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5.39.4 SEALUS ..ot b bbb a e bbbt e h Rt a e b bbbt ettt et e b e ae st e saesaeene
S0 FIGUIE 40 ..ottt et ettt ettt et et e s e et et e b e e st et e e st e st en s es s e st e s e et e eheebeeR e e Rt e Rt e Rt en s et et e e Rt eh e e Rt e Rt e Rt en b e s tete et e ehe et e eaeeneentententensebenteereenes
5.40.1 Figure Number ....
5.40.2 Figure Name.........
5.40.3 Figure Diagram....
5404 STALUS ..ottt bbb bbb b a e bt sh e eh e h e Rt e s bbbt bbbt eat e esnesae st e saesueene
ST FIGUIE A1 oottt ettt et et e e e a et e e st et e e st e st e st e st e st et e ebeeheeseeR e e Rt en e e Rt en s e b e b e eA e eR e eR e e Rt e Rt en b e st et e ekeehe et e eaeeneentententenbebenteeneenes
5.41.1 Figure Number
5412 FIGUIE INAIMIE .....evieuieiiiiietietiettetteetete et e steete e it eteesteseensensense s eeseeseeseeseestensensessessessesbesseeseeneensensensanseseeseestensansensansansessensessene
5.41.3 Figure Diagram
SiAT.4 STALUS L.ttt b bttt h b a e bbbt e h Rt R bbb bbbt e bt ettt et e sae st e saesaeene
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1 Model Identification

Document generated using DocGen from:

twc.openmbee.org::omg-org::SysML 1.x Specification
branch = Annex D Update

commit# 1129

date 08 February 2022

4/6/22 3:00 PM
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2 Purpose

This document is intended to describe the proposed changes to Annex D (sample problem) intended to be incorporated into SysML
1.7. These changes are the result of developing, for the first time, and integrated model representing the sample problem.
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3 Scope

This document is intended to provide a set of revised figures generated directly from the new integrated Annex D model, the status of
each section of the model represented by the figures, comments on why or how the figure was changed from the previous (1.6)
version, and linkage to any open JIRA issues that each figure in intended to address.

This document does not directly replace Annex D in the SysML 1.6 specification. An additional document will need to be generated
for that purpose. This document is for review and understanding only.



SYSML17-185 Resolution Draft

4 Description of Sample Problem Integrated Model

4.1 Model Overview

This model is intended to illustrate a broad practical use of SysML. The subject of a Hybrid Sport Utility Vehicle has been

continuously used and updated since SysML 1.0, and its use as an example problem still seems to be valid.

4.2 List of Figures in Annex D

Table 1. List of Figures in Annex D

4/6/22 3:00 PM

Id Text T;::)ce Status Comments
. . T
Special Case of Internal Block Diagram Showing DONE. Used bdd .(1nstance diagram), n ot ibd!!
1.7-D .41 . . . Cross check with instance table, or build new
Reference to Specific Properties (serial numbers) . .
hierarchal instance table.
Iabular Reg’resentat.lon of Allocation from DONE. RTF determination to leave as is, a
1.7-D.40 | “Accelerate” Behavior Model to Power Subsystem . .
nominal example of normal table generation.
(Table)
1.7-D.39 Flow Allocation to Power Subsystem (Internal DONE .new CAN bus interfaces, more
" 777 | Block Diagram) explicit allocation. review & hide comments.
17-D.38 Detailed Behavior Model for “Provide Power” DONE. use swimlane version. review & hide
o (Activity Diagram) comments.
1.7-D.37 Decorpp OSIt%On of "Accelerate” Function (Block DONE. review & hide comments.
Definition diagram)
1.7-D.36 Behavior Model for “Accelerate” Function DONE. Note change in format. review & hide
777 [ (Activity Diagram) comments.
Results of Maximum Acceleration Analysis DONE. This is not intended to be a SysML
1.7-D.35| .. . . .
(Timing Diagram) diagram of any kind.
Defining Straight-Line Vehicle Dynamics G P EUVTEU ] rai
1.7-D.34 | Mathematical Constraints (Block Definition DONE. NEEDS REVIEW! review comments,
. cleanup layout.
Diagram)
17-D.33 Straight Line Ve}.ncle. Dynamics Mathematical DONE. review & hide comments.
Model (Parametric Diagram)
1.7-D.32 Establishing Mathe;matlcal Relatlpnshlps for Fuel DONE. review & hide comments.
Economy Calculations (Parametric Diagram)
1.7-D.31 Deﬁn'mg Measures of Effect} veness and Key DONE. review & hide comments.
Relationships (Parametric Diagram)
The Requirements and VnV views with supporting DONE. Changed to hierarchical layout (bdd
1.7-D.30| . .
views (Package Diagram) style)
1.7-D.29 Requirements and VnV VIEWS eXposing clements DRAFT. Updated to be consistent with model.
from the model (Package Diagram)
Defining Requirements and VnV viewpoints DRAFT. Minor update to be consistent with
1.7-D.28 .
(Package Diagram) model.
1.7-D.27 | Performance View DRAFT. New layout.
Defining Analyses for Hybrid SUV Engineering L
1.7-D.26 Development (Block Definition Diagram) DONE. minor issues, see comments.
Detailed Internal Structure of Fuel Delivery
1.7-D.25 Subsystem (Internal Block Diagram) DRAFT
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Id Text T;z:)ce Status Comments
1.7-D.24 Defining Fuel Flow Constraints (Parametric DRAFT. Changed fuel tank flow rate value
o Diagram) property to better context.
Done. Added new Petroleum which inherits
17-D.23 Elaborating Definition of Fuel Flow. (Block from the fuel block. Question on Fuel Flow
" 777 | Definition Diagram) Direction & Proxy Port P1. Turn off redundant
symbology, refine layout.
17-D.22 Consolidating Connectors into the CAN Bus. DONE. Changed to incorporate updated CAN
T (Internal Block Diagram) bus interface definition.
17-D 21 Initially Defining Port Types with Flow Properties ([))nRg AFI\TI .inlti?fiiRs C;:f:ig/gg %ﬁ%fglll;gi
©" 77 | for the CAN Bus (Block Definition Diagram) pec,
references.
DRAFT. Deleted "lollipop" UML «interface»
use, refocused on nested proxy ports (and
Blocks Typing Ports in the Power Subsystem conjugate proxy ports) with signals as flow
1.7-D.20 e . .
(Block Definition Diagram) properties.
All related diagrams with "x" in name should
be deleted, provided here only for continuity.
Internal Structure of the Power Subsystem (Internal PRAFT: Removed.UML «nterface from
1.7-D.19 . interface blocks typing PCU ports... see D.20
Block Diagram) .
for details.
17-D.18 Deﬁn%n.g Strgcture of Power Subsystem (Block DONE.
Definition Diagram)
17-D.17 In'ternal Structure of Hybrid SUV (Internal Block DONE.
Diagram)
Defining Structure of the Hybrid SUV System
1.7-D.16 (Block Definition Diagram) DONE.
17-D.15 Deﬁn%n.g the .Automotlve Domain - (Block DONE.
Definition Diagram)
17-D.14 Requirements Relationships Expressed in Tabular DONE.
Format (Table)
17-D.13 Accele.ratlon Req}nrement Relationships DONE.
(Requirements Diagram)
Establishing Derived Requirements and Rationale
1.7-D.12 | from Lowest Tier of Requirements Hierarchy DONE.
(Requirements Diagram)
17-D.11 Estabhshmg HSUV Rs:qulrement's Hierarchy DONE.
(containment) - (Requirements Diagram)
1.7-D.10 White Box Igteractlon for “StartVehicle DONE.
(Sequence Diagram)
Black Box Interaction for “StartVehicle,”
1.7-D.9 | referencing White Box Interaction (Sequence DONE
Diagram)
1.7-D.8 | HSUVOperationalStates DONE.
17-D.7 Elaborating Black Box Behavior for the “Drive the DRAFT Could use OCL review.

Vehicle” Use Case (Sequence Diagram)
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Id Text T;z:)ce Status Comments

Establishing Operational Use Cases for “Drive the

1.7-D.6 Vehicle” (Use Case Diagram)

DONE.

Establishing Top Level Use Cases for the Hybrid

L7-D:S Hguy (Use Case Diagram)

DONE.

Establishing the Context of the Hybrid SUV
System using a User-Defined Context Diagram.
(Internal Block Diagram) Completeness of
Diagram Noted in Diagram Description

1.7-D.4 DONE.

Establishing Structure of the User Model using
1.7-D.3 [ 916562¢6-8766-439a-9911-22abb7bfed7c and
Views (Package Diagram)

DONE. Updated for view/viewpoint
modifications.

Defining value Types and units to be used in the

1.7-D.2 Sample Problem

DONE.

Establishing the User Model by importing and
1.7-D.1 | applying SysML Profile & Model Library (Package DONE
Diagram)

4.3 List of Related Open Issues against SysML 1.7

Table 2. List of Related Issues

Diagram

AT Number

Summary Resolved? Description

Sample problem: Parts are Parts are added directly into package. B27 - > element that

SYSMLI7-12 1 1.7-D.27 added directly into package is a part is displayed inside of a package >

Figure B.27: > Package "steals ownership" of MOEs,
Actor, UseCase and Requirement Severity Critical since
there is currently no sensible way to implement > in tools !
In Figure B.27 - Establishing a Performance View of the
User Model It is not at all clear how the MOEs, Actor,
UseCase and requirement should be shown as directly
within the view without the view package "stealing
ownership". Appears to break constraint: '7.3.2.4 View [1]
A view can only own element import, package import,
comment, and constraint elements.' See also example
images in Magicdraw UML SysML Plugin at: «web
reference deleted» «web reference deleted» Note that this
relates to:: Issue 11500: > as Package extension is very bad
idea (sysml-rtf), No Magic, Inc. (Mr. Nerijus Jankevicius,
nerijus@magicdraw.com nerijus@nomagic.com) ' > as
Package extension is very bad idea. Package is used for
ownership, so it is not possible to show the same elements
in different packages (as different point of view)'

SYSML17-21 |1.7-D.27 | Annex B/ Figure B27 true

Figure B.35: prefer > pins over contrived placement of
ObjectNodes on border of swimlanes Placement of
ObjectNodes on boundaries of swimlanes is contrived and
SYSML17-22 |1.7-D.36 | Annex B / Figure B.35 true graphically unstable. Prefer typed output/input Pin pairs on
CallBehaviorActions corresponding to Parameters. TODO:
alternative diagram with pins for resolution. See also: «web
reference deleted» «web reference deleted»
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Name

Diagram
Number

Summary

Resolved?

Description

SYSML17-23

1.7-D.18
1.7-D.41

Annex B/ Figure B.38

false

Figure B.38: property names of p:[PowerSubsystem]
inconsistent w.r.t. other figures Figure B.38 gives
p:[PowerSubsystem] with parts: em: [ElectricMotor] t:
[Transmission] ice: [InternalCombustionEngine] Figure 9.3
shows PowerSubsystem with parts: trsm: Transmission ice:
InternalCombustionEngine (ecu:PowerControlUnit) (epc:
ElectricalPowerController) Figure 9.6 IBD shows
PowerSubsystem with parts: trsm: Transmission ice:
InternalCombustionEngine (ecu:PowerControlUnit) (epc:
ElectricalPowerController) Figure 15.10 IBD shows
PowerSubsystem with parts: trsm: Transmission ice:
InternalCombustionEngine emg:ElectricalMotorGenerator
(ecu:PowerControlUnit) (epc: ElectricalPowerController)
(can:CAN_Bus) Figure B.18 BDD shows PowerSubsystem
with parts: trsm: Transmission ice:
InternalCombustionEngine em: ElectricalMotorGenerator
pcu:PowerControlUnit (epc: ElectricalPowerController) ..
For consistency Figure B.38 should show
p:[PowerSubsystem] with parts: emg: [ElectricMotor] (not
'em") trsm: [Transmission] (not 't") ice:

[Internal CombustionEngine] Also, Figure B.18 should
show PowerSubsystem with part: ecu:PowerControlUnit
Visit also analysis at: http://school.nomagicasia.com/node/
149 Update 03/25/2019: Added newlines for readability

SYSML17-24

1.7-D.32
1.7-D.26

Annex B, Figure B.29

true

In Figure B.29 'delta-t' is shown with solid-line
(AggregationKind 'composite'), it should be shown with a
dashed line (AggregationKind 'none') to be consistent with
Figure B.26 BDD for EconomyContext.

SYSML17-25

1.7-D.37
1.7-D.38

Figure B.34 and Figure B.35

true

FigureB34 shows an Activity decomposition with: * an
«activity» ControlElectricPower owning part Property
‘elecDrivePower:ElecPower'. * an «activity»
ProvideElectricPower without any owned part Properties.
FigureB35 shows: * an Action 'a3:ControlElectricPower’
with outgoing ObjectFlow to ObjectNode '«continuousy
driveCurrent' * an Action 'a4:ProvideElectricPower' with
outgoing ObjectFlow to ObjectNode '«continuousy
elecDrivPower' The translation of ObjectFlows in
FigureB35 to part Properties in the Activity decomposition
FigureB34 is thus inconsistent. Update: 03/25/2019, added
newlines for easier reading

SYSML17-60

1.7-D.4

Where have stereotypes been
defined?

true

in some figures of the examples provided in Annex, some
stereotypes are displayed: >, >, >, ... and so on. Can
someone tell me where these stereotypes have been
defined?

SYSML17-61

1.7-D.33
1.7-D.34

parameter of the constraint
block
StraightLineVehicleDynamics
shown in figure B.31 seems
to be incomplete

true

the parameter of the constraint block
StraightLineVehicleDynamics shown in figure B.31 seems
to be incomplete w.r.t. to figure B.30. Is it ok?
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Name

Diagram
Number

Summary

Resolved?

Description

SYSML17-63

1.7-D.13

TestCase should use
PackageMerge

false

The stereotype «TestCase» is primarily specified in the
UML Testing Profile (UTP) and should not be defined by
SysML redundantly (or even inconsistently). Rather it
should be separated in a dedicated package in SysML and a
PackageMerge be specified. This would properly add the
properties of a «TestCase» specified in SysML to the
"base" «TestCase» specified in UTP.

SYSML17-93

1.7-D.40
1.7-D.38
1.7-D.39

Don't use the optional
notation for Pins with
Allocation

true

Figure C.35 uses the optional notation for Pins (i.e. -=>[]->
instead of []->[]). The allocation callout note is anchored to
the object node symbol which makes it ambiguous as to
which dictionary item(s) are being allocated. It could be one
of the following: + the origin and destination pins + the
object flow + the common type of the pins Since it's unclear
what is being allocated, it would make more sense to show
the Pins on the diagram and link the callout note to the
relevant item(s) (I believe it's supposed to go to the
ObjectFlow).

SYSML17-94

1.7-D.40
1.7-D.39
1.7-D.38

Diagram show inconsistent
data

true

Diagrams C.35, C.36 and C.37 show inconsistent allocation
between the displayed items, yet the text would seem to
imply that they're supposed to show the same relationships.
In C.35, the allocation is from an ObjectNode symbol
called "DriveCurrent" (which I believe equates to an
ObjectFlow - name unknown) to an ItemFlow called "i1".
In C.36, the allocation is from an ObjectNode called
"DriveCurrent" to a Connector (name unknown). In C.37,
the allocation is from an ObjectFlow called "06" to a
Connector called "epc-emg.1". There are a number of
issues: 1. ObjectNode is an abstract specialization of
ActivityNode and as such you can't have any instances of
them in a model. Any reference to an ObjectNode should be
removed. 2. The allocation should consistently be from
ObjectFlow "06" to either ItemFlow "i1" or Connector
"epc-emg.1". 3. In order to make it clear that the same items
are being related, the names of the ObjectFlow and the
Connector/ItemFlow should be shown on all diagrams.
Currently the ObjectFlow and the Connector names are not
shown.

