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THE FUTURE OF MBSE: SMART AND CONNECTED @ ptc

« Systems Engineering requires a multidisciplinary approach:
— At all 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 infegrated tool chain
— Providing data when and where it is needed
— Supporting openness as well as security

 Standards-Based
— SysML, UML, UAF, DoDAF, OSLC, RAS, REST, etc.
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CLOSED LOOP SYSTEMS ENGINEERING

A holistic, multi-disciplinary and collaborative approach to designing and
maintaining complex systems throughout the systems lifecycle.

Operate «

Connected

Connected Connected

Service
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Service

» Design
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DIGITAL PRODUCT TRACEABILITY @ ptc

Digital Product Physical Product

integritylifecycle manager  integrity"modeler windchill pdmlink: ThingWerx

Requirements Functions Logical Parts Physical Parts Product Data

Requirements.....'satisfied by’ System Functions.....'allocated to’ Logical Parts...
... Implemented by’ Physical Parts.....'sending & receiving’ real world data
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DEVELOPING A DIALYSIS MACHINE



STAKEHOLDER IDENTIFICATION @ ptc

bdd [Package] Actors [bdd]’

P00 uy

Device Online Device Device Health Patient
Engineer Engineer Manufacturer  Professional
Time Test Lab Power Medical Doctor Dialysis Nurse  Lab gransport
: o ompany
Company Supplier Technician
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SYSTEM CONTEXT BREAKDOWN

bdd [Package] Domain [bdd]J

Device
Engineer 1 =

I

Health
Professional

@ 1
Device Online
Engineer

* Dialysis Machine

Transport
Company

«block»
Dialysis Domain

1
1 1 1
ss DS BTE
«block» «block» «block» * 1
Support System Diagnostic System Blood Test Equipment [~ Test Lab
1 pF Y bs
«block» «block»
Patient Fistula Dialysis Supplies
Power
* Company

FDA

* 1
1

=

Doctor

Device
Manufacturer

Patient

Medical
Supplier
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SYSTEM CONTEXT @ ptc

ibd [Block] Dialysis Domain [ibd] |
- «blocks
=1 Dialysis Domain
.‘) -

Device Engineer Medical Supplier

;__ rﬂi‘l"h

g

Transport Company

DS : Diagnostic System

DS : Dialysis Supplies

SS : Support System

/

)

Device Online Engineer

DM : Dialysis Machine

. ’ . i
5 PF : Patient Fistula

Health Professional Patient

BTE : Blood Test Equipment TestLab
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SYSTEM TREATMENT USE CASES

Adjust

uc [Package] Usage [Treatment]J
Settings Update Status —@

|

Prepare
Post-Treatment
Machine

Health
Professional

Set Up Machine
Pre-Treatment

Finish
Treatment

Initiate
Treatment

Check Machine
Pre-Treatment

Suspend
Treatment

Patient
1 «extend»
1

N

Power Off
Machine

Provide
Treatment

/7 .
¢ «include»

Power On
Machine

Resume
Treatment
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LIFECYCLE USE CASES

uc [Package] Lifecycle [Use Cases]J

1

Doctor

_

=0
N

Patient—/
Health
Profession

_/

=0

=0

Device Online

Prescribe
Treatment

Train Patient On
Medical Device

Assist Patient with
Medical Device

Perform Online
Diagnostics

Download
Log File

Setup Medical
Device at Location

Maintain
Medical Device

Commission
Medical Device

Develop
Medical Device

Certify Medical
Device

VL
===

Device
Engineer

)
===

Device
Manufacturer

Engineer
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FAULT CONDITION USE CASES @ ptc

uc [Package] Fault Conditions [uc]J

i

Patient

Blood Pump
Failure

Filter

Blockage Device

Engineer

Perform Online
Diagnostics

\
\ ,'«extend»
\ !

Device Online

Engineer Provide
. - Treatment
Power Spike
«extend» Sa
/ A ~
Qextend»
] ~
! Blood Input
” Line Blockage
- ’
- ==="" «extend»
Power — __| Power Loss
Company
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LOGICAL DIALYSIS MACHINE LOGICAL SYSTEMS

bdd [Package] Components [LogicaI]J

«block»
Power Supply

«block»
Control System

«block»
Alarm

«block»
Blood Pump

«block»

Dialysis Machine

«block»
Air Trap

«block» «block»
Display User Input
«block» «block»

Power Protection

Emergency Power

«block»
Blood Monitor

«block»
Watchdog

«block» «block»
Blood Filter Battery
«block» «block»

