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ABSTRACT
In modern aircraft cabin designs, data-driven services, such as pre-
dictive maintenance or optimized catering, are being introduced to
improve operational and business processes on board aircraft. Along
with a communication protocol for such services, the novel Cabin
Secure Media Independent Messaging (CSMIM) aviation standard
specifies a data model to organize and address available sources
and sinks of information in the aircraft cabin. This paper presents
an approach for integrating CSMIM-specific concepts in a System
Modeling Language (SysML)-based aviation model-based systems
engineering (MBSE) framework. For this, a profile-oriented ap-
proach is used that extends the SysML and forms the Cabin Data
and Communication Modeling Language (CDACML). CDACML
can be used to model the information that is communicated ac-
cording to the CSMIM data model in a specific, airline-customized
network architecture. The novel CDACML is developed in a way
that it captures information that can also be used for design anal-
yses such as network load or consistency checks with respect to
available information as well as enables automated configuration
of CSMIM-compliant network nodes. To guide engineers during
system design, validation rules are defined using the Object Con-
straint Language (OCL), thereby ensuring conformance with the
CSMIM standard. An application of the MBSE framework with an
illustrative example is used to demonstrate its usability for system
engineers.

CCS CONCEPTS
• Computing methodologies → Modeling methodologies; •
Networks → Cyber-physical networks; Application layer protocols.
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1 INTRODUCTION
The aircraft cabin is subject to increasing development demands
because of its significant impact on the airline’s business and eco-
logical footprint. Data-driven services are introduced to optimize
existing operational and business processes or offer significantly
new ones. Examples of such novel passenger, crew and airline data-
driven services include predictive maintenance based on estimates
of the Remaining Useful Life (RUL) of system components [8] and
personalized, consumption-optimized meal ordering from the seat
in order to enhance the passenger experience and reduce catering
waste. To provide the data-driven service, an aircraft cabin network
interconnects components of different systems within the aircraft
cabin and beyond. For a predictive maintenance service, system
components, such as seat actuators of the seat system, can then
send data for collection and evaluation to Maintenance, Repair
and Overhaul (MRO) organizations. The communication network
with its corresponding nodes for communication management and
administration is an essential component of this multi-system ar-
chitecture. Multi-system in this context refers to systems that are
tightly coupled during design and operational phase, e.g., an aircraft,
compared to a system of systems that allows for more independence
of the systems. When designing such a network in a multi-system
environment, it is important to consider the heterogeneous device
and supplier landscape as well as variations in the network ar-
chitecture resulting from airline customization or cabin upgrades.
To this end, in the ARINC 853 Cabin Secure Media Independent
Messaging (CSMIM) working group, research institutions and stan-
dardization bodies are working on common aircraft data models
and communication protocols enabling the exchange of information
for the aforementioned services [2].

For this paper it is assumed that software library-implementations
exists or are under development within those companies that plan
to supply CSMIM-compliant system components. The software
library handles the interaction based on the specified communi-
cation protocol, so is establishing a technical mean to exchange
information, but is configurable with respect to the data model.
The data model is a kind of Interface Control Document (ICD),
describing in particular, which information is exchanged. In this
article, a model-based systems engineering (MBSE) approach based
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on the System Modeling Language (SysML) is developed to gather
the information encoded in the data model, i.e., a collection of ICDs.
SysML, as a language commonly used in aviation [10, 11], has been
chosen to enable integrating the CSMIM data model directly into
aircraft system models. Specifically, the framework allows to de-
scribe specific CSMIM network configurations originating from
an airline customization process or retro-fit upgrade of an aircraft
cabin. Certification requirements in aviation stipulate that intended
function of an application must be ensured. Therefore, at minimum,
it needs to be known in advance that input information required
for a certain application is available on the network and network
resources are not exceeded. Corresponding analysis and verification
activities can be based on models created by means of the modeling
framework presented in this paper. In addition, the model infor-
mation can also be used for an automated configuration of CSMIM
components, thus, reducing, for example, transcription errors.

Details on the specific properties and the development process of
networks serving as a communication framework for data-driven
services in an aircraft cabin are described in Section 2. Also, because
CSMIM is still under development, to the best of our knowledge,
no SysML-based modeling approaches are publicly known. There-
fore, similar modeling techniques as well as related work on ICD
modeling are discussed in Section 3. Based on these insights, Sec-
tion 4 introduces the concept for an MBSE approach build upon a
combination of SysML profiles and libraries to capture the specifics
of CSMIM-based networks is introduced. In order to show the prac-
ticability of the chosen approach, the results of an application of
the developed framework on an illustrative example are discussed
in Section 5. A conclusion including directions for further research
is presented in Section 6.

2 STANDARDIZED INFORMATION-CENTRIC
AIRCRAFT CABIN NETWORKS

Current trends in aircraft cabin innovation pursue the optimization
of business processes by developing data-driven services. This type
of service is realized by a set of cooperating information sources and
sinks [15] forming an information-centric aircraft cabin network.
Sources provide certain information that is made available through
a network and can be consumed by a sink that further processes
the information. A sink can, in turn, then also act as source of infor-
mation by injecting the processing result into the network. Thus,
data-driven services do not specifically require certain communi-
cation links to be established, however, these services specify the
need to access certain information [14]. For example, components
installed in the aircraft cabin can provide usage information or elec-
trical parameters such as power consumption allowing a predictive
maintenance application to compute an estimate on the RUL [8].
This example already touches upon the challenges raised when
designing and configuring a shared information-centric network in
an aircraft cabin.