SYSML17-173

1.7-D.25

Combined call-out notation
not allowed

true

Figure D.25 depicts a allocate call-out notation that
represents more than one call-out relationship. I don't think
that it is allowed.
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Name

Diagram
Number

Summary

Resolved?

Description

SYSML17-185

1.7-D.19
1.7-D.23
1.7-D.38
1.7-D.26
1.7-D.36
1.7-D.39
1.7-D.11
1.7-D.33
1.7-D.4

1.7-D.35
1.7-D.29
1.7-D.25
1.7-D.32
1.7-D.15
1.7-D.24
1.7-D.40
1.7-D.9

1.7-D.10
1.7-D.20
1.7-D.8

1.7-D.28
1.7-D.37
1.7-D.6

1.7-D.12
1.7-D.2

1.7-D.31
1.7-D.21
1.7-D.5

1.7-D.3

1.7-D.7

1.7-D.14
1.7-D.34
1.7-D.1

1.7-D.27
1.7-D.13
1.7-D.17
1.7-D.16
1.7-D.30
1.7-D.41
1.7-D.18
1.7-D.22

Sample problem diagrams are
inconsistent, need to refactor
from integrated model

true

The diagrams in Annex D are in many ways inconsistent
with each other. Fixing existing issues with each individual
diagram will tend to make this problem worse, instead of
better. For consistency's sake, the set of diagrams in Annex
D needs to be generated from an integrated model as
existing issues are addressed.

SYSML17-225

SYSML17-94 Update
diagrams based on integrated
example model

(placeholder for Marlin Ballard to fill in details)

SYSML17-226

SYSML17-93 Update
diagrams based on integrated
example model

This issue will be resolved by SYSML17-225, the
resolution to SYSML17-94. (Placeholder for Marlin
Ballard)
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5 Annex D Figures

5.1 Figure 01
5.1.1 Figure Number
1.7-D.1

5.1.2 Figure Name
Establishing the User Model by importing and applying SysML Profile & Model Library (Package Diagram)

5.1.3 Figure Diagram

pkg [Package] Modeling Domain[ Establishing HSUV Model )
«profile»
SysML
N ~
~N
l«appw» > \\«appW»{s”mﬂ
| ~
{strict} N
| ~
[ 1 T 1
«ModelLibrary» ) ], HSUV Model
Sl Definitions [« _«ameor th

Figure 1. Establishing HSUV Model
5.1.4 Status

DONE

5.2 Figure 02

5.2.1 Figure Number
1.7-D.2

5.2.2 Figure Name

Defining value Types and units to be used in the Sample Problem
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pkg [Package] Automotive Value Types[ Automotive domain units of measure] )

Automotive Value Types

SysML::Libraries::PrimitiveValueTypes::Real

«valueType»

]

A
«valueType» «valueType» «valueType» «valueType» «valueType»
Horsepower Acceleration Weight Volume Temperature
«valueType» «valueType» «valueType» «valueType» «valueType»

unit = hp unit=g unit =1b unit = ftA3 unit = °F

«valueType» «valueType» «valueType» «valueType»

Global Time Velocity Distance Pressure

«valueType» «valueType» «valueType» «valueType»
unit = sec unit = mph unit = ft unit = psi

Automotive Units

«unity»

g
{quantityKind = Acceleration}

«unit»

mph
{quantityKind = Velocity}

«unity»
ft
{quantityKind = Distance}

{quantityKind = Pressure}

«unit»
ftr3
{quantityKind = Volume}

«unit»
°E
{quantityKind = Temperature,
symbol = "°F "}
«unity»
psi

«unity»
hp
{quantityKind = Power}

«unity»
sec
{quantityKind = Time}

«unit»
b
{quantityKind = Mass}

5.2.4 Status
DONE.

5.3 Figure 03
5.3.1 Figure Number

1.7-D.3

5.3.2 Figure Name

Figure 2. Automotive domain units of measure

Establishing Structure of the User Model using 916562¢6-8766-439a-9911-22abb7bfed7c and Views (Package Diagram)
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pkg [Package] HSUV Model[ Model

Package Organization] )

1

1

1

1

Behavior

Automotive Domain

HSUV Behavior HSUV Structure HSUV Interfaces
D
1
Deliver Power «domain»

parts
HSUV : Hybrid SUV
vehicle cargo : Baggage
driving conditions : Environment

properties
vehicle driver : Driver
vehicle passenger : Passenger
vehicle mechanic : Maintainer

1

1

1

HSUV Requirements

HSUV Use Cases

1]

1

HSUV Specification

HSUV Analysis

«requirement»
Performance

]

1

Automotive Value
Types

HSUV Views

HSUV Viewpoints

HSUV Viewpoint Methods

«view»

Hybrid SUV Functional View

Functional Viewpoint

«viewpoint»

«activity»
Requirements Query

«view»
Hybrid SUV Performance

Performance Viewpoint

«viewpoint»

«activity»
Performance Query

«view» «viewpoint»
Hybrid SUV Requirements vnV
«view» «viewpoint»
Hybrid SUV Verification and Validation Plan Requirements

«activity»
VnV Query

Figure 3. Model Package Organization
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pkg [Package] HSUV Model[ Model Package Organization

ANNOTATED] )

S

«comment»
Fixed -

HSUV Behavior

HSUV Structure

HSUV Interfaces

20200117:
Marlin:
Automotive

Domain had
duplicate
properties for
HSUV and
Driver, removed
one of each.
Also had a
self-referential
AtomotiveDomai
n part, which

I removed. None
of these had any
diagram use or

Deliver Power
Behavior

«domain»

Automotive Domain

parts
HSUV : Hybrid SUV
vehicle cargo : Baggage

driving conditions : Environment|

properties
vehicle driver : Driver

vehicle passenger : Passenger
vehicle mechanic : Maintainer

relations.

20200205: gave

HSUV Views

LS

I

HSUV Requirements

Fixed - Rick:
(HSUV Interfaces
Pkg) This needs
to be root level

in model,
accessible as
both item types
(structure) and
object/parameter
types (behavior)

wiew»
Hybrid SUV Functi

passenger and
maintainer

onal View

properties

«iew»

names to be
consistent with

Hybrid SUV Performance ‘

driver, which T
was needed in
use case.

}

«iewh
Hybrid SUV Requirements

t
«iew»

Hybrid SUV Requirements Rationale
T

«liew»
Hybrid SUV Requirements VnV Trace

«iew»

Hybrid SUV Tests |

Hybrid SUV VeriﬁcTtion and Validation Plan /

fview»

/

HSUV Viewpoints

«viewpoint»
Functional Viewpoint

«viewpoint»

/

Performance Viewpoint

« )ewpulnt»
Req

ements

7 «iewpoint»
Requirements Analysis

«viewpoint»
VnV Analysis

~

[
|
|

20200205

«comment»

Fixed - Functional Viewpoint instead of Operational Viewpoint, since that's what's used in D.30. Added

Similarly, spec text needs change from: "The relationship between the views (OperationalView 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." to be the correct «expose»
relationship, and should say "Functional" everywhere instead of operational.

HSUV Specification

~
~
«requirement»
Performance ~

HSUV Use Cases

HSUV Analysis

I

Automotive Value
Types

th

«comment»
Fixed -

HSUV Viewpoint Methods

|

7 (Automotive
Value Types

| Pkg) Contradicts

| package

| residing in
ModelingDomain

| in Fig. D.2

«comment»
Fixed - Needs
Views,
Viewpoints,
Activity,
Requirements in
containment.

Added 20200205

Figure 4. Model Package Organization ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.3, yet reflect the structure of the integrated model.
Modeling Domain does not appear on this diagram (see Figure D.1)

5.3.4 Status

DONE. Updated for view/viewpoint modifications.

5.4 Figure 04

5.4.1 Figure Number
1.7-D.4



5.4.2 Figure Name
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Establishing the Context of the Hybrid SUV System using a User-Defined Context Diagram. (Internal Block Diagram) Completeness
of Diagram Noted in Diagram Description

5.4.3 Figure Diagram

«ContextDiagram»
ibd [Block] Automotive Domain[ Establishing the Context of the Hybrid SUV System] driving conditions : Environment

vehicle passenger : Passenger

vehicle cargo : Baggage

vehicle driver : Drlver\t HSUV : Hybrid SUV
x4:

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

«system»

x2:
%/ road : Road [1..*]

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 5. Establishing the Context of the Hybrid SUV System

20
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HSUV : Hybrid SUV

driving conditions :

«ContextDiagram»
ibd [Block] Automotive Domain[ Establishing the Context of the Hybrid SUV System ANNOTATED]
«comment»
— — — —_|Named
vehicle driver : Driver vehicle mechanic : Maintainer | 5ctor-typed
XA properties
x5:
«system» «block»

«external»

Environment

weather : Weather

object : External Object [1..*]

X2:
x3:
Q
vehicle passenger : Passeng «block»
«external»

road : Road [1..*]
vehicle cargo : Baggage

;/

&

| Diagram name || Establishing the Context of the Hybrid SUV System ANNOTATED|
|| rgill |
|| 1/6/22 9:55 AM |

|Author

|Creation date

|Modification date || 1/13/22 9:00 AM |

«documentation»

Completeness = "Partial. Does not include gas pump and other external interfaces"
Description = "Initial concept to identify top level domain entities"

reference = "Ops Concept Description"

version ="0.1"

«comment»
This diagram
should be as
close as
possible to
SysML 1.6
Figure D.4

«comment»

_ _¢Need towork on

diagram properties
callout
«diagramDescription»

—
—

—_

«comment»

Diagram frame
includes: "ibd
[Domain]" and
"<<ContextDiagram>>"

Figure 6. Establishing the Context of the Hybrid SUV System ANNOTATED

Completeness = "Partial. Does not include gas pump and other external interfaces"
Description = "Initial concept to identify top level domain entities"

reference = "Ops Concept Description”

version ="0.1"

5.4.4 Status

DONE.

5.5 Figure 05

5.5.1 Figure Number

1.7-D.5

5.5.2 Figure Name

Establishing Top Level Use Cases for the Hybrid SUV (Use Case Diagram)

21



5.5.3 Figure Diagram

SYSML17-185 Resolution Draft

4/6/22 3:00 PM

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

Hybrid SUV

=

Driver

%/

RegisteredOwner

-

Drive the Vehicle

Insure the vehicle
Register the vehicle

InsuranceCompany

Department of Motor Vehicle

Maintainer

Maintain the vehicle

5.5.4 Status

DONE.

5.6 Figure 06

5.6.1 Figure Number
1.7-D.6

5.6.2 Figure Name

Figure 7. Establishing Top Level Use Cases

Establishing Operational Use Cases for “Drive the Vehicle” (Use Case Diagram)

5.6.3 Figure Diagram

uc [Package] HSUV Use Cases [ Establishing Operational Use Cases] )

«interaction»
Drive Black Box

Hybrid SUV
- - «extend» - «refinex»
Drive the Vehicle - - - — Start the Vehicle - — — 4
Driver > - «include»
=
- DS N ~ -
«refine» =~ ~ «include»
= ~ o Accelerate
1 ~ )
 «include
- \ -
)
S
~

«include»

«interaction»
Start Vehicle Black ...

N

Brake

0

Figure 8. Establishing Operational Use Cases
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SYSML17-185 Resolution Draft 4/6/22 3:00 PM

uc [Package] HSUV Use Cases [ Establishing Operational Use Cases ANNOTATED] )

«comment»

Seems pinned
above diagram
frame. Also,
remove

fine» Start Vehicle Black Box
compartments >~ e 14—
P ~ Start the Vehicle - — =
«extend» _ — —
é% Drive the Vehicle
Driver — — __«include»

Hybrid SUV

«interaction»

—

NN —
~ —

AN ~

N ~

«interaction»

N ~
. «include» >
DriveBlackBox-Wrong[— — N

I

|

|

AN . = |

NI
N ~  «include» |
~

|

|

|

|

| h N I B - _ «comment»
AN ~ ~| — —|Added refine
N relationship to
«comment» «include» show continuity.
corect | | Pak > — ——— — 20200122
relationship to

new interaction

Figure 9. Establishing Operational Use Cases ANNOTATED

Notes: This diagram is based on SysML 1.6 Figure D.5. New «refine» relationships shown, but this is not in response to any
SYSMLI17 issue.

5.6.4 Status
DONE.

5.7 Figure 07

5.7.1 Figure Number
1.7-D.7

5.7.2 Figure Name

Elaborating Black Box Behavior for the “Drive the Vehicle” Use Case (Sequence Diagram)
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SYSML17-185 Resolution Draft

5.7.3 Figure Diagram

4/6/22 3:00 PM

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
O O
] ]
par I I
y alt T T
I I
[Self.ocllsln§tate(ld|e)] I
ref -
Idle
] ]
- e — e e e e e e e e e e e e e e e e e e = —_ —
[Self.ocllsinBtate(Accelerating/Cuising)] !
I I
ref -
Acceleration / Cruise
L — L —
[Self.ocllsln$tate(Braking)] :
I I
i\ |
ref -
Brake
T T
S A
[ 1
[Self.ocllsInState(Steer)] |
S &
ref
Steer
| |
I I
é ,\1)_
ref
Park / Shutdown Vehicle
I I
I
| |

Figure 10. Elaborating Black Box Behavior for the '"Drive Vehicle" Use Case
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

sd [Interaction] DriveBlackBox-Wrong [ DriveBlackBox-Wrong ANNOTATED ] )

vehicle driver : Driver%

HSUV : Hybrid SUV

T

|
O
O

|
O
184

Park / Shutdown Vehicle

ref
Start Vehicle Black Box
| |
| |
Q ©Q
par | |
[] par T T
I I
|
I
’s! ’s!
ref Ny
Idle N
T T
— —_— —_— —_— _| _______ + —_— —_— —_—
I I
[ | |
|
| [ Accelerating / Cruising ]
| =
o b
ref
Acceleration / Cruise
| |
I I
I I
| |
I 4 - - —
I I
y I I ~ -
|
.
I
px iN
ref
Brake
| |
I I
I I
1 1
1 1
I I
I I
| |
L _ Py I
] ref
Steer
I I
| |
I I
ref - e

DN

«comment»
created
interactions
called out by
interaction uses

D

«comment»
Rick: this
CF should be
alt, not par.

«comment»

| can't make
sense of the ocl,

N and string guard

doesn't let us

~show the states

actually reused
from D.8. Went
with par and
state invariants,
but that doesn't
seem quite right
either. Maybe

par inside loop?

Figure 11. DriveBlackBox-Wrong ANNOTATED
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

Notes: This was the initial attempt at updating this diagram, and responding to the issue re. OCL being wrong (cannot query state of
the object representing the lifeline). The use of state invariant in different sections of a [par], however, does not seem to express the

original intent.

