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Sustainability landscape and challenges
Multi-domain collaboration
Siemens and IBM joint announcement

Model-based multi-domain collaboration
Demonstrator

Software & beyond - Future opportunities
Q+A




Sustainability as Megatrend

INCOSE Vision 2035 INCOSE = \Usion3s Introduction  Chapter One  Chapter Two  Chapter Three  Chapter Four  Summary  More
mentions “sustainability”

and related terms 105 GLOBAL MEGATREND |

times, more than any other
topic area covered in the
document!

activity will increasingly require better global management, recycling ¢ﬁ

ENVIRONMENTAL SUSTAINABILITY BECOMES A HIGH PRIORITY

strategies, sustainable policies, local actions, and supporting systems, |
Priman
such as energy conversion and infrastructure for clean transportation Resorcks _@ ﬁ
? .
and manufacturing. ‘

Environmental change will result in shifts in living conditions, and
impacts bio-diversity, climate, global heat transport, the availability of :
fresh water, and other natural resources necessary for human

sustenance and well-being.

Overall environmental quality will be a priority, requiring global
cooperation. The trend toward greater concern for environmental

sustainability will result in several key societal and system imperatives.

Engineering for sustainability, a system characteristic, will create a new Society will place great importance on reuse, giving rise to Circular Economies
generation of engineers who routinely assess the societal impacts of

engineered systems.

7/17/23




Engineering Sustainable Systems & Products

Systems Engineering Challenges

Sustainability characteristics

Compliance and reporting

n Multi-discipline collaboration
Full lifecycle




Sustainability as a Design Goal

Sustainability characteristics as design goals are not new
« Examples: mileage, materials, emissions, etc

NEW

What is new?
holistic system focus
core.er?glrje.erlng competen.cy Now with
multi-disciplinary collaboration o
regulatory compliance SUStainablllty!
supply chain reporting
full lifecycle impact
software as sustainability tool




Sustainability Regulatory Impact

Understanding Scope 1, 2 and 3

m
3‘9
First appeared in the Green House Gas Protocol of 2001 _'
The basis for mandatory GHG reporting in many — . g
countries

Scope 1 emissions— Green House Gas (GHG) emissions

that a company makes directly in operation (e.g., ‘

heating)

Scope 2 emissions — These are the emissions it makes Satnax
indirectly - like the energy it buys for heating and cooling

buildings,

Scope 3 emissions — All the emissions that the

organisation is indirectly responsible for, from

components provided by suppliers to final product in use

by customers

Mandatory scope 3 reporting is likely in multiple
countries

Scope 3 reporting includes supply chain impacts FOOTP RI NTTM

(e.g., GHG contribution for each supplied component)
FORUM

THE OPEN GROUP

Emerging standards for scope 3 reporting




Product-Specific Sustainability Reporting

Corporate level ESG report Product level ESG report

IBM z16™ multi frame
2022 ESG Report Product Carbon Footorint

Mainboard
10.4% Enclosure
Emissions Covered by IBM's Fifth-Generation Goal ' 2.2%

(Metric Tons of CO_-equivalent) 2018 2019 2020 2021 2022

Scope 1 105,000 100,000 74,000 79,000 79,000 = End of Life
(direct emissions)* 0.5%

Scope 2 505,000 460,000 262,000 221,000 183,000 S
market-based N = Daughter-

(indirect emissions)** \ board(s)
N 0.4%

Scope 3 252,000 251,000 234,000 176,000 169,000

(indirect emissions)* — ® Fan(s)

= Transport 0.0%
Reduction of GHG emissions against base year 2010 26.6% 31.0% 51.5% 59.5% 63.3% 11.7% = Assembly
0.0%
= Power Supply
Unit(s)
0.0%

Total emissions covered by IBM's current goal 862,000 811,000 570,000 476,000 431,000

IBM 2022 ESG Report: https://www.ibm.com/impact/files/reports-
policies/2022/IBM_2022_ESG_Report_and_Addendum.pdf

->Moving from Corporate to
Product- Specific Sustainability Reports




Goals and KPlIs

IBM Z16 Goal:
* 1 5% Impro Vement In IBM zSystems and LinuxONE Improved
Capa Clty per KW System Capacity per Kilowatt

|dentifying sustainability related
product objectives and measurements
is an essential first step

Understanding how to calculate, track
and report over time

Continuous improvement shouldn’t
stop at the factory door

Capacity per kW
(maximum power configuration)

IBM z13/1BM®
LinuxONE Emperor
1BM z14¢/1BM®
LinuxONE III

1BM z16/LinuxONE
Emperor 4

LinuxONE Emperor I1
1BM z15%/1BM®

DISCLAIMER:
System capacity based on the LSPR data available here.

Power consumption published in the IBM 8561 Installation Manual for Physical Planning, available here and the IBM 3931 Installation Manual for Physical
Planning available here. To allow a consistent, historical comparison to previous generations, only single thread based, general-purpose MIPS are used. All the
systems are externally air cooled. Uses worst-case power conditions with the absolute maximum system power configuration at the maximum utilization and
for the system environment driven maximum power condition which occurs at the hottest supported system air inlet temperature (40°C/104°F), at the highest
supported altitude (914 meters/3,000 feet) allowed for the maximum allowable temperature (above this altitude an inlet temperature derating is required).
Results may vary.




