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D Annex D: Sample Problem

(Informative)

D.1 Purpose

The purpose of this annex is to illustrate how the nominal usage of SysML model can support the specification, analysis, and design of
a system. This focuses on using the basic features of the language in building a system model, and then rendering the model as
SysML diagrams.

While this annex focuses on diagrams, the reader should remember that these diagrams are rendered from an integrated model using
tooling available at the time this specification was published. No post-processing has been applied to these diagrams; they appear just
as they are represented in the modeling tool. This was done to streamline the generation and maintenance of this appendix. Effort has
been made to suppress tool-specific graphic artifacts on these diagrams, but some such artifacts may be unavoidable.

D.2 Scope

The scope of this example is a single SysML system model that can be used to render at least one diagram of each diagram type. The
intent is to model simplified fragments of the problem to illustrate how a model can be constructed, and to demonstrate some of the
possible inter-relationships among the model elements. The sample problem is not intended to exercise all of the features of the
language. The reader should refer to the individual clauses for more detailed features of the language. The diagrams rendered for
representing a particular aspect of the model, and the ordering of the diagrams are intended to be representative of applying a nominal
systems engineering process, but is not intended to endorse any specific process or methodology.

D.3 Problem Summary

The sample problem describes the use of SysML as it applies to the development of an automobile, in particular a Hybrid gas/electric
powered Sport Utility Vehicle (SUV). This problem is interesting in that it has inherently conflicting requirements, viz. desire for fuel
efficiency, but also desire for large cargo carrying capacity and off-road capability. Technical accuracy and the feasibility of the actual
solution proposed were not high priorities. This sample problem focuses on design decisions surrounding the power subsystem of the
hybrid SUV; the requirements, performance analyses, structure, and behavior.

This annex is structured to show each diagram in the context of how it might be used on such an example problem. The first sub
clause shows SysML diagrams as they might be used to establish the system context; establishing system boundaries, and top level use
cases. The next sub clause is provided to show how SysML diagrams can be used to analyze top level system behavior, using
sequence diagrams and state machine diagrams. The following sub clause focuses on use of SysML diagrams for capturing and
deriving requirements, using diagrams and tables. A sub clause is provided to illustrate how SysML is used to depict system structure,
including block hierarchy and part relationships. The relationship of various system parameters, performance constraints, analyses,
and timing diagrams are illustrated in the next sub clause. A sub clause is then dedicated to illustrating definition and depiction of
interfaces and flows in a structural context. The final sub clause focuses on detailed behavior modeling, functional and flow allocation.

D.4 Diagrams

D.4.1 Package Overview (Structure of the Sample Model)
D.4.1.1 Package Diagram - Applying the SysML Profile

As shown in Fig. D.1 the HSUVModel is a package that represents the user model. The SysML Profile is applied to this package in
order to include stereotypes from the profile. The HSUVModel also requires the use model libraries, such as the SI Units Types model
library. The model libraries are imported into the user model as indicated.
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pkg [Package] Modeling Domain[ Establishing HSUV Model )
«profile»
SysML
N ~
~N
I«apply» > \«appIY»{StriCt}
| ~
{strict} N
| ~
| N
«ModelLibrary» _ ], HSUV Model
Sl Definitions |« _«ameor th

Figure D.1. Establishing the User Model by importing and applying SysML Profile & Model Library (Package Diagram)

Fig. D.2 shows the specification of automotive units and valueTypes employed in this sample problem.

pkg [Package] Automotive Value Types[ Automotive domain units of measure] )

Automotive Value Types

«valueType» —l
SysML::LibrarieszPrimitiveVaIueTypes::Real Automotive Units
«unit» «unit»
| g mph
{quantityKind = Acceleration} {quantityKind = Velocity}
«valueType» «valueType» «valueType» «valueType» «valueType»
Horsepower Acceleration Weight Volume Temperature «unit» «unit»
«valueType» «valueType» «valueType» «valueType» «valueType» °E ft
unit = hp unit=g unit = Ib unit = ft"3 unit = °F {quantityKind = Temperature, {quantityKind = Distance}
symbol ="°F "}
«unity»
«valueType» «valueType» «valueType» «valueType» «unit» hp
Global Time Velocity Distance Pressure psi {quantityKind = Power}
«valueType» «valueType» «valueType» «valueType» {quantityKind = Pressure}
unit = sec unit = mph unit = ft unit = psi «unity
«unit» sec
ft*3 {quantityKind = Time}
{quantityKind = Volume}
«unit»
lb
{quantityKind = Mass}

Figure D.2. Defining value Types and units to be used in the Sample Problem
D.4.1.2 Package Diagram - Showing Package Structure of the Model

The package diagram Fig. D.3 shows the structure of the model for this sample problem. Model elements are contained in packages,
and relationships between packages (or specific model elements) are shown on this diagram. The relationship between the views
(Operational View and PerformanceView) and the rest of the user model are explicitly expressed using the «import» relationship. Note
that the «view» models contain no model elements of their own, and that changes to the model in other packages are automatically
updated in the Operational and Performance Views.
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pkg [Package] HSUV Model[ Model Package Organization] )

HSUV Behavior HSUV Structure HSUV Interfaces HSUV Requirements HSUV Use Cases
D D =
Deliver Power «domain» . =
Behavior Automotive Domain HSUV Specification HSUV Analysis
parts
HSUV : Hybrid SUV D
vehicle cargo : Baggage
driving conditions : Environment Sl o — —
properties Performance utomotive Value
vehicle driver : Driver Types
vehicle passenger : Passenger
vehicle mechanic : Maintainer

HSUV Views HSUV Viewpoints HSUV Viewpoint Methods
«view» «viewpoint» «activity»

Hybrid SUV Functional View Functional Viewpoint Requirements Query

«view» «viewpoint» «activity»
Hybrid SUV Performance Performance Viewpoint Performance Query

«view» «viewpoint» «activity»
Hybrid SUV Requirements vnV VnV Query

«view» «viewpoint»

Hybrid SUV Verification and Validation Plan Requirements

Figure D.3. Model Package Organization

D.4.2 Setting the Context (Boundaries and Use Cases)
D.4.2.1 Internal Block Diagram - Setting Context

The term “context diagram,” in Fig. D.4, refers to a user-defined usage of an internal block diagram, which depicts some of the top-
level entities in the overall enterprise and their relationships. The diagram usage enables the modeler or methodologist to specify a
unique usage of a SysML diagram type using the extension mechanism described in Annex A, “Diagrams.” The entities are
conceptual in nature during the initial phase of development, but will be refined as part of the development process. The «system» and
«externaly stereotypes are user defined, not specified in SysML, but help the modeler to identify the system of interest relative to its
environment. Each model element depicted may include a graphical icon to help convey its intended meaning. The spatial relationship
of the entities on the diagram sometimes conveys understanding as well, although this is not specifically captured in the semantics.
Also, a background such as a map can be included to provide additional context. The associations among the classes may represent
abstract conceptual relationships among the entities, which would be refined in subsequent diagrams. Note how the relationships in
this diagram are also reflected in the Automotive Domain Model Block Definition Diagram, Fig. D.15, which is rendered from the
same underlying model.
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«ContextDiagram»
ibd [Block] Automotive Domain[ Establishing the Context of the Hybrid SUV System] driving conditions : Environment

vehicle passenger : Passenger

vehicle cargo : Baggage

vehicle driver : DI'IVEI\’I: HSUV : Hybrid SUV
x4:
% road : Road [1..*]

weather : Weather object : External Object [1..*]