Software that processes source information can be distributed
in the aircraft cabin or centrally hosted, e.g., on a multi-purpose
cabin server. Information processing can even be further central-
ized, by temporarily storing corresponding data on the aircraft for
later being uploaded to a ground-based, fleet-wide MRO service.
Furthermore, the architecture might evolve over the lifetime of the

aircraft, e.g., by means of a retro-fit installation of the aforemen-
tioned cabin server for hosting applications provided by different
suppliers. In case of the predictive maintenance example, a RUL pre-
diction application can be implemented by the component supplier
or a third-party, e.g., an MRO organization. In addition, various
parts installed in an aircraft cabin, such as passenger seats, are
available from different manufacturers while providing the same or
similar function. Passenger seats might be directly integrated into
the shared network or hidden behind a translator-proxy for legacy,
propriety protocols. That is, in case of an information-centric ap-
proach a manufacturer-agnostic application can be implemented
interfacing with any passenger seat, e.g., showing whether it is
occupied, without being configured for the specific network archi-
tecture.

As further outlined in the following subsection, the ARINC 853
CSMIM communication standard [2] that is expected to be com-
pleted in 2025 [1], can be used as a building block for an information-
centric communication network. It provides a data model for de-
scribing information provided by sources as well as a communi-
cation protocol in order to interact with the data model in a stan-
dardized way. Due to its design, CSMIM provides means to connect
source and sinks during run-time. However, due to aviation certifi-
cation requirements, for certain functions, it has to be known in
advance if that specific function is actually available in a specific
aircraft cabin configuration and if the offered traffic exceeds the
physical capabilities of the network. That is, it needs to be verified, if
the sources of information required as an input for the function are
available in the aircraft cabin configuration and that the resulting
data exchange does not overload the network.

2.1 CSMIM Concept
The CSMIM specification is built around an object-oriented data
model. For a better understanding of the CSMIM concept itself,
in Figure 1, the data model is shown in informal notation. Here,
boxes refer to UML class-like concepts with corresponding com-
position relations. A dash-point line type depicts a relation that
exists between classes for which the related assertion on property
values holds true. Each interaction on the network is linked to
a uniquely identifiable object. A CSMIM server exposes an object
that can be accessed by a CSMIM client through CSMIM operations.
CSMIM client and server are hosted on CSMIM nodes connected
to an IP-based network.

CSMIM operations are specified following the request-response
pattern, independently of a specific application layer protocol as per
Open Systems Interconnection (OSI) model [19]. Due to this layered
approach basically any application layer protocol could implement
the CSMIM operations, including those not following the request-
response pattern. The current CSMIM specification, however, only
defines a mapping onto the MQTT version 5 protocol [9]. Finally, in
order to create a well-defined interface, the specification introduces
a Concise Binary Object Representation (CBOR)-based serialization
of data model elements [4] to be exchanged via MQTT.

In order to realize the concept of information-centric networks,
CSMIM introduces the notion of object type specifications as part
of the specification view depicted in Figure 1. Objects exposed
by CSMIM servers are instantiated from object types. Thus, the
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Specification View Realization View

ObjectType

ResourceSpec

Resource

Object
id: String
description: String
supertypes: String[]

type: String
path: String
…
Access control 
properties

resources

resources

id: String
mode: String
type: CSMIMType

id: String
…
Access control 
properties
...
value: ResourceSpec.type

ObjectType.supertypes[.] =
                      ObjectType.id

ResouceSpec.id = Resource.id

ObjectType.id = Object.type

Figure 1: Informal overview of the CSMIM data model,
adapted from [2].

specification view forms a structured ICD of a CSMIM server. Object
types are uniquely identified by its id1. By setting its type property
to the id of an object type an object declares conformance to the
referenced object type specification. As multiple objects, e.g., each
passenger seat, can implement the same passenger seat object type,
the path property allows addressing a specific object. The CSMIM
specification defines means to ensure uniqueness of paths during
run-time of the network. One core property of the object type
model is subclassing which allows base types to be standardized
for maximized interoperability. In Figure 1 this is depicted as the
supertypes reference between the object type concept with itself. In
the passenger seat example, a base seat object type can characterize
the interface every passenger seat has, e.g., seat occupation. Thus, a
seat manufacturer-agnostic fleet-wide seat occupation application
can be implemented against that object type, showing, in a multi-
class cabin layout, for each seat, if it is currently occupied.

As shown by the resources reference in Figure 1, objects are com-
posed of resources which form the atomic building block of the
data model. Resources have a value that can be accessed through
CSMIM operations. The value is its core property that represents
the run-time state of the resource. Its type and access mode, i.e., if
the resource is readable, writable or executable, is defined in the
resource specification. The types of the value are limited to well-
known primitive types such as integer or string as well as the basic
composing types array and dictionary. Readable resources can, for
example, be sensors that feed a RUL predictor [8], that is, the value
of the corresponding resource holds the sensor reading and is ac-
cessible through CSMIM operations. Writable resources are similar,
but cannot only be updated internally on the server, but its value
can also be set through CSMIM operations. Executable resources
represent a kind of remote function call, thus, a corresponding
CSMIM operation allows to carry function arguments, the value of
the resource, in turn, represents the return value of the function
execution.

