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AGENDA @ ptc

Course Infroduction

SysML Overview

Requirements Modeling (Requirements Diagram)

Using Packages (Package Diagram)

Views and Viewpoints

Use Cases (Use Case Diagram)

Activities (Activity Diagram)

Blocks (Block Definition Diagram, Internal Block Diagram)
Ports and Interfaces (Internal Block Diagram)
Interactions (Sequence Diagram)

State Machines (State Machine Diagram)

Constraint Blocks and Parametrics (Parametric Diagram)
Cross-cutting Constructs

— Requirements Traceability
— Allocations

 Product Lines
« Summary



WHAT IS A MODEL?2 @ ptc




MODEL-BASED ENGINEERING @ ptc
« Model-based Systems Engineering (MBSE) is the formalized
application of modeling to support system requirements, design,
analysis, verification, and validation activities beginning in the
conceptual design phase and continuing through-out

development and later lifecycle phases.” (INCOSE, 2007).

« Modeling is af the heart of all aspects of the development effort
— Covers the complete product and project lifecycle

— Has a direct effect on any generated artifacts.

— MBE encompasses architecture, systems and software
development.




CHANGES IN SYSTEMS ENGINEERING PRACTICE @ ptc

Change from Document centric to Model centric ‘

Requirement Specifications
Interface Definitions
System Architecture

System Functionality
Trade-off Analysis
Test Specifications
Efc.

Old Approach New Approach
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THE FUTURE OF MBSE: SMART AND CONNECTED @ ptc

« Systems Engineering requires a multidisciplinary approach:
— At dll levels of the architecture
— Throughout the development lifecycle

o Smart
— Enables quantitative and qualitative analysis

— FMEA, Risk, Safety, Human Factors, PLM, Mechanical Engineering, Electrical
Engineering, etc.

— Data driven rather than diagram driven or document driven

 Connected
— To virtual teams
— As part of an integrated tool chain
— Providing data when and where it is needed
— Supporting openness as well as security



EVOLVING MBSE USE CASES

Source; John Watson
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MODELING AT MULTIPLE LEVELS OF THE SYSTEM @ ptc

Architecture Models

Systems Models

Component Models
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THE FOUR PILLARS OF SYSML @ ptc

Behavior

sd ABS [Activation Sequence]J |nteraction

Structure

ibd [Block] Anti-Lock Controllerl

Definition

bdd [Package] Vehicle [ABS]J

iterface

Use

stm Tire [Traction]J

State Machine

act PreventLockupJ

3 Activity/Function

\/

Detect Loss Of
Traction

i

Modulate
Braking Force

Parametrics

par [constraint] StraightLineVehicleDynamics [Parametric Diagram]J

[{f = arbn*@-th}

BrakingForceEquation

: AccelerationEquation

o
] f |:< c

tl

] ]
bf % ‘ a

: DistanceEquation : VelocityEquation

x \4 v

] - CL

a

v

O

Requirements

req [Package] Vehicle Specifications [Braking]J

Vehicle System
Specification

Braking Subsystem
Specification

«requirement»
Stopping Distance

«requirement»
Anti-Lock Performance

id#
102

id#
337

txt
The vehicle shall stop from
60 mph within 150ft on a
clean dry surface.

txt
The Braking subsystem shall
prevent wheel lockup under
all braking conditions.

N

«deriveReqt» ‘




CROSS CONNECTING MODEL ELEMENTS

Behavior

act PreventLockup [Swimlane Diagram]/

Structure

ibd [block] Anti-LockController
[Internal Block Diagram]

satisfies
«requirement»
Anti-Lock
Performance

Wction Detector

allocatedFrom e
«activity»DetectLos
Of Traction

«allocate»
:BrakeModulator

«allocate» .
TractionDetector =~

o

TractionLoss:

I~

cl:modulator
Interface

a\

Modulate
BrakingForce

DetectLossOf
Traction

7

7
e m1l:BrakeModulator
allocatedFrom Fﬁ - L

N
AN
N
N

- allocatedFrom &
«ObjectNode» «activity»Modulate
TractionLoss:

BrakingForce

values

Value allocatedTo
«connector»cl:modulatorinterface
DutyCycle: Percentage

. =

binding ‘
.

par [conku] StraightLineVehicleDynamics [Parametric Diagramy

satisfy

Requirements

req [package] VehicleSpecifications
[Requirements Diagram - Braking Requirements]

v.chassis.tire. v.brake.abs.m1. v.brake.rotor.
Friction: DutyCycle: BrakingForce:

tf: tl: bf: m:
| L]

:Accelleration

v.Weight:

Braking Subsystem
Specification

Vehicle System
Specification

‘ :BrakingForce

ingDistance

«deriveReqt»

f f Equation Equation
aeeauirement> wrequirement> [f = (tFbH*(L-t)] F e
ppingDistance Anti-LockPerformance M
id=“102" id="337" ‘ a
text="The vehicle shall stop text="Braking subsystem a
from 60 mph within 150 ft shall prevent wheel lockup ]
on a clean dry surface.” under all braking conditions.” v:
:DistanceEquation :VelocityEquation
VerifiedBy SatisfiedBy [v = dx/dt] v [a = dv/dt]
«interaction»MinimumStop* «block»Anti-LockController |

X

verify

P TPOsition:

Parametrics




MBSE INTEROPERABILITY
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OSLC OVERVIEW 2 pic

« OASIS is an international non-profit

consortium that brings companies, ) cocnmicintizorse cotavorsion

g O\/e rn m e n _I_S ) O C O d e m i O ) O n d i n d ivid U O |S Resources User Groups  Specifications ~ Software  Organizations  Participate  News
together to define industry standards, Open Services .

. . for Lifecycle Collaboration =~ ™etees
iNncludin g OSLC e

An open community building practical
specifications for integrating software

« OSLC is aset of standards that make it
easy and practical for lifecycle software
TOO'S TO ShCIre dOTO WiTh One OnOTher Working for easier integrations .b |

We want software that easily integrates with other
software, which will help you build your ideal
development and operations environment, connec

« OSLC allows you to more easily &
effectively integrate disparate tool and
enable end-to-end processes that cover
the entire product development
lifecycle

http://open-services.net



http://open-services.net/

OSLC - KEY PRINCIPLES @ ptc

« OSLC focuses on the interaction between
systems, not the intfernal behavior of the
systems themselves

« OSLC integrations are loosely coupled
— datais linked, not synchronized or replicated

« OSLC uses the notion of upstream and
downstream systems and data

« Data items called ‘Resources’ and have
‘Unique Resource |dentifiers’ (URIs)

« OSLC Links are defined as ‘URI References
from one Resource to another Resource'’

« OSLC systems may have Resource Providers Domain specific OSLC Specifications
and/or Resource Consumers



SYSML 2.0 INTEROPERABILITY WORKING GROUP @ ptc

« Axel Reichwein et al

Objective; Identity

requirements related to feaiiements | Software_
inferoperability such that SysML e T B e w—
can support standards for data R 4=z o =
interoperability, fraceability, Fomd o ot b o cungtsmhook
analyfics in a mulfi-disciplinary ® oingaquic st aont el

. . ats0 , It's considered a
engineering confext p-upJanams estiatea” |

« The next-generation modeling
language must provide @
standard (i.e. OSLC) _
application programming -
inferface (API) tfo provide Architecture-’
dynamic access to the model,
while providing appropriate
access controls




MBSE, ALM & PLM DIGITAL PRODUCT TRACEABILITY

Integrity Modeler

Integrity
Lifecycle Manager
ALM

Requirements Functional Model
Model
Funcli
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R
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Req3. 1 Sonopte! N
Reo4 Segﬁences

Structural Model

Variability Model

/ Variation
i\ point

~,1.1  Variant
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System Model
(SysML)
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THE MARVELOUS PARCEL SYSTEM @ ptc

« Concept of Operations (CONOPS)

« The Marvelous Parcel Service (MPS) is replacing their nationwide manual,

paper-based parcel fracking with automated capability. MPS consists of:
— Corporate Headquarters carrying out standard business functions

— Regional Distribution Centers responsible for warehousing, fleet management,
tracking and transfer

— Delivery Vehicle Fleet composed of the vehicles that make deliveries for a
particular distribution center

— Storefronts and Drop Boxes
— Customers - business and residential.




