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Introduction (1/2)

e Complex systems are predominant
o Automotive, health, aerospace, industrial automation

e MDE solutions to leverage abstraction and automation
o Challenges: scalability, benefits at runtime

e Integration between design and runtime aspects
o Understand critical situation at runtime

o ldentify causes in design

e Limitations in terms of modeling support for that...



Introduction (2/2)

o #=¥MegaMeRt® EU H2020 ECSEL Project
o Model-based continuous engineering approach
o Generic support for runtime-to-design feedback loop

e Contributions of the paper

o Conceptual model-based approach for such a loop
m Combination of model traceability & model views

o Instantiation on a real use case from CLEARSY

o Feedback on the performed experiments



Motivating Use Case from CLEARSY



“Platform Screen Doors Control”

Case Study (1/4)

e Coppilot System: open platform screen doors when it is
safe and necessary
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“Platform Screen Doors Control”

Case Study (2/4)

e Sensors detect the train e Computing Unit (CU) check the

e Sensors detect the doors consistency of inputs and decides

e CU triggers the PSD opening

«component» 2] «USE «USE «component» =
M21 Positioning LCU1 Train position Train posion M24 Positioning LCU 2
— — =\ T
\ /
\ / D
«use» L «use»
Trainspeed | _ _ «component» =] Train speed

= —
— —
—
—
—

M11 Computing Unit

«use» [ «use»

Door opening

«component» -

M22 Door LCU1 y

«use»
Door closed/closing

Door opening

N o
«use» )

Door closed/closing

«component» ]
M23 Door LCU2




3
oooooooooooooooooooooooooo
ooooooooooooooooooooooooooo
£
..........................
5
ooooooooooooooooooooooooooo
q
ooooooooooooooooooooooooooo
~
~ 2
I
O —..h.m B L e
. 3
r : Mw H P e L
) T b e ™+ 0 4
B e e
n P e e
A e
: ooy marers - R S S S S 2 S
3 PPN N0 LI BRI I R 0 I 0 I I e O K
s proveRwee LRl L LA A L L R A L R R R L]
2 e e I I A |
= B 1 L D S |
) .— B L R
¥ B
4 : e TS SR | L ) oo e
1 AT ) iy *TH PSP AT N e A T T A N .
m / oy .aa,ig.i.hlllllillllilllltl)llllll.“
< N M) W Omgang + TR R A e
‘ ‘ v B u_
5 SpasetRg ey O PO 00000000 B0OVO0CE0O0ORO O
N B R L R R
B L 4
y ..E!.iw.AIIIIIIIl’llllli!llll!lll.ﬂ
acomgtinen"savkrir, o {18 1 ko o o o e e o ']
B e
AR Ay | PN A NN 0000000000800 000 0
P I A A
n “ woon ey ¢ g el
4 g reopny RN A -5 066868008000 066 4
t B L )
B s L e
P o+ (% e e e m
Q e |
LR epesmmeesy L UL L A L L B L LR A R w
r Ev.g:'Ill!})il!!itllili)lw.!l!.n
e L EHE EEELLEEEEELEL EVELE
4244884234223 A0ARRRRA; ]
S w2 AA22322220 g
wePjESNNLAENNRRERRNARS 1sasan:y
AR AZAZIIAZAIIRIRAZIIRIRRA:
- WA EERARKRASRARSSRRRRIKKRRRKA
& ; +1 332 23333233
4 e R RARNRARARRRARKRRRARRERI
m d ATV EEIEI s NRTRIIININE
@) a
L — O <= O
© S @ 5 2
SN—"" C
— n £ o .2
e Q O X @©
e - —
o O O C

Y
@)
(-

i)

e
(@)
QO

-
()

Q
O

e Coppilot logs in CSV
o Manual...

e Current Analysis

e Obijective




“Platform Screen Doors Control”
Case Study (4/4)

e Objective — Make more efficient the log analysis process

o Observation of the logs - Detect problematic
situations (e.g. sensors reporting wrong position)

o ldentification of the cause - Establish traceability to
the corresponding design elements

o Proposition of solution - Suggest (infer) possible
resolution actions at design-level



“Platform Screen Doors Control”
Case Study (4/4)

e Objective — Make more efficient the log analysis process

-

O

Observation of the logs - Detect problematic
situations (e.g. sensors reporting wrong position)

Identification of the cause - Establish traceability to

the corresponding design elements

~
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Proposition of solution - Suggest (infer) possible
resolution actions at design-level