1Throughout this paper, when referring to classifiers and attributes either defined
in UML/SysML or informal diagrams, the names are typeset in italics. In contrast,
whenever referring to their abstract counterpart, the name is typeset in roman.

As for the id of the object type, the id of the resource specification
uniquely identifies a resource within the namespace of an object
type. The resource, in turn, uses its id property to reference its
specification.

The current CSMIM specification explicitly notes that the proper-
ties of objects and resources are abstract characteristics describing
objects and resources realized during run-time of the CSMIM net-
work. The actual value of these datamodel properties is not required
to be stored on some CSMIM node. Furthermore, object type spec-
ifications themselves are only intended for implementation-time
and are only referenced through their identifier by objects and re-
sources during run-time to show conformance. The latter allows a
CSMIM client to identify those objects on the network compatible
with the functions provided by it. For example, the seat occupation
application, as introduced above, can specifically request from all
CSMIM servers that expose a base seat object type whether a seat
is occupied.

The data model, in its realization view, also defines properties
for managing access to objects and resources during run-time of a
CSMIM network. Further properties are discussed when defining
the CabinData andCommunicationModeling Language (CDACML)
in Section 4. It should also be noted that only the characterizing
properties of the CSMIM data model are considered in this paper.
For details refer to [2].

2.2 Research Questions
Considering the description of the CSMIM concept in the previ-
ous section, this paper is mainly motivated by the following two
research questions:

• RQ1: How can the CSMIM concept be integrated into a SysML-
based system development?
Developing CSMIM-based data-driven services in SysML-
based multi-system architectures require joint development
between system engineers and network design engineers.
To facilitate communication and enabling model-based ver-
ification and analysis, it is, thus, desirable, to incorporate
CSMIM into a SysML-based system development.

• RQ2:How can the modeler be guided to follow the rules defined
by the CSMIM-Standard?
In order to ease the integration effort of multi-system archi-
tectures, the impact of design flaws resulting from misinter-
pretations and incorrect application of the CSMIM standard
can be reduced by guiding the modeler. To this end, means
to validate the rules as specified in CSMIM standard are
required.

The answers to these research questions provided in this paper
also summarize the contributions of this paper.

3 FUNDAMENTALS AND RELATEDWORK
The CSMIM specification combined with concrete data type spec-
ifications and instantiated objects forms a well-defined ICD from
OSI layer four [19], i.e., transport layer, and upwards. This includes
a transformation of abstract information into data, according to the
Data, Information, Knowledge, Wisdom (DIKW) hierarchy [14, 29],
through the datamodel and its CBOR encoding. As CSMIM ismedia-
independent no information is known on deployed data link and
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physical layer protocols as well as IP addressing. By means of
CDACML the concrete object types and objects shall be formalized
to support creating coherent ICDs and tracing them towards the
corresponding information flow in the the system model for early
verification as well as configuration.

In [32], approaches on how ICDs can be specified have been
studied based on an extensive literature review and expert inter-
views. These approaches are not limited to actual document-based
ICDs, but also model-based methods are considered. It is concluded
that the most suitable approach for capturing ICDs depends on
the particular use case. According to the definition in [32], this
paper can be described best by a decoupling engineering activities
use case, with focus on the feature of reducing of ambiguities. In
the context of CSMIM networks, decoupling engineering activities
refers to different companies concurrently designing components
intended to exchange information based on exposed CSMIM ob-
jects. As it is expected that manufacturers of such components
implement software-libraries to handle CSMIM operations, this
paper focuses on the coordination of the object types and objects
available in a specific aircraft cabin customization. As a result of
applying the method proposed in [32], this paper focuses on de-
veloping CDACML to guide engineers to follow the rules imposed
by CSMIM with the goal of generating a consistent, formal and
semantic ICD.

To certify a cooperating and collaborating multi-system for in-
stallation in an aircraft, authorities require traceability and consis-
tency between design artifacts [30, 31]. This includes tracking the
configuration of components in each aircraft cabin version, cus-
tomized for an airline. The novel CDACML developed in this paper
allows capturing a specific CSMIM cabin configuration defined by
the CSMIM objects. As shown in [33], system models can generally
be used to generate configuration files for the software of the com-
ponents described by the system model. Furthermore, as outlined
in [18], models can even be used to automatically provision the
modeled components and monitor, if the deployed system conforms
to the model.

In the following section CDACML is introduced as a language
extension of SysML. As discussed in [5], if particular modeling
needs arise either a Domain-Specific Language (DSL) can be devel-
oped or a General-Purpose Language (GPL), e.g., Unified Modeling
Language (UML) [5, 26] or SysML [27], can be extended. Accord-
ing to [5], an advantage of a DSL is that modelers do not need to
understand the full range of modeling concepts a GPL can provide.
However, in aviation industry the SysML, which is a GPL, is com-
monly used to create system models [10, 11]. In order to support
generation of configuration for system components under devel-
opment, CDACML is specifically designed to be closely linkable to
that system model, see also (RQ1). Thus, modelers, more specifi-
cally system engineers, can use CDACML directly in their modeling
tool and no model-to-model transformations are necessary.