OPERATIONAL CONTEXT GRAPHIC & ptc

OV-1a [High Level Operational Concept] MPS Concept [OV-1a Graphics]J

]

Parcel Transfer

. =
g Parcel Transport ﬂ
— = };é

: Air Transport
Governance
Management and Reporting

: Corporate HQ
?very Management

Payment

Account Management

: Distribution Center

A

Status Update

Provides a means to
communicate with
non-technical

arcel rvices

stakeholders while
maintaining model
consistency

Send Parcel

: Business Customer : Delivery Vehicle

: Home Customer
Eeliver Parcel N

eliver Parcel




SYSTEM OF SYSTEMS CONTEXT & ptc

SV-1 [Systems Node] MPS System Context [SV-1 ]J

BC-AC:PY : Payment

P —

AC-BC:BA : Business Account

b B
PT-AC:PH : Parcel History

conformsTo
«Standard» IETF RFC 2058
T
BK-HH:CCA ::Credit Card A_ PT-HH|MF : Manifest
L — -
HH-PT:PH : Parcel History

@
HH-BK:CCT : Credit Card Trangaction
PT-WP:PH : Parcel History

— WP-PT:SR : Service Request

____________———————’__—___DRV—HH WB : Waybill

TRT—HH:RU : Route Update

DRY-HH:CC : Credit Card

RT-HH:RT : Rout91

\LHH—RT:VS : Vehicle Status

DRV-HC:WB : WaybifWVP-HC:PH : Parcel HistoryJ

Add Lo-Jack Device -
DRV-HC:PK: Parcel LWP—BC:PH : Parcel History

and connect directly to
vehicle tracking?

¥
HC-WP:SR : Service Request |

iy
HC-DRV:WB : Wayhbill l BC-WP:SR : Service Requpst

RT-VT:VS : Vehicle Status HG-DRV:CC : Credit Card
—
— HC-DRV:PK : Parcel
RT-VT:RT : Route




REQUIREMENTS MODELING

2

ptc



LEVELS OF REQUIREMENTS @ ptc

Software
Requirement
P el L
must do...
System-Level Hardware
Stakeholder Requirement Requirement
Requiremen’r What the hardware
What the must do...
System must
vvggg:sfhe stakeholder do to meet the PI’OCG.dUI’Cﬂ
Stakeholder Requirement
Requirements What the user
must do...
Mechanical
Requirement
What the mechanical
bits must do...




REQUIREMENTS MODELING @ ptc

« Allows capture of textual requirements in a SysML model
— From different types of external sources

— Can show levels and structure of requirements

« Allows tracing of requirements to other model items
— E.g. items that satisfy or test requirements

— Traceabllity visible either way (requirement to item, item to requirement)

« Diagrammatic and tabular representation




SYSML REQUIREMENTS DIAGRAM ELEMENTS @ ptc

req [Package] Requirement Diagram [Notation]J

«rationale» B

explanation
«requirement» |

«problem>» o\ REQ A1l I
_____ — 1
description Of prObIem tXt ------ (:tr-ac-e; o _
The System shall do A and

' Containment
Requwemqﬁr — —~

«requirement»
REQ_A1.1

«requirement»
REQ_A1.2

Model
Element A

«refine»

txt
The System shall do

txt
The System shall do

Callout

IkderiveReqt>» «testCase»

derivesE L T e e e e e e e e e e e m == «activity»
erive rom . .

. requirement rif

«Requirement» REQ_A1.1 |- --- -{« 4 1 «verity>» Model Element B

«requirement DeSIgn Elementi

«copy» REQ_C

----------------- =
«satisfy»

™~ Compartment

27




SYSML REQUIREMENTS DIAGRAM @ ptc

req [Package] System RequirementsJ

«requirement»

requirement
s > REQ_HH_08

REQ_HH_01

txt
The handheld computer shall provide a search capability for information such as
customers and addresses. The full list shall be determined after an internal study.

txt
The handheld computer shall collect signatures.

«requirement»
REQ_HH_02
txt «requirement»
The handheld computer shall store parcel information. REQ_HH_09
«requirement» - ] txt _ .
e handheld computer shall provide 12 hours of service without need of a recharge.
REQ_HH_03
txt «requirement»
The handheld computer shall scan barcodes. REQ_HH_10

txt

LR The handheld computer shall display a list of packages for delivery upon

REQ_HH_04 arrival at a customer location.
txt
The handheld computer shall provide navigation to a set route.
«requirement»
«requirement» REQ_HH_11
REQ_HH_05 txt
=Xt The handheld computer shall acknowledge receipt of packages to the customer.
The handheld computer shall provide a means to wirelessly update the route.
«requirement»
«requirement» REQ_HH_12
REQ_HH_06 ixt
ixt The handheld computer shall acknowledge pickup of packages from the customer.
The handheld computer shall provide 3-megapixel flash camera that -
could be used to confirm proof of delivery. «requirement»
REQ_HH_13
. txt
«requirement>» The System shall use a standard wireless network to minimize costs.
REQ_HH_07

txt
The handheld computer shall provide text and numerical input features.




PTC INTEGRITY MODELER - LIFECYCLE MANAGER INTEGRATION

Modeler Release 8.2

PTC Integrity- Modeler\
.

Requirements

S ptc

ﬂTC Integrity Lifecycle Manager

~

Mo Viewiat Fomat Gt Wem Guary Repor Document Corterk Ve Heb

= 1 | REE % 68 v
» oo mmw (wsusE==exanm

Additional
Model Elements

Model Trace
Links

PTC Integrity Lifecycle Manager Synchronizer

|




CONTEXT MODELING
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WHY DEFINE THE SYSTEM CONTEXT? @ ptc

« To clearly define what's in, and what's not in, the system under construction.
— To clearly define information-flow across the system boundary.
— To define the internal architecture of the system under construction.

« To identity and define all inputs and outputs to be handled by the confrol system

Note: In this section we use the terms “Scope” and “Context” inferchangeably.
Scope is “the way that we describe the boundaries of the project.”
Context is “the complete environment in which a system exists, including its
location, its surroundings, and its relationship to other artefacts.”

In other words, we will use the Context Diagram to help define the System Scope.




CONTEXT DIAGRAM MODELING ELEMENTS @ ptc

What sort of things do we typically see on a Context Diagram?
— Actor(s)
» Representing entities outside the scope of the system under construction (e.gQ.
people, external systems, etc.).

— The System Under Construction
* The boundary between actors and internal elements
— Subsystems
« Those internal (container) parts of the system which are further decomposed.

— Interface Devices

» Internal parts which are not further decomposed - typically have a single specific
port/memory address.

 May be ‘typed’ by a class defining device properties
— Connectors

« A physical or logical connection between parts or part(s) and actor
— Flows

« Abstract representation of information, physical, force, etc. flow along a
connector



Work In groups to define a context
diagram for the handheld device
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OPERATIONAL CONCEPT WITH BOXES @ ptc

ibd [Block] Handheld Context [IBD]’

«block»
Handheld Context

GPS : GPS Satellite AT : Anti-Theft
7

IT Services
CP : Cell
Provider

IN : Internet
HH : Parcel
Delivery Handheld

VH : Vehicle

OP : Operations

FS : Financial Services PC : Parcel

Delivery Person Customer




OPERATIONAL CONCEPT WITH GRAPHICS @ ptc

ibd [Block] Handheld Context [Graphic]J

«blc
Ha ndheld c;mtext

FS : Financial Services  Delivery Person * PC" Parcel g 'COS!UN:‘E_I: :..I' y L




MODEL STRUCTURE
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Packages Browser view

=-

El:l +Behawvior

'd .