A Model-based Conceptual Approach
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Exploiting Design-Runtime Model-driven

Traceability for System Improvement (1/2
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Exploiting Design-Runtime Model-driven

Traceability for System Improvement (1/2)
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Exploiting Design-Runtime Model-driven

Traceability for System Improvement (1/2)
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Exploiting Design-Runtime Model-driven

Traceability for System Improvement (1/2)

Mapping

Specification o
Log \ Traceability
Metamodel ~ Metamodel
Model Traceability N
conforms to Solution conforms to
Wi g
Log Model Log - Design-Runtime | Traceability
Discoverer Model = Correspondences Model
builder
S
Traceability Links
Monitoring engine
Infrastructure N~
B J
Metamodel
conforms to
B B > Log +> UML2
Model Viewpoint
]
conforms to}
ﬁ ————— !
L
B B Model > Design-Runtime
Specification “| Discoverer View
— I
...;7 v:'.
o navigates *
-, UML / queries 4
d " Metamodel )
& designs )
.......... N
............ conforms to L
System Architect _\ UML View System Engineer
Model Specification 14




Exploiting Design-Runtime Model-driven

Traceability for System Improvement (1/2)
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Exploiting Design-Runtime Model-driven

Traceability for System Improvement (1/2)
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Exploiting Design-Runtime Model-driven

Traceability for System Improvement (2/2)

1. Monitoring the real system (a.k.a. get logs)...
2. Discovering design (B spec.) and runtime (log) models

3. Computing design-runtime traceability links
between Log, B and UML models

4. Building the design-runtime view
B < Log «~ UML

5. Navigating and querying the design-runtime view
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An Eclipse-based Instantiation
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Experiences on Building and Using

a Model-based Solution (1/7

Mapping
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Experiences on Building and Using

a Model-based Solution (2/7)

e Raw textual representation of runtime logs

[ -1

20161017_231136106;u;dbg;192.
20161017_231136106;u;dbg;192.
20161017_231136106;u;dbg;192.
20161017_231136106;u;dbg;192.

]

20161017_231136377 ;u;dbg;192.
20161017_231136377 ;u;dbg;192.
20161017_231136377 ;u;dbg;192.

o

20161017_231136480;u;dbg;192.
20161017 231136480 u; dbg,192.

20161017 231136377 u; dbg,19

20161017_231136377;u;dbg;192.
20161017_231136377 ;u;dbg;192.

168.
168.
168.
168.

168.
168.
168.

168.
168.

10.
10.

10

10,

10

10.
10.

10.
10.

101;1;0;M11.LogiqueSecu.
101;1;0;M11.LogiqueSecu.
.101;1;0;M11.LogiqueSecu.
101;1;0;M11.LogiqueSecu.

.101;1;0;M11.LogiqueSecu.
101;1;0;M11.LogiqueSecu.
101;1;0;M11.LogiqueSecu.

101;1;0;M11.LogiqueSecu.
101 1 0 M11 LoglqueSecu.

Algo_DonneesUtiles__
Algo_DonneesUtiles__
Algo_DonneesUtiles__
Algo_DonneesUtiles__

Algo_DonneesUtiles__
Algo_DonneesUtiles__
Algo_DonneesUtiles__

Algo_DonneesUtiles_
Algo DonneesUtlles

Position_M21;33139
Position_M24;33116
Vitesse_M21;6
Vitesse_M24;2

Position_M24;32766
Vitesse_M21;0
Vitesse_M24;1

_Position_M24;33117
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Experiences on Building and Using

a Model-based Solution (3/7

e Model-based representation of runtime logs

20161017 : Event

[ E Log 2 VarType
l? name : EString = IN
- OUT

timestamp: 231136480

[1.*] events

-

E Event

? name : EString

1 timestamp : EString

[1.X] traces

-

E Trace

automata : EString

variable : EString
sensor : EString
value : EString

name : EString

o-0-0 O~0~-0+0

type : VarType = IN

component : EString

M11.LogiqueSecu.Algo_DonneesUtiles_Speed_M24 :
Trace

automata: M11

component: LogiqueSecu.Algo_DonneesUtiles
sensor: M24

type: IN

variable: Speed

value: 65535

M11.LogiqueSecu.Algo_DonneesUtiles_Position_M24 :