5.7.4 Status

Could use OCL review.
5.8 Figure 08
5.8.1 Figure Number
1.7-D.8
5.8.2 Figure Name
HSUVOperationalStates

5.8.3 Figure Diagram

stm [State Machine] HSUV Operational States[ HSUV Operational States] )

Refines
«requirement»Power
Source Management

( Off ) keyOff
H ﬂ
start \ J shutOff
f Operate )
Idle
accelerate stopped - — 4

releaseBrake

Accelerating /
Cruising

Braking

engageBrake

«comment»
Nominal states only

Figure 12. HSUV Operational States
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

stm [State Machine] HSUV Operational States[ HSUV Operational States ANNOTATED] )

AN

«comment»

Should the Idle
state and Idle
interaction ref in
D.7 be related?
Text says they
were developed
in conjunction

«comment»
How should ownership of states

states, but the stm needs to be
executed by the hsuv block

Resolution: this state machine
owned by Hybrid SUV block.

work? Package for HSUV —

diagram

7/
7/
s/
Off keyOff
H ﬂ |
start shutOff I
|
. |
~ Operate |
~
|
|
«comment» |
LG releaseBrake stopped 1= ™ INominal states only I
\[ |
Accelerating / Braking I
_ Cruising |
engageBrake I
|
|
«comment» «comment»
Text refers to interactionas Create callout box or

DriveBlackBox, but it is similar. Nice!

Specification Models in the -

Notes: Notes: This diagram should be as close as possible to SysML 1.6 Figure D.8, displaying real integrated model relationships.

5.8.4 Status

DONE.

5.9 Figure 09

5.9.1 Figure Number
1.7-D.9

5.9.2 Figure Name

Figure 13. HSUV Operational States ANNOTATED

Black Box Interaction for “StartVehicle,” referencing White Box Interaction (Sequence Diagram)
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SYSML17-185 Resolution Draft

5.9.3 Figure Diagram

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

vehicle driver : Driver% HSUV : Hybrid SUV
T

|

|
P
A%

1: StartVehicle() refJ
Start Vehicle White Box

Figure 14. Start Vehicle Black Box

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

vehicle driver : Driver% HSUV : Hybrid SUV

T T
|
|
|

11 StartVehicle() ref ]

' Start Vehicle White Box

|

|
&
O

N

«comment»
Message -
changed to -
asynchronous «comment»
on D.9 to match Display
asynchronous strangeness
incoming
message on D.10

AN
«comment»

«comment» Text refers to D.9 "referencing" D.10,
HSUV should but is implemented as a dangling
have operation interaction use (ref, | suppose), which
called makes no sense here. Check
StartVehicle resolutions from 1.5 to 1.6 for rationale.

Figure 15. StartVehicleBlackBox ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.9.

4/6/22 3:00 PM
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SYSML17-185 Resolution Draft

5.9.4 Status

DONE

5.10 Figure 10
5.10.1 Figure Number
1.7-D.10

5.10.2 Figure Name

White Box Interaction for “StartVehicle” (Sequence Diagram)

5.10.3 Figure Diagram

sd [Interaction] Start Vehicle White Box[ Start Vehicle White BoX )

pcu : Power Control Unit epc : Electrical Power Controller

T T
1: StartVehicle() :

I
I
I
2: Enable() I

Figure 16. Start Vehicle White Box

4/6/22 3:00 PM
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SYSML17-185 Resolution Draft

sd [Interaction] Start Vehicle White Box[ StartVehicleWhiteBox ANNOTATED] )

pcu : Power Control Unit epc : Electrical Power Controller

T T
1: StartVehicle() :

I
I
I
2: Enable() I

«comment»

PCU needs an
operation for
"StartVehicle" for
this call
message. This
interaction also
represents the
method for the
StartVehicle
operation of the
HSUV, from D.9

«comment»

Appears that D.9
uses Domain
and D.10 uses
HSUV for scope

Figure 17. StartVehicleWhiteBox ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.10.

5.10.4 Status
DONE.

5.11 Figure 11

5.11.1 Figure Number
1.7-D.11

5.11.2 Figure Name

Establishing HSUV Requirements Hierarchy (containment) - (Requirements Diagram)

4/6/22 3:00 PM

30



SYSML17-185 Resolution Draft 4/6/22 3:00 PM

5.11.3 Figure Diagram

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 18. Establishing HSUV Requirements Hierarchy (containment)
5.11.4 Status
DONE.
5.12 Figure 12

5.12.1 Figure Number
1.7-D.12

5.12.2 Figure Name

Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy (Requirements Diagram)

5.12.3 Figure Diagram

req [Package] HSUV Requirements[ Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy] )

«requirement» «requirement» «requirement» «requirement» «requirement» «requirement»
Braking Fuel Economy Fuel Capacity Off-Road Acceleration Cargo Capacity
N AN T A 7)) Capability 7~ A
) I ] | I | «deriveReqt» N | |
«deriveReqt» «deriveReqt» ~ “deveReqh | . _ _
______ ] «deriveReqt» | «deriveReqt» | «deriveReqt»
«requirement» (RS 14— — !

«requirement»
Regenerative Braking

«requirement»

|
|
|
| Range
|
|
|

«problem»

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

Power

«deriveReqt» «deriveReqt»

- «rationale»
" «requirement» .
RefinedBy - — Power delivery must happen by

HSUV Operational States Power Source Management coordinated control of gas and electric
motors. See "Hybrid Design Guidance"

Figure 19. Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

req [Package] HSUV Requirements| Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy (Requirements Diagram) ANNOTATED )

«requirement»

«requirement»

«requirement»

«requirement»

«requirement»

LN

«comment»
Would it be
useful to add
qualified names
to Braking etc.,
to show their
place in
hierearchy?

RefinedBy

HSUV Operational States

«requirement»

Braking Fuel Economy Fuel Capacity Off-Road Acceleration Cargo Capacity
A A TA 7w Capability A 7w
| I Lo A | |
«deriveReqt» «deriveReqt» I
«deriveReqt»| [ N B «deriveReqt» | «deriveReqt» | «deriveReqt»
| «deriveReqgt» | | 1 | I | |
| 1 «requirement» I | |
__l___ | Range '___________________i
| [ |
«requirement» I |
Regenerative Braking
(. «pro.blem» «requirement»
| T - == = == Power needed for acceleration, off-road performance & || — — — — Power
| cargo capacity conflicts with fuel economy N
| I «deri
| |
______________________________ J
[ T
B \
«comment» «deriveReqt» |
HSUV ) | «rationale»
(S)tpfrz-ltlona(lj ] «requirement» Power delivery must happen by
) E?‘I;S nteebs Power Source Management coordinated control of gas and electric
cz:m:g(ez foer - T motors. See "Hybrid Design Guidance"
~
callout somehow. ~ I

veReqt»

Figure 20. Establishing Derived Requirements and Rationale from Lowest Tier of Requirements Hierarchy (Requirements

Diagram) ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.12.

5.12.4 Status
DONE.

5.13 Figure 13
5.13.1 Figure Number

1.7-D.13

5.13.2 Figure Name

Acceleration Requirement Relationships (Requirements Diagram)
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5.13.3 Figure Diagram

SYSML17-185 Resolution Draft

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

Accelerate

«system»
Hybrid SUV

parts

pwr-ss : Power Subsystem g

«satisfy»

«refine»

«requirement»
Acceleration

«derlveReqt»/
e

«requirement»

Power

i

N «verify»

\

«testCase»
Max Acceleration

Figure 21. Acceleration Requirement Relationships

4/6/22 3:00 PM

req [Package] HSUV Requirements[ Acceleration Requirement Relationships (Requirements Diagram) ANNOTATED] )

Accelerate

«refine» «requirement»
Acceleration
7T N
«deriveReqt» / N\ «verify»
/ AN
/ N

«requirement»

Power

PowerSubsystem-type
d part property which
is doing the satisfying
(1.6 uses the Block).
20200122

«system»
Hybrid SUV
parts «satisfy»
pwr-ss : Power Subsystemg— —| - -
|
l
«comment»
We agree that it should
be the

«testCase»
Max Acceleration

Figure 22. Acceleration Requirement Relationships (Requirements Diagram) ANNOTATED

Notes: This diagram clarified SysML 1.6 Figure D.13 by showing the «satisfy» relationship to the part p:Power Subsystem, instead of
the block. SYSML17-63 (Test Case) will not be directly addressed here.

5.13.4 Status

DONE.

5.14 Figure 14
5.14.1 Figure Number

1.7-D.14

5.14.2 Figure Name

Requirements Relationships Expressed in Tabular Format (Table)
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5.14.3 Figure Diagram

# Id A Name

1 2 B [’ 2 Performance

2 21 [Rl 2.1 Acceleration
322 [Rl 2.2 Braking

4 23 [Rl 2.3 Fuel Economy

5 24 [Rl 2.4 Off-Road Capability

SYSML17-185 Resolution Draft

Text

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

The Hybrid SUV shall have the braking capability of a typical SUV.
The Hybrid SUV shall have dramatically better fuel economy than a typical SUV.

The Hybrid SUV shall have dramatically better fuel economy than a typical SUV.
The Hybrid SUV shall have the off-road capability of a typical SUV.

Figure 23. Decomposition of Performance Requirements

Notes: This diagram should be as close as possible to the upper portion of SysML 1.6 Figure D.14.

# |AaId Name Relation 1
1 21 [Rl Acceleration

2 22 [Rl Braking

3 23 [Rl Fuel Economy

4 24 [Rl Off-Road Capability

5 41 [®l Cargo Capacity

R11d
d.4

d.1

d2
d.1
d.3

d.4

d4

Derived Relation 2 R21d Derived 2
[®l Power dz2 [Rl Power Source Management
[R] Regenerative Braking
[Rl Power Source Management
[R] Regenerative Braking
[®] Range
[®] Power d.2 [®l Power Source Management
[®l Power dz2 [Rl Power Source Management

Figure 24. Tree of Performance Requirements

Notes: This diagram should be as close as possible to the lower portion of SysML 1.6 Figure D.14. This needs to be expressed as a

derivation table, following «deriveReqt» relationships. Some column names are editable, some are not.

# Id 4 Name Text
The Hybrid SUV shall have the braking, acceleration, and off-road capability of a
12 B [l 2 Performance typical SUV, but have dramatically better fuel economy.
2 2.1 [’ 2.1 Acceleration The Hybrid SUV shall have the braking capability of a typical SUV.
3 2.2 & 2.2 Braking The Hybrid SUV shall have dramatically better fuel economy than a typical SUV.
4 2.3 [Rl 2.3 Fuel Economy The Hybrid SUV shall have dramatically better fuel economy than a typical SUV.
2.4 [Rl 2.4 Off-Road Capability The Hybrid SUV shall have the off-road capability of a typical SUV.
# |ad Name Relation 1 R11d Derived Relation 2 R2 Id Derived 2
1 2.1 [& Acceleration d.4 [®] Power d.2 [Rl Power Source Management
2 2.2 Rl Braking d.1 [Rl Regenerative Braking
d.2 [R] Power Source Management
3 2.3 [R] Fuel Economy d.1 [r] Regenerative Braking
d.3 [®] Range
4 2.4 &l Off-Road Capability d.4 [=l Power d.2 L&l Power Source Management
5 (4.1 [& Cargo Capacity d.4 [r] Power d.2 [l Power Source Management

Figure 25. 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.

5.14.4 Status
DONE.
5.15 Figure 15

5.15.1 Figure Number
1.7-D.15

4/6/22 3:00 PM
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SYSML17-185 Resolution Draft

5.15.2 Figure Name

Defining the Automotive Domain - (Block Definition Diagram)

5.15.3 Figure Diagram

4/6/22 3:00 PM

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

«domain»
Automotive Domain

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

vehicle driver vehicle mechani vehicle passenger, HSUV vehicle cargo driving conditions
«system» «external» «external»
Driver Maintainer Passenger Eyondi SO Baggage Eovilonment
weather 1..* | object 1.* | road
«external» «external» «external»
Weather External Object Road
Figure 26. Defining the Automotive Domain
bdd [Package] HSUV Structure[ Defining the Automotive Domain ANNOTATED ) —B
«comment»
make sure
correct
interaction is
used... not
-~ |"Wrong"
s
Ve :
s
«domain» - «comment»
s
Automotive Domain - Added. owned
- behaviors.
owned behaviors q
; . ; Consider
«interaction»Drive Black Box -1 __ _ _ _ _ _ _ _| h ing t
«interaction»DriveBlackBox-Wrong d . angl'ng .
«interaction»Start Vehicle Black Box allocations and
move to HSUV
Behavior
«comment»
_ — T|Cardinality
N — 7/
- s !
ehicle dri icle mechaahigle passenger HSUV vehicle cargo driving conditions / /
«system» «external» «external» 7 /
. . 7/
Driver Maintainer Passenger SEudE TN Baggage Soviionment 7/ /
7 /
Ve
= /
comment / /
) « > weather 1.* | object 1.* | road
Marlin: Layout, I I I
OwnedBehavior, Cardinality «external» «external» «external»
20200116 Weather External Object Road

Figure 27. Defining the Automotive Domain ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.15.

5.15.4 Status
DONE.
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5.16 Figure 16

5.16.1 Figure Number

1.7-D.16

5.16.2 Figure Name

Defining Structure of the Hybrid SUV System (Block Definition Diagram)

5.16.3 Figure Diagram

4/6/22 3:00 PM

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
o] |

L

brkpdl | 1 brkpdl «rationales «block»
Wheel Hub
(LIS 2 wheel drive is the only way to get Assembly
Brake Pedal acceptable fuel economy, even though it
limits off-road capability
Figure 28. Defining Structure of Hybrid SUV System
bdd [Package] HSUV Structure [ Defining Structure of Hybrid SUV System ANNOTATED] )
«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
o ! _
Brkpdl]!  [Brkpd] _ - - N\ \[2 4
«block» P «block»
-
Brake Pedal - «rationalex Wheel Hub
—~ . Assembly
_ - 2 wheel drive is the only way to get
_ - acceptable fuel economy, even though it
limits off-road capability
«comment» I
Remove white
diamond |
N |
|
«comment» T
No! Keep it! «comment» rationale «comment»
Cleanup paths stereotype Spec lists this as owned by AutomotiveDomain,
Marlin: 20200116 Marlin: 20200116 HSUV or ...Structure makes more sense

/

Figure 29. Defining Structure of Hybrid SUV System ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.16.

5.16.4 Status
DONE.
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SYSML17-185 Resolution Draft

5.17 Figure 17
5.17.1 Figure Number
1.7-D.17

5.17.2 Figure Name
Internal Structure of Hybrid SUV (Internal Block Diagram)

5.17.3 Figure Diagram

4/6/22 3:00 PM

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

bdy-intr

bdy-ss : Body Subsystem intr-ss : Interior Subsystem
bdy-chs | | bdy-Ight
y 9 intr-Ight
- chs-brk brk-Ight ——
chs-ss : Chassis Subsystem brk-ss : Brake Subsystem Ight-ss : Lighting Subsystem

pwr-chs

pwr-brk

pwr-ss : Power Subsystem

Figure 30. Internal Structure of Hybrid SUV
5.17.4 Status
DONE.
5.18 Figure 18
5.18.1 Figure Number
1.7-D.18

5.18.2 Figure Name

Defining Structure of Power Subsystem (Block Definition Diagram)
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SYSML17-185 Resolution Draft 4/6/22 3:00 PM

5.18.3 Figure Diagram

bdd [Package] HSUV Structure [ Defining Structure of Power Subsystem] )

= 2 «block»
e Wheel Hub Assembly
0.1 Power Subsystem e 7~
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 fi |4 fra fre trsm
«block» «block» «block» «block» «block» «block» «block»
Fuel 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 31. Defining Structure of Power Subsystem

bdd [Package] HSUV Structure [ Defining Structure of Power Subsystem ANNOTATED] )

«comment»

This not shown in 1.6 D.18, but is in 1.6 D.16. Note should be made in text
that this shows design maturation, not inconsistency.

