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Context of the problem

Aircraft Systems Engineering processes
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EADS
Context of the problem

Heterogeneous multi-modelling

 Two models describing parts of the aircraft Information System

 CIS: Cockpit Information System model

*CIS sends messages to “external”
systems

*ClosedWorld System
*SysML modelling language

*Object-oriented
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LISI

e SIS: Shared Information System

SIS treats messages from CIS

*OpenWorld System

*CORE modelling language

eFunctional-oriented

c ig:%m”e’ Kinterface»>
o oS T = IEDD = ks ek
Eo + sendEMail ifram : Siring, o - Sting. co vag, coo: String, message : Message) -‘1|
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nenk |
A message sent from ClosedWorld to OpenWorld must be en crypted
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Context of the problem

Implicit knowledge
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*To relate the two models
engineers need to agree on

the following concepts:
*ClosedWorld
*OpenWorld

Message

*Encrypted protocol
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Current solutions in Systems Engineering e

Inter-model Relationships Creation

Point-to-point mapping MetaModel-based Transformation
MM & constraints

Reference Reference

M1 M2

Model evolution impact on oo
relations and constraints
M1

No explicit additional knowledge
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Goals

Manage inter-models heterogeneity in a system engineering setting

Our proposal

 To describe, model and verify
* some inter-model constraints and relationships
* between pre-existing heterogeneous models (analysis)
* used in a System Engineering process

« To make explicit, formalize and exploit additional knowledge

« usually not expressed by the engineers
* to express these constraints and relationships
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LISI



EADS
Methodology proposal

Knowledge-based inter-model relationships managemeén

Constraint

Constraints }

Relation model
Reference
1 }

T

LISI

i [
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Methodology proposal o

Knowledge-based inter-model relationships managemeén

Constraint A message sent from
CIS Concept SIS Concept ClosedWorld to OpenWorld

must be encrypted

Reference Reference

Annotated CIS Annotated SIS
f . Message f
Annotation Encrypted protocol Annotation
OpenWorld...
Exported CIS Exported SIS
1Export/Transformation 1Export/Transformation
CIS SIS
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Step by Step

LISI

Step 1 (Export to a common modelling formal language)

CORE MM

CORE_Model

CORE_ENTITY

SIS model as instance of |wessace code: mem
CORE MM 74

’ﬁe‘ésaqe Description : ITEM

| Rélated ttem : ITEM

ITEM
TS_COMPOMENTS COMPOHENT
ITS_INTERFACES INTERFACE_COhF
b
".\
LINK
ITS_LINKS
ENTITY INTERFACE_CORE
SUBTYPE OF (CORE_ENTITY);
COMPRISED_OF: SET[0:?] OF LINK;
SPECIFIED_BY: SET[0:?] OF REQUIREMENT;
INVERSE
# 9 EADS I N |\ JOINS_THROUGH: SET[0:?] OF COMPONENT FOR JOINED_THROUGH;

intranet : LMK
IBOD : INTERFACE CORE senmnl
from : ITEM
[T edranet Llﬁ“
to: ITEM
L
cc : ITEM
5
coo: ITEM
|
~,
tt#] 6=LINK(#48, #15, 'dsz', $, #15, infranet, $, $, $, $, $, 'EX25', (),
(#90,#89,#88 #8 )#29 ,#20));

#2P=ITEM#52, #15, 'dsz', $, #15, 'Mdgssage Code', $,$,$,$,$,$,$,.$, 5,0, 0. 0,

#28% #E5-gsz-$#15-Message Description’, $,$,$,$,$,$,$, $, 3, (),
0.0.0%
7', $, #15, 'Related Item’, $, $, $,$,$,$,$,$,$, 0,0, 0, O);

Express implementation = s«s roms.s5.5.5.55550.0.0.0

JOINS_TO: SET[0:?] OF COMPONENT FOR JOINED_TO;

END_ENTITY;

e ey w2 $,#15,104, 5,8, 8,5,$,$,8,5,$,0,0,0,0)
#89=ITEM(#85, #15, 'dsz', $, #15,'cc’, $,$,$,$,$,$,$,$,$, 0. 0. 0. 0);
#90=ITEM(#86, #15, 'dsz', $, #15, 'cc0", $,$, $,$,$,$,$,$,.$,0. 0. 0. 0);
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Step by Step o

Step 2 (Formal side knowledge model)

COMMUNICATION _PROTOCOL

MESSAGE_TYPE

ORIGIN_OF MESSAGE Constraints
——— T MESSAGE
K model

DESTINATION OF _MESSAGE éﬁ!{d

ENTITY MESSAGE

M 2§dBTYPE OF|(CONEERT):
wessace_Tyee: vedwREIRARN

M: SET MBHMOF_MESSAGE;

ERSON_TO: SET [0: 4 (i QS &Y&T ION_OF_MESSAGE;