Heparin System

Waste System
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DIALYSIS LOGICAL ARCHITECTURE

ibd [Block] Logical Dialysis Machine [1]J

Patient

«block»
Dialysis Machine

BF : Blood Filter

AL : Alarm

BM : Blood Monitor

BP : Blood Pump

AT : Air Trap

PS : Power Supply

CS : Control System

DS : Display

BT : Battery

EP : Emergency Power

PP : Power Protection

WD : Watchdog

Ul : User Input

HS : Heparin System

WS : Waste System
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DIALYSIS PHYSICAL ARCHITECTURE

bdd [Package] Physical Dialysis [bdd]J

«block»
Dialysis Machine

1
( ( ( ) ) A )
1 1 1 1 1 1 1
CS BP 12| PSp
«block» «block «block» «block» «blocke «block» «block»
Control System Dialyzer Blood Pump 12 Inch Flat Panel Alarm Watchdog 110 Power Supply
! Vi 4 oc 1F|-| ! IR 3 psw 1Ws ! !
enous
] Y ] ] ] Y y AH \bp
«block» «block» «block» «block» «block» «blocks» «block» «block»
Pressure Sensor Digital Gauges Front Hanger Inside Reservoir Power Switch Waste System Automated Heparin Dialysate Pump
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SYSTEM

FLOW ELEMENTS

bdd [Package] Physical Flows [Flow EIements]J

«block»
Blood

(

.

.

-

-

«block»
Patient Blood

«block»
Contaminated Blood

«block»
Pre-Dialysis Blood

«block»
Post-Dialysis Blood

«block»
Processing Blood

«block» «block» «block» «block» «block»
Fluid Sample Acid Sterilized Water Dialyzer Patient Fluid
«valueType (dataType)» «block» «block» «block»
Litres/Minute Bicarb Power Waste Fluid
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SYSTEM COMPONENTS (BLOOD)

bdd [Package] Components [BIood]J

«ProxyPort» AH : Control
«ProxyPort» AL : Data
«ProxyPort» APS : Data
«ProxyPort» APS : Data
«ProxyPort» BP : Control
«ProxyPort» BPS : Data
«ProxyPort» DG : Display
«ProxyPort» DM : Wireless
«ProxyPort» DM : External Data
«ProxyPort» DP : Control
«ProxyPort» DPS : Data
«ProxyPort» DS : Control
«ProxyPort» DS : Display
«ProxyPort» DZ : Control
«ProxyPort» IR : Data
«ProxyPort» PSp : Data
«ProxyPort» VPS : Data
«ProxyPort» WD : Data
«ProxyPort» WS : Data

«ProxyPort» AH : Pat Blood
«ProxyPort» APS : Data
«ProxyPort» CS : Control
«ProxyPort» DM : Pat Blood

«block» «block» «block»
Control System Blood Pump Waste System
proxyPorts proxyPorts proxyPorts

«ProxyPort» CS : Data
«ProxyPort» DZ : Waste

«block»
Watchdog

proxyPorts
«ProxyPort» CS : Data

«block»
Pressure Sensor

proxyPorts
«ProxyPort» AH : Data
«ProxyPort» BP : Data
«ProxyPort» CS : Data
«ProxyPort» DZ : Data
«ProxyPort» DZ : Data
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PHYSICAL COMPONENTS

bdd [Package] Components [physicaI]J

«ProxyPort» CS : Data

«ProxyPort» CS : Data
«ProxyPort» PSw : Control

«ProxyPort» DZ : Dialysate
«ProxyPort» IR : Dialysate
«ProxyPort» S : Control

«block»
Integrated Power Supply

«block»
Integrated Display

«block» «block» «block» ngczk:r
Front Hanger Chasis 220 Power Supply y
proxyPorts
«ProxyPort» AH : Pat Blood
«ProxyPort» CS : Control
«block» «block» «block» «Eroxy Ilzor:» B:\D/I : gaﬁ BIOtOd
: . . . . «ProxyPort» : Dialysate
Side Hanger Inside Reservoir Outside Reservoir «ProxyPort» DPS : Data
proxyPorts «ProxyPort» VPS : Data
«ProxyPort» CS : Data «ProxyPort» WS : Waste
«ProxyPort» DP : Dialysate
«block» «block» «block» «block»
Xinch Dialyzer Y inch Dialyzer X mil Air Trap Y mil Air Trap
«block» «block» «block» «block»
X mil Filament Density Y mil Filament Density X mil Fistula Y mil Fistula
«block» «block» «block» «block»
Alarm 110 Power Supply Dialysate Pump Automated Heparin
proxyPorts proxyPorts proxyPorts proxyPorts