2

& v
«block»
«block» 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 «comment»
values ~ Wheels are
fuelFlowRate : gpm > oo Wheel Hub
S Assemblies...
N «comment» i
naming?
) Added Fuel
fp i # fra fre Regulator and trsm |
«block» «block» «block» «block» «block» Fuel Rail for «block» |
Fuel Fuel Pump Fuel Injector Fuel Rail Fuel Regulator clarity Transmission |
N values |
fuelPressure : psi
«comment»
Double check «comment»
— . . a
part vs. reference Rebuild this! Rick: Check This!

ft:Fuel Tank should be a part of Fuel Tank
Assembly. Fuel Tank should have
bi-directional flow property f:Fuel, and value
properties for capacity:Gal and level:Gal.

Figure 32. Defining Structure of Power Subsystem ANNOTATED

Notes: This diagram should be an improvement to SysML 1.6 Figure D.18. The modeling of Fuel, Fuel Tank, and Fuel Tank
Assembly needs to be improved.
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SYSML17-185 Resolution Draft 4/6/22 3:00 PM

5.18.4 Status
DONE.
5.19 Figure 19

5.19.1 Figure Number

1.7-D.19

5.19.2 Figure Name

Internal Structure of the Power Subsystem (Internal Block Diagram)

5.19.3 Figure Diagram

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

boen i_regen : Elec Power i_motive : Elec PoWEr ... _ _ tp : Tire Patch
bp : Battery Pack P-ep epc : Electrical Power Controller * < epc-emg I p1:l2 * emg : Electric Motor Generator | e el E]
1:12 : Ti
=1 e P =1 Lii{}ii‘vaTlrePaICh
ctrl : ctrl p2:T2 p1:T2
right half shaft
pR:T2
acl : Accelerator
4l : ~TRSM ctrl IF dif : Differential
acl-pcu et ctr
p3:T2 drive : Torque
-+ _epc: EPCctrl IF
v pL:T2
pcu : Power Control Unit c2
<5]_trsm : TRSM ctrl IF
[cﬁ _ g1: Torque
lce : ICE ctrl IF p1:T1 left half shaft
bkp-pcu ij
ice : Internal Combustion Engine
c1 ctrl : ~ICE ctrl IF ’_%
fi : Fuel Injector [4]
hbrkpdl : Brake Pedal [1] | p1:T2
- - - - p1:~F1 — — —[]» — — = Itp : Tire Patch
fdist | tfw : Front Wheel [1] [} ———f<5]
******* p2 : Tire Patch
ft : Fuel Tank Assembly v
fuelSupply : Fuel p2: F2
p1:F2 fuelReturn : Fuel fuel delivery
PN < >
al L

Figure 33. Internal Structure of the Power Subsystem
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ibd [Block] Power Subsystem [ Internal Structure of the Power Subsystem ANNOTATED])
i_regen : Elec Power i_motive : ElecPower
bp-e| . . : 2 : Tire Patch  rtp : Tire Patch
bp : Battery Pack pepe epc : Electrical Power Controller epe-emg P1:12 I emg : Electric Motor Generator rfw : Front Wheel [1] P2 Tre Peteh  1ip - Tre Pateh 5
P Ty P g |
P | hid =2
p1: |
& N H i
ctrl : ~EPC ctrl IF p1:T2
«comment»
Proxy ports cannot support UML
provided/required interfaces... right half shaft
acl - Accelerator can use full ports? Should use
. standard (UML) ports.
- \ ctrl : ~TRSM ctrl IF
ackpeu - — N pR:T2
- . < /
- epc: EPCetrl IF 7 ﬁ Pl dif : Differential
- v r - / N
| peu : Power Control Unit < FTROM Gt IE
| [<5] 1.6 specs ha(e
«comment» a comment here 15T T2
| ] 2022.02.14 Removed problematic  [with "otrl”. ~ \ g1 : Torque pL:
| ice : ICE ctrl IF interface blocks which had N p1:T1
| bkp-pcu ) previously attempted to use W\ {1} eft half shat
"alli U i left half sha
! uML IO"'FOP‘ Inlerfaf:es. Wil A\Y l ice : Internal Combustion Engine
| | re-type with different interface blocks.
4 ctrl : ~ICE ctrl |
fi : Fuel Injector [4]
\
7 p1:T2
\ p1:~F1 - -G} - - - .
\ X r p2: Tire Patch  Itp : Tire Patch
fdist | fw : Front Wheel 1] o [
\ 13 ~ |\ ______ a
\ v
fuelReturn : Fuel fuelSupply : Fuel p2:F2 ~ N
fuel delivery N
< >
< > ~
N Sl ~
x ~ o RN
N ~ ~
s ~ ~
\ ~
7 «comment»
Error with Item Flow: e mments «comment»
«comment» . Conveyed item is Fuel, Corrected with Rick: I'm re-thinking the allocation
- «comment» . Delete and Al 3 interfaces: used proxy but Flow Property of e 0 of fdist to the fuel rail (Fig D.25).
Fuel pum replace with rts typed by Interf ports specifies Fluid : This may better be done using a
connectors e Need to fix identical BofEypecioy Interiace Mgl full port
incorrectly elided for clarity. | | o1/l on all ’ Blocks. Types can be elided continuing error (el
named in 1.6 Will be shown ports to conform with 1.6. ignored
; in Fig D.25

Figure 34. Internal Structure of the Power Subsystem ANNOTATED

Notes: This diagram should be based on the concepts expressed SysML 1.6 Figure D.19. This includes the concept of using UML
«interface» ball-and-socket notation, but this has proven problematic. Also note that the SysML 1.6 text references a Fuel store
(dashed borders) which will need to be edited.

5.19.4 Status
DRAFT: Removed UML «interface» from interface blocks typing PCU ports... see D.20 for details.
5.20 Figure 20

5.20.1 Figure Number
1.7-D.20

5.20.2 Figure Name

Blocks Typing Ports in the Power Subsystem (Block Definition Diagram)
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5.20.3 Figure Diagram

bdd [Package] *DEPRECATED Pwr Sys Logical Interfaces[ xPCU Port Type Definitions01 DEPRECATED] )

«interface»

I_ICEcmd O «interface»
operations I_ICEdata O
setThrottle()
setMixture() 7 lﬁ
N I
| «use» «realization»
| — = - - — — — A |

«~InterfaceBlock»
~ICE ctrl IF DEP
{original = ICE ctrl IF DEP}
Realized Interface = O |_ICEdata

«InterfaceBlock»
ICE ctrl IF DEP

Realized Interface = O1_ICEcmd

«interface» «interface»
I_EPCecmd O I_EPCdata O
«use»
T " g T
_______ .
| b
| «use»

[
[ - - = = |
[

«~InterfaceBlock»
~EPC ctrl IF DEP
{original = EPC ctrl IF DEP}
Realized Interface = O |_EPCdata

«InterfaceBlock»
EPC ctrl IF DEP

Realized Interface = O |_EPCcmd

«interface» «interface»
I_TRSMcmd O I_TRSMdata O

«use»

«~InterfaceBlock»
~TRSM ctrl IF DEP
{original = TRSM ctrl IF DEP}
Realized Interface = O |_TRSMdata

«InterfaceBlock»
TRSM ctrl IF DEP

Realized Interface = O |_TRSMcmd

Figure 35. xPCU Port Type Definitions01 DEPRECATED

4/6/22 3:00 PM

Notes: This diagram was intended to replace SysML 1.6 Figure D.20, but tool implementation constraints limit the representation of
required & provided «interface» on «InterfaceBlocks». This diagram is included here to show the mess to represent this concept

within the existing concrete syntax, and is NOT recommended for inclusion in the SysML 1.7 Annex D!

Note that the SysML 1.6 concept of the ICE «interfaceBlock» has been refined into the concept of the CAN IF «interfaceBlock» on
Figure D.21, to more accurately and compellingly represent the behavior of the CAN bus. This decision has a ripple effect back into
this figure, since the ICE/EPC/TRSM ctrl IF «interfaceBlocks» form a logical interface which is then allocated to a physical CAN

interface on Figure D.24, and the connectors allocated to the CAN Bus on Figure D.45.
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NOT USED in SysML 1.7

Notes: This diagram was synthesized outside the model to be as close as possible to SysML 1.6 Figure D.20.

1.7

4/6/22 3:00 PM

bdd [Package] Pwr Sys Logical Interfaces [ PCU Port Type Definitions PreMod ])

«InterfaceBlock»
ICE ctrl IF

provided interface =|_ICEcmd
required interface = |_ICEdata

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

provided interface = |_ICEdata
required interface =1_ICEcmd

«~InterfaceBlock»

«InterfaceBlock»
EPC ctrl IF

~EPC ctrl IF
{original = EPC ctrl IF}

provided interface = 1_EPCcmd
required interface = |_EPCdata

provided interface = |_EPCdata
required interface = |_EPCcmd

«InterfaceBlock»
TRSM ctrl IF

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

provided interface = |_TRSMcmd
required interface = |_ TRSMdata

provided interface = |_TRSMdata
required interface =1_TRSMcmd

«comment»

Redefined interface blocks to show
use of UML provided/required
interfaces (realization and use),
rather than flow properties.

Figure 36. xPCU Port Type Definitions

NOT USED in SysML

42



SYSML17-185 Resolution Draft

4/6/22 3:00 PM

bdd [Package] *DEPRECATED Pwr Sys Logical Interfaces[ xPCU Port Type Definitions ANNOTATED] )

«comment»

| | | use of UML provided/required
1 1 «~InterfaceBlock» interfaces (realization and use),

«InterfaceBlock» ~EPC ctrl IF DEP rather than flow properties.
EPC ctrl IF DEP

- {original = EPC ctrl IF DEP}
Realized Interface = O|_EPCcmd Realized Interface = ) |_EPCdata

«interface» «interface»
1L_TRSMcmd O I_TRSMdata O
«usen
7 U

N
| [
«use»
| L _ A&

1
I «~InterfaceBlock»
~TRSM ctrl IF DEP
{original = TRSM ctrl IF DEP}
Realized Interface = O |_TRSMdata

«InterfaceBlock»
TRSM ctrl IF DEP
Realized Interface = O |_TRSMcmd

«comment»
These featues
need to be
fleshed out (DK
20200917)

«interface» Need to model
ILIcEcmd O as nested ports, «interface» «comment»
operations with groups of I_ICEdata O Would like to show interface realization & use
setThrottle() features (DK in compartments. Can only show realization.
setMixture() 20200917) ~ S Also, realization relationship has no
? 7 «use» | _ keyword... will be confusing without it.
| - «use» «realization: - - °
[ Lol — 25— — — - [ -~ AN
| | 1 1 - «comment»
nterfaceBlocky «~InterfaceBlock» This would be much clearer if had separate compartments
S —— ~ICE ctrl IF DEP | — — — f{showing required and provided interfaces, like other
- cr {original = ICE ctrl IF DEP} SysML compartments!
Realized Interface = O|_ICEcmd Realized Interface = O |_ICEdata
«comment»
«interface» «interface» - — — — — — Can't get keyword «interface»
L_LEPCemd O I_EPCdata O to appear in MD. Need to fix
in post processing.
«use»
I %
I _______ -
! | «use» I «comment»
I el 1 I Redefined interface blocks to show
|

Figure 37. xPCU Port Type Definitions ANNOTATED

Notes: This diagram was intended to replace SysML 1.6 Figure D.20, but tool implementation constraints limit the representation of
required & provided «interface» on «InterfaceBlocks». This diagram is included here to show the mess to represent this concept

within the existing concrete syntax, and is NOT recommended for inclusion in the SysML 1.7 Annex D!

Note that the SysML 1.6 concept of the ICE «interfaceBlock» has been refined into the concept of the CAN IF «interfaceBlock» on
Figure D.21, to more accurately and compellingly represent the behavior of the CAN bus. This decision has a ripple effect back into
this figure, since the ICE/EPC/TRSM ctrl IF «interfaceBlocks» form a logical interface which is then allocated to a physical CAN

interface on Figure D.24, and the connectors allocated to the CAN Bus on Figure D.45. Annotated with comments, THIS

DIAGRAM NOT USED in SysML 1.7
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4/6/22 3:00 PM

package *DEPRECATED Pwr Sys Logical Interfaces[ xBlocks Typing Ports in the Power Subsystem (Block Definition Diagram)] )

«block»
ICE

values

rpm : Integer

Temperature : Real
isknocking : Boolean

reqd isContorlOn : Boolean

operations
setThrottle( throttlePosition : Real ) : void
setMixture( mixture : Real ) : void

Figure 38. xBlocks Typing Ports in the Power Subsystem (Block Definition Diagram)
Interim diagram, NOT USED in SysML 1.7
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bdd [Package] Pwr Sys Logical Interfaces [ PCU Port Type Definitions] )

«InterfaceBlock»

EPC ctrl IF
«Proxy» «proxy»
data cmd

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

«signal»
motor status

attributes
rpm : revolutions per minute
temp : celsiusTemperature

«InterfaceBlock»
EPC data IF

«InterfaceBlock»
EPC cmd IF

in ms : motor status

flow properties

flow properties

out drive : motor command

«Proxy» «Proxy» current : rms currentfampere]
data cmd
«~InterfaceBlock» «~InterfaceBlock» LI
~EPC data IF ~EPC cmd IF motor command
e e ttributes
original = EPC data IF original = EPC cmd IF a
forig : ! forig - ) accel : Percentage
flow properties flow properties regen brake : Percentage

«InterfaceBlock»

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

out rpm : motor status

in sc : motor command

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

«proxy»
data

«Proxy»
cmd

«signal»
ice status

attributes
rpm : revolutions per minute
coolant temp : celsiusTemperature
knockSensor : Boolean

«interfaceBlock»

«interfaceBlock»

«~InterfaceBlock»

«~InterfaceBlock»

ICE data IF ICE cmd IF ~ICE data IF ~ICE cmd IF
flow properties flow properties {original = ICE data IF} {original = ICE cmd IF}
in is : ice status out ic : ice command flow properties flow properties

out is : ice status

in ic : ice command

«interfaceBlock»
TRSM ctrl IF

«Proxy»
data

«proxy»

cmd

«~InterfaceBlock»

~TRSM ctrl IF

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

iat : celsiusTemperature
egt : celsiusTemperature

maf : volume flow rate(cubic metre per second)

«signal»
ice command

attributes
throttle position : Percentage
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

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

«~InterfaceBlock»
~TRSM data IF

{original = TRSM data IF}

«~InterfaceBlock»
~TRSM cmd IF
{original = TRSM cmd IF}

flow properties
out ts : trsm status

flow properties

in tc : trsm command

«signal»
trsm status

attributes

selected mode : mode

oil temp : celsiusTemperature

«valueType» [E|

«valueType» [E|

gear
mode enumeration literals
enumeration literals park
touring reverse
sport drive
mountain low

Figure 39. PCU Port Type Definitions

45



SYSML17-185 Resolution Draft 4/6/22 3:00 PM

bdd [Package] Control IF[ PCU Port Type Definitions ANNOTATED] )

«comment»

Create interfaceBlock, make ~InterfaceBlock class.
Then open spec for tags, find "original" tag, create
value, then select originating IB.

«comment»
Make
interfaceBlock
class Manually add proxy ports, with flow properties in
opposite direction to originating IB.