Research related to SysMLmodeling of networked systems ranges
from approaches focusing on developing the multi-system itself to
detailed specification of communication stacks. In [7] a SysML pro-
file for modeling service-oriented system-of-systems is presented.
CSMIM object types could be considered as a kind of service de-
scription. The described interface descriptions, however, are directly

linked to protocols and encoding, but do not originate from a com-
mon data model as for CSMIM. In [12] anMBSEmethod for satellite
communication systems including consideration of communication
protocol stacks is provided. Similarly to [7], no traceability towards
a data model that defines a transformation from information to
data is inherently supported. Others also develop MBSE methods
for specific multi-system environments, e.g., [21], however, focus
on the integration of existing, heterogeneous interfaces.

Moreover, approaches for extracting ICDs of generic SysML in-
terfaces, i.e., not being protocol specific, described by the behav-
ior of the realizing classifier exist [17]. However, CDACML is not
intended to capture any type of a software interface, but is specif-
ically designed for CSMIM interfaces and its goal is to guide the
modeler through the system design process to ensure a consistent
CSMIM network architecture, see (RQ2). The importance of consis-
tency in aviation is also discussed in [16]. However, the developed
SysML profile is limited to network configuration up to OSI layer 3,
i.e., network layer. The research in [16] is based on [34] that pro-
vides SysML viewpoints for system interfaces following the OSI
model. The concept of this paper complements the approach in
[34] by providing means to model how the abstract information is
encoded in case of a CSMIM interface.

As introduced in the previous section, CDACML needs to cap-
ture object types such that they can be distributed as a library for
the use by system engineers. Furthermore, concrete objects that
comply to the specification of an object type need to be modeled.
CDACML is inspired by the Risk Analysis and Assessment Model-
ing Language (RAAML) that is specified as an extension of SysML
[28] and uses a combination of a minimal SysML profile and a
SysML library. This concept allows to take advantage of structural
modeling capabilities of existing SysML tools [28] such as compos-
ing or specializing blocks. However, to better guide the modeler,
a profile-oriented approach, similar to [3], is taken in this paper.
This allows to add tag definitions2 to stereotypes and the tagged
values can be checked for compliance to requirements imposed by
the CSMIM specification using Object Constraint Language (OCL)
[6, 24]. Furthermore, by relying on tagged values for describing
properties of object types and objects on model level, these prop-
erties can be clearly separated from values that only exist during
run-time, i.e., on instance level, namely the value of a resource
[25]. Validity of this approach is strengthened as the UML specifi-
cation [26] Clock example for stereotypes with tags introduced in
Section 12.3.5 shares characteristics with CSMIM modeling require-
ments. In the example a Clock stereotype as an extension of Class
is created and tags such as OSVersion are attached. An instance of
a clock, i.e., it exists on model level, is then further described by
a specific value assigned to the OSVersion tag. The same concept
is required to describe object types and objects by specific values,
e.g., their identifier, on model level.

2To better distinguish between properties of stereotypes and properties of instances
of an extended metaclass, e.g., a SysML Block, the traditional terminology according
to [26] referring to tag definitions and tagged values is used.
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4 CABIN DATA AND COMMUNICATION
MODELING LANGUAGE

To integrate the CSMIM concepts described in Section 2.1 into a
SysML-based system development (RQ1), the GPL SysML is ex-
tended using extension mechanisms of SysML inherited from UML
[26]. As explained in the previous section, a profile-oriented ap-
proach is chosen for extending themodeling language to include the
CSMIM concepts. Due to the explicit separation of a specification
view and a realization view in the CSMIM datamodel, CDACML has
different use cases. To identify these use cases with respect to the
views and to describe their application in the model-based system
development context, first CDACML modeler roles are specified in
Section 4.1. This also includes tracing domain-specific information
modeled with CDACML to the system model.

Consequently, CDACML defines profiles for both specification
view and realization view, complemented by libraries for both views,
introduced in Section 4.2 and Section 4.3, respectively. In addition,
for both views OCL is used to define constraints that direct the
modeler towards (CSMIM-)standard-conform modeling (RQ2). For
better readability only characteristic OCL constraints are presented
that show the underlying principle of how CDACML is designed to
allow formulation of such constraints. These OCL constraints can be
implemented as tool-specific validation rules to check conformance,
e.g., in Cameo Systems Modeler [23], also used for creating the
models for this paper, or Enterprise Architect [35].

4.1 Definition of Modeler Roles
For a SysML-based development approach of systems or intercon-
nected multi-systems various modeling patterns or frameworks ex-
ist. To define the role of CDACML in a system development, the pro-
cess and method-agnostic System Architecture Framework (SAF)
developed by the German chapter of the International Council on
Systems Engineering (INCOSE) is used [13]. For modeling interac-
tions between systems SAF proposes to use SysML internal block
diagrams and ports, either through abstract information flows or
definition of the complete OSI stack similar to approach proposed by
[34]. Each information flow determines which CSMIM objects are
needed to realize the underlying communication through CSMIM.
This might require the definition of new objects types or the exten-
sion of existing ones. In this context the following three engineering
roles have been identified:

• The multi-system engineer specifies a goal for a set of
interacting systems and formulates corresponding top-level
requirements for each system. In this role, the multi-system
engineer is responsible that the common goal is achieved.
The top-level requirements include the assignment of object
types to system-external ports that constitute the foundation
of the inter-system interaction.

• The object type engineer has a clear understanding of the
CSMIM data model and uses this knowledge to define, in
collaboration with the multi-system engineer, object types
following the best practices encouraged through the CSMIM
specification.