«ProxyPort» BP : Pat Blood
«ProxyPort» BPS : Data
«ProxyPort» CS : Control
«ProxyPort» DZ : Pat Blood
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Ul COMPONENTS

bdd [Package] Components [UI]J

«block»
Digital Gauges

Smart Connected Gauges

Power Switch

proxyPorts
«ProxyPort» CS : Display

proxyPorts
«ProxyPort» PsP : Control

«block» «block» «block» «block»
12 Inch Flat Panel 8 Inch Flat Panel Analog Gauges Keyboard
proxyPorts
«ProxyPort» CS : Control
«ProxyPort» CS : Display
«block» «block» «block»

Catheter X mil

«block»
Fistula X mil

«block»
Fistula Y mil

«block»
Catheter Y mil
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DATA FLOW ELEMENTS @ ptc

bdd [Package] Data [1]J
«block» «block» «block»
Display Data User Command Pressure Data
«block» «block» «block»
Power Control Power Data Status
«block» «block» «block»
Pump Control Alarm Config Data
«block» «block» «block»
System Status Watchdog Control Heparin Control
«block»
Dialyzer Control
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SYSTEM INTERFACES @ ptc

bdd [Package] Physical Interfaces [IF]J
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DIALYSIS MACHINE CONTROL SYSTEMS

ibd [Block] Dialysis Machine [CtrI]J

«block»
Dialysis Machine

BP : Blood Pump

Arterial : Pressure Sensg

. S : Data

CS : Control

CS-BP:PC : Pump Control
CS-131:DS : Display Data

: Control

APS-CS:PD : Pressure Data

121 : 12 Inch Flat Panel

AL : Alarm WD : Watchdog

P

CS : Display CS : Data

WD-CS:WC : Watchdog Control

CS-WD:SS : $ystem Status
DS : Disp|

CS : External Data DM : External D

4

CS : Wireless DM : Wireless

=)

CS-DZ:DC : Dialyzer Control
CS : Contreg—— DZ : Cont

DZ : Dialyzer
—>
DZ-CS:ST : Status

|

CS : Control System

CS-DG:DD : Display Data DG : Digital Gauges

DG : Display CS : Display

CS-DP:PC : Pump Control

DP : Control DP : Dialysate Pump

S : Control

PS : Data < I

BPS-CS:PD : Pressure Data
PS : Data

CS: D .
— — Blood : Pressure Sensor

IR-CS:ST : Status c

a AH: Control

IR : Inside Reservoir

P Data
CS : Control

]
Ll

'CS-AH:HC : Heparin Corgrol

WS : Data PSp : Data

DPS-CS:PD : Pressure Data

WS-CS:ST : Status

PsP-CS:PD : Power Data Dialysate : Pressure Sensor

CS : Dat

CS : Data CS: Data

Venous : Pressure Sensor

L4 Ll

PSw-PSp:PwC : Power Control
4’7

AH : Automated Heparin

WS : Waste System

PSp : 110 Power Supp!

PSw : Power Switch

PSw : Control PsP : Jontrol
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DIALYSIS PHYSICAL FLOWS

ibd [Block] Dialysis Machine [FIow]J

«block»
Dialysis Machine

BP : Pat Blood DM : Pat Blood

BP-AH:PB : Patient Blood

Venous : Pressure Sens

DZ-VPS:PD : Pressure Data

P

DZ : Data

DZ : Waste

—
Ll

WS : Waste System

$ DZ-WS:WF : Waste Fluid

BP : Blood Pump ) i | AH-BPS:PD : Pressure Data
I_J —» _F Bt e = lood : Pressure Sensor
PT-BP:PB : Patient Blood r AH : Pat Blood BP : Pat Blood = BPS : Data AH : Data
APS : Data DZ : Pat Blood
BP-APS:PD : Pressure Data
AH-DZ:PrB : Pre-Dialysis Blood
BP : Data
|
Arterial : Pressure Sensor
AH : Pat Blood
|
DZ : Pat Blood .
[—l -~ DM : Pat Blood DP-DZ:DS : Dialyzer
_ . . _Di H <4
DZ-PT:PsB : Post-Dialysis Blood . ] DP : Dialysate Pump
DZ-DPS:PD : Pressure Data D22 (RIS DP : Dialysate DZ : Dialysate
s L]
Dialysate : Pressure Sensq . .
DZ : Data DPS : Data IR : Dialysate
{] ‘
. h
VPS : Data WS : Waste IR-DP:DS : Dialyzer

DP : Dialysate
YSAE |y

|4

IR : Inside Reservoir
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SYSTEM INTERACTIONS @ ptc

IBP:Pat Blood|[BP:Blood Pump||AH: Automated Heparin| [DZ:Dialyzer|[DZ: Pat Blood|\WS:Waste System| [DP:Dialysate Pump] |IR:Inside Reservoir| [CS: Control System|\WD:Watchdog|
M I I I I

|
| |
| | I I I
| |
Input Blood bT-BP:PB  Patient Blooé ,
|
|

Blood to .
' BP-AH:PB : Patient Blood w

par

Pump

Heparin
Input

Replace
Blood

Output

Update
Status

also par

Dialyzer
Flow

Dialyzer
Input

also par
Status
Control
end par

I
AH-DZ:PrB : Pye-Dialysis Blood
[

DZ-PT:PsB : Post-Diainsis Blood

DZ-WS:WiF : Waste FIuiuh:]