+Parking Lot

L)+ Activities
l:l +Interactions °
#-{_] +Use Cases

l:l +Requirerments
E|l:| +Structure

l:l +EBlocks

l:l + Constraints

l:l +[Data and Value Types
l:l + Ewvents

l:l +Flow Specs

l:l +Interfaces

A0 +Views

PACKAGES @ ptc

Can group any number and type of model elements
IN any way appropriate to the needs of project

Can contain other (nested) packages

Similar concept to folders in a hierarchical file system
Implicit and Explicit Dependencies may exist
between packages

Package structure and explicit dependencies can
be shown on Package Diagram

=w| +[Package] Parking Lot Meodel [Structure] <—




PACKAGE DIAGRAM - EXAMPLE D pic

pkg [Package] Handheld Model [Structure]J

Handheld System Requirements

—— depgndency

> containment \
< e \
Structure !

Behavior 1

Data and Value Types Constraints '

|

1

1

1

1

3 1

\ ~ o < _______ I

Flow Specs Blocks :
1

| | Activities Interactions \,/

Interfaces Views |




USE CASE MODELING
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USE CASES — OVERVIEW & pic

A Use Case encapsulates the functionality of a system ‘capability’ or a system
‘'service’.

The use case defines a purpose or goal with respect to an external user (actor) of the
system .

Use Cases can form the basis of a system-level test, simplistically:
— System Acceptance Test = Test all the Use Cases

For the systems engineer, Use Case modeling provides a convenient vehicle to discuss
capabilities with the system stakeholders.

Use Case concepts and modeling are inherited from UML.




ACTORS @ pfc

External entities with respect to the system

Expected Actors Unexpected Actors
A Person Unauthorized
Users
An External
System Power (loss)
Abstract Adverse

Environmental

such as Time Conditions




S pfc

Work In groups to define the actors
and use cases for the handheld device



HANDHELD USE CASES AND STAKEHOLDERS

uc [Package] Use Cases [HH]J

=

Delivery
Person

Power On

Power Off

I

Customer

fi=

Delivery
Person

I

IT Services

Prepare for
Deliveries

Unload
Packages

Update
Software

Execute
Route

Record
Delivery

Upload Route

Navigate to
Destination

1 .
«include»

\
«extend»

Customer Not
Present

Satellite

Delivery
Person

Cell Provider

S ptc




ACTIVITY MODELING
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ACTIVITY MODELING - OVERVIEW 2 pic

« “Activity modeling emphasizes the inputs, outputs, sequences, and conditions for
coordinating other behaviors.” (SysML)

— ‘behavior’ asin something the system does

— describes flow of activity and objects (matter, information, etc.)
» Uses the concept of ‘tokens’ in a Petri net like way (see Notes)

— rich notation set allows detailed modeling
— can be linked with structural modeling

« An activity is a behavior element that specifies control and object flow between
subordinate actions

« An activity diagram is owned by an activity and describes the detail of that activity

« Useful for many purposes, including:
— Describing system functionality

— Defining block operation behavior
— Data/item flow modeling
— eftc.



ACTIVITIES @ ptc

* An activity :
— is a type of behavior

— defines the activation (and so coordination or sequencing) of subordinate behaviors
(actions) using control and object (data) flow

— can have parameters (in, out and bidirectional)

— isreusable in different contexts

— Ccan own an activity diagram

— can have Precondition and Postcondition constraints

(Activity4J

‘ Param eterll

Parameter2




CONTROL NODES

InitialNode —Q FlowFinalNode
(Control \VJ

flows oy P -
1

ForkNode 1

| [
( iiimivi d | . i DecisionNode
Amition]

|

|

|
See notes for I else] \/
descriptions ; %évé__\____ C I . i

! |

I MergeNode
ActivityFinalNode \é’/)




HANDHELD LIFECYCLE ACTIVITIES

bdd [Package] Activities [Lifecycle]|

«activity»
Handheld Lifecycle

¢

«activity»
Access Handheld

«activity»
Load Vehicle

«activity»
Drive Route

«activity»
Power Down

«activity»
Self-Test

Y

v

v

v

«activity»
Power Up

«activity»
Unload Vehicle

«activity»
Maintain Handheld

«activity»
Logout




PICKUP PARCEL ACTIVITY STRUCTURE

bdd [Package] Activities [Pickup]J

«activity»
Pickup Parcel

!

!

!

!

!

!

V

«activity»

Process Barcode

«activity»

Request Signature

«activity»
Scan Wayhill

«activity»

Transmit Parcel Status

«activity»
Transmit Data

«activity»

Record Parcel Pickup

Create Parcel Order

«activity»

y

y

y

y

y

y

«activity»
Record Signature

«activity»
Capture Signature

«activity»
Keypress

«activity»
Display Waybill Data

«activity»
Display Data

«activity»
Activate Scanner




Work In groups to define an
activity diagram for the handheld
device for parcel pickup
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PICKUP PARCEL ACTIVITY DIAGRAM @ pfc
(Pickup Parcel _ Handheld Context )

: Parcel Delivery Handheld OP : Operations
: Delivery Person Ul : Ul Input PM : Parcel Management Pl : Parcel UD : Ul Display WDT : Wireless Data
Identification Transfer

- o)
r

%

: Customer




STRUCTURE MODELING
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BLOCK DIAGRAMS - INTRODUCTION 2 pic

« Capture information relating to structural aspects of systems
— Physical component structures
— Data/message structures
— Organizational structures
— Efc.

« Provide two different but complementary and consistent views
— Block Definition Diagram (BDD)
« shows block features and relationships
« one diagram may include many blocks
« can also be used to show certain other modeling items
« e.g. Signals, ValueTypes, ConstraintBlocks, etc.
— Internal Block Diagram (IBD)

« shows infernal composition of a single block
* its parts and what flows between them

* The diagrams together support hierarchical decomposition of the system



bdd [Package] Blocks [bdd - Notation]’

BLOCK DEFINITION DIAGRAM (BDD) NOTATION @ pfc
Generalizatio

«valueType (dataType)»

value Typel Namespace
containment

quantityKind
«QuantityKind» Quantity Kind1
unit *
«Unit» Unitl
\refParts
\ Reference
association
Compartments
1
Part _— <_Shoregj :
Y association
association

“\ly sharedPart
*
>

Actorl

Multiplicities




CONTEXT BLOCK DEFINITION DIAGRAM (BDD)

bdd [Package] Context [bdd]J

«block»
Handheld Context

¢

1
1¢ GPS 1¢ OoP 1¢ HH 1¢ AT 1¢
«block» «block» «block» «block» «blotls
GPS Satellite Operations Logical Handheld Anti-Theft Parcel

1V VH 1V CP 1V FS 1VIN
«block» «block» «block» «block»
Vehicle Cell Provider Financial Services Internet




Work In groups o define the main
elements for the handheld device
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HANDHELD SYSTEMS @ ptc

bdd [Package] Logical Handheld [Definition]J

«block»
Logical Handheld

1
1 T T T T
\|/ ub \|/ LS ¢ NV ¢ ul w PM
«block» «block» «block» «block» «block»
Ul Display Location Services Navigation Ul Input Parcel Management
1V PW 1Vcs 1V CcDT 1VWDT 1V P 1\1
1A

«block» «block» «block» «block» «block» «block»
Power Credit Services Connected Data Transfer Wireless Data Transfer Parcel Identification User Authentication




DATA TYPES FOR EXCHANGE

bdd [Package] Data [LogicaI]J

«valueType (dataType)»
Current Location

«valueType (dataType)»
Customer Data

«valueType (dataType)»
Route

«valueType (dataType)»
Navigation Instructions

«valueType (dataType)»
Credit Request

«valueType (dataType)»
Driver Input

«valueType (dataType)»
Required Location

«valueType (dataType)»
Credit Approval

«valueType (dataType)»
Traffic Data

«valueType (dataType)»
Parcel Data

«valueType (dataType)»
Power

«valueType (dataType)»
Customer Input

«valueType (dataType)»
Access Request

«valueType (dataType)»
Manifest

«valueType (dataType)»
Access Granted




INTERNAL BLOCK DIAGRAM — USAGE @ ptc

* |s owned by a block

» Shows internal structure of that block
—Its parts (consistent with BDD)
» to any level of nesting