PERSON_CC: SET [0:2}OF-€OP ._UP_Icssnu:,

COPY_OF_MESSAGE

MESSAGE_PARAMETER

SECRET_COPY_OF_MESSAGE

O: SET [0:?] OF SECRET_GOPY_OF _MESSAGE;
MFESSAGF PARAMFTFR: SFT 121 OF STRING:

M2" Express implementation
#100=MESSAGE_TYPE(#99, ‘MAINTENIANCE');
#101=ORIGIN_OF_MESSAGE(#91, 'FROM');

2, 'TOY;

! - 1, . 1 1

EXZE . COMMUMNICATION PROTOCOL H25 L COMMUMNICATION PROTOCOL

Exportdransforasatime #93, 'CC);

ET_COPY_OF_MESSAGE(#94, 'CCO");
#105=MESSAGE_PARAMETER(#96, 'IDENTIFIER');

M 2106=MESS GE_PARAMETER(#97, 'CONTENT');

107=MESSAGE_PARAMETER(#98, 'RELATED ITEM');

#108=MESSAGE(#95, #100, (#101), (#102), (#103), (#104), (#105','#106','#107"));

#143=COMMUNICATION_PROTOCOL(#125, 'EX25', .T.);

RELATED ITEM : MESSAGE PARAMETER #144=COMMUNICATION_PROTOCOL(#126, 'X25', .F.);

K Base MAINTEMAMCE - MESSAGE TYPE

IDEMNTIFIER : MESSAGE PARAMETER

COMNTEMT : MESSAGE PARAMETER

FROM : ORIGIMN OF MESSAGE

_ | MESSAGE : MESSAGE

TO: DESTINATION OF MESSAGE

CCCcOPY OF MESSAGE CCo SECRET COPY OF MESSAGE
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Step by Step

LISI

Step 3 (Knowledge based model annotation)

Annotation model

--Entity used to link an entity and an annotation (knowledge)

ENTITY ANNOTATED_ENTITY

ABSTRACT SUPERTYPE

SUBTYPE OF (CONCEPT);

MODEL_ENTITY: CONCEPT;

ANNOTATION_URI: URI_TYPE;

END_ENTITY;

--Entity to build an artificial set of concepts which references to the same knowledge
ENTITY ANNOTATED_SET

SUBTYPE OF (CONCE

vooeL_evmes: st Express implementation
ANNOTATION_URL: U _
END_ENTITY;

Annotation Instances

#136=ANNOTATED_ITEM(#118, #20, #96);

Message Description : [TEM

Related Iterm : [TEM

\_\—-.

#137=ANNOTATED_ITEM(#119, #28, #97);

Message Code : [TEM

MAINTENANCE © MESSAGE TYPE #138=ANNOTATED_ITEM(#120, #29, #98);

#139=ANNOTATED_ITEM(#121, #87, #91);
#140=ANNOTATED_ITEM(#122, #88, #92),

Annotated Message : ANNOTATED SET

#141=ANNOTATED_ITEM(#123, #89, #93);
#142=ANNOTATED_ITEM(#124, #90, #94);
#175=ANNOTATED_SET(#174, (#90,#80,#88 #87 #28,
#29,#20), #95);

MESSAGE | MESSAGE

fom TEM |——

to: ITEM

/

cc [TEM cco: [TEM




Step by Step

Step 4 (Inter-models relations)

Relation model

Relation instance

--This entity represents a relation between 2 or more elements of different models
ENTITY RELATION

ABSTRACT SUPERTYPE

SUBTYPE OF (CONCEPT);

NAME : STRING: #33=FQUIVALENCE(#65, 'Interface Equivalence’, #39, (#54), (),
. . : : #67), (#253));
URI_CONCEPT_ORIGIN: URI_TYPE;
URI_CONCEPT_DESTINATION: SET [1:?] OF URI_TYF Exp ress im p I eme ntatl on JI_TYPE(EQUIVOO0LY);
ATTRIBUTS: SET[0:?] OF ATTRIBUTE_RELATION; #66=MULTIPLICITY(1' l)’
MULTIPLICITY_ORIGIN: SET[0:2] OF MULTIPLICITY; #67=MULTIPLICITY(1’ l)’
# 12 MULTIPLICITY_DESTINATION: SET[0:2] OF MULTIPLICITY;

CONSTRAINTS: SET [0:?] OF INTER_MODEL_CONSTRAINT;
END_ENTITY;



Step by Step

Step 5 (Express constraints over the relations)

Constraints model based on
PL'B expressions model “It exists at least one Link which

transfers a maintenance message”

#146=CONCEPT_SIMPLE_SEMANTICS(#90);

#147=CONCEPT_SIMPLE_ENVIRONMENT (#152, #146);
#151=BELONG_BOOLEAN_DEFINED_FUNCTION(#152, #153);