I
|
|
I
I
|
|
|
I
|
|
|
I
|
DZ-C:S:ST : Status
|
I

T
|
|
|
|
|
|
|
|
|
|
|

| |

I |

i ]

| |

| |
| |
| |

I {

IR-DP:DS : Dialyzer

wj

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
I CS-WD:SS : System Status
[

[

[

[
[

[

[ [

[ [

[ [

[ [

[ [

[ [

| |

[ D( [ DP-DZ:DS : Dialyzer
[ [

[ [

[ [

[ [

[ [

[ [

[ [

|
I
|
!
: WD-CS:WC "Watchdog Control:
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SYSTEM REQUIREMENTS (EXTRACT @ ptc

req [Package] Requirements [req]J

«requirement»
Req 1.0

txt
The System shall provide online diagnostic capabilities.

«requirement»
Req 1.1

; txt

The System shall keep a log file of system events.

«requirement»
Req 1.1.1

txt
The log file shall be downloadable when the system is in fault mode.

«requirement»
Req 1.1.2

:

txt
The log file shall be downloadable when the system is providing treatment.

«requirement»
L Req 1.2

txt
System online diagnostic capabilities shall be available when the system is providing treatment.

«requirement»

Req 1.3

txt
System online diagnostic capabilities shall be available when the system is in fault mode.
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SYSTEM OPERATIONAL STATES @ ptc

. . . . \
Logical Dialysis MachlneJ
Power Off/
] Power Off/
Powering Off Operational )
\do : Power Off)
Complete]/ .\/( Standby W
Powered Off / @o : Set Parameters)
Pofer On/ ]
Pause/ Set Active/
Powering Up
do : System Test ( Treating Patient
Providing Treatment
o Processin -Re 1.1.2°
[OK] / @o : Provide Treatmeny
[
1
System Monitor -:«satisfy»
4 . . N
'%, ~ [Abnormal)/ Diagnosing Fault
Fault Event/ System Test —=>{do : Download Log File
after( 5ms )/System Test/€&—————— o : Online Diagnostics
Cancell ,|,Enable Diagnosis/ S k ~ [Fie>covered}$£j . 9 j
1
i | «satisfy»
(d Ec\)/a:-uatlgg.; Fault - m& ! J
0 : Online Diagnostics | _ _ _ _ _ _ = N
Lﬂo : Download Log Filej «satisfy» Req 1.3 Reql2
N e S AN
L «satisfy» Req1.11 y
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REQUIREMENTS TRACEABILITY @ ptc

[Package] Requirements [tbl]

Type: Requirement Table (rt)

Description:
Name txt satisfiedBy refinedBy
Req 1.0 [The System shall provide online diagnostic capabilities. «:Qse Ca_se» Perform Online
Diagnostics
Req 1.1 [The System shall keep a log file of system events.
Req 1.2 System.online .di.agnosti[: capabilities shall be available when the «ﬁcﬁvityn_r Online
system is providing treatment. Diagnostics
System online diagnostic capabilities shall be available when the [«Activity» Online
Req 1.3 system is in fault mode. Diagnostics
Req The log file shall be downloadable when the system is in fault «Activity» Download Log
1.11 mode. File
Req The log file shall be downloadable when the system is providing |[«Activity» Download Log
1.1.2 treatment. File
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VARIANT MODELING 2 pic

« Variant Diagram v

m Variation on all Diagrams

m Simple Notation ’

Variation Point

Variant

Variability Dependency
Mandatory/Optional

Requires Dependency

Excludes Dependency

Artifact Dependency

Alternate Choice

Gasoline Engine

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

var Dialysis Variant Diagram [1]J

Integrated
Display

v

Flat Panel

Integrated Display

12 Inch Flat
Panel

«requires»

8 Inch Flat
Panel

12 Inch Flat Panel

Small

Large

8 Inch Flat Panel

«requires»

Low Flow

requires»

«requires»

High Flow

Y mil Filament Density

X mil Filament Density
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SYSTEM VARIABILITY

var Dialysis Variant Diagram [2]’

I
{
)

1.1

110 Volt

220 Volt

’ A . 1.1
LA
4 1 A
V4 1 \
4 \
’ ! 2N
1
Analog Digital Smart
Gauges Gauges Connected
Gauges