«~InterfaceBlock»
~EPC ctrl IF

«comment»

«InterfaceBlock»

«signal» «signal»

EPC ctrl IF D? the s_ame {original = EPC ctrl IF} motor status motor command
things with any - -
~proxy ports attributes attributes
«proxy» «proxy» - typed by IBs! «proxy» «proxy» +rpm : revolutions per minute +accel : Percentage
data, cmg| — pRSOIDY ISt N data cmd +temp : celsiusTemperature +regen brake : Percentage
e : - "1
«InterfaceBlock» | «InterfaceBlock» «~InterfaceBlock» «~InterfaceBlock» o e
EPC data IF EPC cmd IF ~EPC data IF ~EPC cmd IF
flow properties flow properties {original = EPC data IF} {original = EPC cmd IF}
in ms : motor status out drive : motor command flow properties flow properties

out rpm : motor status in sc : motor command

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

«InterfaceBlock»
ICE ctrl IF

«proxy» «proxy» «proxy» «proxy» 5
«signal» -
data cmd data cmd . «signal»
ice status . d
«interfaceBlock» «interfaceBlock» «~InterfaceBlock» «~InterfaceBlock» i EColCOmman
attributes

ICE data IF

ICE cmd IF

flow properties
inis : ice status

flow properties
out ic : ice command

«interfaceBlock»
TRSM ctrl IF

outis : ice status

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

in ic : ice command

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

+rpm : revolutions per minute

+coolant temp : celsiusTemperature
+knockSensor : Boolean

+iat : celsiusTemperature

+egt : celsiusTemperature

+maf : volume flow rate(cubic metre per second)

attributes
+throttle position : Percentage
+injector rate : Percentage
+injector timing : crankshaft degrees
+valve timing : crankshaft degrees
+ign timing : crankshaft degrees

«signal»
trsm status

«signal»
trsm command

attributes

attributes

«proxy» «proxy» «proxy» «proxy» +oil temp : celsiusTemperature +gear command : gear
data cmd data, cmd +selected mode : mode +mode command : mode
N .
«interfaceBlock» «interfaceBlock» «~InterfaceBlock» «~InterfaceBlock» ARGt L
TRSM data IF TRSM cmd IF ~TRSM data IF ~TRSM cmd IF «valueType» [E
flow properties flow properties {original = TRSM data IF} {original = TRSM cmd IF} «valueType» [E| gear
ints : trsm status out tc : trsm command flow properties flow properties mode literals
out ts : trsm status in tc : trsm command enumeration fiterals park
touring reverse
sport drive
mountain low

Figure 40. PCU Port Type Definitions ANNOTATED
5.20.4 Status

DRAFT. Deleted "lollipop" UML «interface» use, refocused on nested proxy ports (and conjugate proxy ports) with signals as flow
properties.

All related diagrams with "x" in name should be deleted, provided here only for continuity.

5.21 Figure 21

5.21.1 Figure Number
1.7-D.21

5.21.2 Figure Name

Initially Defining Port Types with Flow Properties for the CAN Bus (Block Definition Diagram)
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

Table [Package] CAN Message Library [ ™ Instance Table])

L8l eNouswN R

NINNNNRE B B 2R e e e
A WNROOL®NO®OUIMWN

Classifier 2 Name
EJ CAN Message Bl = accel_position
E Subframe =1 accel_position message.data
E Subframe = accel_position message.id
EJ CAN Message E = battery_discharge_amps
E Subframe = battery_discharge_amps.data
E Subframe =1 battery_discharge_amps.id
EJ CAN Message El = battery_temp
E Subframe = battery_temp.data
& subframe = battery_temp.id
EJ CAN Message El = battery_volts
E Subframe =1 battery_volts.data
E Subframe =1 battery_volts.id
EJ CAN Message E = engine_coolant_temp
E Subframe =] engine_coolant_temp.data
£ Subframe =] engine_coolant_temp.id
E caN Message El = engine_oil_temp
£ subframe = engine_oil_temp.data
] subframe =1 engine_oil_temp.id
EJ CAN Message El = engine_rpm
E Subframe = engine_rpm.data
£ subframe = enginge_rpm.id
EI CAN Message E = intake_air_temp
& Ssubframe = intake_air_temp message.data
£ Subframe =1 intake_air_temp message.id

value : String

0
000205

0
222414

60
22434F

425
222429

60
220005

60
221154

0
22000C

120
22000F

bdd [Package] CAN Bus Interface and Data Types [ Initial Interface and Data Types ANNOTATED] )
«interfaceBlock»
CAN IF «comment»
allocatedFrom = CAN spec - Application, Transport, and Physical layers
EEPC ctrl IF | |Physical layer: ISO 11898
EICE ctrl IF - Automotive implementation: SAE J2284
EJTRSM ctrl IF —
flow properties > < Ve
inout can_msg : CAN Message ~ o /
7 <
7/ >~ 4 «comment»
7 need to change
<blockn allocations to
new
CAN Frame InterfaceBlocks
parts
start of frame : Subframe
id : Subframe
remote transmission request : Subframe
control : Subframe 1 -
data : Subframe «comment»
cyclic redundancy check : Subframe Initial set of instance specifications for
ack : Subframe CAN Messages, showing only slot P
end of frame : Subframe values for data and id Subframes _ -
i -
~
~
«block» _
CAN Message «comment»
add type to
table... show that
these are CAN
messages
# Classifier
1 [ CAN Message
2 [ Subframe
«comment» 3 O subh
Table header 4 ublrame
T - E] CAN Message
~ 5 & Subframe
~
~ - 6 [ Subframe
~| 7 [E CAN Message
8 [ Subframe
9 [ Subframe
10 [E] CAN Message
11 [E Subframe
12 [E Subframe
13 ] CAN Message
14 [ Subframe
15 [ subframe
16 ] CAN Message
17 [E Subframe
18 [ Subframe
19 [E CAN Message
20 [ subframe
21 [ Subframe
22 [E] CAN Message
23 (£ subframe
24 [ subframe

2 Name
E = accel_position
=1 accel_position message.data
=1 accel_position message.id
E = battery_discharge_amps
=1 battery_discharge_amps.data
=1 battery_discharge_amps.id
E = battery_temp
= battery_temp.data
= battery_temp.id
E = battery_volts
=1 battery_volts.data
=1 battery_volts.id
E = engine_coolant_temp
=1 engine_coolant_temp.data
=1 engine_coolant_temp.id
E = engine_oil_temp
= engine_oil_temp.data
=1 engine_oil_temp.id
E = engine_rpm
= engine_rpm.data
=1 enginge_rpm.id
E = intake_air_temp
=1 intake_air_temp message.data
= intake_air_temp message.id

value : String

0
000205

0
222414

60
22434F

425
222429

60
220005

60
221154

0
22000C

120
22000F

Figure 41. Initial Interface and Data Types ANNOTATED

Notes: This diagram has been completely reworked to more accurately and compellingly represent the behavior of the CAN bus,
replacing Figure D.21 in SysML 1.6. Reference to CAN standards and structure is provided. Note that the CAN Message Library has
been adapted from the Chevrolet Volt CAN message specification.
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bdd [Package] CAN Message Library [ Defining Port Types for the CANBus] )

«interfaceBlock»
CAN IF
allocatedFrom = -
EEPC ctrl IF
ESlICE ctrl IF
ESITRSM ctrl IF

flow properties

«comment»
CAN spec - Application,
Transport, and Physical layers
Physical layer: ISO 11898
Automotive implementation: SAE
J2284

inout can_msg : CAN Message

«block»
CAN Frame

parts
start of frame : Subframe
id : Subframe

control : Subframe
data : Subframe

ack : Subframe
end of frame : Subframe

remote transmission request : Subframe

cyclic redundancy check : Subframe

i

«block»
CAN Message

Classifier

E CAN Message
E Subframe
E subframe
E] CAN Message
E Subframe
E Subframe
E] CAN Message
E subframe
E subframe
E CAN Message
E subframe
E subframe
E] CAN Message
E Subframe
E Subframe
E] CAN Message
E subframe
E subframe
EI CAN Message
E subframe
& subframe
EJ] CAN Message
E Subframe
E subframe

(SR
NS Y ®»NO v s wN %

NNNNNR R/ 3 =
AW NP, O VW NO VIS WN

4 Name
=1 accel_position
= accel_position message.data
= accel_position message.id
= battery_discharge_amps
=1 battery_discharge_amps.data
=1 battery_discharge_amps.id
= battery_temp
= battery_temp.data
= battery_temp.id
= battery_volts
= battery_volts.data
= battery_volts.id
=1 engine_coolant_temp
=1 engine_coolant_temp.data
=1 engine_coolant_temp.id
=1 engine_oil_temp
=1 engine_oil_temp.data
=1 engine_oil_temp.id
= engine_rpm
= engine_rpm.data
= enginge_rpm.id
=l intake_air_temp
=1 intake_air_temp message.data
=1 intake_air_temp message.id

value : String

0
000205

0
222414

60
22434F

425
222429

60
220005

60
221154

0
22000C

120
22000F

Figure 42. Initially Port Types with Flow Properties for the CANBus

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

5.21.4 Status

DRAFT. MAJOR CHANGE/update focused on CAN interface spec, based on SAE & ISO references.

5.22 Figure 22

5.22.1 Figure Number

1.7-D.22

5.22.2 Figure Name

Consolidating Connectors into the CAN Bus. (Internal Block Diagram)

5.22.3 Figure Diag

ram

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

epc : Electrical Power Controller

[A]

trsm : Transmission

[A]

ice : Internal Combustion Engine

[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_;‘)cu_can :~CAN IF
A

Lv |

pcu : Power Control Unit
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Figure 43. Consolidating Connectors into the CAN Bus

4/6/22 3:00 PM

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

epc : Electrical Power Controller trsm : Transmission ice : Internal Combustion Engine
Iy Iy [
v v \4
L‘_elpc_can : CAN IF L‘_tlrsm_can : CAN IF L‘_ilce_can : CAN IF
can : CAN Bus
:flow properties
in i_msg : CAN Message
out o_msg : CAN Message
J_[:‘)cu_can :~CAN IF
v AN
pcu : Power Control Unit N «comment»
«comment» Need to sort out
All ports all related
refactored as interfaces, and
proxy, then specialize
flowSpecs as for CAN
interfaceBlocks interfaces

Figure 44. Consolidating Connectors into the CAN Bus ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.22. Flow properties added to the CAN Bus for clarity and

continuity.

5.22.4 Status

DONE. Changed to incorporate updated CAN bus interface definition.
5.23 Figure 23

5.23.1 Figure Number

1.7-D.23
5.23.2 Figure Name

Elaborating Definition of Fuel Flow. (Block Definition Diagram)
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

bdd [Package] HSUV Structure [ Elaborating Definition of Fuel Flovq)

«block»
Power Subsystem

constraints

fuelFlow : FuelFlow

values
sn:ID
ft
«block» «proxy»
Fuel Tank Assembly «proxy» p2:F2
p1:F2

values
fuelFlowRate : gpm

[l

proxy ports
inout p1: F2

«interfaceBlock»

F2

flow properties
in fln : Fluid
out fOut : Fluid

proxy ports
out p1.1: F1
inp1.2:~F1

«block»
Fluid

values

fVolume : volume]litre]

fPressure : pressure[pascal]
fDensity : density[kilogram per cubic metre]

IEy!
Lv

ice
AN
«block»
Internal Combustion Engine
«block»
<> references
ft : Fuel Tank Assembly Fuel
AN

proxy ports
inout ctrl : ~ICE ctrl IF
outp1:T1
inout p2 : F2
inout ice_can : CAN IF

«block»
Petroleum

values

vscsty : kinematic viscosity [pascal second kilogram per cubic metre] = 0.006

Figure 45. Elaborating Definition of Fuel Flow

bdd [Package] HSUV Structure [ Elaborating Definition of Fuel Flow (Block Definition Diagram) ANNOTATE[p)

«block»
Power Subsystem

constraints
fuelFlow : FuelFlow

values

«

block»
Fluid

fDensity : density[k
fVolume : volumellif

fPressure : pressure[pascal]

values

ilogram per cubic metre]
itre]

show.

D™

«comment»
Marlin: Is the
direction correct
here? FuelTank
has ~FuelFlow
which would be
in FuelSupply
and out
FuelReturn

sn:ID ice
ft «block»
«block» «proxy» «p;o?q:; Internal Combustion Engine
Fuel Tank Assembly p1:F2 ps: <5) e Rronces
values E» P ft : Fuel Tank Assembly «block»
fuelFlowRate : gpm / ooy ports Fuel
proxy ports 7 - inout ctrl : ~ICE ctrl IF
inout p1: F2 AN «lnterfaceEIopk» outp1:T1 q
7 ~ F2 inout p2 : F2 7
fiow properties inout ice_can : CAN IF e
/ i fin “Flyid <
/ # |out fout : Fiuid e
s
I proxy ports ~ :
. outp1.1:F1 (< S «comment» (CEMGIELS N
) inp1.2:~F1 Checkhwhich Flow Ports and Flow Specifications
review why updated to Proxy Ports and Interface
. proxy ports we .
association Blocks due to deprecation.
deleted really want to
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Figure 46. Elaborating Definition of Fuel Flow (Block Definition Diagram) ANNOTATED
Notes: This diagram should be as close as possible to SysML 1.6 Figure D.23.

5.23.4 Status

Done. Added new Petroleum which inherits from the fuel block. Question on Fuel Flow Direction & Proxy Port P1. Turn off
redundant symbology, refine layout.

5.24 Figure 24
5.24.1 Figure Number
1.7-D.24

5.24.2 Figure Name

Defining Fuel Flow Constraints (Parametric Diagram)

5.24.3 Figure Diagram

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 47. Defining Fuel Flow Constraints

par [Block] Power Subsystem [ Defining Fuel Flow Constraints (Parametric Diagram) ANNOTATED] )

fuelDemand : gpm

injectorDemand : gpm fuelPressure : psi

[]

flowrate : gpm «constraint» press : psi
fuelFlow : FuelFlow

{flowrate=press/(4*injectorDemand)}

T

fuelFlowRate : gpm

/
«comment» / «comment»
part ownership clarified. ICE has no fuel tank / a better constraint would use the sum of fi1...fi4.fuelDemand:Real, which
e e nGos it .ft'FueITank itis a pO\;ver could provide an instantaneous value. This is low priority.
t rt rty. / . .
MRS T pert property f Also, use of flow and pressure related units would be appropriate.
«comment»

A reconciling of units (flow, pressure, demand) would
validate this constaint. The equation seems incorrect.

Figure 48. Defining Fuel Flow Constraints (Parametric Diagram) ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.24.
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5.24.4 Status

DRAFT. Changed fuel tank flow rate value property to better context.