• The system engineer accepts the top-level requirements
including the objects types assigned to the system interfaces
and designs the system. Taking into account all possible

Figure 2: Specification view stereotypes for object type and
resource specification as extension of metaclass Class.

variations of the aircraft cabin configuration that can also
influence the multiplicity of system components, the system
engineer models concrete objects, always ensuring that the
path of any object is unique.

4.2 Specification View
According to the CSMIM concept described in Section 2.1, new
stereotypes are defined to enable modeling of the specification
view. In Figure 2 the extension of the metaclass Class3 for adding
the concept of object type specification is depicted. In addition, the
stereotype specializes the stereotype Block to inherit the properties
of a block and to keep CDACML in the language frame of SysML.

The stereotype ObjectType denotes the specification of object
types. ObjectType has the following associated tags: description,
deprecated, resources and supertypes. These associated tags represent
the properties of an object type specification as prescribed by the
CSMIM specification [2]. The property id introduced in Section 2.1
is not considered as a tag. Identifiers of object types are modeled
using the name property of the instances of the metaclass Class of
the elements to which the stereotype ObjectType is applied.

The associated tags description and deprecated do not impose
specific requirements to the design of CDACML, CSMIM-specific
semantics are described in [2]. The tag supertypes is, in contrast,
particularly relevant to integrate the concept of subclassing. This
tag allows to specify that an object type inherits the properties of
a parent object type, e.g., a standardized object type specification.
Thus, subclassing allows adding resources to a standardized object
type specification to add functionality.

The constraint properSubclassing associated with the stereotype
ObjectType is intended to ensure compliance to the subclassing

3To improve clarity of profile diagrams, extension associations are not drawn, but
depicted as part of the specialized parent stereotype.
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Listing 1: OCL constraint on Objects Types to ensure compli-
ance with CSMIM subclassing rules.
context Objec tType inv p r o p e r S u b c l a s s i n g :
l e t supe rResSpec :

−− Get s e q u e n c e o f a l l r e s o u r c e s , i n c l u d i n g t h o s e i n h e r i t e d
−− th r ough s up e r t y p e − cha i n .
Sequence ( R e s o u r c e S p e c i f i c a t i o n ) =
s e l f . supe r type s −> c l o s u r e ( p | p . s up e r t yp e s )

−> s e l e c t ( p | p . o c l I sTypeO f ( Objec tType ) )
. r e s ou r c e s −>asSequence ( ) i n

−− I t e r a t e t h r ough r e s o u r c e s o f new o b j e c t t y p e .
s e l f . r e s ou r c e s −> i t e r a t e ( ownedResourceSpec I t ; r e s u l t : Boolean = t r u e |

−− Get i n h e r i t e d r e s o u r c e s t h a t a r e r e d e f i n e d by own e dR e s o u r c e S p e c I t
−− o f new o b j e c t type , i . e . , name i s e qua l .
l e t ma tch ingSuperResourceSpec :

Sequence ( R e s o u r c e S p e c i f i c a t i o n ) =
superResSpec −> s e l e c t ( r e s Sp e c | r e s Sp e c . name = ownedResourceSpec I t . name ) in
−− i t e r a t e t h r ough a l l r e d e f i n e d r e s o u r c e s and ch e c k r u l e s .
i f match ingSuperResourceSpec −> i t e r a t e ( ma t ch ingSupe rRe sou r c eSpe c I t ;

p r o p e r S u b c l a s s i n g : Boolean = t r u e |

−− R e s o u r c e t y p e must no t change .
i f mat ch ingSupe rRe sou r c eSpe c I t . type <> ownedResourceSpec I t . type
then

p r o p e r S u b c l a s s i n g = f a l s e
e l se

p r o p e r S u b c l a s s i n g
endif
−− F u r t h e r c h e c k s a s r e q u i r e d .

) = f a l s e
then

r e s u l t = f a l s e
e l se

r e s u l t
endif

)

rules defined by CSMIM. According to [2], subclassing must fol-
low the Liskov principle [20]. In context of CSMIM this refers to
applications that rely on resource values of some object type a to
provide its functionality. The functionality of any such applica-
tion must not be altered irrespective of whether it uses objects of
type a or objects of any type sublassing a [2]. That is, for example,
mandatory resources must not be deleted. The OCL rule shown
in Listing 1 shows the pattern on how to check conformance to
the Liskov principle for CSMIM object types. For better readability
only one rule is checked, namely that the type of a resource must
not be changed. If an object type b defines another object type a as
its supertype, a resource that is specified in scope of a is considered
to be redefined if a resource with the same name, i.e., id, is defined
in scope of b.

An object type specification shall also include a list of resources
that the object will have. Objects contain at least one resource, but
the number of resources contained in objects is not limited. This
is formalized by the multiplicity 1..* which labels the association
end of the resources tag. To add resources to the corresponding tag,
one has to specify resources by applying the ResourceSpecification
stereotype.

The ResourceSpecification stereotype defines the following asso-
ciated tags as shown in Figure 2: type, optional, description, racc,
mode and parameters.

Similar to the identifier of object type specifications there is
no tag specifically defined for the identifier of resources. Instead
the name property of the instances of the metaclass Class of the
elements to which the stereotype ResourceSpecification is applied,
is used.

Figure 3: Specification view stereotypes for CSMIM value
types as extension of metaclass DataType.

Figure 4: Specification view library containing available
CSMIM value types.