«system»

x3:

‘Diagram name ” Establishing the Context of the Hybrid SUV System‘

Author ”janderson

vehicle mechanic : Maintainer
‘Creation date ” 3/4/20 1:43 AM

\ Modification date || 3/15/22 8:39 AM

Figure D.4. Establishing the Context of the Hybrid SUV System

D.4.2.2 Use Case Diagram - Top Level Use Cases

The use case diagram “Establishing Top Level Uses Cases” in Fig. D.5 depicts usage in the Automotive Domain. The subject

(HybridSUV) and the actors (Driver, Registered Owner, Maintainer, Insurance Company, DMV) interact to realize the use case.

uc [Package] HSUV Use Cases [ Establishing Top Level Use Cases] )

=

Hybrid SUV

Driver

%/

RegisteredOwner - -
Register the vehicle
Department of Motor Vehicle

Drive the Vehicle
Insure the vehicle %
InsuranceCompany

=

Maintainer

Maintain the vehicle

Figure D.5. Establishing Top Level Use Cases

D.4.2.3 Use Case Diagram - Optional Use Cases

Goal-level Use Cases associated with “Operate the Vehicle” are depicted in the following diagram. These use cases help flesh out the
specific kind of goals associated with driving and parking the vehicle. Maintenance, registration, and insurance of the vehicle would
be covered under a separate set of goal-oriented use cases.
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uc [Package] HSUV Use Cases [ Establishing Operational Use Cases] )

Driver

A

-

«interaction»
Drive Black Box

«refine»
-

Hybrid SUV
«extend»
DrivetheV@é g Start the Vehicle
4 ~ \«include»
- N>~ ~ - -
= - ~ _ «include»
« «include
N ~
~
N D
S
~

Brake

0

«refine»

«interaction»
Start Vehicle Black ...

Figure D.6. Establishing Operational Use Cases

D.4.3 Elaborting Behavior (Sequence and State Machine Diagrams)

D.4.3.1 Sequence Diagram - Drive Black Box

Fig. D.7 shows the interactions between driver and vehicle that are necessary for the “Drive the Vehicle” Use Case. This diagram

represents the “DriveBlackBox” interaction, with is owned by the AutomotiveDomain block. “BlackBox” for the purpose of this
example, refers to how the subject system (HybridSUV) interacts only with outside elements, without revealing any interior detail.

The conditions for each alternative in the alt controlSpeed sub clause are expressed in OCL, and relate to the states of the HybridSUV

block, as shown in Fig. D.8.
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sd [Interaction] Drive Black Box [ Elaborating Black Box Behavior for the "Drive Vehicle" Use Case] )
vehicle driver : Driver% HSUV : Hybrid SUV
T T
I I
b b
ref
Start Vehicle Black Box
I I
I I
O O
I I
par I I
[ alt T I
I I
[Self.ocllslnftate(ldle)] I
ref -
Idle
T T
- e — e e e e e e e e e e e e e e e e e e = —_ —
[Self.ocllsln$tate(Accelerating/Cuising)] :
I I
ref -
Acceleration / Cruise
L L - - _ - _— - - - - - - - 0
[Self.oclisinState(Braking)] |
I I
i\ I
ref -
Brake
T T
U
I I
[1 | |
& &—
ref
Steer
1 1
I I
é d)_
ref
Park / Shutdown Vehicle
T T
I I
I I

Figure D.7. Elaborating Black Box Behavior for the '"Drive Vehicle" Use Case

D.4.3.2 State Machine Diagram - HSUV Operational States

Fig. D.8 depicts the operational states of the HSUV block, via a State Machine named “HSUVOperationalStates.” Note that this state
machine was developed in conjunction with the DriveBlackBox interaction in Fig. D.7. Also note that this state machine refines the
requirement “PowerSourceManagment,” which will be elaborated in the requirements sub clause of this sample problem. This
diagram expresses only the nominal states. Exception states, like “acceleratorFailure,” are not expressed on this diagram.
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stm [State Machine] HSUV Operational States[ HSUV Operational States] )

Off ) keyOff :

J shutOff

accelerate

Operate

releaseBrake

Accelerating /
Cruising

Braking

engageBrake

Refines
«requirement»Power
Source Management

stopped — —

«comment»
Nominal states only

Figure D.8. HSUV Operational States

D.4.3.3 Sequence Diagram - Start Vehicle Black Box & White Box

4/20/22 8:19 AM

Fig. D.9 shows a “black box” interaction, but references “Start Vehicle White Box” (Fig. D.10), which will decompose the lifelines

within the context of the HybridSUV block.

The lifelines on Fig. D.10 (“whitebox” sequence diagram) need to come from the Power System decomposition. This now begins to
consider parts contained in the HybridSUV block.

sd [Interaction] Start Vehicle Black Box[ Start Vehicle Black Box] )

vehicle driver :

Driver;%

HSUV : Hybrid SUV

1: StartVehicle() ref

Start Vehicle White Box

|

|
Py
A%

Figure D.9. Start Vehicle Black Box
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sd [Interaction] Start Vehicle White Box[ Start Vehicle White Box] )

pcu : Power Control Unit epc : Electrical Power Controller

T
1: StartVehicle() :

T
I
I
I
2: Enable() I

Figure D.10. Start Vehicle White Box

D.4.4 Establishing Requirements (Requirements Diagrams and Tables)

D.4.4.1 Requirement Diagram - HSUV Requirement Hlerarchy

The vehicle system specification contains many text based requirements. A few requirements are highlighted in Fig. D.11, including
the requirement for the vehicle to pass emissions standards, which is expanded for illustration purposes. The containment (cross hair)
relationship between requirements, for purpose of this example, refers to the practice of decomposing a complex requirement into
simpler, single requirements.

req [Package] HSUV Requirements| Establishing HSUV Requirements Hierarchy (containment)] )
HSUV Specification
«requirement» «requirement» «requirement» «requirement» «requirement»
Eco-Friendliness Performance Ergonomics Qualification Capacity
«requirement» «requirement» «requirement» «requirement» «requirement» «requirement» «requirement»
Braking Fuel Economy Off-Road Acceleration Safety Test Cargo Capacity Passenger Capacity
Capability
«requirement»
«requirement» Fuel Capacity
Emissions
Id="R1.2.1"
Text = "The vehicle shall meet Ultra-low
Emissions vehicle standards."