5.25 Figure 25

5.25.1 Figure Number
1.7-D.25

5.25.2 Figure Name

SYSML17-185 Resolution Draft

Detailed Internal Structure of Fuel Delivery Subsystem (Internal Block Diagram)

5.25.3 Figure Diagram

4/6/22 3:00 PM

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)]

* fp : Fuel Pump ¢

1:~F1
allocatedFrom & — — — — 1 — : $ fi1 : Fuel Injector
«connector»fdist 1:~F1
— P S fi2 : Fuel Injector
- = -~ 7 1:~F1
allocatedFrom _ P [_:E| fi3 : Fuel Injector
«connectorxfdist I P
I - t o~
N - = 7] p1: F1E| fi4 : Fuel Injector
allocatedFrom I
«connector»fdist p1:F1 Ap2: FT p3:F1 p4:F1
_ 1+ m ! ?
N - — };l_ Fuel R;TI p5 : ~F1 p1:F1_L fre : Fuel Regulator
allocatedFrom ) =
«connector»fdist - - =
- = p2: F1
aIIocatedFrorp TTE ]__|_
«connector»fdist p1.1:F1
ft : Fuel Tank Assembly
allocatedFrom
2 ~F1 1:F1 : «connector»fuel deliver
p p p1:F2 tor»fuel delivery

[ p11:F1

\

<z p1.2 : ~F1

5

allocatedFrom
«connector»fuel delivery

Figure 49. Detailed Internal Structure of Fuel Delivery Subsystem
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SYSMLI17-1

85 Resolution Draft

4/6/22 3:00 PM

ibd [Block] Power Subsystem [ Detailed Internal Structure of Fuel Delivery Subsystem (Internal Block Diagram) ANNOTATED] )

: Fuel Injector

: Fuel Injector

: Fuel Injector

: Fuel Injector

ft : Fuel Tank Assembly

allocatedFrom

shell : Tank p2:

:values
capacity : volume[gallon (US)]

fp : Fuel Pump p1f

«connector»fuel delivery

ice : Internal Combustion Engine
1:~F1
S P =] fi1
allocatedFrom - I_l_l
«connector»fdist 1:~F1
S P $ fi2
allocatedFrom - p1: ~F1 fi3
—— —
«connector»fdist I A
I - T~
—t I _ 4 p1: F1:_E| fia
allocatedFrom R
«connector»fdist p1:F1 Ap2:FT p3: F1
1+ A= Y 3
— fra : Fuel Rail :
allocatedFrom ra: FuelRai
«connector»fdist I =
allocatedFrom p2:F2
«connector»fdist

fre : Fuel Regulator

"
T

level : volume[gallon (US)]

\

«comment»

fuel:Fuel as a property... does Fuel have flow
properties of type Fuel? That doesn't make
sense. Instead, use ft:Fuel Tank with item
flows of Fuel. Fuel Tank has has value
property level and flow property in:Fuel and

AN

allocatedFrom
«connector»fuel deIive\y

p1.1

:F1

! «comment»
Rebuild fuel tank structure.

AR

«comment»

build item
properties

out:Fuel

See also notes on figure

D.18 & D.19

Figure 50. Detailed Internal Structure of Fuel Delivery Subsystem (Internal Block Diagram) ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.25, while still addressing noted issues.

5.25.4 Status
DRAFT
5.26 Figure 26

5.26.1 Figure Number
1.7-D.26

5.26.2 Figure Name

Defining Analyses for Hybrid SUV Engineering Development (Block Definition Diagram)
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SYSML17-185 Resolution Draft 4/6/22 3:00 PM

5.26.3 Figure Diagram

bdd [Package] HSUV Analysis[ Defining Analyses for Hybrid SUV Engineering Developmen])
dt
o «k.ulozk» T c«blo:::k» «block» «valueType»
apacityContext |0..1 ad |1 ad [1 0.1 nitCostContext EconomyContext Oe% 1 Global Time
«block_» 0.1 1 t1
«domain»
Automotive Domain ad 0.1
parts
HSUV : Hybrid SUV 1 0.1 | «estCaser
vehicle cargo : Baggage Max Acceleration
driving conditions : Environment
rdrag fe dyn | «verify»
vehicle drivep;(fpg:s:r «constraint» «constraint» «constraint» |
vehicle passer;ger : Passenger RollingFrictionEquation FuelEfficiencyEquation StraightLineVehicle Dynamics N
vehicle mechanic : Maintainer parameters parameters «requirement»
Cf: Real acc : Real Acceleration
cap tw : Real ebpwr : Real
«constraint» _l mpg : Real
. . n_eg : Real
CapacityEquation HSUV Structure n_em: Real
constraints n_ice : Real
{vc = Sum(Vi)} vel : Real
whlpwr : Real
parameters
V1 : Volume
V2 : Volume
V3 : Volume
ve : Real
pl w adrag rb
«constraint» «constraint» «constraint» «constraint»
PayloadEquation TotalWeight AeroDragEquation RegenBrakeEfficiencyEquation
parameters parameters parameters parameters
cgoWt : Real cgoWt : Real Cd : Real acc : Real
pcap : Real fw : Real volume : Real ebpwr : Real
psgrWt : Real psgrWt : Real incline : Real
volume : Real tw : Real
vdw : Real
Figure 51. Defining Analyses for Hybrid SUV Engineering Development
bdd [Package] HSUV Analysis[ Defining Analyses for Hybrid SUV Engineering Development ANNOTATEDQ )
dt
«I?IOCK» . e «block» «valueType»
CapacityContext [0.1 54 |4 ad [1 0.1 |UnitCostContext EconomyContext |’ ! Global Time
((blOCk)) 0.1 1 t ™1
«domain»
Automotive Domain ad 0.1
parts
HSUV : Hybrid SUV 1 0.1 [
vehicle cargo : Baggage Max Acceleration
driving conditions : Environment \
rdrag fe dyn | <‘verify»
properties A B B
vehicle driver : Driver «constraint» «constraint» «constraint» | \
vehicle passerlwger: Passenger RollingFrictionEquation FuelEfficiencyEquation StraightLineVehicle Dynamics N
vehicle mechanic : Maintainer parameters parameters «requirem\ent»
Cf : Real acc : Real Acceleration
cap tw : Real ebpwr : Real T
«constraint» mpg : Real —
c A Eauati n_eg : Real ~ =|  «comment» \
apacityEquation HSUV Structure n_em : Real Elide parameters \
constraints n_ice : Real _ //
{vc = Sum(Vi)} vel : Real _ T - / \
whipwr : Real - e 7/ «comment»
parameters \ N 4
V1 : Volume ol l w l _ adfagl/ ) Figure D.26 shows
V2 : Volume N = o e = "testCase, Interaction”,
V3 : Volume «comment» «constraint» «constraint» onstraint» «constraint» N athiclfoature
vc : Real & _|parameter vc PayloadEquation — TEtaIWeight AeroDragEquation RegenBrakeEfficiencyEquation cannot be found.
should perhaps parameters parameters parameters parameters
be pcap? it is vc cgoWt : Real cgoWt : Real Cd : Real acc : Real
in D.31, pcap pcap : Real fw : Real volume : Real ebpwr : Real
here. psgrWt : Real psgrWt : Real incline : Real
volume : Real tw : Real
vdw : Real

Figure 52. Defining Analyses for Hybrid SUV Engineering Development ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.26.



5.26.4 Status

DONE. minor issues, see comments.
5.27 Figure 27

5.27.1 Figure Number
1.7-D.27

5.27.2 Figure Name

Performance View

5.27.3 Figure Diagram

SYSML17-185 Resolution Draft

4/6/22 3:00 PM

pkg [Package] HSUV Views[ Performance View ANNOTATED] )

«iew»
Hybrid SUV Functional View

«stakeholder»
Customer

«stakeholder»
/concern =

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

T
|
|

«comment»
In 1.6, the Customer Stakeholder had
the Customer Class as Base
Classifier, this could not be replicated;
in D.27 Customer has 1 Concern, in

«comment»
Could not find another way to
create Functional Viewpoint, so it
is created here

D.28 Customer has 2

«comment»
There is an open issue
about this diagram. It
shows the elements
that are to be exposed,
but tries to do them in a
single layer of
package.
FuelEconomy should
be a valueProperty fo
the HSUV block, not a
ValueType. Similar for
most of these elements
being exposed.

HSUV Model

HSUV Use Cases

% Drive the Vehicle
Driver

N

HSUV Requirements

HSUV Specification

«requirement»
Performance

HSUV Test Cases

«testCase»
EPA Fuel Economy Test

attributes

«viewpoint»

Performance Viewpoint

«cpnform»

language = "SysML"

format"

/method = Z2Performance Query
presentation = "BDD high-level stylesheet in slide

purpose = "Highlight the performance of the system'
/stakeholder = £ Customer

K

«iew»
Hybrid SUV Performance

hsuv functions : Hybrid SUV Functional View

«view»

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

+testAuthorityName : String
+verdict : VerdictKind
+testDate : date

HSUV Analysis

. Fixed by having
definition everywhere.

Marlin: Not sure
how to get dot
notation here.

operations
«Create»View()
T HSUV Structure
|
«system»
T «comment» sybridSV
/ | Can't display HSUV Functions valuos
. . fuelEconomy
/ | \ Property in attribute quarterMileTime
| \ compartment,lusmg structu.re Zero60Time
compartment instead. Also in / costEffectiveness
«comment» «comment» «comment» D:30: 4 cargoCapacity
it " ya
Language” got Viewpoint Customer def. vs. s VN
clobbered by the | [\ethods are usage. Where is s
element called placeholders customer seen in
SysML. Fixed Performance t
here. Viewpoint.stakeholder -

Figure 53. Performance View ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.27.
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SYSML17-185 Resolution Draft

pkg [Package] HSUV Views[ Performance View] )

«viewpoint»
Performance Viewpoint

language = "SysML"

/method = Performance Query

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

t

«stakeholder»
Customer

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

«expose» _—~
-

Drive the Vehicle

—

«requirement»
Performance

Id ="2"

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

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

«expose» | valtos

—| fuelEconom
\V y

HSUV Behavior zero60Time

quarterMileTime

1]

>y HSUV Analysis

2 AccelerationEquation

2 Economy Equation

= EconomyContext

2 FuelEfficiencyEquation

2 Max Acceleration Analysis
2 Unit Cost Equation

] UnitCostContext

Figure 54. Performance View

5.27.4 Status

DRAFT. New layout.

5.28 Figure 28
5.28.1 Figure Number
1.7-D.28

5.28.2 Figure Name

Defining Requirements and VnV viewpoints (Package Diagram)

4/6/22 3:00 PM
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5.28.3 Figure Diagram

SYSML17-185 Resolution Draft

4/6/22 3:00 PM

package HSUV Views[ Defining Requirements and VnV viewpoints (Package Diagram) ANNOTATION] )

«stakeholder» «viewpoint»

Customer Requirements

«stakeholder» language = "SysML" «view»
/concgrn = /method = T&Requirements Query «conform» Hybrid SUV Requirements «comment»
CWill the system perform adequately? presentation = "Requirements table report stylesheet in slide format" Customer def. vs.
[™What are the system requirements? purpose = "Describe the system requirements" usage. Where is

/stakeholder = £ Customer customer seen in
Performance

operations

Viewpoint.stakeholder
? Fixed by reuse of
Customer.

«Create»View()
«comment»

Viewpoint Methods are
placeholders «viewpoint»

VnV

language = "SysML"
N\/method = €2VnV Query
«comment» presentation = "VnV report stylesheet in slide format"

This is a DocGen View Class Diagram. Can ~ PUrPose = "Describe the VnV"
it be refactored to a SysML pkg diagram? stakeholder = % Customer
Name of diagram should be updated to be operations
consistent with SysML 1.6 Fig D.28 «Create»View()

«view»
«conform» Hybrid SUV Verification and Validation Plan

Figure 55. Defining Requirements and VnV viewpoints (Package Diagram) ANNOTATION

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.28.

pkg [Package] HSUV Views|[ Defining Requirements and VnV viewpointg )

«stakeholder»
Customer

«viewpoint»
Requirements

«stakeholder»
/concern =

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

/stakeholder = Customer

presentation = "Requirements table report stylesheet in slide format"
purpose = "Describe the system requirements"

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

«view»
Hybrid SUV Requirements

«conform»

«viewpoint»
vnV

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

purpose = "Describe the VnV"
/stakeholder = Customer

presentation = "VnV report stylesheet in slide format"

«conform»

«view»
/stakeholder = Customer
/viewPoint = Requirements

«view»
Hybrid SUV Verification and Validation Plan
«viewn»

/stakeholder = Customer
/viewPoint = VnV

Figure 56. Defining Requirements and VnV viewpoints

5.28.4 Status

DRAFT. Minor update to be consistent with model.

5.29 Figure 29

5.29.1 Figure Number
1.7-D.29

5.29.2 Figure Name

Requirements and VnV views exposing elements from the model (Package Diagram)
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SYSML17-185 Resolution Draft

5.29.3 Figure Diagram

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

«viewy

Hybrid SUV Verification and
Validation Plan

Drive the Vehicle

]

HSUV Requirements

+requirements test trace

«view»
Hybrid SUV Requirements VnV Trace

«exposey
«view» 7
stakeholder = Customer IR / «expose» -~
. . = ~— 7\.
viewPoint = VnV ~ _ , - - _ _ - «testCase»
~ . _ 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 «exposey «requirement»
viewPoint = Requirements -~ N Performance
Id = II2II

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

Figure 57. Requirements and VnV views exposing model elements

4/6/22 3:00 PM
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

package HSUV Views|[ Requirements and VnV views exposing elements from the model (Package Diagram} )

HSUV Model

«comment» |

Similar to
comment in D.27 LA LD L

\ Drive the Vehicle %
N\ _ Driver

- -
«expose» _

—
—
—
— |

«view» —

Hybrid SUV Requirements [ HSUV Requirements

]

HSUV Specification

~

~

=< —_ (eXposg» «requirement»

=~ < Performance

~ . Jid="2"

Text = "The Hybrid SUV
shall have the braking,
acceleration, and off-road
capability of a typical SUV,
L 7|but have dramatically better
«expose» | fuel economy.

Vv

—

-
—

—
—
—

«view» HSUV Test Cases
Hybrid SUV Verification and Validation Plan

«testCase»
«expose» EPA Fuel Economy Test

= > attributes
|uthorityName : String

Tty

HSUV Analysis

«comment» «constraint» «constraint»
This is a DocGen View Class Diagram. Can it be Unit Cost Equation CapacityEquation

refactored to a SysML pkg diagram? Name of
diagram should be updated to be consistent with «constraint»

SysML 1.6 Fig D.28 Economy Equation

Figure 58. Requirements and VnV views exposing elements from the model (Package Diagram)

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.29.
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SYSML17-185 Resolution Draft

4/6/22 3:00 PM

pkg [Package] HSUV Views[ Requirement Views ANNOTATED] )

«comment»

Similar to
comment in D.27

HSUV Model

HSUV Use Cases

% Drive the Vehicle
Driver

HSUV Requirements

1]

HSUV

Specification

Pe

«requirement»

rformance

Id = "2o"

acceleratio

Text = "The Hybrid SUV
shall have the braking,

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

n, and off-road

]

HSUV Test Cases

«testCase»
EPA Fuel Economy Test

+testAuthori

+verdict : VerdictKind
+testDate : date

attributes
tyName : String

HSUV Analysis

«constraint»
Unit Cost Equation

«constraint»
CapacityEquation

«constraint»
Economy Equation

Figure 59. Requirement Views ANNOTATED

This was a starting point for creating a viewpoints diagram, similar to SysML 1.6 figure D.28. It has been superceded.

5.29.4 Status

DRAFT. Updated to be consistent with model.