The tags optional and description are self-explanatory, racc is
required due to technical details of the CSMIM communication
protocol [2], but not relevant for the design of CDACML. Apart
from these tags, special attention is paid to the tags type, mode, and
parameters, as different rules must be followed depending on the
specific values assigned to these tags.

Resources have different access modes as described in Section 2.1.
The mode tag is used to set the access modes for resources. An
enumeration denoted as ResourceMode defines the different modes,
namely readable (r), writable (w), and executable (x). The fact,
that the assignment of access modes is not limited to one mode is
represented by the multiplicity 1..3 which labels the corresponding
association end of this tag.

Each resource also has an associated data type, defined by the
identically named tag of type CSMIMValueType. The implementa-
tion of data types standardized by CSMIM into CDACML is shown
in Figure 3 and Figure 4. For executable resources the data type
defined in the tag type applies to the return value provided by
these resources. Possible value types are shown in Figure 4 that is
part of the specification library of CDACML. Among well-known
primitive types, three types are specifically handled in CDACML,
namely, enum, array and dict. For the latter types, corresponding
stereotypes, i.e., CSMIMEnum, CSMIMArrayValueType and CSMIM-
DictValueType, respectively, as shown in Figure 3, are defined.
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Listing 2: OCL constraint on CSMIM dictionaries to ensure
they are build om composable types.
context CSMIMDictValueType inv en t ry I sComposab l e :
s e l f −> s e l e c t ( not i s A b s t r a c t ) −> asSequence ( )

−> f i r s t ( ) . ownedAt t r i bu t e
−> f o r A l l ( type . o c l I sK i n dO f (

CSMIMComposableType ) )

Due to the fact, that in CSMIM specific keys can be assigned
to enumeration literals, UML Enumeration DataType could not be
used. Thus, a CSMIMEnumLiteral stereotype, based on the UML
EnumerationLiteral concept, is introduced that defines a tag key for
that purpose. As for the object type and resource identifier, the name
of the metaclass DataType is used for name of the enumeration
literal.

For the array and dict value type, stereotypes are introduced to
place constraints on the valueType and entries attributes defined in
the specification library shown in Figure 4. The valueType attribute
allows, by redefinition, to specify the type of the array entries and
the multiplicity defines its size. Similarly, the entries attribute of a
dict can be subset to construct a dictionary for which the role name
of entries defines its key.

The value types enum, array and dict as part of the specification
library are abstract as the modeler needs to create concrete CSMIM-
compliant value types from them.

Due to the serialization of resource values defined by CSMIM,
its specification distinguishes between composable types and non-
composable types. Only composable types are allowed to construct
array and dict. This requirement can be checked by the OCL con-
straint entryIsComposable shown in Listing 2. A similar constraint
typeIsComposable can be formulated for the array value type.

When accessing executable resources, similar to function calls,
parameters can be added to the request. As the value type of exe-
cutable resources only specifies the return value of that request, a
parameters tag for zero to unconstrained many ParameterSpecifca-
tions is added to ResourceSpecication. For this, the ParameterSpecif-
cation stereotype has the following associated tags: type, optional
and description.

The name of parameter is defined by the name attribute of the
corresponding instance of the metaclass Class. Its type is specified
by assigning a CSMIMDataType to the tag type. Additionally, a tex-
tual description of the meaning of the parameter value is provided
as well as if the parameter is optional.

As shown by two examples, OCL can be used to support the
modeler satisfying the requirements established by CSMIM. The
CSMIM specification imposes more requirements of that kind, such
as allowed combinations of resource access modes or formats for
identifiers. However, as these requirements follow similar pattern,
CDACML is capable of capturing them.

4.3 Realization View
The realization view uses object types and their corresponding
resource specifications to model concrete objects and resources that
exist in a CSMIM network. As for the specification view, stereotypes
as defined in Figure 5 are used to define the notion of an object and

Figure 5: Realization view stereotypes for object and resource
as an extension of metaclass Class.

Figure 6: Realization view library containing the parent re-
source for any concrete resource.

resource. Thus, objects and resources exist on model level and are
uniquely identifiable through the path of the object as explained in
Section 2.1. As a result, object instances that exist during run-time
of a CSMIM network represent singletons with respect to their
object.

The Object and Resource stereotype are both inherited from the
AnyInstance stereotype that holds the access control tags. CSMIM
defines a role-based access control mechanism for reading (racc)
and modifying (rmod) resources. A set of roles required for reading
or modifying, respectively, can be formulated through an instance
of the RequiredRoles stereotype. If different sets of roles are allowed
to access a resource, multiple RequiredRoles instances can be created
and linked through an instance of the Permission stereotype. The
details on the effect of assigning access rights to an object or a
related resource are described in [2].

The type and id tags of the object and resource, respectively,
are used to declare conformance to a specific object type and its
resources. CSMIM allows that the modes of a resource of a concrete
object can be extended, compared to its specification, e.g., a resource
that is specified to be readable, can in addition be writable. This
can be modeled through the mode tag. Concrete resources can
be assigned to its object through the resources tag. The unique
identifier of an object that is also used as its address denoted as
path in the CSMIM data model is defined by the name attribute of
the corresponding instance of the Object stereotype.