110 Power Supply

Inside
Reservoir

Outside
Reservoir

Analog Gauges

Smart Connected Gauges

v

220 Power Supply

Digital Gauges

Outside Reservoir

Inside Reservoir
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 Variant Selector o
Browser User Interface Dialyzer Filament Density () dbciiaforeah

Variant:

External Variation Points Only

r Seta

Jump to Next Decision/Problem = el
Progress Bar | |

« Decision Set Editor
Variant Debug

External & Internal
Variation Poinfts

|
Jump to Next Decision/Problem s e ] T

v
Choicel
@ ClDigital Gauges Undecided Excluded Medical
- Device::Variabili
Choicel
® CISmart Connected Gauges Include « Included
. P = A voltage Included Medical Device::Variability.110 Volt
m Both Edit the Same Decision Sets & Tzssvon s e
& 1220 Volt Undecided Excluded Medica
< D, :Variability.Voltag

= A Display Included Medical Device:Variability.Flat Panel
@ Clntegrated Display Undecided Excluded Medica

= OIFiat Panel Include - Included

2 A Dialyzer Size Included Medical Device:Variability.Large

@ Osma Undecided Excluded Medical Device:Variability. Dialyzer
- Size Alternative Choicel

@ OMedium Undecided Excluded Medical Device:Variabili
- Size.Alternative Choice:

® Oiarge Include  ~ Included
= A Reservoir Included Medical Device::Variability. Outside
Reservoir
@ Olinside Reservoir Undecided Excluded Medical
- Devi iabili

Choicel ~

Variants: 16/16 iation Points: 7/7 i 0 L y Variation Points: 0
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PRODUCT MODEL CREATION @ pic

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

Product Line
Model
’__<i>.~~~~ ¥ ‘w & Effecient
P r- 11 b P » & & &I Fast
Efficient Fast
11/4) ]

I
Decision Set
| €

Q Engine o

Product Model

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

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

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.



MODEL- BASED PRODUCT LINE ENGINEERING & ptc

» Intfegrated MBSE, Modular Design & Variability Modeling = Model-
based Product Line Engineering

« Uses the OMG Reusable Asset Specification (RAS)

Product Line

Models
S \ ,&’
o _
””” f”’ atl - I
Sub-system

Product Line
Models
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MBSE, ALM & PLM DIGITAL PRODUCT TRACEABILITY

Integrity Modeler

Integrity
Lifecycle Manager
ALM

Requirements Functional Model Structural Model Variability Model
Model -
Variat
o) Funci - ::i:inon
Req] @ Func2 Funcl.1 I ‘ |
. -A:c.:r?:]- wns UL SRELET T a Regul :
Req2.1 e N T 4 1k
Req2.2 e oo |
..l [El I — Connectorl : .
Req3.1 ::gzz,:t;:; . Port1 Port2 Decision -)'O
Reqg4 : Segﬁ.ences set .4
: - —
REST/OSLC Links
Requirements Product-Sfructure Opflons &
o . ; (eBQM) : Vdariants  :
Reqgl ": * . : L4
eqll s ’ —3 % Parts, End ==
| 2 i "~ - . : ==
i _{é} " gir:f?gurable : : .+ Variant
Reg2.1 i | %3 Modules ; : " Selection
Reqg2.2 | — & - — Oph.e':n "‘.‘
; — Fovs
| — = -C_] Choice
Reg3.] L T o
i o8 — - Choice
Reg4 i ‘o Software
i " Executables
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SELECTING THE SYSML TO WINDCHILL TRACE ELEMENTS

EE};J PTC Integrity Modeler Windchill Exporter :

Source Selection Maodel IHEnabIerHMHAUSEDL'I‘.,MadEIsRDiaIysis Machine\d

O [E O [ B

B [ | Dialysis Machine

— M B CS: Control System oo

- WM B BP: Blood Pump oo

- M B 12112 Inch Flat Panel ooE

- M EAL: Alarm oo

- M EWD : Watchdog oo

- B DG: Digital Gauges ool

- ¥ B FH : Front Hanger oo

-~ M EIR : Inside Reservoir oo

- B PSw : Power Switch oo

- ¥ EWS : Waste System oo

- ¥ B AH : Automated Heparin (mm|
To add additional items, drag the required items from Modeler to this pane. -

< Back Mext = Export Cancel Help
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SYSTEM VARIABILITY

EE};] PTC Integrity Modeler Windchill Exporter g

Source Selection Model IHEnabIer‘LMHAUSEDL'IHMDdeISHDiaIysis Machine\&

I [ B [ B A

B = a Gauges
M A Voltage
M A Panel Size
W A Reservoir

To add additional items, drag the required items from Maodeler to this pane.