5.30 Figure 30

5.30.1 Figure Number
1.7-D.30
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5.30.2 Figure Name

SYSML17-185 Resolution Draft

The Requirements and VnV views with supporting views (Package Diagram)

5.30.3 Figure Diagram

4/6/22 3:00 PM

pkg [Package] HSUV Views[ The Requirements and VnV views with supporting views] )

system requirements

«view»
Hybrid SUV Verification and Validation Plan

9

requirements test trace

|

«view»
Hybrid SUV Requirements VnV Trace

«view»
Hybrid SUV Requirements
'
performance model suv rationale
«view» «view»
Hybrid SUV Performance Hybrid SUV Requirements Rationale
t

hsuv functions

functional model

suv tests

«view»
Hybrid SUV Tests

«view»
Hybrid SUV Functional View

Figure 60. The Requirements and VnV views with supporting views

pkg [Package] HSUV Views[ The Requirements and VnV views with supporting views (Package Diagram) ANNOTATION] )

«view»
Hybrid SUV Requirements

Hybrid SUV Verification and Validation Plan

«view»

performance model : Hybrid SUV Performance

functional model : Hybrid SUV Functional View

system requirements : Hybrid SUV Requirements

suv rationale : Hybrid SUV Requirements Rationale

requirements test trace : Hybrid SUV Requirements VnV Trace

\|

«view»
Hybrid SUV Performance

«view»
Hybrid SUV Functional View

\
\
\

«view»

Hybrid SUV Requirements Rationale

\ «view»

H)(brid SUV Requirements VnV Trace

\
\
\

«view»
Hybrid SUV Tests

suv te§ts : Hybrid SUV Tests

\ T

\y u

«comment»
Need to make the properties lowercase,

possibly add relevant names to currently
anonymous properties

Figure 61. The Requirements and VnV views with supporting views (Package Diagram) ANNOTATION
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SYSML17-185 Resolution Draft

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.30.
5.30.4 Status

DONE. Changed to hierarchical layout (bdd style)

5.31 Figure 31

5.31.1 Figure Number

1.7-D.31
5.31.2 Figure Name
Defining Measures of Effectiveness and Key Relationships (Parametric Diagram)

5.31.3 Figure Diagram

4/6/22 3:00 PM

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

«moe»

costEffectiveness

CE

-

]

Acceleration Analysis

«constraint» f «moe»
fuel economy : Economy Equation fuelEconomy
p1
«moe» p2
«constraint» q quarterMileTime
maximum acceleration : Max p3

[

L]

«constraint»
«objectiveFunction»

:| costEffectivenessEvaluation :
MyObjectiveFunction

{CE = Sum(Wi*pi)}

.

p4

p5

z
«moe»
zero60Time
«constraint» ) Ve «moe»
cargo space : CapacityEquation |: cargoCapacity
«constraint» |i uc «moe»
cost per unit : Unit unitCost
Cost Equation

Figure 62. Measures of Effectiveness
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SYSML17-185 Resolution Draft 4/6/22 3:00 PM

par [Block] Measures of Effectiveness [ Measures of Effectiveness ANNOTATED ] )
«comment»
Is this sufficiently different from FuelEfficiencyEquation from
D.26? We say no, change it. o
costEffectiveness
«constraint» f «moe»
«comment» ] . E
fuel economy : Economy Equation fuelEconomy CE
add names
p1 -
AR «constraint» «comment»
N\ O\ «moe» p2 R R __|Addl constraint
\ - q _ costEffectivenessEvaluation : stereotype is

«comment» \ «cons-tralnt» | quarterMileTime p3 MyObjectiveFunction displayed
Somehow Max N WY s {CE = Sum(Wi*pi)}
Acceleration \ cceleration : Max
Analysis related \Ac\ec:;?yr::nson «moe» []
to D.35. Also A\ zero60Time p4 p5 N
somehow r \ ~

\

related to \ >
MaxAcceleration
test case in D.26 \ «constraint» c «moe» Recnnenty
etc. prefer cargo\space : CapacityEquation cargoCapacity added name to

X - ~ show what
refactor to "Max \ ~ A

. - objective
Acceleration | :
Ei ion", which function was
quation”, whic| «constralnt» uc l «moe» A doing.
may affect a
D.26/D.35 et cost per unit : Unit unitCost |
0 -35 etc. Cost Equation
I
«comment» «comment» = o «comment»

Note in text needed to say Where is the Uses same CapacityEquation as

moe, objectiveFunction MeasureofEffectiveness block CapacityContext in

come from Annex E. referred to by the diagram AutomativeDomain D.26

frame? | put it in a new
package of HSUV Analysis.

Figure 63. Measures of Effectiveness ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.31.
5.31.4 Status

DONE. review & hide comments.

5.32 Figure 32

5.32.1 Figure Number
1.7-D.32

5.32.2 Figure Name

Establishing Mathematical Relationships for Fuel Economy Calculations (Parametric Diagram)
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5.32.3 Figure Diagram

SYSML17-185 Resolution Draft

4/6/22 3:00 PM

par [Block] EconomyContext [ EconomyContext] )

vehicleDryWeight

rdrag : RollingFrictionEquation

«constraint» |

generatorEfficiency

ayloadCapachty gl «constraint»
| «constraint» incline rb : RegenBrakeEfficiencyEquation
volume adrag : AeroDragEquation Cd o
¢ _—— = - = —
| dt : Global Time [1] | I_l I_l
_ I, acc ebpwr ICEEfficiency
| incline I—r
I—FIJCHP I—,V°|Uf“e cd dt ebpwr n_ice
. ) ) ) ]
| P«cr.:nst;zm» ) «constraint» ] 1 «constraint»
pl : Payloa quatlog incline:I dyn : StraightLineVehicle Dynamics || v vel ] fe : FuelEfficiencyEquation mpg
[ [ [ whwri ’
psgrwt cgoWt ,—I ,—I ,—I I_l I_I
tw Cf X
cgowt :l «constraint» n-es n-em
psgrwt tw Cf

| | mpg

&

| motorEfficiency

Figure 64. EconomyContext

par [Block] EconomyContext [ EconomyContext ANNOTATED] )

«comment»

incline Value Property
connected.

«comment»

In 1.6, Value Properties were defined as belonging to the
EconomyContext Block. Here, they belong to their respective owners.

vehicleDryWeight

I_

rdrag : RollingFrictionEquation

payloadCapacity L incline «constraint»
| «constraipt» rb : RegenBrakeEfficiencyEquation
volume adrag : AeroDraPEquation Cd 4
¢ _—— = - = —
! | dt: Global Time 1] | ] ]
\ | - — [ acc ebpwr ICEEfficiency
\ | incline I—r
I—Tcap I—lvolum& Cd dt ebpwr n_ice
; L] L] L] LI
. acc acc
«constraint» . — «constraint» E :I «constraint»

pl: Payloaquua!lo;\) T ld be 2 incline:| dyn : StraightLineVehicle Dynamics E v vel :l fe : FuelEfficiencyEquation mpg
O M first-class value ] whipwr whipwr - &

property right?

Py poe [1 [1 [1] ] ]
tw cf X n_eg n_em
cgoWt «constraint» - -
- ame ] [ peston |
w : TotalWeigt
psgrwt o tw Cf
- u u
,—I ,—I «constraint» | generatorEfficiency | | mpg
vdw fw

&

| motorEfficiency

«comment»
In 1.6, generatorEfficiency was
connected to n_em and
motorEfficiency was connected
to n_eg. This has been inverted.

Figure 65. EconomyContext ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.32.

5.32.4 Status

DONE. review & hide comments.
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5.33 Figure 33

5.33.1 Figure Number
1.7-D.33

5.33.2 Figure Name

SYSML17-185 Resolution Draft

Straight Line Vehicle Dynamics Mathematical Model (Parametric Diagram)

5.33.3 Figure Diagram

4/6/22 3:00 PM

par [Constraint Block] StraightLineVehicle Dynamics[ Straight Line Vehicle Dynamics] )

j tw
j Cf
— Cd «rationale»
LT a(g)=F/M=
— whlpwr P*t/m
— |wh|pwr Cd Cf tw tw |
incline i |_’ |_| |_| |_’ |_’
[ S— «constraint» tp tp «constraint» dt
pwrEq : PowerEquation E accEq : AccelerationEquation
{tp=whlpwr-(Cd*v)-(Cf*tw)} {a=(550/32)*tp(hp)*dt*tw}
a
I_l | acc E
I v a
| L]
«constraint»

«rationale» «rationale» velEq : VelocityEquation dt dt
tp(hp) = Wheel v(n+1)(mph) = {v(n+1)=v(n)+a(g)*32*3600/5280*dt} — |
power - drag-friction v(n)+delta-v=v(n)=a*delta-t |_|

v
Mm M [
L
\Y
«constraint»
«rationalex _ posEq : PositionEquation dt
x(n+1)(f)=x(n)+delta-x=x(n)+v*delta-t {x(v+1)=x(n)+v(mph)*5280/3600°lt)
X
X
L

Figure 66. Straight Line Vehicle Dynamics
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par [Constraint Block] StraightLineVehicle Dynamics[ StraightLineVehicle Dynamics ANNOTATED] )
j tw
Cf
j «comment»
Cd «rationale» Second formula
] - — — — ¢
| T o a(g)=F/M= does not
— Whipwr P*t/m compute
— | whipwr Cd Cf tw tw | acceleration.
incline i |_’ |_’ |_’ |_’ |_’
j :l «constrainty tp tp «constrainty» dt
pwrEq : PowerEquation E accEq : AccelerationEquation
{tp=whlpwr-(Cd*v)-(Cf*tw)} {a=(550/32)*tp(hp)*dt*tw}
I_l a A acc E
s ! v 2
s | |_’
s «constraint»
\/ «rationale» «rationale» velEq : VelocityEquation dt dt ]
\ tp(hp) = Wheel v(n+1)(mph) = {v(n+1)=v(n)+a(g)*32*3600/5280*dt} L
power - drag-friction v(n)+delta-v=v(n)=a*delta-t
\ [
\ v v
\ m [
AN v
\ L]
\ «constraint»
\ «rationale» _ posEq : PositionEquation dt
N x(+1)(ft)=x(n)+delta-x=x(n)+v*delta-t {K(+1)=x(n)#v(mph)528013600°t)
\ — [ ]
-
\ _ - X
— - X —
B L
«comment»
Equations are placed within constraint
blocks instead of callout notation

Figure 67. StraightLineVehicle Dynamics ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.33.
5.33.4 Status

DONE. review & hide comments.

5.34 Figure 34

5.34.1 Figure Number
1.7-D.34

5.34.2 Figure Name

Defining Straight-Line Vehicle Dynamics Mathematical Constraints (Block Definition Diagram)
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5.34.3 Figure Diagram

bdd [Package] HSUV Analysis[ Defining Straight-Line Vehicle Dynamics Mathematical Constraintg )

«constrainty
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» «constrainty «constraint» «constrainty
PowerEquation PositionEquation VelocityEquation AccelerationEquation
constraints constraints constraints constraints
{tp=whlpwr-(Cd*v)-(Cf*tw)} {x(n+1)=x(n)+v(mph)*5280/3600*dt} {v(n+1)=v(n)+a(g)*32*3600/5280*dt} {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
whlpwr : Horsepower

Figure 68. Defining Straight-Line Vehicle Dynamics Mathematical Constraints

bdd [Package] HSUV Analysis[ Defining Straight-Line Vehicle Dynamics Mathematical Constraints (Block Definition Diagram) ANNOTATED)

«constrainty
«comment» StraightLineVehicle Dynamics
Combined parameters
"delta-t" and "dt" acc : Acceleration
to just "dt". Cd : Real
Cf: Real
dt : Global Time o~
incline : Real «comment»
b Added "dt" and
e "X" parameters.
whlpwr : Horsepower e
x : Distance oq
«comment»
Changed
constraint
_ |~ — T |property names = = 4
- - _ = |to not conflict - T -
- L - with parameters. ~ = -~ _ _
pwrEq— posE velE accEq
«constraint» «constraint» «constraint» «constraint»
PowerEquation PositionEquation VelocityEquation AccelerationEquation
constraints constraints constraints constraints
{tp=whlpwr-(Cd*v)-(Cf*tw)} {X(n+1)=x(n)+v(mph)*5280/3600*dt} {v(n+1)=v(n)+a(g)*32*3600/5280*dt} {a=(550/32)*tp(hp)*dt*tw}
|
parameters parameters parameters parar;leters
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 t
v : Velocity
whlpwr : Horsepower B Reolents B
ot _ Change textual «comment»
Crt;arégfdv;osrll(gn to * for the equation to potatlor; fgrttjtnlts T ohleaforaccaleration do
properly . st 1o not compute acceleration.
differ from index

Figure 69. Defining Straight-Line Vehicle Dynamics Mathematical Constraints (Block Definition Diagram) ANNOTATED
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Notes: This diagram should be as close as possible to SysML 1.6 Figure D.34, with corrections due to model consistency.
5.34.4 Status

DONE. NEEDS REVIEW! review comments, cleanup layout.

5.35 Figure 35

5.35.1 Figure Number
1.7-D.35

5.35.2 Figure Name

Results of Maximum Acceleration Analysis (Timing Diagram)
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5.35.3 Figure Diagram

interaction [Test Case] Max Acceleration[ 100 Wheel Horsepower DEPRICATED] )

18]
L] -

0.45
0.4 = o ;
Verifies = Acceleration

0.35
0.3
0.25
0.2

Accelleration (g)

=]
n

=
n
b

Velocity (mph)

1800 -

1800

1400

1200

1000

Distance (ft)

Figure 70. 100 Wheel Horsepower DEPRICATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.35.

4/6/22 3:00 PM

69



SYSML17-185 Resolution Draft

4/6/22 3:00 PM

interaction [Test Case] Max Acceleration[ 100 Wheel Horsepower ANNOTATED] ) _
0.5 | - ,
0.45 Verifies = Acceleration /
0.4 " /
= 0.35 'h.‘ A /
g 03 I\ 7/
g !
® pos [ 4
E‘ L H T Y
T
3 o2 | ¢comments
< 0.15 | \
01 ' \
0.05
| \
o
0 5 0 i5 20 | \
1 \
T
140
i \
120 \
0 /# «comment» \
£ !’ Satisfies->Verifies to match D.13 |
E @ o \
= ” ‘
s o \
] /"
- . \
“@ AN
.1 «comment»
"dummied up" this note
0
0 5 10 15 20
1200
1600 | Vi AN
«comment»
1400 Diagram header is problematic. Will require
£ 120 / post-processing and replacement by svg of
E 1000 7 processed diagram. -
:"% 200 T
2 a0 - l
400 «comment»
00 (r Diagram frame? "interaction" should be
o | “timing" or "time". Would need our own
0 5 10 15 20 diagram type/stgreotype possibly?
- \
Time [s&c)
/ ’ h
AN
AN
«comment» N
removed diagram frame, no attempt N
D _ — — — |toimitate UML timing diagram. N
(2022.02.23 RTF)

100 Wheel Horsepower

Figure 71. 100 Wheel Horsepower ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.35.
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0.5
3.45' |
0.4 H
0.25
D2
0.25

02
0.15

Accelleration (g}

0.05

Veloclty (mph)

5]

(=]

1800
1800

1400
1200

1000
200

Distance (ft)

400

200

Time (sec)

Figure 72. 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.

5.35.4 Status
DONE. This is not intended to be a SysML diagram of any kind.

5.36 Figure 36

5.36.1 Figure Number
1.7-D.36
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5.36.2 Figure Name

Behavior Model for “Accelerate”

5.36.3 Figure Diagram

SYSML17-185 Resolution Draft

Function (Activity Diagram)

4/6/22 3:00 P

act [Activity] Behavior Model for Accelerate Function[ Behavior Model for Accelerate Function] )

M

continuous without streaming, so
need to be explicit here. Note
that pins of "untyped" (non-call)
actions cannot be {streaming},
only parameters can... thus all
actions with streaming pins must
call behaviors.

Trans Mode Cmd deleted as output
parameter... it is contained witin Provide
Power «activity».

«continuous» «continuous»
o1 : Accel Position i1 : Accel Position - - ~N
a1 : Push {stream} {stream} a3 : Provide Power
Accelerator “L «continuous»
motive : Mech Power -
{stream} «continuous»
«continuous» «continuous» L motive : Mech Power
o1 : Veh Cond 2 : Veh Cond {stream}
a2 : Measure {stream} {stream}
Vehicle ]
Conditions
& J
Figure 73. Behavior Model for Accelerate Function
act [Activity] Behavior Model for Accelerate Function[ Behavior Model for Accelerate Function ANNOTATED)] )
«comment» «comment» «comment»
Rick: control flow deleted because Rick: typed pins are consistent with Can't allocate these actions to
they are redundant and meaningless. object nodes, but less ambiguous part properties of Power
i ) Subsystem «block»
«continuous» \ «continuous»
o1 : Accel Position i1 :Ac\celeosition Vs -
21 : Push {stream} {streamP~ a3 : Provide Power
Accelerator 1 th «continuous»
motive : Mech Power -
{stream} «continuous»
«continuous» «continuous» l motive : Mech Power
«comment» o1 : Veh Cond i2 : Veh Cond {stream}
Maybe have this a2 : Measure {stream) {stream}
4 . Vehicle =l
? SHCEIIY Conditions
input parameter?
\ J
N |
«comment» |
All parameters should be \
{streaming} as well as .
«continuous». Spec allows
«comment»

Figure 74. Behavior Model for Accelerate Function ANNOTATED

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.36. Control flow removed for clarity, since it added no

value.