In contrast to the specification profile defining stereotypes Ob-
jectType and ResourceSpecification without corresponding instances
in a library, an instance of Resource stereotype is part of the real-
ization library. As introduced in Section 2.1, a resource has a value
attached to it which has a concrete value only during run-time of
the CSMIM network stored on a CSMIM server, i.e., whenever an
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Listing 3: OCL constraint on Resources to ensure that type
of Resource value matches its specification.
context Resource

inv i sAnyResource :
s e l f −> s e l e c t ( not i s A b s t r a c t ) −> asSequence ( )

−> f i r s t ( ) . g e n e r a l i z a t i o n . g en e r a l
. name−> i n c l u d e s ( ' AnyResource ' )

inv hasCor rec tType :
s e l f . ownedAt t r ibu te −> s e l e c t ( name = ' v a l u e ' )
−>asSequence () − > f i r s t ( ) . t ype = s e l f . i d . type

actual instance is created. Thus, as shown in Figure 6, the value
property is not defined as a tag of the Resource stereotype, but as a
SysML ValueProperty of an abstract instance of a Resource stereo-
type namedAnyResource. It is intended that any resource specializes
from that AnyResource Resource and redefines the value ValueProp-
erty with a ValueProperty of the type that has been specified for
that resource. In order to ensure that the modeler uses CDACML
accordingly, two OCL constraints as shown in Listing 3 are added
to the Resource stereotype. The first invariant isAnyResource checks
that any resource specializes from AnyResource. Knowing that any
resource has a ValueProperty named value, the second invariant
hasCorrectType validates that the type of the ValueProperty value
matches the type of the linked resource specification.

5 ILLUSTRATIVE APPLICATION AND
DISCUSSION OF CDACML

The application of CDACML is illustrated by a passenger seat con-
nected to a CSMIM compliant cabin network. Various use cases re-
lated to the interconnected passenger seat are considered to demon-
strate the application of CDACML in all its facets. This includes
moving passenger seats into predefined positions for certain oper-
ational processes, such as maintenance, or other processes, such
as cabin cleaning. For further support of cabin and maintenance
crew, an overview of current seat positions can be provided. For
safety reasons, during certain flight phases, such as taxiing, takeoff,
and landing, passenger seats need to be in a pre-defined position,
thus, the remote control of seats must be disabled during these
phase of flight. To improve the boarding process and provide cabin
crew with an overview of the seat occupancy, the connected seat
detects and communicates its occupancy status. Other use cases,
such as the collection and communication of sensor data for health
monitoring and predictive maintenance of seat actuators are also
appropriate for showing the application of CDACML, but do not
provide any added value for showing the capabilities of CDACML
and are therefore not further considered.

The aforementioned use cases emerged andweremodeled during
a joint-aviation research project with participants including aircraft
manufacturers as well as system and equipment suppliers. These use
cases are realized by integrating the seat system in a multi-system
architecture which is designed within aMBSE process as outlined in
Section 4.1 and not further discussed in this paper. Communication

Figure 7: Definition of a standardized Object Type for the
seat system.

(a) Specification of readable resource position.

(b) Specification of executable resource movement.

(c) Specification of writable resource remoteControl.

Figure 8: Specification of the resources of the business class
seat standard object type csmim.obj.seat.business.1.

in this multi-system architecture is based on the CSMIM protocol,
thus, requires the specification of CSMIM objects and resources.

As for the definition of CDACML itself, Cameo Systems Modeler
2024x [22] is used as the SysML modeling tool.

In a first step, a standardized seat object type specification is mod-
eled from an object type engineer’s point of view. This standardized
seat object type and its associated resource specifications is made
publicly available for interoperability and reusability reasons, as
described in Section 2.1, and can be subclassed by a seat manu-
facturer who intends to add specific functionalities required for
implementing the use cases. In this example, a standardized object
type for a business class seat is modeled as shown in Figure 7.

This standard business class seat object type specification in-
cludes three resources, namely position, movement and, remote-
Control. These resources are considered essential for the design of
business seats and have therefore been added to the standard object
type by modeling corresponding resource specifications shown in
Figure 8. As defined in the previous section, the names represent
the CSMIM data model id property.
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Figure 9: Definition of an enumeration value type capturing
possible seat positions.

Figure 10: Specification of the function parameter of the
executable resource movement.

To provide the cabin crew with an overview of the current seat
position, a readable resource named position is defined as depicted
in Figure 8a. There are different predefined positions any business
seat can be in, represented by the current value of the resource. As
shown in Figure 9, this is modeled by defining enumeration named
positionType with enumeration literals representing predefined seat
positions. According to the CSMIM specification, in line with the
Liskov substitution principle [20], a manufacturer can add literals
to this enumeration through subclassing the corresponding object
type and redefining the positionType enumeration.

In addition to the position resource, an executable resource
named movement is specified as shown in Figure 8b. For execut-
ing this resource, a target seat position into which the seat moves
needs to be passed as a parameter. Using CDACML, this is defined
by assigning a corresponding seatPosition ParameterSpecification to
the parameters tag as depicted in Figure 10. When executing the
resource, bool value is returned, as defined by the type, to indicate
whether the movement has been initiated or not.

Through altering the remoteControl resource shown in Figure 8c,
the remote control of the passenger seat can be enabled or disabled.
Hence, the resource is specified as a writeable resource, i.e., mode
tag is set to w, and contains a bool value that can be set.

In case a seat manufacturer integrates additional sensors into the
passenger seat, a new manufacturer-specific object type inheriting
csmim.obj.std.seat.business.1 can be defined. In Figure 11 an example
of a manufacturer-specific object type adding one readable resource
representing if the seat is occupied or not, e.g., provided through
an resistor-based occupancy sensor. Through the supertypes tag,

Figure 11: Extending the standard Object Type for a busi-
ness class seat by adding a manufacturer-specific resource
through subclassing.

