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SysML : Qu’est-ce ?

Basé sur le langage UML 2, SysML est un langage de modélisation
pour I'lngénierie Systéme . Il prend en charge la spécification, I'ana-
lyse, la conception, la vérification et la validation des systémes qui
comprennent le matériel, les logiciels, les données, le personnel, les
procédures et les installations.
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SysML : Qu’est-ce ?

Basé sur le langage UML 2, SysML est un langage de modélisation
pour I'Ingénierie Systeme . Il prend en charge la spécification, I'ana-
lyse, la conception, la vérification et la validation des systémes qui
comprennent le matériel, les logiciels, les données, le personnel, les
procédures et les installations.

C’est un langage de modélisation qui fournit :
e une sémantique : qui donne une signification et une relation
entre les signes et leurs référents
e une notation : qui est un ensemble de signes conventionnels qui
servent a fixer par écrit leur interprétation.
SysML permet d’approcher un modele par des vues (fenétre ayant un
angle de vision déterminé). Une vue est un élément du modeéle. Trois
points de vue ont été privilégiés dans le langage SysML.

a. Unified Modeling Language
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e Un point de vue comportemental, auxquels sont associés quatre
diagrammes :
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Ce n’est pas une méthode, il N’y a pas obligatoirement d’ordre dans
I'établissement des diagrammes. Cependant, il y a tout de méme une
maniere naturelle de procéder.
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diagramme d’exigence (req)

«physicalRequirementy»
Local Materials
Id ="PhR.1"
Text = "The distiller shall be
constructed using locally
available supplies.”

A test case is a method for verifying a requirement.

«requirement» «requirement» «testCase» «testCasen | | ctestCase»
Safe Water Standard | |Local Water Requirements State Machine Activity Interaction
" £
| | | | |
«refine» Iucopy» «vsrifys| (verifyq :verlyl‘

L L
i i «per quil quirement
Safe Drinking Water Output Quantity Wlter Sources Not a Fllsr
S v T

N N /

I AN o desiveReq «;lerNeReqt» |«lrace»
-~
| N | , B
«saltisfy» AN | y ~ -
| N | 7 P N
N 7/ - \
! N s 7
«designConstraint» .
Clean Water Study Report
Rationale provides an

explanation for the definition
and use of an element.

12N Ge
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diagramme d’exigence (req)

Requirement:

A Requirement specifies a capability or a
condition that must (or should) be satisfied.
Requirements are used to establish a
contract between the customer (or other
stakeholders) and those responsible for
designing and implementing the system. A
requirement can also appear on other
diagrams to show its relationship to other
modeling elements.

Extended Requirement:

An Extended Requirement adds some
properties to the requirement element. These
properties are important for requirement
management. Specific projects should add
their own properties.

Functional Requirement:

A Functional Requirement is a requirement
that specifies a behavior that a system or part
of a system must perform.

Interface Requirement:

An Interface Requirement is a requirement
that specifies the ports for connecting
systems and parts of a system. Optionally, it
may include the items that flow across the
connector and/or the Interface constraints.

Etude des Systémes - Révisi

Performance Requirement:

A Performance Requirement refers to a
requirement that quantitatively measures the
extent to which a system or a system part
satisfy a required capability or condition.
Physical Requirement:

A Physical Requirement specifies the physical
characteristics and/or physical constraints of
a system, or a system part

Design Constraint:

A Design Constraint is a requirement that
specifies a constraint on the implementation
of a system or on part of it.

Business Requirement:

A Business Requirement is a requirement that
specifies characteristics of the business
process that must be satisfied by the system.
Usability Requirement:

A Usability Requirement specifies the fitness
for use of a system for its users and other
actors.

Containment:

This relationship is used to decompose a
requirement into its constituent requirements.
Allocation:

an allocation relationship to allocate one
model element to another.

Année 2020 - 2021
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diagramme d’exigence (req)

Dep Verify:

A 'Verify' relationship is a dependency between a requirement and a
test case or a model element that can determine whether the system
fulfills the requirement. Other dependencies, the arrow direction
points from the (client) test case to the (supplier) requirement.
Derive:

A 'Derive’ relationship is a dependency between two requirements
(a derived requirement and a source requirement), where the
derived requirement is generated or inferred from the source
requirement.

Refine:

A 'Refine’ relationship is a dependency intended to describe how a
model element or a set of elements are used to further refine a
requirement. Alternatively, it can be used to show how a text-based
requirement refines a model element.

q
Trace:
A ‘Trace' relationship is a dependency that
provides a general purpose relationship
between a requirement and any other model
elements.

Satisfy:

A 'Satisfy' relationship is a dependency between
a requirement and a model element that fulfills
that requirement. As with other dependencies,
the arrow direction points from the satisfying
(client) model element to the (supplier)
requirement that is satisfied.