= Back Mext = Export Cancel Help
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EXPORT LOG

Eﬁﬁj PTC Integrity Modeler Windchill Exporter

Export Log

(055 Exporting WTPart "Waste System” ~
0056 Exporting WTPartUsageLink between WTPar "Dialysis Machine’ and WTPart "Waste System (W5)
(057 Exporting WTPar "Automated Heparin®

0058 Exparting WTPartUsagelink between WTPart "Dialysis Maching’ and WTPar "Automated Heparin (£
0059 Exporting WTPart 110 Power Supphy’

(0060 Exporting WTPartUsageLlink between WTPart "Dialysis Machine’ and WTPart 110 Power Supply (P!
0061 Exporting ChoiceMappableChoiceLlink for Choice 110 Valt” - WTPart 110 Power Supphy’

0062 Exporting WTPart ‘Pressure Sensor’

(0063 Exporting WTParUsageLlink between WTPart ‘Dialysis Machine’ and WTPart "Pressure Sensor (Ven
0064 Exporting WTPart ‘Dialysate Pump’

(065 Exporting WTPartUsageLlink between WTPart ‘Dialysis Machine’ and WTPar "Dialysate Pump (DP)
0066 Exporting WTPart ‘Dialyzer’

0067 Exporting WTPartUsageLink between WTPart "Dialysis Machine’ and WTPar "Diatyzer (DZ)

(0068 Exporting WTPartUsageLlink between WTPart "Dialysis Machine’ and WTPart "Pressure Sensor (Arte
0069 Exporting WTPartUsageLink between WTPar "Dialysis Machine’ and WTPar "Pressure Sensor (Bloc
(0070 Exporting WTPartUsagelink between WTPart ‘Dialysis Machine’ and WTPart "Pressure Sensor (Diat
0071 Compressing XML files to C:temp*WCE7BODE jar’

0072 Updating Tracelink file 'C:\Memp WCE Tracelinks xml*

lﬂll]'?ﬂ — Export Complete —

L4 >

<Back Newt> | Bt |  Cancel Help
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WINDCHILL BOM OF SYSML ELEMENTS @ ptc

- y e -
124' windchill”  pa [All Types [a] [search. .. [P]w] |Quick Links
{2 Products > Dialysis Machine, OEM = Import from IM Recently Accessed »
|Actions ~ | & Part - 00077, Dialysis Machine, OEM, A1 In Work @
7]
] ) - " " "
o m Structure Related Objects m Where Used Traceability AML/AVL Product Analytics UDI Submissions Substitues/Alternates/Supersedes x b3 e} @
o
E Editing Check Out/ln Clipboard Viewing New/Add To Filter Tools Service Reports
5 gt Insert Existing = Remove |_'_‘r Check Out Revise I:'D [D & Show - EHEI Views - _:::_ '4}"1} afo/’ EE Current Filter Tr'E Set Path Filter ﬁﬁ - i—_gs m ﬁ
= Fe . . e e A - _ ) . ) - - o - & - = - -
@ i0; Insert New /’ Edit w.| Chec [C¥ My Checkouls || Paste Copy | ™ Hide l:‘ Display New  Add to e %[:_] Saved Filers ~ é% Disable Path Fitter | COmpare  Open in Generate Reporls  Export
|F nd in Structure | » A Al Advanced 2 @
Identity Version | ... Role_Mame | Assigned ltem Expressions Assigned Us._. Attributes
4 D@ 00077, Dialysis Machine, OEM, A1 Al
= Part Attributes
D{C‘ﬁ 00078, Control System, OEM, A1 A .. G5
[C]42% 00079, Blood Pump, DEM, A1 Al .. BP Thumbnail: o
[F142% 00080, 12 Inch Flat Pansl, OEM, A1 A1 121 Panel Size =12 Inch Flat Panel” Number: boorr
D{é}nuom Alarm, OEM, A1 Al .. AL Edit Filter e x
[ 4% 00082, Watchdog, OEM, A.1 A WD - — - —— - -
Configuration Specification Spatial Filter el gl Attribute Filter | Path Filter
Dﬁ-‘:} 00083, Digital Gauges, OEM, A1 A1 ... DG Gauges = "Digital Gauges™,
7455 00084, Front Hanger, OEM, A1 Al .. FH Option Set - Dialysis Machine(s), A.1 | v | Disable Rule Checking: [ | (D | =}
D{é} 00035, Inside Reservoir, OEM, A1 A1 IR Reservoir = "Inside Reservoir”, Design Option
wer Switch, . A ... PSwm )
D{@} 00036, Power Switch, OEM, A1 W = | AN options . H ( 4 objects ) M00008, Gauges
(& {é} 00087, Waste System, OEM, A.1 A Wws _
. Q Acfions ~ Search in table PlSelecI a group... |-V-J () Analog Gauges, ()
D{@} 00083, Automated Heparin, OEM, A.1 Al AH - o
B Name 1t Choices | Group () Digital Gauges, ()
D{ﬁ} 00089, 110 Power Supply, OEM, A1 A FSp Voltage = "110 Volt™; ! — © Smarl Connecled Gauges, ()
D{é} 00090, Pressure Sensor, OEM, A1 A Venous
Panel Size
[C]45% 00090, Pressure Sensor, OEM, 4.1 AA Blood
Reservoir
00080, Pressure Sensor, OEM. A1 A Dialysate
D {é} - - ! Voltage
D{é} 00090, Pressure Sensor, OEM, A1 A Arterial
D{% 00091, Dialysate Pump, OEM, A1 A op
[C]45% 00092, Dialyzer, OEM, A1 A DZ
=
=
= *Indicates required field OK| [Cancel
=
o
=