Figure D.11. Establishing HSUV Requirements Hierarchy (containment) - (Requirements Diagram)

D.4.4.2 Requirement Diagram - Derived Requirements

Fig. D.12 shows a set of requirements derived from the lowest tier requirements in the HSUV specification. Derived requirements, for
the purpose of this example, express the concepts of requirements in the HSUV Specification in a manner that specifically relates
them to the HSUV system. Various other model elements may be necessary to help develop a derived requirement, and these model
element may be related by a «refinedBy» relationship. Note how Power Source Management is “RefinedBy” the HSUV Operational
States model (Fig. D.8). Note also that rationale can be attached to the «deriveReqt» relationship. In this case, rationale is provided by
a referenced document “Hybrid Design Guidance.”
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req [Package] HSUV Requirements|[ Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy] )

«requirement»
Braking
N

«deriveReqt»

«requirement»
Fuel Economy

«deriveReqt»

AT A
|

«requirement»

Regenerative Braking

«requirement»

«requirement»

Fuel Capacity Off-Road
7\ Capability
| «deriveReqt» N

«deriveReqt»

«requirement»
Range

I «deriveReqt»

«requirement»
Acceleration

«requirement»
Cargo Capacity

«problem»

Power needed for acceleration, off-road performance & —
cargo capacity conflicts with fuel economy

RefinedBy
HSUV Operational States

«requirement»
Power Source Management

N N
| |
| «deriveReqt» | «deriveReqt»
e ]
|
«requirement»
- Power
N
«derive Reqt»I
~— — — = — —
N

«rationale»
Power delivery must happen by
coordinated control of gas and electric
motors. See "Hybrid Design Guidance"

Figure D.12. Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy (Requirements
Diagram)

D.4.4.3 Requirement Diagram - Acceleration Requirement Relationships

Section D.4.4.2 focuses on the Acceleration requirement, and relates it to other requirements and model elements. The “refine”
relation, introduced in Fig. D.12, shows how the Acceleration requirement is refined by a similarly named use case. The Power
requirement is satisfied by the part property pwr-ss:Power Subsystem, and a Max Acceleration test case verifies the Acceleration

requirement.

req [Package] HSUV Requirements[ Acceleration Requirement Relationships] )

«system»
Hybrid SUV

parts
pwr-ss : Power Subsystem g

Accelerate —

«satisfy»

«refine» «requirement»
Acceleration
. K .
«deriveReqt» «verify»
s \
4 \
«requirement» «testCase»

Power

Max Acceleration

Figure D.13. Acceleration Requirement Relationships (Requirements Diagram)

D.4.4.4 Table - Requirements Table

SysML allows the representation of relationships using tables without constraining the exact layout of such a table.

Section D.4.4.4 provides two examples showing requirement containment (decomposition), and requirements derivation in tabular

form. This is a more compact representation than the requirements diagrams shown previously.
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# Id 4 Name Text
The Hybrid SUV shall have the braking, acceleration, and off-road capability
1 2 B [&l 2 Performance of a typical SUV, but have dramatically better fuel economy.
2 2.1 [Rl 2.1 Acceleration The Hybrid SUV shall have the braking capability of a typical SUV.
3 2. [E 2.2 Braking The Hybrid SUV shall have dramatically better fuel economy than a typical SUV.
4 23 [rl 2.3 Fuel Economy The Hybrid SUV shall have dramatically better fuel economy than a typical SUV.
5 2.4 [Rl 2.4 Off-Road Capability = The Hybrid SUV shall have the off-road capability of a typical SUV.
# | old Name R1Id Derived R2 Id Derived 2
1 2.1 [ Acceleration d.4 [Rr] Power d.2 [R] Power Source Mahagement
2 2.2 [kl Braking d.1 [r] Regenerative Braking
d.2 [®] Power Source Management
3 23 [rl Fuel Economy d.1 [r] Regenerative Braking
d.3 [®] Range
4 2.4 [& Off-Road Capability d.4 [r] Power d.2 [Rrl Power Source Management
5 4.1 ER Cargo Capacity d.4 [rl Power d.2 [kl Power Source Management

Figure D.14. Requirements Relationships Expressed in Tabular Format

Please Note: Tables are not a normative part of the SysML specification. So all tables are for illustration and reference only.

D.4.5 Breaking Down the Pieces (Block Definition Diagrams, Internal Block Diagrams)

D.4.5.1 Block Definition Diagram - Automotive Domain

Fig. D.15 provides definition for the concepts previously shown in the context diagram. Note that the interactions Drive Black Box
and Start Vehicle Black Box (described in, Fig. D.9 and Fig. D.10) are depicted as owned by the AutomotiveDomain block.

bdd [Package] HSUV Structure [ Defining the Automotive Domair )

«domain»
Automotive Domain

owned behaviors
«interaction»Drive Black Box
«interaction»Start Vehicle Black Box|

vehicle driver

Driver

vehicle mechani

Maintainer

vehicle passenger,

Passenger

HSUV vehicle cargo driving conditions
«system» «external» «external»
Hybrid SUV Baggage Environment
weather 1..* | object 1.* | road
«external» «external» «external»
Weather External Object Road

Figure D.15. Defining the Automotive Domain

D.4.5.2 Block Definition Diagram - Hybrid SUV

Fig. D.16 defines components of the Hybrid SUV block. Note that the Brake Pedal and Wheel Hub Assembly are used by, but not
contained in, the Power Subsystem block.
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bdd [Package] HSUV Structure [ Defining Structure of Hybrid SUV System] )

«system»
Hybrid SUV

pwr-ss brk-ss bdy-ss intr-ss Ight-ss chs-ss
«block» «block» «block» «block» «block» «block»
Power Subsystem Brake Subsystem Body Subsystem Interior Subsystem Lighting Subsystem Chassis Subsystem

] !

brkpdl | 1 brkpdl
«block»
Brake Pedal

AN

«rationale»
2 wheel drive is the only way to get
acceptable fuel economy, even though it
limits off-road capability

|

4

«block»
Wheel Hub

Assembly

Figure D.16. Defining Structure of Hybrid SUV System

D.4.5.3 Internal Block Diagram - Hybrid SUV

Fig. D.17 shows how the top level model elements in the above diagram are connected together in the Hybrid SUV block.

ibd [System] Hybrid SUV[ Internal Structure of Hybrid SUV] )

intr-ss : Interior Subsystem

bdy-intr
bdy-ss : Body Subsystem
bdy-chs bdy-Ight
chs-brk brk-Ight

chs-ss : Chassis Subsystem

brk-ss : Brake Subsystem

pwr-chs

pwr-ss : Power Subsystem

pwr-brk

Ight-ss : Lighting Subsystem

Figure D.17. Internal Structure of Hybrid SUV (Internal Block Diagram)