Trace

automata: M11

component: LogiqueSecu.Algo_DonneesUtiles
sensor: M24

type: IN

variable: Position

value: 33117

M11.Logiqu .Algo_Donn iles_fallback_M11 :
Trace

automata: M11

component: LogiqueSecu.Algo_DonneesUtiles
sensor: M11

type: IN

variable: fallback

value: inconsistent_position
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Experiences on Building and Using

a Model-based Solution (4/7)

e Specification of traceability mappings

transformation Log2UML (log:Log, uml:UML) {
top relation Sensor2Component {
S : String;
checkonly domain log trace: Log::Trace {
sensor = s

s

checkonly domain uml comp: UML::Component {
name = s

I

}

top relation Automata2Component {
a : String;
checkonly domain log trace: Log::Trace {
automata = a

s

checkonly domain uml comp: UML::Component {
name = a

s

22



Experiences on Building and Using

a Model-based Solution (5/7)

e Model-based representation of traceability links

] TraceabilityModel

1 name : String

[0.X] traceabilityLinks

[0.X] leftLinkEnd

E TraceabilityLink

1 id: Integer

1 name : String

1 description : String

L.

[0..1] traceabilityContext

E TraceabilityContext

>

E TraceabilityLinkEnd

1 name : String

l?* traceableArtefact : EObject

1 name : String

1 description : String

I I [0.*] rightLinkEnd [0.*] traceabilityContextData [

a TraceabilityContextData

J name : String

3 value : String
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Experiences on Building and Using

a Model-based Solution (6/7

e Model-based representation of traceability links

& shortoutputs.xmi S@W 4 TraceabilityModel.xmi S@W - & components.xmi $2 L
v 4 platform:/resource/jtl.log2b-extended/models/shortoutputs.xmi v 4 platform:/resourcefjtl.log2b-extended/target/TraceabilityModel.xmi v 4} platform:/resourcefjtl.log2b ... /components.xmi
V¥ 4 Log traces Vv < Traceability Model ¥ 4 Model
» < Event O V < Traceability Link M21 <> Component M22 Door LCU1
» <> Event 20161017 <» Traceability Link End Component M21 <> Component M21 Positioning LCU1
» < Event 20161017 — < Traceability Link End Trace Speed M21 <> Component M23 Door LCU2
» <> Event 20161017 ¥V < Traceability Link M24 . E— <> Component M24 Positioning LCU 2
» < Event 20161017 4 Traceability Link End Component M24 * V¥ <> Component M11 Computing Unit
V¥ <4 Event 20161017 < Traceability Link End Trace Position M24 % % < Usage Train position
< Trace M11.LogiqueSecu.Algo_DonneesUtiles__Position_M24 b s Traceability. .Link.M11 < Usage Train speef:l
4 Trace M11.LogiqueSecu.Algo_DonneesUtiles_ Speed_M21 <» Traceability Link End Component M11 <4 Usage Door opening .
< Traceability Link End Trace fallback M11 < Usage Door closed/closing

<» Trace M11.LogiqueSecu.Algo_DonneesUtiles__Speed_M24
< Trace M11.LogiqueSecu.Algo_DonneesUtiles__Position_M21
<» Trace M11.LogiqueSecu.Algo_DonneesUtiles__aopp_M11

» < Event 20161017

» < Event 20161017

» < Event 20161017

» < Event 20161017

| 4 a platform:/resource/jtl.log2b-extended/Metamodels/TraceabilityMetamodel.ecore > E] platform:/resource/jtl.log2b-extended/Meta...
> @ platform:/resource/jtl.log2b-extended/models/shortoutputs_sample.xmi

> @ platform:/resource/jtl.log2b-extended/Metamodels/Log.ecore

| 4 @ platform:/resource/jtl.log2b-extended/models/components.xmi

» @ platform:/resource/jtl.log2b-extended/Metamodels/SimpleUMLComponents.ecore

¥V <> Event 20161017 Property Value *
ey i i Name Ii’=Component M24
<» Trace M11.LogiqueSecu.Algo_DonneesUtiles__Speed_M21 TraceabisTArtatact I= Component M24 Positioning LCU 2
< Trace M11.LogiqueSecu.Algo_DonneesUtiles__Speed_M24 Property —_—
<» Trace M11.LogiqueSecu.Algo_DonneesUtiles__Position_M24 = Name = Trace Position M24
<+ Trace M11.LogiqueSecu.Algo_DonneesUtiles_aopp_M11 Traceable Artefact = Trace M11.LogiqueSecu.Algo_DonneesUtiles__Position_M24-setsM24

V <4 Event 20161017
<» Trace M11.LogiqueSecu.Algo_DonneesUtiles__Speed_M24
<+ Trace M11.LogiqueSecu.Algo_DonneesUtiles__Position_M24
<+ Trace M11.LogiqueSecu.Algo_DonneesUtiles__fallback_M11 -
| 2 @ platform:/resource/jtl.log2b-extended/Metamodels/Log.ecore
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Experiences on Building and Using

a Model-based Solution (7/7

e Resulting view can be queried, used to generate reports...

