using stress testing or simulation
o Custom solutions are most probably needed
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Addressing obstacles in SysML adoption

Did we manage to hide design complexity?

e QoS requirements are easer defined and explore by

engineers
o Single point of interaction using a specific environment/tool (Cameo
Suite)
o Hidden exhaustive QoS computation details
o Automated QoS requirement verification

Custom code is needed
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Addressing obstacles in SysML adoption

Did we convinced system designers to adopt SysML ??

e Establishment of an MBSD approach
o Simplify usage
m provision of domain-specific languages DSLs (profiles), hide detailed, low level
information, automated integration of external tools

o Utilize existing experience
m integrate all information in the system model, provision of libraries

However

e The integration of profiles and tools created by others remains
an issue hindering extensive use

e In both case studies engineers asked for our support to use the
approach and tools provided 81
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SysML v.2
e Under development by OMG

o Major change based on KernelML
o Actually an executable language providing also a graphical interface
o Expressions and computations are natively supported

(parametric diagrams become obsolete)

e Requirement entity
o Describing requirements with quantitative parameters
o Computing parameter values using formulas
o Provide features for their verification (under consultation)

o Still no clear support for integration of analysis results back

into system model =
o The concept of a SysML analysis model is integrated w
o Feedback of analysis results to SysML model is needed Wil

Systems Modeling Language
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Future work

= Ethical concerns as requirements in MBSD'
e |EEE standard issued in 2021, OMG announced a
working group on Responsible Computing in 2022
o Case study: Managing the environmental footprint of
electronic services and datacenters

= QoS-aware Cloud engineering
e Enable providers/customers assess solutions cost-wise
e Support revenue/profit analysis

1.IEEE 7000-2021 - IEEE Standard Model Process for Addressing Ethical Concerns during System Design. 2021. URL:
https://standards.ieee.org/standard/7000-2021.html. 83
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Thank you for your attention!
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Implementation

o Profiles and plugins are available at
https://bitbucket.org/ckotronis-phd/plugins/src/main/

e A tutorial for using them is available at OoS MBSD demo

e Contact at kotronis@hua.gr

85


https://bitbucket.org/ckotronis-phd/plugins/src/main/
Cameo%20and%20plugins%20tutorial.pdf
mailto:kotronis@hua.gr

XAPOKOIMEIO MANEMIZTHMIO
HAROKOPIO UNIVERSITY

Dept. of Informatics and Telematics

Recent Publications

Kotronis, C., Routis, I, Politi, E., Nikolaidou, M., Dimitrakopoulos, G., Anagnostopoulos, D, ... & Djelouat, H. (2019).
Evaluating internet of medical things (IoMT)-based systems from a human-centric perspective. Internet of Things, 8,
100125.

Kotronis, C., Nikolaidou, M., Kapos, G. D., Tsadimas, A., Dalakas, V., & Anagnostopoulos, D. (2020). Employing SysML to
model and explore levels-of-service: The case of passenger comfort in railway transportation systems. Systems
Engineering, 23(1), 82-99.

Kapos G. -D., Tsadimas A., Kotronis C., Dalakas V., Nikolaidou M. and Anagnostopoulos D. A Declarative Approach for
Transforming SysML Models to Executable Simulation Models (2021). IEEE Transactions on Systems, Man, and
Cybernetics: Systems, vol. 51, no. 6, pp. 3330-3345, June 2021, doi: 10.1109/TSMC.2019.2922153

Nikolaidou, M., Kotronis, C., Routis, I, Politi, E., Dimitrakopoulos, G., Anagnostopoulos, D., ... & Bensaali, F. (2021).
Incorporating patient concerns into design requirements for loMT-based systems: The fall detection case study. Health
informatics journal, 27(1), 1460458220982640.

Kotronis, C., Tsadimas, A., Nikolaidou, M., Michalakelis, C., & Anagnostopoulos, D. (2022). Extending sysml to integrate
cost analysis into model-based systems engineering. IEEE Transaction of Engineering Management, doi:
10.1109/TEM.2022.3200148.

Kotronis, C., Routis, I, Tsadimas, A., Kapos, G. D., Dalakas, V., Nikolaidou, M., & Anagnostopoulos, D. Engaging human

participants in CPHS design: A model-based approach. ACM Transactions on Internet of Things Journal. Under review.
86