D.4.5.4 Block Definition Diagram - Power Subsystem

Fig. D.18 defines the next level of decomposition, namely the components of the Power Subsystem block. Note how the use of white
diamond (shared aggregation) on Front Wheel, Brake Pedal, and others denotes the same “use-not- composition” kind of relationship

previously shown in Fig. D.16
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bdd [Package] HSUV Structure [ Defining Structure of Power Subsystem] )
2 «block»
(Lt Wheel Hub Assembly
0.1 Power Subsystem
brkpdl [ 1 bp pcu epc rfw |1 Ifw |1
«block» «block» «block» «block» «block»
Brake Pedal Battery Pack Power Control Unit Electrical Power Controller Front Wheel
acl ft ice emg dif
«block» «block» ft «block» «block» «block»
Accelerator Fuel Tank Assembly Internal Combustion Engine Electric Motor Generator Differential
values
fuelFlowRate : gpm
shell fp J/ fi |4 fra fre trsm
«block» «block» «block» «block» «block» «block»
Tank Fuel Pump Fuel Injector Fuel Rail Fuel Regulator Transmission
flow properties values
in fin : Fluid fuelPressure : psi
out fout : Fluid
values
capacity : volume[gallon (US)]
level : volume[gallon (US)]

Figure D.18. Defining Structure of Power Subsystem

D.4.5.5 Internal Block Diagram for the "Power Subsystem"
Fig. D.19 shows how the parts of the Power Subsystem block, as defined in the diagram above, are used. It shows connectors between

parts, ports, and connectors with item flows. The dashed borders on Front Wheel and Brake Pedal denote the “use-not-composition”
relationship depicted elsewhere in Fig. D.16 and Fig. D.18.

ibd [Block] Power Subsystem [ Internal Structure of the Power Subsystem] )

i_regen : Elec Power i_motive : Elec PoWer ... _ _ _ _ rtp : Tire Patch

bp-epc - . :
bp : Battery Pack P-ep epc : Electrical Power Controller * < epc-emg > pl: |2* emg : Electric Motor Generator | i iErontWheel 1] E—E’]
1:12 :Ti
iy P ™1 } _ __ | p2:Tire Patch

Lo - R
,~ LT
ctrl : ~EPC ctrl IF p2:T2 p1:T2
right half shaft
p1:T2 pR: T2
acl : Accelerator
trsm : Transmission regen : Torque dif : Differential
ac-pou ctrl : ~TRSM ctrl IF
p3:T2 drive : Torque
+_epc: EPCctrl IF
v T p2:~T1 pL:T2
pcu : Power Control Unit c2
trsm : TRSM ctrl IF
A
g1: Torque
,?l ice : ICE ctrl IF
ice: ctri p1:T1 left half shaft
iry!
bkp-pcu L
ice : Internal Combustion Engine
el ctrl : ~ICE ctrl ||='Jj
fi : Fuel Injector [4]
ﬁbrkpdl : Brake Pedal [1] | p1:T2
|l _ _ _ _ 2 p1:~F1 — — — - - Itp : Tire Patch
el | 1fw : Front Wheel [1] [} —— {5
******* p2 : Tire Patch
ft : Fuel Tank Assembly []
fuelSupply : Fuel p2:F2
p1:F2 fuelReturn : Fuel fuel delivery
<> < >
< L

Figure D.19. Internal Structure of the Power Subsystem

Fig. D.20 provides definition of the block that types the ports linked by connectors c1, c2 and ¢3 in Fig. D.19. Note the use of
conjugate (~) interface blocks, the composition of interface blocks, and the use of signals & value types for flow properties.
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bdd [Package] Pwr Sys Logical Interfaces [ PCU Port Type Definitions] )

«signal»
motor status

«~InterfaceBlock»

«InterfaceBlock»

attributes

EPC ctrl IF
«Proxy» «proxy»
data cmd

~EPC ctrl IF
{original = EPC ctrl IF}
«Proxy» «proxy»
data cmd

rpm : revolutions per minute
temp : celsiusTemperature
current : rms currentfampere]

EPC data IF

«InterfaceBlock»

EPC cmd IF

«InterfaceBlock»

flow properties

in ms : motor status

flow properties

out drive : motor command

«InterfaceBlock»

ICE ctrl IF
«Proxy» | «proxy»
data cmd

«~InterfaceBlock»

«~InterfaceBlock»

out rpm : motor status

~EPC data IF ~EPC cmd IF
{original = EPC data IF} {original = EPC cmd IF}
flow properties flow properties

in sc : motor command

«signal»
motor command

attributes
accel : Percentage
regen brake : Percentage

«~InterfaceBlock»
~ICE ctrl IF
{original = ICE ctrl IF}

«signal»
ice status

attributes

«proxy»
data

«Proxy»

cmd

«interfaceBlock»
ICE data IF

«interfaceBlock»
ICE cmd IF

flow properties
in is : ice status

flow properties
out ic : ice command

«~InterfaceBlock»
~ICE data IF

{original = ICE data IF}

«~InterfaceBlock»
~ICE cmd IF

rpm : revolutions per minute

coolant temp : celsiusTemperature
knockSensor : Boolean

iat : celsiusTemperature

egt : celsiusTemperature

maf : volume flow rate(cubic metre per second)

{original = ICE cmd IF}

flow properties
out is : ice status

flow properties
in ic : ice command

«signal»
ice command

attributes

«~InterfaceBlock»

throttle position : Percentage

«interfaceBlock»
TRSM ctrl IF

«Proxy»
data

«proxy»

cmd

~TRSM ctrl IF

{original = TRSM ctrl IF}

injector rate : Percentage
injector timing : crankshaft degrees

valve timing : crankshaft degrees
ign timing : crankshaft degrees

«interfaceBlock»
TRSM data IF

«interfaceBlock»
TRSM cmd IF

flow properties
in ts : trsm status

flow properties
out tc : trsm command

«signal»
trsm command

gear command : gear
mode command : mode
regen brake : Boolean

attributes

«proxy» «proxy»
data cmd
«~InterfaceBlock» «~InterfaceBlock»
~TRSM data IF ~TRSM cmd IF
{original = TRSM data IF} {original = TRSM cmd IF}
flow properties flow properties

out ts : trsm status

in tc : trsm command

«signal»
trsm status

attributes

oil temp : celsiusTemperature

selected mode : mode

«valueType» [E|
mode

«valueType» [E|
gear

enumeration literals
touring

sport

mountain

enumeration literals
park

reverse

drive

low

D.4.6 Defining Ports and Flows
D.4.6.1 Block Definition Diagram - ICE Flow Properties

Figure D.20. PCU Port Type Definitions

For purpose of example, the ports, flows, and related point-to-point connectors in Fig. D.19 are being refined into a common bus

architecture. For this example, ports with flow properties have been used to model the bus architecture. Fig. D.21 is an incomplete first

step in the refinement of this bus architecture, as it begins to specify the flow properties for Internal Combustion Engine, the
Transmission, and the Electrical Power Controller.