—Connections and flows between the parts
—Associations between parts and actors

« Can specify connection interfaces (ports)
—internal — on parts

—external — on owning block



CONTROL CONTEXT @ ptc

ibd [Block] Handheld Context [IBD]’

«block»
Handheld Context

GPS : GPS Satellite AT : Anti-Theft
7

IT Services
CP : Cell
Provider

IN : Internet
HH : Logical
Handheld

VH : Vehicle

OP : Operations

FS : Financial Services PC : Parcel

Delivery Person Customer




Work In groups to define the
INfernal connections for the
handheld device
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HANDHELD LOGICAL SYSTEM @ ptc

ibd [Block] Parcel Delivery Device [Logical IBD]J

«block»
Logical Handheld

. . . LS-NV:CL : Current Location WDT-NV:TD : Traffic Data WDT : Wireless Data
LS : Location Services —b NV : Navigation - Transfer
NV-UD:NI : Navigation Instructions WDT-PM:RT : Route
A ) ]
PM-NV:RL : Required Location PM-WDT:PD : Parcel Data
UD : Ul Display PM-WDT:CL : Current Location
PM-UD:PD : Parcel Data
- . H
P m— CDT-PM:MF : Manifest CDT : Connected Data
PM-UD:CD : Customer Data PM : Parcel Management ¢ Transfer
47
CDT-PM:RT : Route
—>
o PI-PM:PD : Parcel Data
Pl : Parcel Identification UI-PM:DI : Driver Input
A
CS-PM:CA : Credit Approval UA-PM:AR : Access Request

PM-UA:AG : Access Granted
TUI-PM:CI : Customer Input

PM-CS:CR : Credit Request

Connected
. to all . . . . UA : User
PW : Power " =lsystems CS : Credit Services Ul : Ul Input AU
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PROXY PORTS @ ptc

« Just like an ‘electrical wire’
— Do not represent system components

— Do not contain behavior

— Simply provide ‘indirect’ access to data/features of the block and/or internally nested part or
parts within the block.

— Sometimes called a ‘Delegation Port’

— Typed by an Interface Block (specifies the exposed data / features)

— Can be conjugated (Conjugation covered with flow ports)

* Preserves the principle of ‘Block Encapsulation’

— Operate at the system boundary delegating data/access to and from the block and internal
‘eXpOSed’ PCII’TS ibd Parking Lot System [Proxy Port]J

cs : CommmSocket ! ar1o ——
|l
L I
I




FULL PORTS & pic

» Just like a SysML ‘Part’
— Can be used to model physical connections/mountings.

— Represent actual system components (Generally typed by a block).

— Can have behaviour and nested parts just like a normal block with block properties.

— Can handle incoming items, operations, and signals themselves, and can send out items.
— Can connect to other system components (Blocks) via Proxy Ports

« Operate at the System Boundary
— Environment can directly access the exposed feature(s) via the system boundary.




FULL PORT NOTATION 2 pic

Full Port (directional notation derived)

;L:"Z/ N
P1:1B1 FullP2 \IB2
>
«it%‘m Flow>»

Iteln Flow1l : sig

Interface Block

/ N




SYSTEM INTERFACE BLOCKS @ ptc

bdd [Package] Types [BDD]|




SYSTEM DATA MODEL

bdd [Package] Data [BDD]J

«block»
Route

1 1.*

'Current wp

«block»
Waypoint

1

1

«block»
Customer

«valueType (dataType)»
Power

«block»
Route Status

«block»
Charge Request

«block»
User Command

«block»
Parcel Status

«block»
Scanner CMD

1.*

«block»
Parcel Order

«block»
Transmission

«block» «block» «block»
GPS Location Charge Reply Card Details
«block» «block» «block»
Display Info Image Data Bar Code
«block» «block»
Camera CMD Signature Data
1 «block» «block»
Software Database
«block»
Parcel Waybill
«block» «block»
Manifest Display Data




LOGICAL V. PHYSICAL MODELING WITH IBDS @ ptc

« [IBDs can be used to capture both a logical model of parts, connections and flows,
and a physical model

« Logical model focuses on logical parts and flows and may not show ports or types

(unless logical types defined)
— Based on specification rather than implementation (‘what’ not ‘how’)

— Abstract types (if any)

* Physical model focuses on physical parts and flows and normally shows ports and
physical (implementation) types
— Normally follows logical modeling
— May be many physical models for one logical model
— Real-world types

« May affect package structure
— Logical package contains logical types

— Physical package contains physical types
« Can link logical model items to physical model items via Allocation (later in course)



BLOCK DEFINITION DIAGRAM — SYSTEM LEVEL @ pic

bdd [Package] Handheld [bdd]J

«block»
Handheld
1
1 1 1 1 1 1

CR SC V SCR GPS CM BT

«block» «block» «block» «block» «block» «block»
Card Reader Scanner Terminal Screen GPS Camera Battery
Operation Operation Operation Operation Operation
«Operation» Scan Card () «Operation» Activate Scanner () «Operation» Display Data () «Operation» Receive Location () «Operation» Capture Image ()
«Operation» Capture Signature ()
DT
1|PC 1| PS 1|8 1| WT 1
«block» «block» «block» «block» «block»
Processor Power Supply English Keyboard Wireless Transmitter Data Terminal
Operation Operation Operation

«Operation» Update Route () «Operation» Encode Message () «Operation» Encode Message ()
«Operation» Calculate Destination () «Operation» Send Message () «Operation» Send Message ()
«Operation» Scan Request () «Operation» Receive Message () | | «Operation» Receive Message ()
«Operation» Process Barcode () 1 1 «block» «Operation» Decode Message () | |«Operation» Decode Message ()
«Operation» Load Customer () " > Internal Memory
«Operation» Process Wayhill Info () IntMem

«Operation» Record Signature ()
«Operation» Record Delivery ()




EXAMPLE IBD — PHYSICAL MODEL @ pic

ibd [block] Network Configuration [Vehicle Context]J

Network Configuration

B HH : GPS s Intranet : TCP/IP
ST-HH:GL : GPS Location -

OP : Operations

1
1

ST : Satellite : DC1 : Distribution Center FCH : Financial Clearing House
|

External : TCP/IP

TCP1: TCP/IP

DC->IN:RT : ROUtei External : TCP/IP

I . . [Py N
Customer %2:\;?3? T'N'>DC]—'GPS - GPS LocationT' |\_>FCH:CRQ : Charge Request
WDC-IN:MF : Manifest

v FCH->IN:CRP : Charge Reply

v IN->CN:RT : Route LJC->IN:GPS : GPS MSG
External : TCP/IP

ST : GPS
—

WL : Wireless
N-HH:CR : Charge RepMH-CN:PS : Parcel Status

HH : Handheld

> - _" . IN-CN:CR : Charge Reply
HH-CN:CR : Charge Request ~ CN-HH:RT : Route 4 LJC : LoJack Center
N
VH->LCJ:GPS : GPS MSG CN-HH:MF : ManlfeStT| CN-IN:PS : Parcel Status -
{ IN-CN:MF : Manifest LJ1 : LoJack RF
A
HH-CN:RS : Route Statusv CN-IN:CR : Charge Request
LJ1 : LoJack RF _ External : TCP/IP LJ1 - LoJack RF
SW3 : Wireless
SW2 : Secure Wireless ] 1.*|sw1 : Secure Wireless

CN->VH:RT : Route
VEH2 : Vehicle < CN : Cell Provider SWH1 : Secure Wireless
SW1 : Secure Wireless