--This entity represents the EXISTS FOL assertion #152=CONCEPT_CORE _ITEM_VARIABLE(*, *);
#155=EXISTS_EXPRESSION((#152,#186), (#160), (#90,#89,488 #87,#28,
ENTITY EXISTS_EXPRESSION #29));
urre_AAnAmnT cins = GEMANTICS(#165);
SUBTYPE OF (FIRST_LOGICAL_BINARY_EXPRESSION); . . _ENVIRONMENT (#160, #156);
“E_SEMANTICS(S, (#16,#165));
DERIVE EXpreSS Im plel | Ientatlon _E_ENVIRONMENT(#161, #158);
SELF\BOOLEAN_VALUE_EXPRESSION.BOOLEAN_VALUE. bUULEAIN .—EAIS 1 0_FUNG 1 IUNOELF), INK_VARIABLEC, »);

#161=CONCEPT_CORE_INTERFACE_COMPRISEDOF_LINK_VARIABLE(*, *,
. O)

END_ENTITY; 2 0)
# 13 L/M\L/ D HININNY VUL INVIN VUV NS NI\ #186=AND_VALUE_EXPRESSION((#151,#187));
#187=EXISTS_EXPRESSION((#180,#188), (#160,#152), (#175));



Step by Step

Step 5 (Check of constraint)

For each LINK transferring a maintenance message

from a Cockpit INTERFACE (CIS SysML model)

to a Shared System INTERFACE (SIS CORE model),

the used communication protocol must be secure

Y: RELATION.URI_CONCEPT_DESTINATION
Z: MAINTENANCE.URI

containgtransfei) U

asannotationuri=Z U

contain®.comprisedof,)U $i:lte
contain@smoctl_entities

$as: Annotated%

"1 Link contain&.owned operatigo) U
contain@owned parametep) U
adtconcepturi = ptype uml

Uadtannotateduri=Z

Uso: OperationUM
$0:0p - $p: ParametetlUM
$adt AnnotatedData Typ

($Cp: Communic’:an_ProtocQ(cpseaurised:TRUF_UI.protocot cpnam)é

CIS intranet SIS Y
EX25
CIS extranet SIS
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Operational Validation

Operational validation with Express modeling langua ge

EADS INNOVATION WORKS

*Set of entities grouped in a schema
*Entity = set of typed attributes ENTITY B,
_ _ att_1: REAL
"Derived attributes att 2 LIST [0:?]OF  STRING
sInverse attributes att_3: A;
Types END=ENTITY§
*Base Types: INTEGER, REAL, ENTITY B2;
BOOLEAN, STRING att 1: REAL
att 2:  LIST[0:?]OF  STRING
Complex Types: Abstract Types LIST, att 3 A:
SET, BAG, ARRAY with corresponding | DERIVE
operations. att 4 BOOLEAN{( SELF.att 3 \A.att A=
N _ SIZEOF( SELF.att_2));
*Entities used as attribute types. END_ENTITY:
SCHEMAFo01;
ENTITY A: #1=A(3),
ttA: INTEGER — 1 ' ' .
INVERSE #2=B(4.0, ('hello','bye"), #1);
att I: B FOR att_3;
END_ENTITY;




Operational Validation

Express
e Schemas and entities can be constrained

» Constraints = First order logical expression.
* Local Constraint: applied to an entity (WHERE Clause)
* Global Constraint: applied to entities in a schema (RULE Clause).

Local Constraints

ENTITY A;
att A: INTEGER;
WHERE
WR1:( SELFatt A >=1) AND ( SELF.att_ A <=10);

WR2: SELFatt A = f(SELF);

END_ENTITY,

Global Constraint

RULE Card FOR A;
WHERE
SIZEOF( QUERYinst <* A | (inst.att_A=1))) = 2;
END_RULE
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Conclusion

e Approach integrating Systems Engineering models
« Specificity of the approach

* Implicit knowledge is made explicit
« Side models for relations and constraints
* Operational approach

e Use of EXPRESS
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Perspectives

lllustrate other cases and kind of relations
Demonstrate other uses of formal semantic relation
« To develop services exploiting formal relation

» Discover relation using K annotation

e Search into models

 Check models consistency
Study the impact of source models evolution
Scalability
 More than two models?
 More than two languages?
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Step by Step

Step 1 (Export to a common modeling formal language)
-Need of meta-model of MMi for the relevant concepts involved in

heterogeneity reduction
-Models Mi become instances of MMi
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Step by Step

Step 2 (Formal side knowledge model)

-Domain knowledge is explicited
-Each concept is uniquely identified (URI)
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Step by Step

Step 3 (Knowledge based model annotation)

- Define semantic links between Models elements (Classes And/Or
Instances) and Knowledge concepts

- Each relevant model element is annotated with an URI from K
Model (1-1, 1-n, n-1, n-n)
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Step by Step

Step 4 (Inter-models relations)

- Need for relationship model
- Structural relations

- Constraint on these relations } Exploit K Model

From M1’

From M2’
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Step by Step

Step 5 (express constraints over the relations)
-This is goal oriented

-To guarantee inter-model consistency
-To check inter-model properties
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