Note that the table provided is not a SysML diagram, but is a quite useful list of CAN Message interface specifications
depicting various messages that may be used on the CAN bus.
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bdd [Package] CAN Message Library [ Defining Port Types for the CANBus] )

# Classifier 4 Name value : String
: 1 [E CAN Message =1 accel_position
cinterfaceBlock» T 2 [ Subframe = accel_position message.data 0
aIIocatedFrng:IF | | CAN spec - Application, 3 E subframe = accel_position message.id 000205
ESEPC ctrl IF Transport, and Physical layers 4 & CAN Message = battery_discharge_amps
EEICE ctrl IF Physical layer: ISO 11898 5 [ Subframe =1 battery_discharge_amps.data 0
ESITRSM ctrl IF Automotive implementation: SAE 6 [ Subframe = battery_discharge_amps.id 222414
flow properties J2284 7 E CAN Message =1 battery_temp
B e Messa0e | 8 [ subframe = battery_temp.data 60
| 9 K Subframe = battery_temp.id 22434F
I 10 [ CAN Message = battery_volts
11 [ subframe = battery_volts.data 425
«block» |
12 [ subframe = battery_volts.id 222429
CAN Frame |
13 ] CAN Message =1 engine_coolant_temp
start of frame - Sugef]rr:me I 14 [ Subframe =1 engine_coolant_temp.data 60
id : Subframe I 15 [ Subframe =1 engine_coolant_temp.id 220005
remote transmission request : Subframe[—~ — — — — — - 16 [ CAN Message =1 engine_oil_temp
control : Subframe N -
data : Subframe 17 [ Subframe =1 engine_oil_temp.data 60
cyclic redundancy check : Subframe 18 [ Subframe =1 engine_oil_temp.id 221154
ack : Subframe 19 ] CAN Message = engine_rpm
end of frame : Subframe 20 ' subframe =1 engine_rpm.data 0
T 21 [ subframe =1 enginge_rpm.id 22000C
«block» 22 [ CAN Message =l intake_air_temp
CAN Message 23 | Subframe =1 intake_air_temp message.data 120
24 [ subframe =] intake_air_temp message.id 22000F

Figure D.21. Initially Port Types with Flow Properties for the CANBus (Block Definition Diagram)

Please Note: Tables are not a normative part of the SysML specification. So all tables are for illustration and reference only.
D.4.6.2 Internal Block Diagram - CANbus

Fig. D.22 continues the refinement of this Controller Area Network (CAN) bus architecture using ports. The explicit structural
allocation between the original connectors of Fig. D.19 and this new bus architecture is shown in Fig. D.39.

ibd [Block] Power Subsystem [ Consolidating Connectors into the CAN Bus] )

epc : Electrical Power Controller trsm : Transmission ice : Internal Combustion Engine

[A]

[A]

[A]

v

epc_can : CAN IF

v

trsm_can : CAN IF

v
ice_can : CAN IF

can : CAN Bus

ini_msg:
out o_msg : CAN Message

CAN Message

:flow properties

J_r‘acu_can
A

: ~CAN IF

Lv |

pcu : Power Control Unit

Figure D.22. Consolidating Connectors into the CAN Bus

D.4.6.3 Block Definition Diagram - Fuel Flow Properties

The ports on the Fuel Tank Assembly and Internal Combustion Engine (as shown in Fig. D.19) are defined in Fig. D.23.
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bdd [Package] HSUV Structure [ Elaborating Definition of Fuel FIovq)
«block» «block»
Power Subsystem Fluid
constraints values
fuelFlow : FuelFlow fPressure : pressure[pascal]
fDensity : density[kilogram per cubic metre]
values .
. . fVolume : volume]litre]
sn:ID ice
fit Y
«block»
«block» «proxy» «p;o.x::; Internal Combustion Engine
Fuel Tank Assembly o1 F2 pe-Fer= roforences «block»
values Eﬂ ft : Fuel Tank Assembly Fuel
fuelFlowRate : gpm Ay
proxy ports
proxy ports inout ctrl : ~ICE ctrl IF
LT «interfaceBlock» .OUt A
inout p2 : F2
F2 inout ice_can : CAN IF
flow properties
in fln : Fluid
«interfaceBlock» out fOut : Fluid «block»
F1 proxy ports Petroleum
flow properties outp1.1:F1 values
out fOut : Fluid inp1.2:~F1 vscsty : kinematic viscosity [pascal second kilogram per cubic metre] = 0.006

Figure D.23. Elaborating Definition of Fuel Flow

D.4.6.4 Parametric Diagram - Fuel Flow

Fig. D.24 is a parametric diagram showing how fuel flow rate is related to FuelDemand and FuelPressure value properties.

par [Block] Power Subsystem [ Defining Fuel Flow Constraints] )

ice.fi.fuelDemand : gpm

ice.fre.fuelPressure : psi

ft.fuelFlowRate : gpm injectorDemand : gpm

L]

«constraint»

fuelFlow : FuelFlow

flowrate : gpm press : psi

{flowrate=press/(4*injectorDemand)}

Figure D.24. Defining Fuel Flow Constraints

D.4.6.5 Internal Block Diagram - Fuel Distribution

Fig. D.25 shows how the connectors fuelDelivery and fdist on Fig. D.19 have been expanded to include design detail. The fuel
delivery connector is allocated to two connectors, one carrying fuel supply and the other carrying fuel return. The fdist connector
inside the Internal Combustion Engine block has been allocated into the fuel regulator and fuel rail parts. These more detailed design
elements are related to the original connectors using the allocation relationship. Fuel in the tank portion of the Fuel Tank Assembly is
drawn by the Fuel Pump for use in the engine, and is refreshed, to some degree, by fuel returning to the Fuel Tank Assembly.
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ibd [Block] Power Subsystem [ Detailed Internal Structure of Fuel Delivery Subsystem] )

ice : Internal Combustion Engine

shell : Tank

:values
capacity : volume[gallon (US)]
level : volume[gallon (US)]

1:~F1
I R 2 [=5] fi1 : Fuel Injector
allocatedFrom - = |—|—'
«connector»fdist 1:~F1
S : $ fi2 : Fuel Injector
- = -~ 7 1:~F1
allocatedFrom ___ P ] i3 : Fuel Injector
«connector»fdist I P
N — = ] P1:~F1 %4 - Fuel Injector
allocatedFrom e s
«connector»fdist p1:F1 Ap2: FT p3:F1 p4: F1
4 1 '_T—I T
b’ - - ;;I Fuel R;?l p5 : ~F1 p1: fre : Fuel Regulator
allocatedFrom ’ =
«connector»fdist e
- - p2: F1
allocatedFrom B i l—
«connector»fdist p1.1:F1
ft : Fuel Tank Assembly
allocatedFrom
p2 : ~F1 p1:F1 p1:F2 |«connector»fuel delivery