Copy:

A 'Copy' relationship is a dependency between a
supplier requirement (master) and a client
requirement (slave), specifying that the client
requirement text is a read-only copy of the
supplier requirement text.
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N
diagramme des cas d’utilisation (uc)

Actors represent roles A use case is a kind of
played by external UseCase behavior-related
human users, classifier that represents

Actor hardware, and other a declaration of an
subjects. offered behavior.
«useCaseModel» )
A namespace System an : t:: ;kr:g;esemauon
Package that may Boundary ’
contains model
elements.

«Subsystem» 3 || A subsystem The include (uses)

is treated as relationship from use
an abstract | «include» case A to use case B
single unit. indicates that an instance

UseC B of the use case A will also
Cariad contain the behavior as

specified by B.

Association

2 S
Salesperson The participation of an actor in a use case,

i.e. instances of the actor and instances of
the use case communicate with each other.

extension points __ _ _ sextend»
If reviewed product (If review ed product matches order)

matches order

A relationship from an extending use case to an extended use

case that specifies when the behavior defined in the extending

use case can be inserted into the behavior defined in the

extended use case.
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diagramme de séquences (sd)

Lifeline

Represents the existence of
an object during a

particular sequence of
interactions.

Activation Bar
Focus of control. Shows
the period during which
an object is performing
an action either directly

| or through a Send

| subordinated Message /

| procedure. H Sychronous '

| i Message 1

1 | |

1 H |
Sequence 2

Sciences de I'Ingénieu

Interaction Use

A reference to predefines set of interactions. A
reference may be used in communication diagrams,
sequence diagrams,

interaction overview diagrams, and time diagrams.

General message, not fully
specified.

A send message
specifies the sending
of a request to invoke
a specific operation.

Create I A create
| message
Message : specifies the
I creation of an
! object, i.e. the

start of its lifeline.

Call
Message

Reply
Message

A call message
represents the
request to invoke a
specific operation.

The reply message
returns the values from a
prior synchronous
message / call message.

(S

A delete
message
terminates an
object, i.e. th
end of its lifeline.




diagramme de séquences (sd)

Tyler : Customer 2 * | Tierney : Phone Operator -2 || | Kaydee : Cook 2 I
1
1

T
I
|
|
|
L

1
o 1: placeOrder(Order order) :
1
|
2: getOrder(Order order) |
loop
[pizzaNotDone] 3: cookPizza()
[pizzaFinished]
4: return order
O T
5: return order [l
<-—-——-——-—=—-=-—-=-—-- T I
1 1
1 1
1 1
1 1
1 1
1 1
I |
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diagramme de séquences (sd)

Found 1
Message

A found message is a message
where the receiving event
occurrence is known, but there
is no (known) sending event
occurrence. We interpret this to
be because the origin of the
message is outside the scope
of the description.

Sciences de I'Ingén

Lost

Message
A lost message is a message
where the sending event
occurrence is known,but there is
no receiving even toccurrence.
We interpret this to be because
the message never reached its
destination.

=

|
|
|
&

State Invariant

A Statelnvariant is a runtime
constraint on the participants of
the interaction. It may be used to
specify a variety of different kind:
of ints, such as values of

conglder {9, v, W)
n 20
i 7
assert b
u' 3a0 |
(v.pJ-15)/Z—
|

attributes or variables, internal o
external states, and soon.




diagramme de séquences (sd)

[[oop J

Loop

The loop combined fragment
represents that the loop operand will
be repeated a number of times. If the
loop contains a separate interaction
constraint with a specification, the
Ioop will only continue if that
specification evaluates to true during
execution regardiess of the minimum
number of iterations specified in the
loop.

ak

(] Break

The interaction operator brk designates that
the combined fragment represents a
breaking scenario in the sense that the
operand is a scenario that is performed
instead of the remainder of the enclosing
interaction fragment. A break operator
with a guard is chosen when the guard is
true and the rest of the enclosing
interaction fragment s ignored.

[ont]

(1 Option
The option combined fragment
opt represents a choice of
behavior where either the
(sole)operand happens or
nothing happens. An option
combined fragment s used to
model "if-then” construct.

[neg ]
[] Negative

The interaction operator neg
designates that the combined
fragment represents traces that are
defined to be invalid. The set of traces
that defined a combined fragment with
interaction operator negative is equal
to the set of traces given by its (sole)
operand, only that this set s a set of
invalid rather than valid traces.