VEH1 : Vehicle




SYSTEM DATA INTERACTIONS @ ptc

ibd [Block] Handheld [IBD: Data]J MR : Magnetic Reader
FRFR[C 1
I L «block»
«board»
Handheld
«subsystem» IFR-SC:BC : Bar Code
SC : Scanner SC: Data
MR-CR}CD : Card Details «subsystem>
PC-WT:CR : Charge Request? — CR : Card Reader «subsystem»
MR : Magnetic Reader — SCR : Terminal Screen
SC-PR:BC : Bar Code DT : Data
OT D Y DT : Data —]
«processor» - bata CR-PC:CD : Card Details —
PC : Processor —
SCR-PC:SD : Signature Data Custome
< > DT : Dat «subsystem»
IntMem : PC-WT:CR : Charge Request B : English Keyboard
Internal
Memory <« L Delivery
KB-PC:UC : User Command Person
DT-PC:SlN : Software DT-PC:SLN : Software PC-WT:CR : Chflrge Reqjlb‘ﬁtPC:SlN : Software «subsystem> : Data
. . ) ~ QW - N . DT : Data Terminal
WT-PC:CRP : Charge Reply WT-PC:CRP : Charge Reply DT-PC:SW : Software DT : Data
> s ~~ WT-PC:CRP : Charge
PC-WT:CR : Charge Request pPC-WT:CR : Charge RequeV/ T-PC:CRP : Charge Reply HH-DT:RT : Route
' GPS-PC:GL : GPS Location DT : Data HH-DT:RT : Route
Ll
DT : Data «subsystem> DT-HH:MF : Manifest
ME:[H'YI oerr;l 16%)“8 L WT : Wireless Transmitter
«subsystem> — HH-DT:RT : Route
GPS : GPS |all] -
PC-WT:CR : Charge Requestl — WL : Wireless HH-DT:RT : Route
. WL-WT:CRP : Charge Repl
\ CM-PC:ID : Image Data GPS:GPS  wL-WT:CRP : Charge ReplyT T ge Repy ]
«Subsystem>» WT-WL:CR : Charge Requesti DT : Data
CM : Camera HH-GPS:GL : GPS Location ) LWT-WL:CR : Charge Request
) WL-WT:CRP : Charge Repl . PW : Power
CM : Camera ST: GPS 9 ply — WL : Wireless —
| | ) =




DATA INTERACTIONS W/GRAPHIC @ ptc

ibd [Block] Handheld [IBD: Data Graphic]J MR : Magnetic Reader

«block»
«board»

Handheld

«subsystem»
SC : Scanner

«subsystem»

. CR : Card Reader «subsystem»
SCR : Terminal Screen

«processor»
PC : Processor (
Custome
«subsystem»

IntMem : B : English Keyboard

Internal

Memory Delivery
Person

ata

«subsystem»

«subsystem»

ExtMem : Ext WT : Wireless Transmitter

Memory 16GB «subsystem»

GPS : GPS

«subsystem»
CM : Camera




POWER CONNECTIONS @ ptc

ibd [Block] Handheld [IBD: Power]J PW : Power
[
«block» ] |
Handheld MR : Magnetic Reader
WHH—BT:PW : Power
. X PWIn : Power
SC : Scanner SCR : Terminal Screen (Eml
L
— - BT : Battery _
PW : Power PW : Power CR : Card Reader
[OJFR: IFR l | —
T PS-SC:PW : Pqwer :
PWOut : Power PW : Power
s.sc BT-PS:PW : Power
PS- R:PW : P
ower PWin : Power PS-CR:PW : Power
PC : Processor
L
PS : Power Supply
: : PS-CM:PW : Power CM : Camera

IntMem : - Item Flgwl : Power PWOuUL : Power .

Internal Al

Memory PW : Power PW : Power

PS-WT:PW : Power
PS-KB:PW : Power PS-DT:PW : Power

‘L PS-GPS:PW : Powar

PW : Power PW : Power PW : Power
[l
ower [:l
T s DT : Data
. ; . : . : Wireless
KB : English Keyboard DT : Data Terminal GPS : GPS e
ST : GPS WL : Wireless

[l [
L] L]




SOFTWARE SYSTEMS

ibd [Block] Processor [IBD]J

«block>»
Processor

PD : Parcel

Database
OS : Operating

System

CD : Customer PM : Parcel Management RM : Route
Database Management
CM : Credit . User Input DI : Display BCT : Bar _Code IP : Image NV : Navigation
Management Interface Translation Processing
| DT : Data




SEQUENCE MODELING
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SEQUENCE DIAGRAM — OVERVIEW 2 pic

« Sequence diagrams depict sequence of message interchange (e.g. operations are
shown below) between the lifelines of entifies.

« Entifies collaborate to realize a use case (or other behavior).

L I
I message Hi I

: | message?2 h|i
| |

|

I
|
= Lifeline of Entity1 .
| | I
"

Time




EXAMPLE — HIGH LEVEL DIAGRAM @ pic

OSD [Package] Interactions [Update Route]J

Description WL:Wireless| |WT:Wireless Transmitter PC:Processor SCR:Terminal Screen
| | | |

Route Received
Translate

Route Message
Update Route

Calculate New
Waypoint

Update Display

| |
WL-WT:RT : Rou ' l
| |

Encode Message |

WT-PC:RT : Route |
|

|

|

|

Update Route
Calculate Destination

| PC-SC:DI : Display Info m
| !
| |
|




EXAMPLE @ ptc

OSD [Package] Interactions [De[ﬁer Package]J @

|Customer| |De|ivery Person| [KB:English Keyboard| |PC:Processor| [SC:Scanner| [SCR: Termmal Screen|WT:Wireless Transmitter]
— I T I

I

, | I |
Press Scan 7| | [ :
|

KB-PC:UCI: User Command
1

Scan Pressed

Update Processor
Scan Requested
Message Scanner
Activate Scanner
Return Bar Code
Translate

Process Wayhbill Info
Access Customer Info

: Scanner CMD

SC-PR:BC : Bar Code

Process Bar{:ode
Process Wayhbill Info
Load Custorﬁer

|

1

|

|

|

|

|

:

: , | PC-SC:DI : Dlsp%
: ' ' %Dlsplay Data
|

|

|

|

1

1

1

1

1

|

|
|
1
|
1
|
1
Activate ScanneljI
|
1
|
1
1

Display Wayhbill |
Display
Display Signature Request PC-SC:DI : Display Info
: Dlsplay Data

Customer Signs
Capture Signature
Send image
Record Signature
Send OK to Display
Display

Press OK
Received OK
Update Status
Send OK

Display

Send to Ops
Format for Send

Sign I

. Capture Signature
| SCR-PC:SD: Slgnature Data

Record Siqn‘L:\ture

| PC-SC:DI : Disp

Display Data

KB-PC: User Command
|

Ackn owledqe Receipt /||

Record Delivery
PC-SC:DI : Disp

I
|
I
|
I
| |
I I
I [ Display Data [
: : PC-WT.PS : Parcel Status }

Encode Message

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
|
1
Display :
|
1
|
1
|
1
|
1
I
i
1
1
1
1
1
1
1
1
1




USE CASE REFINEMENT THROUGH SEQUENCE DIAGRAM SCENARIOS

Properties of Use Parking Lot =X

Candidate

| General | Custom |Tin1ing Note || Changes || Style || ftems || require €4 *

~| &l

S|

Entities

| Description

Use Case

The IR sensor detects a car entering. The controller

Sequence

Diagram

. .
then checlks for space. If the parlding lot is full the = ‘ D e S C rl 'I'I O n ibd [block] Parking Lot System [Logical]] [camures logical flows (as item flows) between PL system parts) ‘ﬁ
Suspend Entry use case is involced. Ifwhen there is |
space for the car, the red light is extinguished. the
green light ilhmminated and the barrier motor opens tbe‘ exit
safety barrier. When the car has passed through the
@ carLeaves
5 Same 2 outputs [
Operator _--1°
‘ arrival carArrives o - g
1 — = —> .
l ll((extend)) entry carEnters on j
Ldnclude» \‘ car dbPressT
$ DisplayString
erressT
keyPressT ctrie
Engineer presskKey
—>
— —>
Operator pressDisplayButton pressResetButton

sd Admit Car

admit car

raise barrier
...wait for barrier to raise
red light off
green light on
car enters
green light off
red light on
lower barrier
increment count
if now full
illuminate Full light
end if

i{z sec delay}

raise

carArrives

redOff

‘ in Use Parking Lot sequence diagram ﬁ

redOn

carbnters

redOff

red®n

lower

|
|

redOn







STATE MACHINES - OVERVIEW 2 pic

 Most embedded systems are state-based in behavior:

— Even the simplest system will exhibit states of:
* Inifialization
» ‘Doing Something’
« Shutting Down

— More complex embedded systems may have:
* Multiple sequential states (the system does multiple things in a specific order).
* Multiple concurrent states (the system does multiple things all at the same fime).
« A mixture of the above...