* fp : Fuel Pump ¢

[ p11:F1

\

<I p1.2 : ~F1

G

allocatedFrom
«connector»fuel delivery

Figure D.25. Detailed Internal Structure of Fuel Delivery Subsystem (Internal Block Diagram)

D.4.7 Analyze Perfomance (Constraint Diagrams, Timing Diagrams, Views

D.4.7.1 Block Definition Diagram - Analysis Context

Fig. D.26 defines the various model elements that will be used to conduct analysis in this example. It depicts each of the constraint
blocks/equations that will be used for the analysis, and key relationships between them. The types of the constraint parameters have

defaulted to Real, but will need to be updated to the actual value types of the properties to which they are bound.
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bdd [Package] HSUV Analysis[ Defining Analyses for Hybrid SUV Engineering Developmeni )

«block» «block» dt
) i «block» «valueType»
CapacityContext (0..1 ad |1 ad |1 0.1 | UnitCostContext EconomyContext Oek 1 Global Time
«block» 0.1 1 t1
«domain»
Automotive Domain ad 0.1
parts
HSUV : Hybrid SUV 1 0.1 e
vehicle cargo : Baggage Max Acceleration
driving conditions : Environment
: rdrag fe dyn I «verify»
vehicle driv;:o'pl?)’:;iser «constraint» «constraint» «constraint» |
vehicle passer-lger : Passenger RollingFrictionEquation FuelEfficiencyEquation StraightLineVehicle Dynamics N
vehicle mechanic : Maintainer parameters parameters «requirement»
Cf : dynamic friction factor acc : acceleration Acceleration
cap tw : force ebpwr : power
; mpg : mpg
«constraint» _l Yol nocr emaenty
ol HSUV Structure n_em : power efficiency
constraints n_ice : power efficiency
{vc = sum(vi)} vel : velocity
whlpwr : power
parameters
v1: volume
v2 : volume
v3 : volume
vc : volume
pl w adrag rb
«constraint» «constraint» «constraint» «constraint»
PayloadEquation TotalWeight AeroDragEquation RegenBrakeEfficiencyEquation
parameters parameters parameters parameters
cgoWt : mass cgoWt : mass Cd : coefficent of drag acc : acceleration
pcap : volume fw : mass volume : volume ebpwr : power
psgrWt : mass psgrWt : mass incline : plane angle
volume : volume tw : mass
vdw : mass

Figure D.26. Defining Analyses for Hybrid SUV Engineering Development
D.4.7.2 Package Diagram - Performance View Definition

Fig. D.27 shows the user-defined Performance Viewpoint, and the elements that populate the HSUV specific Hybrid

SUV Performance View. This view may contain a number of other views, as well as exposing specific model elements or package

contents.
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pkg [Package] HSUV Views[ Performance View] )

«viewpoint»
Performance Viewpoint

language = "SysML"

/method = Performance Query

presentation = "BDD high-level stylesheet in slide format"
purpose = "Highlight the performance of the system"
/stakeholder = Customer

«expose» _—~
-

«stakeholder»
Customer

«stakeholder»

/concern =
Will the system perform adequately?
What are the system requirements?

Drive the Vehicle

—

«requirement»
Performance

Id

= "o
Text = "The Hybrid SUV shall have the
braking, acceleration, and off-road
capability of a typical SUV, but have
dramatically better fuel economy.

«expose» |

\

HSUV Behavior

«conformy —
—
L -
«view»
Hybrid SUV Performance «expose»
«view» - T T = >
/viewPoint = Performance Viewpoint
N D
~
\ ~ "
«EXpose»
hsuv functions o S P
, \ ~
S \ «expose» -~
Hybrid SUV Functional View
«view . «system»
/viewPoint = Functional Viewpoint y.
Hybrid SUV

values
fuelEconomy
quarterMileTime
zero60Time

~

1]

HSUV Analysis

2 AccelerationEquation

2 Economy Equation

= EconomyContext

2 FuelEfficiencyEquation

2 Max Acceleration Analysis
2 Unit Cost Equation

] UnitCostContext

N

Figure D.27. Performance View

D.4.7.3 Package Diagram - Viewpoint Definition

4/20/22 8:19 AM

Fig. D.28 shows the Requirements and VnV viewpoint definitions and their conforming views. The Customer stakeholder is

referenced by both viewpoints and both views.

Note that the value of the stakeholder property is an instance of the stereotype not the class to which the stereotype is applied.
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pkg [Package] HSUV Views|[ Defining Requirements and VnV viewpointg )

«stakeholder»
Customer

«viewpoint»
Requirements

«stakeholder»
/concern =

«viewpoint»
language = "SysML"
/method = Requirements Query

purpose = "Describe the system requirements"
/stakeholder = Customer

presentation = "Requirements table report stylesheet in slide format"

Will the system perform adequately?
What are the system requirements?

«view»
«conform» .

Hybrid SUV Requirements

«view»

«viewpoint»
VnV

«viewpoint»
language = "SysML"
/method = VnV Query

purpose = "Describe the VnV"
/stakeholder = Customer

presentation = "VnV report stylesheet in slide format"

«conform»

/stakeholder = Customer

/viewPoint = Requirements

«viewy

Hybrid SUV Verification and Validation Plan

«view»
/stakeholder = Customer
/viewPoint = VnV

Figure D.28. Defining Requirements and VnV viewpoints

D.4.7.4 Package Diagram - View Definition

Fig. D.29 shows the Requirements and VnV views and the model elements they expose. Note that the expose relationship relies on the
viewpoint method to identify the entire set of elements that appear in the view.

pkg [Package] HSUV Views[ Requirements and VnV views exposing model elementg )

«view»
Hybrid SUV Requirements VnV Trace

«view» - -
Hybrid SUV Verification and Drive the Vehicle HSUV Requirements
Validation Plan
: «exposey
«view» 7
stakeholder = Customer ~ - _ / «expose» -~
viewPoint = VnV ~ _ ) A _ - testCaser
~ . _ A~ — EPA Fuel Economy Test
~ _ «expose» > -
/ ~ attributes
+system requirements Y S~ +testAuthorityName : String
, - N «ex +verdict : VerdictKind
«iew» pose»
N +testDate : date
Hybrid SUV Requirements N
«view» N
stakeholder = Customer «exposen «requirement»
viewPoint = Requirements -~ N Performance
Id = II2II
. Text = "The Hybrid SUV shall have the
+requirements test trace . . -
braking, acceleration, and off-road capability

of a typical SUV, but have dramatically better
fuel economy.