5.36.4 Status
DONE. Note change in format.
5.37 Figure 37

5.37.1 Figure Number
1.7-D.37

5.37.2 Figure Name

review & hide comments.

Decomposition of “Accelerate” Function (Block Definition diagram)
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4/6/22 3:00 PM

bdd [Package] HSUV Behavior[ Decomposition of Provide Power Function] )

«activity»
Provide Power

«adjunct»

al

«activity»
Proportion Power

«adjunct» «adjunct» «adjunct»
a2 a4 a3
«activity» «activity» «activity»

Provide Gas Power

Provide Electric Power

Control Electric Power

Types:

black diamond.

- can use structure compartment to show adjunct properties
- can display related elements, but «adjunct» relationship does not use

«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 75. Decomposition of Provide Power Function
bdd [Package] HSUV Behavior[ Decomposition of Provide Power Function ANNOTATED] )
«activity»
«comment» Provide Power
Change caption title of
Fig D.37 to
"Decomposition of
Provide Power Function
(Block Definition
Diagram)".
«adjunct> «adjunct» «adjunct» «adjunct»
al a2 a4 a3
«ac.tlvny» «activity» «activity» «activity»
Licporton ower Provide Gas Power Provide Electric Power Control Electric Power
\
«adjunct» «adjunct» \ «adjunct» «adjunct» | «adjunct»| «adjunct» «adjunct» «adjunct» | «adjunct»| «adjunct» «adjunctxadjunct» \
i2 i1 N o3 [¢] e g e ol motive o1 i1 ol \
«block» «block» «ilock» «block» «block» «block» A \
Accel Position Veh Cond Trans Mode Cmd Throttle Mech Power Elec Power \
N
N \
AN \
AN
«comment»
«comment» To display paramaters as adjunt: RC
MagicDraw does not make it easy to show Object nodes/ Parameter Display Related Elements

Figure 76. Decomposition of Provide Power Function ANNOTATED

Notes: This diagram is a subset of SysML 1.6 Figure D.37, focusing only on the Provide Power activity. The text related to this figure
will need to be updated.

5.37.4 Status

DONE. review & hide comments.
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5.38 Figure 38

5.38.1 Figure Number
1.7-D.38

5.38.2 Figure Name

Detailed Behavior Model for “Provide Power” (Activity Diagram)

5.38.3 Figure Diagram

act [Activity] Provide Power[ Detailed Behavior for Provide Power Functior]

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

«continuous» «continuous» «continuous»
i1 : Throttle o1 : Mech Power o4 g Mech Power_[ a5 : Combine
] Power

o3

«continuous»

s L .
e : Throttle o8
,
«continuous» «continuous» / «continuous»
03 : Trans Mode Cmd o7 / cemd | Trans Mode Cmd\ﬁ
‘0

«Continuous» 02 |i2: Accel Position
11 : Accel Position
{stream}

Figure 77. Detailed Behavior for Provide Power Function

act [Activity] Provide Power| Detailed Behavior for Provide Power - NO ALLOCATION] J

«continuous» «continuous» scontinuous»

(CascombineD)

i1 : Throttle o1 : Mech Power o4 g: Mech Power_[ a5 : Combine
5] Power

a2: Provide Gas
Power

«continuous»

«continuous» «continuous» e : Mech Power

«Continuous» o1 i1:Veh Cond_("a1 : Proportion )_ g : Throttle
i2: Veh Cond Power «continuous» «continuous» Mech Powe «Continuous»
{stream} 05 i1 : Throttle o1 : Elec Power 08 09 motive : Mech Power
{stream}
e : Throttle o6
«contirjuous» «continuous

i1: Elec o1 : Mech Pqwer

«continuous» «continuous»
03 : Trans Mode Cmd o7 cmd : Trans Mode Cmd\,ﬁ
2L

«continuous»
i2 : Accel Position

«Continuous»
i1 : Accel Position

e

Figure 78. Detailed Behavior for Provide Power - NO ALLOCATION

This diagram was generated as a first step toward SysML 16 Figure D.38. It is not to be be included in the 1.7 specification.

act [Activity] Provide Power [ Detailed Behavior for Provide Power - NO ALLOCATION ANNOTATED] )

«continuous» «continuous» «continuous»
«comment» ——
. i1 : Throttle o1 : Mech Power o4 g : Mech Power [ @5 : Combine
Copy this diagram and add S Power

«allocate» swimlanes
«continuous»
e : Mech Power

«continuous» «continuous»

«Continuous» o1 i1:Veh Cond (a1 : Proportion )_ g Throttle
i2 : Veh Cond ower «continuous» «continuous» motive : Mech Powe| «Continuous»
{stream} 05 i1 : Throttle a3 : Control 1 o8 o9 motive : Mech Power
Electric Power {stream}
& Throttle o6

P 7 «contirjuous» «continuous
, i1: Elec ot :Mech Pgwer . 7
~ -
, -

«continuous» «continuous» L < «continuous»
i2 : Accel Position 03 : Trans Mode Cmd s o7 emd : Trans Mode Cmd _|
7 1

-
7 -

«comment»

«comment» Rick: needed "combine motive power" activity &
transmission swimlane. Trans Mode Cmd is used
to control the transmission for merging gas and

elec power... must be part of Provide Power activity

«Continuous»
i1 : Accel Position Use Elec Power

{stream} keyOff _ @ i(’:‘z:f::t"f

Figure 79. Detailed Behavior for Provide Power - NO ALLOCATION ANNOTATED

This diagram was generated as a first step toward SysML 16 Figure D.38. It is not to be be included in the 1.7 specification.
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e Aciviy] Provds Powe| Detaled Beavor o Foios Pover Farcion ANNOTATED) J

allocater “callocater,

ice : Internal Combustion Engine

allocater
peu : Power Control Unit

epe : Electrical Power Controller

“callocater
emg : Electric Motor Generator

callocater
trsm : Transmission

«continuous» «continuous»

«continuous»

9 Mech Power_[ a5 : Combine
=] Power

i1: Throtlle (7' Provide Gas') " : Mech Power
L™ Power

-

«continuous»
i1 : Throttle

«continuous»
i1 Veh Cong

«continuous»
g: Throttle

at : Proportion

«Continuous» a3 Control "\
i2: Veh Cond Electric Power
{stream}
«continuous»
e Throttle

«continuous»
03 : Trans Mode Cmd

«continuous»

i2 : Accel Position o7

«continuous»
o1 : Elec Power

«continuous» «continuous»

i1 Elec Power (™ ge ) o1 : Mech Power
0 ic Power |}

emd

«continuous»
@ Mech Power
«continuous»

motive : Mech Power

«continuous»
Trans Mode Cmd
¢ |

«Continuous» o
11 : Accel Position
{stream)

S ] -0

allocatedTo
«connectonepc-emg

«comment»
Removed all ObjectNodes from diagram,
replaced with action pins

«comment»
Interruptible region deleted. Accept Event to
| Activity Final is sufficient

]

>

«comment»
NEED TO UPDATE text in section D.4.8.3

]

Figure 80. Detailed Behavior for Provide Power Function ANNOTATED

inuous»
motive : Mech Power

Cont
b {stream)

Notes: This diagram was refined to replace SysML 1.6 Figure D.38. A trsm swimlane was added, along with a5. See comments... Note

that the text related to this figure will need to be updated.
5.38.4 Status

DONE. use swimlane version. review & hide comments.
5.39 Figure 39

5.39.1 Figure Number
1.7-D.39

5.39.2 Figure Name

Flow Allocation to Power Subsystem (Internal Block Diagram)

5.39.3 Figure Diagram

ibd [Block] Power Subsystem [ Flow Allocation to Power Subsystem] )

allocatedFrom
«objectFlow»06

N\
AN

i_regen : Elec Power
p1:12

epc : Electrical Power Controller

allocatedFrom <

i_motive : Elec Power

p1:12

emg : Electric Motor Generator

i

allocatedFrom

d
«callBehaviorAction»a3 - epc-emg

A
v

epc_can : CAN IF can : CAN Bus

allocatedFrom
«connector»c2
«connector»c3
«connector»c1

pcu : Power Control Unit

| pcu_can : ~CAN IF

allocatedFrom

|-
L

«callBehaviorAction»a4

:

ice : Internal Combustion Engine

ice_can : CAN IF'_|

<

«callBehaviorAction»a1

L|J «cal

allocatedFrom
IBehaviorAction»a2

Figure 81. Flow Allocation to Power Subsystem
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ibd [Block] Power Subsystem [ Flow Allocation to Power Subsystem ANNOTATED] )

«comment»

This allocatedFrom callout is faked, since
allocation compartment doesn't work correctly

_lallocatedFrom
«objectFlow»06

«comment»

add diagram
description

’ AN ’ ’
epc : Electrical Power Controller i_regen : Elec Power N i_motive : Elec Power . emg : Electric Motor Generator
p1:12 epc\-emg p1:12
allocatedFrom % < # <> allocatedFrom
«callBehaviorAction»a3 «callBehaviorAction»a4
A
v
epc_can : CAN IF can : CAN Bus
allocatedFrom
«connector»c2
«connector»c3
«connector»c1

cu : Power Control Unit |
P pcu_can : ~CAN IF
allocatedFrom <>
«callBehaviorAction»a1
«comment»

Need to work out CAN bus semantics.
Perhaps an association block?

ice can : CAN IF | ice : Internal Combustion Engine

> allocatedFrom
N\ «callBehaviorAction»a2
N

\

«comment»

“|can:CAN Bus is physical level, connectors on

logical diagram are allocated to CAN bus

Figure 82. Flow Allocation to Power Subsystem ANNOTATED

Notes: This diagram should be close to to SysML 1.6 Figure D.39, consistent with model updates and revised allocation.

5.39.4 Status

DONE .new CAN bus interfaces, more explicit allocation. review & hide comments.

5.40 Figure 40

5.40.1 Figure Number
1.7-D.40

5.40.2 Figure Name

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

5.40.3 Figure Diagram

# Applied Stereotype Client

1 | <> Allocate [Abstraction] al:Proportion Power
«> Allocate [Abstraction]
<> Allocate [Abstraction]

«> Allocate [Abstraction]

0/0|0|0|0

a5:Combine Power

[ IRV, TN R R VS I S )

<> Allocate [Abstraction]
]

«> Allocate [Abstraction

a2:Provide Gas Power
a3:Control Electric Power

a4:Provide Electric Power

" Object Flow:06[o01 ->i1]

Supplier
P pcu : Power Control Unit
[#l ice : Internal Combustion Engine

[P epc : Electrical Power Controller
Al emg : Electric Motor Generator
[® trsm : Transmission

j/[ Connector:epc-emg[epc.pl - emg.pl]

Figure 83. Provide Power Behavior Allocation Table

Notes: This diagram should be as close as possible to SysML 1.6 Figure D.40. Unfortunately, the reader will need to rely on colon

notation to suss out action from activity, and part from block. Note that "client" and "supplier" are very non-intuitive. These should be

renamed. This diagram is a good candidate for post-processing Perhaps a fake pkg diagram is necessary that can contain images of

both table and matrix, along with explanatory notes.
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Applied Stereotype
«>» Allocate [Abstraction
<> Allocate [Abstraction
<> Allocate [Abstraction

<> Allocate [Abstraction

A Vv bW NP #®

]
]
]
<> Allocate [Abstraction]
]
]

«> Allocate [Abstraction

Client
O al:Proportion Power
O a2:Provide Gas Power
@ a3:Control Electric Power
O a4:Provide Electric Power
© a5:Combine Power
% Object Flow:06[01 -> il]

Supplier
[® pcu : Power Control Unit
[®l ice : Internal Combustion Engine
[®l epc : Electrical Power Controller
[®l emg : Electric Motor Generator
[P trsm : Transmission
:,/E Connector:epc-emg[epc.pl - emg.pl]

4/6/22 3:00 PM

Figure 84. 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.

5.40.4 Status

DONE. RTF determination to leave as is, a nominal example of normal table generation.

5.41 Figure 41

5.41.1 Figure Number
1.7-D.41

5.41.2 Figure Name

Special Case of Internal Block Diagram Showing Reference to Specific Properties (serial numbers)
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5.41.3 Figure Diagram

bdd [Package] SUV EPA Fuel Economy Test[ Test Results] )
«testCase»

testRun060401 : EPA Fuel Economy Test

— — 1 testAuthorityName = "Arthur Dent"

Satisfies Verifies
«requirement»Emissions «requirement»Emissions testDate = "2001.06.04"
verdict = pass
\
\
TestVehicle1 : Hybrid SUV
VIN ="G12345"
b : Body Subsystem bei i: Interior Subsystem
b- D-1
>< sn = "b12345" sn = "i23456"
c : Chassis Subsystem bk bk : Brake Subsystem bkei | : Lighting Subsystem
sn = "c34567" — sn = "bk45678" — sn = "It56789"
b-c p-bk
p_: Power Subsystem
sn = "p67890"
t : Transmission .
em-t ice-t
sn = "sn89012"

em : Electric Motor Generator ice : Internal Combustion Engine
sn ="sn90123" sn = "eid78901"

Figure 85. Test Results
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ibd [Block] SUV_EPA_Fuel_Economy_Test[ Special Case of Internal Block Diagram Showing Reference to Specific Properties (serial numbers) ANNOTATED )

«testCase»
Satisfies Verifies — T 7| testRun060401 : EPA Fuel Economy Test
«requirement»Emissions «requirement»Emissions
\
\
TestVehicle1 : Hybrid SUV
initialValues
VIN ="G12345"
bdy-ss : Body Subsystem bdy-intr intr-ss : Interior Subsystem «comment»
initialValues initialValues This is not an
sn: ID ="b12345" sn : ID = "i23456" instance spec.
_ —| Need to
bdy-chs - t
_ generate one.
chs-ss : Chassis Subsystem brk-ss : Brake Subsystem Ight-ss : Lighting Subsystem B
chs-brk brk-lght
initialValues initialValues initialValues «comment»
sn : ID = "c34567" sn : ID = "bk45678" sn : ID = "It56789" Created new issue
SYSML17-360: this
pwr-chs pwr-brk concept should be
represented as an
instance
pwr-ss : Power Subsystem specification/diagram
initialValues , not an ibd.
sn : ID = "p67890"
trsm : Transmission
initialValues
sn : ID ="sn89012"
em-t ice-trsm
emg : Electric Motor Generator ice : Internal Combustion Engine
initialValues initialValues
sn : ID = "sn90123" sn : ID = "eid78901"

Figure 86. Special Case of Internal Block Diagram Showing Reference to Specific Properties (serial numbers) ANNOTATED

Notes: This diagram is intended to be as close as possible to SysML 1.6 Figure D.41. It does not, however, represent an instance

specification and does not really meet the original intent of this figure.

5.41.4 Status

DONE. Used bdd (instance diagram), not ibd!! Cross check with instance table, or build new hierarchal instance table.
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