» #Log ~ <% [TraceabilityLink] Fallback Position

b @ UML ~ 1, traceabilityContext Fallbacks Timestamp  M21 M24

~ @ bilityMet del b 4 [TraceabilityContext] Inconsis

I TraceabimyMetamoda ¢ . Inconsistent position M21-M24 21131703 33142

T i e Difference between M21 and M24 positions: 373mm
4 TraceabilityContextData b 4 [Variable] fallback e P ’ 231135969 33136
4 TraceabilityLink (3) 4 [variable] M21_Position ¥ EispeciDcalion sense -5 —
< TraceabilityModel b 4 [Variable] M24_Position Treatment_i.imp:37--40:

» @b ~ L, events IF 231136077 33137

b <4 [Event] 20161017 train_in_par = INCONS_POSITION

THEN
b < [Event] 20161017-setsM21 fallback := INCONSISTENT POSITION 231136106 33116

b < [Event] 20161017-setsM24

in_i.imp: ; 231136181 33117
b < [Trace] fallback Teain Lipp:86-30
~ <4 [Trace] setsM21 in par <-- is train in par = 231136227 33118
VAR
o variable = Position dd
= IN
SRS dd <-- abs(Position M21 - Position M24); 218620
e <3130 IFdd < POSITION DELTA
» L designComponent THEN = 231136331 33116
v < [Trace] setsM24 VAR
s mparl. par2 231136377 32766
% Narshic;-Postion parl <-- abs(Position M21 - PAR POSITION);
© sensor =M24 par2 <-- abs(Position M24 - PAR POSITION); 231136480 33117

IF
parl < POSITION DELTA & par2 < POSITION DELTA
: THEN 231150677 33136
» L designComponent in par := IN PAR
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Discussions

26



Benefits of the Approach

e Apparition of a new model-based process at CLEARSY
o Complementary to the internal development process

e Promising use of traceability links between runtime and

design aspects
o Help system engineers understanding critical

situations occurring at runtime
o Adaptability to other kinds of problems to monitor

o Building of a reusable view (e.g. report generation)

27



Limitations of the Approach

e Creation of the log model currently separated from the
rest of the process (ongoing)

e Integration of the resulting view with tools from the system
development process

O

From the view to the B specification in Atelier B (and
vice-versa)

From the view to the UML model in CASE tool (and
vice-versa)

28



Planned Improvements

e Current experiments: one specific cause of problem
e Next step: specify patterns (semi-automatically?) to detect
other causes

e Integration of the model view with the different editors
o Challenge of concrete syntaxes integration...

e Extended querying support using other languages (than
OCL)
o DSL with a better expressivity and making
maintenance easier...

29



Related Work & Conclusions
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Related Work

e Design-runtime interactions prominent in CPSs
o Cf. MDE@DeRun workshop also at STAF...

e Extraction and representation of runtime data (logs)
o Ongoing work on standards such as CTF (Common

Trace Format)

e Definition and representation of inter-model relationships
o Model transformation, language interoperability, etc.
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Conclusion

Approach to help system engineers analyzing more easily
their running critical systems

Instantiation based on EMF-based technologies (Xtext,
JTL, EMF Views)

Future work

o Characterize more precisely the failures

o Detect more types of failures

o Suggest actions to prevent them

o Experiment on larger-scale scenarios (log streams)
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Thanks for your attention!

JOT
I I THE JOURNAL OF

OBJECT TECHNOLOGY

S

Check out the full paper from https://hal.archives-ouvertes.fr/hal-02170550

JOT link (open access) - http://www.jot.fm/contents/issue_2019_02/article1.html

Contact us by emails

hugo.bruneliere@imt-atlantique.fr, romina.eramo@univagq.it, julien.ouy@clearsy.com
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