Figure D.29. Requirements and VnV views exposing model elements

D.4.7.5 Package Diagram - View Hierarchy

Fig. D.30 shows the composition Hybrid SUV Verification and Validation Plan view and supporting views.
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pkg [Package] HSUV Views[ The Requirements and VnV views with supporting views] )

«view»
Hybrid SUV Verification and Validation Plan

I | |

system requirements requirements test trace

«view» «view»
Hybrid SUV Requirements Hybrid SUV Requirements VnV Trace
'

performance model suv rationale suv tests

«view» «view» «view»
Hybrid SUV Performance Hybrid SUV Requirements Rationale Hybrid SUV Tests
t
hsuv functions functional model
«view»

Hybrid SUV Functional View

Figure D.30. The Requirements and VnV views with supporting views

D.4.7.6 Parametric Diagram - Measures of Effectiveness

Measure of Effectiveness is a user defined stereotype. Fig. D.31 shows how the overall cost effectiveness of the HSUV will be
evaluated. It shows the particular measures of effectiveness for one particular alternative for the HSUV design, and can be reused to
evaluate other alternatives. Value types for the moe value properties are not shown on this diagram.

par [Block] Measures of Effectiveness [ Measures of Effectiveness ] )

«moe»
costEffectiveness
«constraint» ) f «moe»
fuel economy : Economy Equation |: fuelEconomy CE
o LI
:‘ «constraint»
P 02 «objectiveFunction»
«constraint» ) q quarterMileTime :| costEffectivenessEvaluation :
. . 3 MyObjectiveFunction
maximum acceleration : Max |: p o
Acceleration Analysis z {CE = Sum(Wi*pi)}
LA pre 1 [ ,
g zero60Time p4 pS
«constraint» ] ve «moe»
cargo space : CapacityEquation |: cargoCapacity
«constraint» |i uc «moe»
cost per unit : Unit unitCost
Cost Equation

Figure D.31. Measures of Effectiveness
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Since overall fuel economy is a key requirement on the HSUV design, this example applies significant detail in assessing it. Fig. D.32
shows the constraint blocks and properties necessary to evaluate fuel economy. Value types for the value properties are not shown on

this diagram.

par [Block] EconomyContext [ EconomyContext] )
T o «constraint»
pay pacity | «constraint» incline rb : RegenBrakeEfficiencyEquation
volume adrag : AeroDragEquation Cd
; Y O [] []
_ I, acc ebpwr ICEEfficiency
| incline I—r
I—p,cap I—,volume cd dt ebpwr n_ice
, ) ) ] 0
| P“C‘Jlnszznt” . «constraint» I: :l «constraint»
pl : PayloadEquation incline:I dyn : StraightLineVehicle Dynamics || v vel ] fe : FuelEfficiencyEquation mpg
0 N o L
psgrwt cgoWt I_l I_l I_l I_l I_I
tw Cf X
cgowt :l «constraint» w n-es n-em
psngt:I tw cf
«constraint» | generatorEfficiency | | mpg |
rdrag : RollingFrictionEquation
vehicleDryWeight | motorEfficiency |

D.4.7.8 Parametric Diagram - Dynamics

Figure D.32. EconomyContext

The StraightLineVehicleDynamics constraint block from Fig. D.32 has been expanded in Fig. D.33. Each constraint is identified using
curly brackets {}. In addition, Rationale has been used to explain the meaning of each constraint maintained.
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par [Constraint Block] StraightLineVehicle Dynamics[ Straight Line Vehicle Dynamics] )

j tw
j Cf
— Cd «rationale»
LT a(g)=F/M=
_lwhlpwr P*t/m
— |wh|pwr cd cf tw tw |
incline i |_| |_’ |_’ |_| |_|
[ n— «constraint» tp tp «constraint» dt

L

pwrEq : PowerEquation
{tp=whlpwr-(Cd*v)-(Cf*tw)}

accEq : AccelerationEquation
{a=(550/32)*tp(hp)*dt*tw}

.

[1

' v

a acc

a

«rationale»
v(n+1)(mph) =
v(n)+delta-v=v(n)=a*delta-t

«rationale»

tp(hp) = Wheel
power - drag-friction

L]

«constraint»
velEq : VelocityEquation dt dt
{v(n+1)=v(n)+a(g)*32*3600/5280*dt}

.

v v

«rationale» —
x(n+1)(ft)=x(n)+delta-x=x(n)+v*delta-t

[]

\%

L]

«constraint»
posEq : PositionEquation dt
{x(n+1)=x(n)+v(mph)*5280/3600*dt}

M

X

[]

Figure D.33. Straight Line Vehicle Dynamics

The constraints and parameters in Fig. D.33 are detailed in Section D.4.7.8 in Block Definition Diagram format.

Note the use of valueTypes originally defined in Fig. D.2.
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bdd [Package] HSUV Analysis[ Defining Straight-Line Vehicle Dynamics Mathematical Constraint§ )

«constraint»
StraightLineVehicle Dynamics

parameters
acc : Acceleration
Cd : Real
Cf: Real
dt : Global Time
incline : Real
tw : Weight
v : Velocity
whlpwr : Horsepower
x : Distance

pwrE posE velE accEq

«constraint»
PowerEquation

«constraint»
PositionEquation

«constraint»
VelocityEquation

«constraint»
AccelerationEquation

constraints

{tp=whlpwr-(Cd*v)-(Cf*tw)}

constraints
{x(n+1)=x(n)+v(mph)*5280/3600*dt}

constraints
{v(n+1)=v(n)+a(g)*32*3600/5280*dt}

constraints
{a=(550/32)tp(hp)*dt*tw}

parameters parameters parameters parameters
Cd : Real dt : Global Time a: Acceleration a : Acceleration
Cf : Real v : Velocity dt : Global Time dt : Global Time
i:Real x : Distance v : Velocity tp : Horsepower
tp : Horsepower tw : Weight
tw : Weight
v : Velocity

whipwr : Horsepower

Figure D.34. Defining Straight-Line Vehicle Dynamics Mathematical Constraints

D.4.7.9 (Non-Normative) Non-SysML Diagram - 100hp Acceleration
Timing diagrams, while included in UML 2, are not directly supported by SysML. For illustration purposes, however, the interaction
shown in Fig. D.35 was generated based on the constraints and parameters of the StraightLineVehicleDynamics constraintBlock, as

described in the Fig. D.33. It assumes a constant 100hp at the drive wheels, 40001lb gross vehicle weight, and constant values for Cd
and Cf.
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Figure D.35. 100 Wheel Horsepower
Please Note: This diagram are not a normative part of the SysML specification. So this diagram is for illustration and reference only.
D.4.8 Defining, Decomposing, and Allocating Activities
D.4.8.1 Activity Diagram - Acceleration (top level)