( 19 objects )
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WINDCHILL TO MODELER LINKS @ ptc

¢ windchill' Al Types [ [Searen [Pl (@i Links- |

{it  Producls = Dialysis Machine, QEM Recently Accessed -

]

|Actions ~ | B Product - Dialysis Machine, OEM

[[72]
S || petais JERIEEIEN Option sets x | Product Famities |N@)
a
(1]
= . . . . Design Option Conditional Rules Include Rules Exclude Rules Enable Rules Expression Aliases
m = Dialysis Machine { 14 objects )
=
=] L -
= 7 Find in free r 2 @ = Options ( 4 objects }
@ Identity 1 Description » 5 = Search in table el % - e
=] Dialysis Machine, OCEM
g s Marine Mame t Description Required Single Selection Choices
] .
= = 100008, Gauges -E Gauges \!_) Yes Yes Analog Gauges, Digital Gauges, Smart Connecled Gauges
| .
= M00018, Analog Gauges B panelSize (D) No Yes 12 Inch Flat Panel, § Inch Flat Panel
= LU, B (eSS -g Reservoir \!) Yes Yes Inside Reservoir, Qutside Reservoir
| .
= M00013, Smart Connected -E Vollage @ Yes Yes 110 Volt, 220 Volt
=B 1100008, Vollage
{ 0 ohjects selected )

F= M00018, 110 Volt
= M00020, 220 Volt
= BE M00010, Panel Size
F= M00021, 12 Inch Flat Panel
:|= MO0022, & Inch Flat Panel
EJ-E MO0D11, Reservoir

F= M00023, Inside Reservoir

ceeEEEEEEEEEEE

:|= M00024, Outside Reservoir

( 0 ohjects selected )
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WINDCHILL TO REQUIREMENTS LINKS IN ILM

4, PTC.ManageTraces.IntegrityRequirementsiashup - Mogzilla Firefox

=1o0] x|

@ icenterv0S.ptc.com :BOB4/ Thingwor:/Runtme/index. html#mashup =FTC ManageTraces. IntegrityRequirementsMashupgresourceSoftType =com . ptc. ir RequiremeniResourceibomData=undefinedsdc ‘

PTC" Navigate Manage Traces
v | lIiHHHHHHHIH%i:EEE;kementtextﬁhm

icentervids

- 487
489
» 491
- 497
499
201
+ all
+ 513
515
» 217
v 219
521
- 523
v 325
227
» 493
503
205

507
7
al -

Category
Heading
Comrment
Heading
Heading
Business Reqguirement
Swstem Requirement
Heading
Iystem Requirement
System Requirement
Heading
Systemn Requirement
Iystem Requirement
Heading
Swstem Requirement
Systemn Requirement
Heading
System Requirement
Swstem Requirement

Systemn Requirement

Description
Intraduction
This docurment is in response
System Reguirements
Waterproof Reguirements
In order to adhere to safety re
Because of hase waterproof pr
Tirme Zone Reguirements
All time zones must run of the
When one time zone time is ¢
Tirner Requirerments
The timer must hawve a user i
For the Timer feature, the cow
Chronometer Requirements
The chronometer must hawve a
For the chronometer, the cour
Iynchronization Reguirements
Must be accurate to within 1 <
Must hawve a mechanism for cc

Must use the client AFI for the

.