« How do you document the required states of a system or one of its components?
— Use a State Machine with a State Machine Diagram.

— |dentical to UML state machine semantics and notation.
— State Machine is a child of a parent block
— State Machine Diagram is a child of State Machine



STATE MACHINE DIAGRAM MODELING ELEMENTS @ ptc

I Event|Guard]/Effect |

(L swter J— —(_ State2 )

B States

m Initial Pseudostates and Final States
B Transifions

B Even s

m Guards

B Effects



STATES SPECIFY RESPONSES TO EVENTS @ pic

« Represent a ‘between events’' condition of their parent object (block or part)
— events may be external or internal

« Have duration of a finite interval of time

* May involve processing activity

Sta
< -
Action A

Start/

Operating

|
Stop/
Stn:rﬁ"’['
|




Work In groups to define the
operational states for the
handheld device

2
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STATE MACHINES

Powered Up
Initializing do : Login ( Preparing for Route w
do - Power U L 5 Prepare Route/
P|Initialization Complete/ [do : Load Database do : Record Loaded Parcel
do : Self-Test => o : Load Manifest do : erTyManitest J
do : Load Route .
Software Update/ Execute Route/
Update Software

( Executing Route )

Route Complete/ do : Transmit Location
do : Charge Battery
New Route/Load Route
Navigating

s Arrive at Location/
( Finishing Route w

@o : Record Unloaded Parceu

Driving to Location Arrived at Location w

do : Navigate to Waypoint 3
Unload |complete/ k g yp J\/@o : Update Route Status)
Shutting Down

do : Logout
do : Power Down

Next Location/

Processing Packages [Pickupl/

| Customer Not Found
tjo : Record Left Parcej [Not F

do : Capture Image do : Record Parcel Delivery
do : Scan Wayhbill

do : Request Signature

[Final at Location]/

Confplete/

Customer |Loaded/

Picking Up Package w
do : Scan Wayhill
do : Request Signature

do : Record Parcel Pickup
do : Read Card

Cormplete/
Next Cusjomer/

Complete/

Loading Customer

?ldo : Load Customerl
/




PARAMETRIC MODELING
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PARAMETRIC DIAGRAMS D pic

* Provide support for engineering trade-off analysis
(e.g. vehicle performance v. economy)

« Used to show relationships between (formal) constraint parameters and (actual) block
value properties

« Child diagram of either Block or Constraint Block
« Constraint block defines constraint equation and its parameters (on BDD)

« Parametric diagram represents the usage of the constraint equation parameters in a
specific analysis context
— Binding of constraint parameters to value properties of blocks




CROSS CUTTING CONCERNS
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SYSML REQUIREMENTS TRACEABILITY

@ pfc
«requirement»
REQ A1l
Xt
The System shall do A and —
Traceabillity
~ relationships
«requirement» befween
REQ_A1.2 . e s requirements and
=t (  efine» model elements
The System shall do

«activity»
Model Element B

‘«requirementi =----

Design Elem

e




EXPLICIT TRACEABILITY WITHIN MODEL @ ptc

« <<trace>> not limited to pointing towards requirements
— Pretty much any model item types at either end
— Diagram shows path from higher to lower level requirement
« Explicitly via other model items — more usually some hops left implicit

— Derive Reqguirement link added last
* Inspection of explicit (and usually implicit too) links triggers this

req [Package] Crosscutting Concepts [Trace]J

= - B refines System Use ~ «trace>» .I W hite Box Scenario ‘ﬁ
«requirement» Case A A

i 1

1

1

1

1

1

\)
1 v\ «trace»

Subsistema “

L

1

1

! Subsystem :d:afe_»
: Use Case 1

1

1

1

1

«trace»

Delivered Reﬂti N\ «trace»

«deriveReqt»

1
N e e e e e e e e e = = 4 - .‘ «requirement» I




SYSML REQUIREMENTS TRACEABILITY EXAMPLE @ ptc

req [Package] System RequirementsJ
- " «activity» «requirement»
«requirementy e o o e e e e e e e e e )
REQ. HH_ 01 << <satisty» Capture Signature REQ_HH_08
— txt
The handheld X hall ol ) «activity» The handheld computer shall provide a search capability for information such as
e handheld computer shall collect SIgnatures. e = = = = = = plottviskai Record Signature customers and addresses. The full list shall be determined after an internal study.
«requirement» —
REQ_HH_02 e . d“fc“‘gty;’ Darcel «activity»
ot «satisfy» ecord Loaded Farce «requirement» << - == Charge Battery
The handheld computer shall store parcel information. — REQ_HH_09 «satisfy»
«activity»
- <--------= N Sedinlinlinle Scan Waybill txt «block»
ML «satisfy» The handheld computer shall provide 12 hours of service without need of a recharge. <& = = = = Battery
REQ_HH_03 «satisfy»
Gl —
ixt S 3 «actl\élty» d «requirement»
The handheld computer shall scan barcodes. «satisfy» rocess Barcode REQ_HH_10
«activity»
. txt | e mmmmm— - . :
CEEIFEMEAL «activity» The handheld computer shall display a list of packages for delivery upon < IAEAG Vel e
REQ_HH_04 <<----- === Navigate Route arrival at a customer location. «satisfy»
«satisfy»
txt
The handheld computer shall provide navigation to a set route.
«requirement» «activity»
«requirement» «activity» REQ_HH_11 <& - - - = = = | Record Parcel Delivery
REQ_HH_05 << - - Update Route Status xt «satisfy»
ixt «satisfy> The handheld computer shall acknowledge receipt of packages to the customer.
The handheld computer shall provide a means to wirelessly update the route.
«requirement»
«requirement» «block» REQ HH_12 «activity»
cameta | 0 Lemmm=- :
REQ_HH_06 << ----- v satisfys Record Parcel Pickup
xt «satisfy» Capture Image () The handheld computer shall acknowledge pickup of packages from the customer.
The handheld computer shall provide 3-megapixel flash camera that -
could be used to confirm proof of delivery. «requirement»
REQ_HH_13
QHH_ «block»
- txt <<----- Pt e Cell Provider
«requirement» The System shall use a standard wireless network to minimize costs. y
«block»
il < English Keyboard
o <satisfy» nglish Keyboar
The handheld computer shall provide text and numerical input features.




SYSML REQUIREMENTS TRACEABILITY TABLE
[Package] System Requirements [1]

S ptc

Type: Requirement Table (rt)

Description:
Name txt rationale satisfiedBy
«Activity» Capt Signat Handheld System:-Behavior Activiti
REQ_HH_01|The handheld computer shall collect signatures. ivity» Capture Signature (Handhe srmoees vt wities)

«Activity» Record Signature (Handheld System::Behavior_ Activities)

REQ_HH_02

The handheld computer shall store parcel information.

«Activity» Record Loaded Parcel (Handheld
System::Behavior::Activities)

REQ_HH_03

The handheld computer shall scan barcodes.

«Activity» Process Barcode (Handheld System: :Behavior Activities)
«Activity» Scan Waybill (Handheld System: Behavior Activities)

REQ_HH_04

The handheld computer shall provide navigation to a set route.

«Activity» Navigate Route (Handheld System::Behavior:Activities)

REQ_HH_05

The handheld computer shall provide a means to wirelessly update the route.

«Activity» Update Route Status (Handheld
System::BehaviorActivities)

REQ_HH_086

The handheld computer shall provide 3-megapixel flash camera that could be used to confirm
proof of delivery.

«Block» Camera (Handheld System: Structure::Handheld)

REQ_HH_07

The handheld computer shall provide text and numerical input features.