Alternatives

The altemative combined fragment alt
represents a choice of behavior.
Alternative combined fragment has
several operands. At most one of the
operands has to be chosen.Using
alternative combined fragment you

can model if-then-else statement

[parJ

(1 Parallel

The interaction operator par designates
that the combined fragment represents a
parallel merge between the behaviors of
the operands. A parallel merge defines a
set of traces that describes all the ways.
that occurrence specifications of the
operands may be interleaved without

[1 Weak Sequencing
The interaction operator

dosignates tha the combined fragment

represents a weak sequencing
between the behaviors of the
operands. It is the same as parallel
execution,except that event on the

obstructing the order of the occurrence
~|  specifications within the operand.

same lifeline from different sub

fragments are ordered in the same
order as the sub fragments within the

consider

{1 Consider
The interaction operator
con designates which
messages should be
considered within this
combined fragment. This
is equivalent to defining
every other message to be
ignored.

felse] enclosing weak sequencing fragment.
ignore critical strict ass:
[1'ignore {1 Critical Region {1 strict Sequencing {1 Assertion

The interaction operator ign
designates that there are some
message types that are not shown
within this combined fragment. These
message types can be considered
insignificant and are implicitly ignored

The interaction operator crt
designates that the combined
fragment represents a critical
region. A critical region means.
that the traces of the region
cannot be interleaved by other

if they appear ina
execution.

(on
those Lifelines covered by the
region).

The interaction operator str designates
that the combined fragment represents
a strict sequencing between the
behaviors of the operands. The
semantics of strict sequencing defines
astrict ordering of the operands on the
first level within the combined fragment
with interaction operator strict

The interaction operator asr
designates that the combined
fragment represents an
assertion. The sequences of the
operand of the assertion are the
only valid continuations.All other
continuations result in an invalid
trace.

Sciences de I'Ingénieur (MP)
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diagramme de définition de blocs (bdd)

c T d f T
«block» | | «block» |DF | «blocks
c D M1 F

|

Sciences de I'Ingénieur (MP)

\
Structure
compartment
exposes the
internal
properties of the
block.

Etude des Systémes - Révisions

sblock Provided Interfaces help identify compatible
A ports that can be connected together in an IBD
constraints Inter:
{CP 9435.235.64} anintertace A Full Portis a port which is considered as a separated
D element of ow ning blocks. It may have internal parts or
answer : Valid Values [1] [ «fully e E behaviors that support interactions with ow ning blocks.
desc : String [0..1] . . . .
ID: Integer [1] A Port defines an interaction point on a Block or a part,
name : String [1] aninterface allow ing you to specify flow in/out of the Block/part or
aninterface what services the block/part requires (expects) fromor
addPart( part : Domain Entity ) provides (offers) to its environment. Ports are connected
behavior( data ) F, b1 : Behavior by connectors to other parts or other ports.
«signal»mySignal
Ey Sonal) - A Proxy Port is a port that specifies features
full ports aninterface . .
3 of owning blocks or interal parts that are
«full» e : E g
awailable to external blocks through external
proxy ports E «proxy» connectors to the port. It does not specify
«proxy» b2 : Behavior b2 : Behavior separated elements of the owning blocks or
the internal parts. It can only be typed by
[e:C l—1 d4:D L_{E anlnterface Interface Block.
— —_— \
N Required Interfaces help identify compatible

ports that can be connected together in an IBD
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diagramme de définition de blocs (bdd)

Generalization

A relationship between a more
general and a more specific
element.

A connection among classes,
which also means a connection
among objects of those classes.

Directed associations indicate
unidirectional visibility, i.e. B has
‘Aggregation access to C, not vice versa.

An aggregation is an association
Cc

«block» 4 «block»

Association

«block»

I'

ion

Directed Associati

ablock»
B
«block» | _
B

Composition

«block»

'

that represents a whole-part
relationship.

A composition is a form of
aggregation with coincident
lifetime of part with the whole.
Defines the limits on the number
of objects of each type that may
participate in the association.

A Usage is a dependency in which one
element (the client) requires the presence ot
another element (the supplier) for its correct
functioning or implementation.

' A realization signifies that

the client set of elements
are an implementation of
the supplier set, which
serves as the specification.

An A iation Block is an A iation Class (a
kind of Association) stereotyped by «Block».

Like any other Block, an Association Block can
own properties and connectors.

Sciences de I'Ing & Année 2020 - 2021 14/18



diagramme de définition de blocs (bdd)

A Domain block represents an entity, a

concept, a location, or a person from the real-

man world domain. A domain block is part of the
system X
A System is an artificial artifact consisting of
blocks that pursue a common goal which
cannot be achieved by the system's individual
elements. A block can be a software, hardware,
a person, or an arbitrary unit.

A Subsystem is a typically large, encapsulated
block within a larger system.