Number
» NWR DTS01951339
¥ 0000000109

0000000058
0000000004
0000000011
0000000007
0000000101
0000000092

» 0000000021
0000000108
0000000071
00000000322
000000008E

» 0000000105
0000000026

» 0000000056
0000000081

» 0000000075

» 0000000072

A A

Trace Satisfy

I:l Apply

Name Version

NWR DIALYSIS THERAPY SYS5TAE (Design) =
MNWR Dialysis Design A (Design)

15_901151_01_item Z.prt A2 (Design)

NW_Door A3 (Design)

Wenous Pressure Monitor Ad (Design)

Dialyzer_Bracket A2 (Design)

wheel_tente.prt B.1 (Design)

Drip_Arm_Bracket A2 (Design)

Container_Assembly A3 (Design)

Arterial Pressure Maonitor A5 (Design)

Screen A2 (Design)

Tool Traw A2 (Design)

Crip_Arm A2 (Design) —
PCWWER SLIPPLY ASK A3 (Design)

Drip_Arm2 A2 (Design)

Dialyzer B.1 (Design)

Drug_Bag A3 (Design)

MNWR CamClarmp A2 (Design)

Blood_Lines

A3 (Design)

- [

Lrstart| | & O @Pat-NWROTS.. |@ PTCManageTr.. € @ - |

efc

| £ | Servertanager-...

[é]MemodServer—Z...l J EN

Al [

2:27Pv
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INTEGRITY MODELER — MBSE TRACE HUB @ ptc

External Traces & Model Surrogates with Visual Model Trace Links

DOORS
Integrity

Lifecycle

Manager Integrity Modeler

Requirements
Local or Surrogate m
Requirements m

O SysML ” Windchill
Functions PDMLink

OSLC and/or URL

SysML Local or Surrogate
Use Cases Blocks
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INTEGRITY MODELER — MBSE TRACE HUB @ ptc

* Intfegrity Modeler 8.5 provides a range
of new capabilities that enable
product engineering toolchain and
system of record integrations

« By integrating the entire toolchain
and supporting end-to-end product
development processes, Integrity
Modeler 8.5 is able to perform the role
of an information, or MBSE hub.

This ensures product development data across the systems engineering,
product engineering and software engineering domains is connected
and product development engineers can easily view all the relevant
and related information they need regardless of the system in which it
resides.
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WHAT IF YOU COULD CREATE AND USE AUGMENTED REALITY
EXPERIENCES IN LESS THAN A MINUTE? ... WITH YOUR ENGINEERING @ ptc
DATA?

@ Design — Vuforia Studio X o
& C ft ] localhost:3000/design/XQ30 Q 9y a x =
Q VuforiaStudio Save Preview Publish Help views [[]
PROJECT WIDGETS CANVAS PROPERTIES
XQ30 - = O/ 2 IS el | 100% |x 100% ||| 20 [ 3D Model
DI 3D Label E e -
 CONFIGURATION ey - (C]o]0 (@] (ss] =] @ Remove
Themes i A v PROPERTIES
Eiperh S Eh) 5
xperiences 3D Madel Modelltem fsonre
Info — Choose a resource — O
v VIEWS +- () o
3D Sensor ThingMark Scale O
& m Home O =
Home,js
v [ 3D Container TML Text X Coordinate O
‘1 thingMark-1 % -0.586
2 3DModel-7 Y Coordinate O
v 2 2D Qverlay 035
| Top Panel
[—-' Z Coordinate O
v .3 2D Body 0.001
E" Left Panel
’ X Rotation O
[ Center Panel o
[~| Right Panel
Y Rotation O
v || Bottom Panel 0
v [ gridLayout-1
H+ gndLay
Z Rotation O
v = row-1
i 0
v 7] column-1

11:19 AM
5/22/2016
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a!! Verizon =
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Genius Scan NPR One Meetup Expedia
View PayByPhone Keynote Numbers
/\ U G M E N T E D Pages LiveWorx.corﬁ Cinemark Randalls
REALITY VIEW o
ca
OF THE >l
QR Reader 1S2017 My Vodafone wheretosmoke

MACHINE

Marriott - - HBR AR Misas.org

i1

Files TV Google... Apps@Work
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INTEGRITY MODELER 9.0 (1) @ ptc

Co-simulation with 3@ Party Tools integrity-modeler

. .. ;,""‘_j_.._.|

« Integrity Modeler & SySim integration with
Phoenix Integration’s Model Center

— Simulation Units linked to Blocks
* Model Center Simulation Units
* Model Center Simulation Workflows
« Access to 200+ Simulation Tools IX
— SySim Co-simulation
*  Model-drive, multi-scenario simulation
* Visual simulation
« Live or Batch Parameter Input

' Somec Cortrber{Sy e Sesston Sowmd Cortate|

Planned for Sept 2018

Company Confidential - Forward looking information is subject to change without notice



QUESTIONS AND ANSWERS @ ptc

Thanks for your attention! .

Speaker
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THE DIGITAL ENGINEERING JOURNEY

D pic
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4th Annual Systems
Engineering in Healthcare
Conference

Thank you for attending!
Share your experiences at #HHWGSEC

y -

How Systems Engineering Can Reduce Cost & Improve Quality 19-20 April, 2018 Twin Cltles,\Mlnnesota s
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