«Block» English Keyboard (Handheld System:: Structure::Handheld)

REQ_HH_08

The handheld computer shall provide a search capability for information such as customers and
addresses. The full list shall be determined after an internal study.

REQ_HH_09

The handheld computer shall provide 12 hours of service without need of a recharge.

«Block» Battery (Handheld System::Structure::Handheld)
«Activity» Charge Battery (Handheld System::Behavior::Activities)

REQ_HH_10

The handheld computer shall display a list of packages for delivery upon arrival at a customer
location.

«Activity» Display Waybill Data (Handheld
System::Behavior_Activities)

REQ_HH_11

The handheld computer shall acknowledge receipt of packages to the customer.

«Activity» Record Parcel Delivery (Handheld
System::Behavior::Activities)

REQ_HH_12

The handheld computer shall acknowledge pickup of packages from the customer.

«Activity» Record Parcel Pickup (Handheld
System::BehaviorActivities)

REQ_HH_13

The System shall use a standard wireless network to minimize costs.

«Block» Cell Provider (System Network
Model:-Structure::Components)

«Block» Cell Provider (Handheld System::Structure:-Logical::Context)

Automatic creation of table with configurable columns




ALLOCATIONS @ ptc

Flexible, directed relationships that link model elements
— Abstract dependency

— Often precursor to later, more concrete relationship

Different types of allocation including:
— Behavioral (Behavior to Structure, e.g. activity to block, action to part)
— Flow (sub-type of Behavioral, e.g. IBD connector to activity edge)
— Structural (Abstract to Concrete or Logical to Physical)
— Software to Hardware
— efc.

« Both diagrammatic and tabular representations are specified

Facilitates model navigation



ALLOCATION EXAMPLE — BEHAVIORAL @ ptc

« Placement of Activities within partition automatically allocates activity to part

 Flow from IBD allocated to conftrol flow

4 .
Unload Vehicle : Handheld Context

. Logical Handheld OP : Operations

Ul : Ul Input Pl : Parcel PM : Parcel Management UD : Ul Display WDT : Wireless Data
Identification Transfer

~
=
-

«itemFlow»

. UI-PM:DI : Driver Inpiit
- P = = =S e e 3 -

: Delivery Person




ALLOCATION EXAMPLE - STRUCTURAL

Logical model

dbPress

rbPress

keyPress

A

A

VN

i DisplayString

ctrl-io

allocatedFrom

Physical model

«IltemFlow>» dbPress
«ltemFlow» keyPress
«ltemFlow>» rbPress

allocatedFrom
«Connector» ctrl-io

fp4 : IOUcomms

_T . serialByte

i : dispString

flowPortl : IOUcomms




SYSML ALLOCATIONS TRACEABILITY TABLE @ ptc

[Package] Handheld System [Allocation Table]

Allocated From Relation|Allocated To

«Accept Event Action®» Access (Handheld System::Behavior::Activities::Access Handheld) Allocate |«Actora Delivery Person (Handheld System::Behavior::Actors)

#Accept Event Action®» Acknowledge Receipt (Handheld System::Behavior::Activities::Pickup Parcel) Allocate |«Actor® Customer (Handheld System::Behavior::Actors)

«hAccept Event Action®» Acknowledge Receipt (Handheld System::Behavior::Activities::Deliver Parcel) Allocate |«Actors Customer (Handheld System::Behavior::Actors)

«Call Behavior Action®» KP1 (Handheld System::Behavior::Activities::Access Handheld) Allocate |«BlockProperty» Ul (Handheld System::Structure:Logical::Systems::Logical Handheld)
«Call Behavior Action» KP2 (Handheld System::Behavior::Activities::Access Handheld) Allocate |«BlockProperty» Ul (Handheld System::Structure:Logical::Systems::Logical Handheld)
#Call Behavior Action» KP3 (Handheld System::Behavior::Activities::Access Handheld) Allocate |4BlockProperty» Ul (Handheld System::Structure:Logical::Systems::Logical Handheld)
«Accept Event Action® Press Verify Manifest (Handheld System::Behavior::Activities::Unload Vehicle) Allocate |«Actor® Delivery Person (Handheld System::Behavior::Actors)

«Accept Event Action» Press Verify Manifest (Handheld System::Behavior::Activities::Load Vehicle) Allocate |«Actors Delivery Person (Handheld System::Behavior::Actors)

#Accept Event Action® Request Database (Handheld System::Behavior::Activities::Access Handheld) Allocate |«Actor® Delivery Person (Handheld System::Behavior::Actors)

«Accept Event Action» Request Manifest (Handheld System::Behavior:Activities::Access Handheld) Allocate |«Actors Delivery Person (Handheld System::Behavior::Actors)

#Accept Event Action® Request Route (Handheld System::Behavior::Activities::Access Handheld) Allocate |«Actor® Delivery Person (Handheld System::Behavior::Actors)

«Accept Event Action» Scan Press (Handheld System::Behavior::Activities::Load Vehicle) Allocate |«Actors Delivery Person (Handheld System::Behavior::Actors)

#Accept Event Action® Scan Press (Handheld System::Behavior::Activities::Unload Vehicle) Allocate |«Actor» Delivery Person (Handheld System::Behavior::Actors)

«Accept Event Action» Scan Request (Handheld System::Behavior::Activities::Pickup Parcel) Allocate |«Actora Delivery Person (Handheld System::Behavior::Actors)

#Accept Event Action® Scan Request (Handheld System::Behavior:Activities::Deliver Parcel) Allocate |«Actor» Delivery Person (Handheld System::Behavior::Actors)

«Accept Event Action» Sign (Handheld System::Behavior::Activities::Deliver Parcel) Allocate |«Actors Customer (Handheld System::Behavior::Actors)

#Accept Event Action® Sign (Handheld System::Behavior::Activities::Pickup Parcel) Allocate |«Actor® Customer (Handheld System::Behavior::Actors)




SYSML ALLOCATIONS TRACEABILITY MATRIX (FRAGMENT) & ptc

[Package] Handheld System [Allocation Matrix]

=Actors
Customer x x
[Handheld System::Beharior:iActors)
=RActors

Delirery Person x
[Handheld System::Beharvior::Actors)
[OF
[Handheld
SystemStructure:Logical::Context::-Handhel

cOT
[Handheld x x
System::ZtructuresLogical::Systems:Logical
Pl

[Handheld
SystemStructure:Logical:=Systems:Logical
[PH
[Handheld

SystemStructure:Logical:=Systems:Logical x x x x x x x
LiLt]
[Handheld

SystemStructure:Logical:=Systems:Logical x x x
LLU
[Handheld

SystemStructure:Logical:=Systems:Logical x x x x
wOT

[Handheld x x

SystemStructure:Logical:=Systems:Logical

Allocated To




SYSML AND PRODUCT LINE
ENGINEERING
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ENHANCING MBSE WITH PRODUCT LINE ENGINEERING (PLE) & ptc

The Goal of PLE is fo Reduce the Time, Cost and Effort required to
Create, Deploy and Maintain Similar Products
— By Leveraging Product & System Commonality
— And Designed-in Variation (More than just Asset Reuse)

To achieve this goal, the solution must
— Minimize duplicate effort
— Maximize commonality
— Optimize reuse across similar products
— Manage product line variations and complexity

Model Based PLE offers a fundamental shift in approach
— "A broader perspective that views product line engineering as designing a single system rather
than as creating a multitude of products”

Designing your products as a single system can deliver considerable development cost
SOVith (Dr Jerry Krasner, EMF 2013)




1 - VARIANT MODELING

« Variant Diagram v
m Variation on all Diagrams

B Simple Notation
\ Variation Point

Variant
Variability Dependency

Mandatory/Optional
Requires Dependency
Excludes Dependency
Artifact Dependency
Alternate Choice

mEOVM
— PALUNQO, The Ruhr Institute of Software Technology
— Software Product Line Engineering (Pohl et al - Springer 2005)




HANDHELD VARIANTS

\?y\l..l :

var Handheld Varian

]
[]
! 1..1
1 1.1 n
s \l—\/
n
n n
1n
Touchpad Keys & 8GB 16GB
Screen
Standard High Capacity NN Scanner Camera