«system context» A System context element is a virtual container
that includes the entire system and its actors

An External block is a block that represents an
actor. It facilitates a more detailed modeling of
actors like ports or internal structures.

An Interface Block is a special kind of block
which has no behaviors or internal parts. It is
«interfaceBlock» | used to type proxy ports.

Behavior A FlowProperty signifies a single flow element
_ flow properties that can flow to/from a block. Flow properties
inoutdata [1.] | are defined directly on blocks or flow
specifications that are those specifications
which type the flow ports. Flow properties
enable item flows across connectors
connecting parts of the corresponding block
types. A flow property’s values are either
received from or transmitted to an extemal
block.
An Interface specifies operations or signals. If
an Interface is provided to a port, the external
parts may call operations or send signals to the
Block owning the port via that port. If an
Interface is requi the Block owning

Sciences de I'Ingénieur (MP) & Année 2020 - 2021 15/18




Sciences de I'Ingénieur (MP)

R ——
diagramme de définition de blocs (bdd)

SRR Corstrsint Blocks provd & mechariom to
integrate engineering analysis, such
wonsiants | Performance and reliability models, i other
(x=y +b} SysML models. Constraint Blocks can be used
1o specify a network of constraints representing

s | matnemalica expressions. which constran the
X : Integer physical properties of a syslem Consts
Y nloger Blocks are generally defined in Block Setmiton
b nteger Diagrams, and then used in Parametric
T diagrams!
wblocks 3 | An Instance Specification is
instanceOiA:A one incamation of the Block
ansver=yes. specification in which properties

are given values.

Value Types

In general, define quantity kinds first, followed by units and their quantity
kinds. After that, define value types and their units (and quantity kinds).

A Value Type is defined as a stereotype of UML Data
Type to establish a more neutral term for system values.
that may never be given a concrete data representation.

RSeTypes A Value Type adds an abili
'ype adds an ability to carry a unit of measure of
"‘“':"’ ";‘""" a quantity kind associated with the value.
aueTyper

unit= m@Ounce A Unit is a quantity in tems of which the magnitudes
of other quantities that have the same quantity kind
can be stated. A unit often relies on precise and
reproducible ways of measuring the unit. For
example, a unit of length such as meter m

specified as a multiple of a particular wavelength of
light. A unit may also specify less stable or precise
ways 1o express some value, such as a cost
expressed in some currency, or a sewerity rating
measured by a numerical scale.

Notes may display tagged values of the
anchoring element.

A Quantly Kind dormerly ‘Dimensior n
ysML 1.0 and 1.1 specifications) s a kind

= = ofquamny that may be stated by means of
defhed units.For cxample, e quaniy ind
Volume : DerivedQuantitykind | of langth can be measured by un

meters, kilometers, o feet.

An is a kind of Data Type whose mslances may
be any of th literals.

Enumeration | possible to extend the set ofapphcable enumerzmun Illerals to

yes other packages or profies.

ndefined A Data Type is a type whose instances are identified only by

their values. A typical use of Data Types would be to
represent the primitive types of the programming language
used. For example, integer and string types are often treated
as data type:

Etude des Systemes

Année 2020 - 2021

16/18



diagramme de définition de blocs (bdd)

Constraints and Constraint Properties.
Constraint Properties:

Properties which are typed by Constraint
Blocks, or subtypes of Constraint Block, always
having ‘composite’ aggregation kind.

Value Properties:

Properties which are typed by Value Types or
subtypes of Value Type, always having
‘composite’ aggregation kind.

Part Properties:

Properties which are typed by Blocks or
subtypes of Block, except Constraint Block,
having ‘composite’ aggregation kind.
Reference Properties:

Properties which are typed by Blocks or
subtypes of Block, except Constraint Block,
having ‘shared’ and ‘none’ aggregation kind,
respectively.

FlowProperty:

A FlowProperty signifies a single flow element
that can flow to/from a block. Flow properties
are defined directly on blocks or flow
specifications that are those specifications
which tie the flow ports.

Flow Properties:

Flow properties enable item flows across
connectors connecting parts of the
corresponding block types, either directly (in
the case of the properties that are defined on
the block) or via flowPorts. A flow property’s
values are either received from or transmitted
to an external block.

Année 2020 - 2021 17/18
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Chaine fonctionnelle
ibd [Block] Chaine fonctionnelle [ flux ]

: Chaine di ion [1]

:IHM : Codeur : Unité de
entree traitement

M -

: Capteur : Interface

u
{1}

: T
Matiere d'oeuvre entrante

{1

: Chaine d'energie|[1]

: Unite : Pré-actionneur
d'alimentation

: Unite de
stockage

: Actionneur Matiere d'oeuvre sortante

=} = = = E DaA®
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