Figure 12: Definition of of an Object that declares confor-
mance to themanufacturer-specific Object Type of a business
class seat.

Figure 13: Definition of the Resources that are specified the
manufacturer-specific business class seat Object Type.

the object type is linked to the standardized business class seat
object type. This also triggers the evaluation of the OCL constraint
defined in Listing 1 that checks that all subclassing rules imposed
by the CSMIM specification are satisfied.

When all object types are defined or selected from the existing li-
brary, respectively, that are needed to be able to satisfy the top-level
system requirements related to the system interfaces, cf. Section 4.1,
corresponding objects can be generated. For the connected seat
use case for each seat installed in a specific cabin configuration, an
instance of an Object stereotype is created. The name of the object
must be unique and defines its path in the CSMIM network. For
this object type, its specification prescribes that the path is con-
structed as crew/seats/row/<row number>/seat/<seat number>. One
of the resulting objects is shown in Figure 12. As the object declares
conformance to the manufacturer-specific object type through its
type tag, it is composed of four resources assigned to the object
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Figure 14: Automatically generated table of modeled object types with a list of all effective resources including inheritance.

through the resources tag depicted in Figure 13. Three resources
are defined by the supertype, one resource is defined by the object
type itself. The OCL constraints specified in Listing 3 ensure that
the resources actually specialize AnyResource and that the type of
the value property, i.e., bool for remoteControl, movement and state
resources and positionType for position resource, conforms to its
specification, cf. Figure 8.

As can be seen from this example use case, the profile-oriented
approach limits usage of graphical modeling capability of the SysML
modeling tool. No association-like UML/SysML notation is defined
for showing the link between two blocks or classes that are re-
lated through a tag value, e.g., the link between objects and their
resources. However, for a better overview, this kind of model in-
formation can also be visualized in tool-specific tables constructed
from OCL rules as exemplarily shown in Figure 14. That is, for
example, for each object type, including those inherited from su-
pertypes, possibly through a longer inheritance chain, the effective
resources, taking re-definition into account, are computed. This is
solved by using a tool-independent OCL rule, similar to the one
shown in Listing 1 for checking CSMIM subclassing rules. The
CDACML presented was, however, not only developed as a means
of capturing CSMIM interface information, its intended uses range
from configuration management to design support and analysis.

In the context of configuration management, CDACML, for ex-
ample, enables the exchange of CSMIM object types through SysML
libraries to support eliminate inconsistencies between distributed
SysML-based design artifacts. Also, through model-to-text transfor-
mations, there is no need, for model-external tracking of CSMIM-
related information with the same associated risk of inconsistency.
As shown for the generation of object type tables, OCL or tool-
specific means can be used to extract the required information,
e.g., for configuration files that allow to adapt a standard software
implementing a CSMIM interface to a specific aircraft cabin config-
uration, directly from the system model.

With respect to design analyses, CDACML defines the value of a
resource as ValueProperty on model level, so its value can be set on
instance level, e.g., when simulating a specific cabin configuration
for validating the multi-system. Furthermore, such simulation or a
static model analysis can be used to do an early validation that the
resulting network traffic does not overload the network infrastruc-
ture. This analysis is not limited to the design of new aircraft cabins,
but can also help to evaluate modifications, e.g., updating a seat
controller to expose sensor data for RUL prediction or checking
that all aircraft of an airline fleet provide objects required as an
input for a new application.

6 CONCLUSION AND OUTLOOK
Within this paper a novel SysML profile and library, the Cabin Data
and Communication Modeling Language (CDACML), for integrat-
ing the CSMIM data model into a SysML-based MBSE framework
were presented. CDACML allows to create a library for industry-
wide standardized object types. This library can be used by engi-
neers designing a multi-system to specify the ICD of the system
interfaces. If required, new object types can be introduced or derived
from standardized object types forming a kind of distributed library
that can be shared with partners or suppliers on demand. Through
accompanying OCL constraints it is ensured that object types are
designed in line with CSMIM rules. System engineers can then cre-
ate concrete objects that state through SysML means conformance
to the object type specified by the multi-system engineer. For this,
as for the specification of object types, OCL constraints have been
developed that support system engineers to comply to the object
type specification as well as the generic CSMIM requirements.

In future work it is planned to extend CDACML by more specific
means to trace objects towards the system model. If, for example,
SysML ports and connectors are used to model connections be-
tween system components, objects and their respective resources
shall be an integral part of that modeling technique. This allows
to extend early validation features of CDACML by further reduc-
ing misunderstandings of system ICDs during the actual design
activity of a system engineer. Furthermore, also showing the exten-
sibility capabilities of CDACML, in order to reduce the modeling
effort, tool-specific plugins can generate objects including all of its,
possibly inherited, resources based on a selected object type.

A connected passenger seat use case served as an example to
demonstrate the features of CDACML. By means of this illustrative
application also limits of the chosen profile-oriented approach,
especially with respect to the visualization have been discussed.
However, alternative means by creating tables defined through OCL
have been proposed. In future work an evaluation of CDACML is
required to show to its applicability in an industrial context. For
this, the discussed uses of CDACML that also show the value of
proposed SysML profile and library, can serve as a baseline for such
validation.
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