«excludes»

<excludes»

=

' ;
<11 ) . .
(.I)(\" |> 0;'1\ /\'I/‘\ ~
~ 1
1

7’

1
d L ~
. . . . Chinese Spanish English Dockworker Driver
English Spanish Chinese 8 Inch 12 inch Keyboard Keyboard Keyboard

«requires»

«requires»

«requires»




LANGUAGE VARIANTS

bdd [Package] Software [BDD]J

Operating System

Parcel Management

«block> «block>
Route Management User Input
«block> «block> «block>»

Customer Database

Image Processing

Credit Management

«block» «block» «block»
Bar Code Translation Parcel Database Navigation
«block» «block» «block»

Display Interface

«block>»
Spanish Language

«block»
English Language

«block>
Chinese Language

Spanish

English

Chinese




STRUCTURE @ ptc

bdd [Package] Handheld [Var BIocks]J
«block»
Touchpad «block»
Terminal Screen
{ 5 proxyPorts
«ProxyPort» DT : Data
«ProxyPort» PW : Power

Operation

«Operation» Display Data ()
«block» «block» «Operation» Capture Signature ()
8inch 12 inch
«block»
<Blocks <Blocks Spanish Keyboard
Battery High Capacity Battery
proxyPorts proxyPorts «block»
«ProxyPort» PWIn : Power «ProxyPort» PWIn : Power CITEsE [(Eovent
«ProxyPort» PWOut : Power «ProxyPort» PWOut : Power
«block»
English Keyboard
«block» «block» «block» proxyPorts
Internal Memory Ext Memory 16GB Ext Memory 8GB «ProxyPort» DT : Data
«ProxyPort» PW : Power




VARIANTS WITH MODEL ELEMENTS

ibd [Block] Handheld [IBD: Variability]J — PW : Power
)

«block>
Handheld

PWIn : Power ’—/ .
— 1 PWIn: Power ST:GPS
8l : 8 inch 121: 12 inch WL : Wireless
DT : Data
A A MR : Magnetic Reader

Out : Power
8 Inch 12 inch
High Capacity Standard
Spanish
Keys & Screen
PC : Processor v Keyboard
Scanner SCR : Termina KB : English Ct(1:i||1<e:se Sp?alﬁi:sh
ExtMem : Ext 8GB : Ext T SEREE NEYseEe Keyboard Keyboard
Memory 16GB Memory 8GB
: : SC : Scanner
English Chinese
16GB 8GB \, Keyboard Keyboard
P

™MIFR @ IFR




2 - VARIANT SELECTION @ ptc
000DV <t @[7170]

® VO ri O N T S e | e CTO I Barcode Read 9} w Keyboard Language xN

Browser User Interface i Make your @ .
. . . Battery P decision for each Chinese Keyboard ]
External Variation Points Only @ High Capacity Variant:
el Context @) @ @ @ English Keyboard 1
Jump to Next Decision/Problem S or Seta ©
Parameter Value @ |
P o g ress B ar Environment P (if" a;ailable) to Keys & Screen ‘ |
@ Cold Include a Variant >
(%) |
External Memory P .‘ Spanish Keyboard ‘
« Decision Set Editor — = l - —

J English Keyboard @ @ @ @

J Keys & Screen

Variant Debug

External & Internal
Variation Points

X X

L_anguage Qg\w»\ﬂh\ﬁzmlﬂ!
J English Name

ncluded B
Handheld System::Variability.Cold

|
‘ W 16GB
I
|
|
|

Screen Size 0 Ocold Include  ~ Included
o o o ) Undecided Handheld
W 8 Inch ; - System:Variability.Environment Alter..
Uump 1O NeXT beclision/rroplem ’ croel
) ] Undecided Handheld
User Interface o - System:zVariability.Environment Alter..
J Keys & Screen Choicel
I 3 A Language Included Handheld System::Variability.English
. Clenglish Include Included Handheld System:Variability.English

System:Variability.Language.Alternat...

m Both Edit the Same Decision Sets =

i Choicel
) Undecided Handheld
- System:Variability.Language.Alternat..
Choicel
2 A user Interface Included Handheld System::Variability.Keys &
Screen
=0 Exclude Handheld System:Variability.User
- Interface Alternative Choicel
Clkeys & Screen Include Included Handheld
- System:Variability.Keyboard

Language

oA - P
Variants: 21/21 Variation Points: 8/9 Inconsistent 1 Undecided Mandatory Variation Points: 1




3 - PRODUCT MODEL CREATION @ ptc

« Auto-Create Product Models
— Applies Variability Decisions
— Unnecessary Variation Points, Variants & Base Model Artefacts Removed

Product Line Va
Model // Ename \
: Q Engine o
'K'i"/\ O o O Erreaient Product Model
» @& @ Fast
Feen e Diesel Engine
e (1/4) ]
Decision Set
| y

« Creates New Product Model Branch, Original Product Line Model Retained

 Product Model suitable for Trade Studies, Simulation, Documentation & Generation




MODEL- BASED PRODUCT LINE ENGINEERING @ ptc

« Integrated MBSE, Modular Design & Variability Modeling = Model-
based Product Line Engineering

Product Line
Models

I

Sub-system
Product Line
Models







SysML v2 Objectives

e Facilitate increased adoption and effectiveness of MBSE over SysML v1
through enhanced:

O Precision & expressiveness
O Integration among the language concepts
O Interoperability with other engineering models and tools

O Usability by model developers and consumers

110 4/29/2019




SysML v2 Specification Development

MBSE
Use Cases

SysML V2
Service
Requirements

‘System Modeling -
= Yonceply: a7

System Modeling Environment Capabilities

*Model construction

*Model visualization

*Model analysis

*Model management

*Model exchange & integration
*MBSE collaboration & workflow
*Extension/customization support

E

<SS Vendor
symLve el | S Implementations
APl & LANCUAGE p
Services
REP SysML V2
Specification

uelie I,
SysML V2
RFP

N
\ \_,//é\\_\l:

=




SysML v2 RFP (Draft)

Requirements in Section 6.5
OMG Document #: syseng-2017-09-04

112

6.5 Mandatory Requirements

6.5.1 Language Architecture

6.5.2 Data Model

6.5.2.1 Cross-cutting

6.5.2.2 Properties, Values, and Expressions
6.5.2.3 Structure

6.5.2.4 Interfaces

6.5.2.5 Behavior

6.5.2.6 Requirements

6.5.2.7 Verification & Validation

6.5.2.8 Analysis

6.5.3 Reference Model & Model Libraries

6.5.4 Language Conformance

4/29/2019




SysML v2 APl and Services RFP (Draft)

Requirements in Sections 6.5 and 6.6
OMG Document #: syseng-2017-09-05

113

6.5 API Mandatory Requirements

6.5.1 APl Requirements

6.5.2 Services Requirements (query, extension services)
6.5.3 APl and Service Conformance

6.6 Non Mandatory Features

6.6.1 Model Construction Services

6.6.2 Model Visualization Services

6.6.3 Model Analysis Services

6.6.4 Model Management Services

6.6.5 Workflow and Collaboration Services
6.6.6 Interoperability Services

4/29/2019




SYSTEM DEVELOPMENT WITH SYSML @ ptc

» SysML is process-independent
— Can be used and adapted for wide variety of systems engineering processes

* You need to develop ‘good practice’ guidelines for your process
— PTC can help with this

* Process/model considerations

— Give early consideration to the model (package) structure
» Layered approach?e (system, sub-systems, ...)
» Logical and physical modelse
 Structural and behavioral models?
« ACCeSss permissions

— Co-develop the structural and behavioral model, and their links
» for a ‘layer’ in a layered model

— Review and baseline one layer before moving on 1o the next layer
« Consistency, correctness, completeness, etc.




HOWEVER, A FOOL WITH A TOOL, IS STILL A FOOL! ~ &Pfc

Hidogtriptcom
O Soa Laishman * www CipariCf com/440G20




QUESTIONS AND ANSWERS @ ptc

Thanks for your attention! .

Speaker