Fig. D.36 shows the top level behavior of an activity representing acceleration of the HSUV. It is the intent of the systems engineer in
this example to allocate this behavior to parts of the PowerSubsystem. It is quickly found, however, that the behavior as depicted
cannot be allocated, and must be further decomposed.
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act [Activity] Behavior Model for Accelerate Function[ Behavior Model for Accelerate Function] )
«continuous» «continuous»
o1 : Accel Position i1 : Accel Position - -
{stream) {stream} a3 : Provide Power
Accelerator g «continuous»
motive : Mech Power "
- {stream} .«con Inuous»
«continuous» «continuous» - motive : Mech Power
o1 :Veh Cond i2: Veh Cond {stream}
a2 : Measure {stream} {stream}
Vehicle S{]
Conditions
- J
Figure D.36. Behavior Model for Accelerate Function
D.4.8.2 Block Definition Diagram - Acceleration
Fig. D.37 defines a decomposition of the activities from the activity diagram in Fig. D.36.
bdd [Package] HSUV Behavior[ Decomposition of Provide Power Function] )
«activity»
Provide Power
«adjuncty «adjunct» «adjunct» «adjunct»
al a2 ad a3
CEIRLGLE «activity» «activity» «activity»

Proportion Power

Provide Electric Power

Provide Gas Power

Control Electric Power

«adjunct» «adjunct» «adjunct» «adjunct» | «adjunct»| «adjunct» «adjunct» «adjunct» [ «adjunct»| «adjunct» «adjunctxadjunct»
i2 i1 03 g e g e o1 motive o1 i1 o1
«block» «block» «block» «block» «block» «block»
Accel Position Veh Cond Trans Mode Cmd Throttle Mech Power Elec Power

Figure D.37. Decomposition of Provide Power Function

D.4.8.3 Activity Diagram (EFFBD) - Acceleration (detail)

SysML allows the representation of relationships using tables without constraining the exact layout of such a table.

Section D.4.4.4 provides an example showing allocation relationships in tabular form. This is a more compact representation than the

requirements diagrams shown previously.
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act [Activty] Provide Power[ Detailed Behavior for Provide Power Function] ]

“callocater “callocater allocater “callocater aallocater
peu : Power Control Unit ice : Internal Combustion Engine epe : Electrical Power Controller emg : Electric Motor Generator trsm : Transmission

«continuous» «continuous» «continuous»

i1 : Throttle (27 + Provide Gas ) ©1 : Mech Power o4 9:Moch Power (25 : Combine
3 0™ Power 5[] Power

«continuous»

«continuous» «continuous» o Mech Power

<continuous»
o5 i1: Throttls (™23 Control )01  Elec Power .t Powe Continuous
Electric Power [y metive  Mech Powel motive : Mech Power
09
{stream

o6 «continuous» «continuous»

; i1: Elec Power (™ 24~ Provide ) 01 : Mech Power
, Electric Power

«continuous» «continuous» ’ «continuous»
03 : Trans Mode Cmd o7 / omd | Trans Mode Cmd _|

e L 02 |i2: Accel Position
i1 : Accel Position O ~
{stream) 4 —_—
7

O

«connectonepc-emg

«continuous»

Continuous «continuous»
ot i1: Veh Cond_("a1: Proportion }_ g : Throttle
i2: Veh Cond [ @< Proor
stream) ower
«continuous»

o Throttle
[

Figure D.38. Detailed Behavior for Provide Power Function
Note hierarchical consistency with Fig. D.36
D.4.8.4 Internal Block Diagram - Power Subsystem Behavioral and Flow Allocation
SysML allows the representation of relationships using tables without constraining the exact layout of such a table.

Section D.4.4.4 provides two examples showing requirement containment (decomposition), and requirements derivation in tabular
form. This is a more compact representation than the requirements diagrams shown previously.

ibd [Block] Power Subsystem [ Flow Allocation to Power Subsystem] )
allocatedFrom
«objectFlow»06
i_regen : Elec Power N i_motive : Elec Power
epc : Electrical Power Controller 1 _regen : \ - ’ pt: IZL emg : Electric Motor Generator
allocatedFrom < pt: < # i [<>] allocatedFrom
«callBehaviorAction»a3 epc-emg «callBehaviorAction»a4
A
v
epc_can : CAN IF can : CAN Bus
allocatedFrom
«connector»c2
«connector»c3
«connector»c1
cu : Power Control Unit ice : Internal Combustion Engine
el ! | pcu_can : ~CAN IF ice_can : CAN IF | ! -
allocatedFrom < >| fes] allocatedFrom
«callBehaviorAction»a1 L|J «callBehaviorAction»a2

Figure D.39. Flow Allocation to Power Subsystem

D.4.8.5 Table - Acceleration Allocation
SysML allows the representation of relationships using tables without constraining the exact layout of such a table.

Fig. D.40 is a simple table showing each end of the allocation relationships also shown in Fig. D.38 and Fig. D.39. This table is a
more compact representation than the diagrams shown previously.

Section D.4.4.4 also provided two examples showing requirement containment (decomposition), and requirements derivation in
tabular form.
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Applied Stereotype
«>» Allocate [Abstraction
<> Allocate [Abstraction
<> Allocate [Abstraction

<> Allocate [Abstraction

A Vv bW NP #®

]
]
]
<> Allocate [Abstraction]
]
]

«> Allocate [Abstraction

Client Supplier
O al:Proportion Power [® pcu : Power Control Unit
O a2:Provide Gas Power [®l ice : Internal Combustion Engine

& a3:Control Electric Power [®l epc : Electrical Power Controller

O a4:Provide Electric Power | emg : Electric Motor Generator

© a5:Combine Power [P trsm : Transmission

% Object Flow:06[01 -> il] :,/E Connector:epc-emg[epc.pl - emg.pl]

4/20/22 8:19 AM

Figure D.40. Tabular Representation of Allocation from “Accelerate” Behavior Model to Power Subsystem (Table)

Please Note: Tables are not a normative part of the SysML specification. So all tables are for illustration and reference only.

D.4.8.6 Block Definition Diagram: Slot Values - EPA Fuel Economy Test

Fig. D.41 demonstrates the use of InstanceSpecifications to show a particular Hybrid SUV (VIN number provided as a slot value)
satisfying the EPA fuel economy test. Serial numbers of specific relevant parts are also indicated as slot values.
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bdd [Package] SUV EPA Fuel Economy Test[ Test Results] )

Satisfies
«requirement»Emissions

\
\

«testCase»

testRun060401 : EPA Fuel Economy Test

Verifies
«requirement»Emissions

testAuthorityName = "Arthur Dent"
testDate = "2001.06.04"
verdict = pass

TestVehicle1 : Hybrid SUV

]
s

sn = "sn89012"

VIN ="G12345"
b : Body Subsystem bei i: Interior Subsystem

b-c =

= sn ="b12345" sn = "i23456"
c : Chassis Subsystem bk bk : Brake Subsystem bkei L : Lighting Subsystem
sn = "c34567" — sn = "bk45678" — sn = "It56789"

p-c p-bk
p_: Power Subsystem
sn = "p67890"
t: Transmission )
ice-t

em : Electric Motor Generator

sn ="sn90123"

ice : Internal Combustion Engine

sn = "eid78901"

Figure D.41. Test Results
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