Total Lifecycle Measurement

Embodied Carbon Emissions

65%-85% 6%-10%

of total of total

embodied embodied

carbon carbon 8%-15% of total 3%-15% of total

emissions mmm ©Missions embodied carbon emissions - embodied carbon emissions

Product Phase C°";:‘:'SC:'°" Use and Maintenance Phase End-of-Life Phase

Raw material Operational Waste transport

supply and Manufacture Transport to site Use and Repair and energy Deconstruction

x : . . - and processing
transport products and installation maintenance  refurbishment 5,4 water and demolition

and disposal

Al-A2 A3 A4-A5 B1-B2 B3-B5 B6-B7 C1 C2-C4

Source: RMI (https://rmi.org/wp-content/uploads/2023/03/exhibit-6-embodied-carbon-life-cycle-assessment-phases.svg)




Example: Lower Vehicle Carbon Footprint

» Reducing weight is one of the most direct
|ways to lower carbon footprint

= 10kg reduction in weight = 20kg of CO2 emission
per vehicle (avg) per year (at 20.000 km driven)

= x 500,000 vehicles = 10M KG CO? savings

= Wiring harness in modern vehicle can weigh 70kg

» Changing connectivity and moving to thinner/

lighter wires can reduce harness weight
significantly, but

* every electrical change impacts
mechanical, electronics and software

* requires close collaboration across system,
mechanical, E/E & software domains




Software as Sustainability Enabler

O—
N 4 od
Autonomous/ ADAS Sustainability Electrification Digital Subscription Connectivity

F

Sl

((A)
A

"Software will account for 90°/o of future innovations in the car”
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E/E architecture re

Connectivity
(reions )T )

Rear Seat
LED [ ; ]
Taillight Entertainment

Instruments
2BS Charging

[ Braking ] Interior L/éht LED Lights

Front Lights

Energy Mgmt

Voice
Command

Front
NEE el

Y
HVAC [ Safety Front ]
[ Seat ]

Heating Management

Adaptive |(Window Mgmt

Suspension
Sunroof

Park Assist

Battery Rear GPS & Energy - -
Mgmt Steering Routing Manager Air Quality
: I I I I
T

Frolnt
Cameras

Image
Process
Curve Lights
[ Radar

[ Infotainment ] [ Suspension ][ Drivetrain ;]
[ Mirrors Mgr ] [ OTA Mgr ] [Transmission] LIDAR

T
Rear Adaptive Air
Camera Suspension

[ - ] ( Rear stabiity | | | systems

[ Access Ctr/] [ 4 Zone AC ]
[Remote Lock] [ ESP Ctrl ]

Function consc
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Zone ECU

Zone ECU

SR
HPC

Zone ECU

)
HPC

!

Zone ECU

Zone ECU

Central ECU

A —

Zone ECU

Zone ECU

Central ECU

A —

Zone ECU




Function cons - driven & enabled by SDV ;
d, T8 g

oG

OEM OEM & Tier X

Ctrl ECU Vehicle State Control Vehicle State

LED Beam [ Lights

Position - Is - Position - Is

Front
Light
Control

Position - Aim P g Position - Aim

Ctrl ECU Control Hypervisor [ 0o G-
PCB, SoC & ICs |

LED Beam Battery Power Lights
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SDV driven changes in :

4, %0 o

oG

OEM Tier X

Balance, Performance

\ﬂ A::A W\ OEM & Tier X

Control or Vehicle State
Lights

Integration, Interoperation

= =
110011 [z R |E_ .:. % /
.El. % rj S Position - Is

Hardware, Performance

@% [AV]J @%U C L Position - Aim

Control = Hypervisor [ 10 K=
: PCB, SoC & ICs_|

Reuse, Packaging

z’gj @ é(% Lights

V & V, Compliance

O v
i =%

Vehicle Functio:k
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The IBM-Siemens partnership helps to break down silos
and creates a comprehensive digital thread

T

4

Y B il'ect tracking )
S |[¢ ion
. Q‘Q

Page 16 Unrestricted | © Siemens 2023 | © IBM 2023 | www.incose.org/symp2023 | Sustainability




SIEMENS

Engineering teams succeed when they
collaborate across functional domains

Feedback & process loops

Release to
By w— e < Domain value
creation

is EE-Architect EE-Architect
notified to design a designs & simulates the normalizes & optimizes & validates
new feature system models embellishes the implementation options,
functional models generates domain output

Software Engineer Software Engineer
integrates Network adds SW component refines behavior and integrates & configures
& validates the models, simulates and algorithms of SW apps on embedded ECU,
software architecture validates SW architecture applications validates performance

Report on feature
progress with
customized reports,
dashboards, and
interactive views

\4 - Rtlalease to
Implementation
o

7
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Modern engineering processes require an actionable
digital thread connecting all engineering domains

Only covers one domain
Even within the domain it is disconnected

System L System
Requirements Qualification

I

System Integration
Test

® | A

Software / EE Qualification
Requirements Test

o | ;

Software /EE | N Integration
Architecture Test

3 4
v v @
Software/ EE
@ Component

System Architecture|

Unit Test

Configuration Change & Defect
Management Management
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Model Based Design — Systems, E/E, Software, Compliance
PLM and ALM underpin seamless, open, closed loop engineering flow

PLM & ALM: Mechatronic, E/E & SW Lifecycle Management

Application

Network
Software 0 .
Development <> Design ((()))0
Systems '_E/E .S =
Engineering 0 Architecture f ‘
Electrical Embedded SW

Distribution Configuration,

System Implementation, Validati
: . ; alidation &
Design Simulation Simulation

2

MD Architecture Electronic SoC

0 Optimization Design & 0 Design & 0
Z’éﬁiﬁ » Verification I Verification # &

Environment
Digital Twin

uonesyile) R asueldwor

c
(©)
-
©
S
=
(@)
U=
c
O
(&)
(2]
o
c
Q
£
()
=
=
(eop
()
(14

Mechanical Engineering, 1D & 3D Simulation
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From multi-domain to E/E domain

Transform Systems into E/E

@ 18M Enginesring 5
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From multi-domain to E/E domain O EE

Optimize E/E Architecture (" architect

eRod Architecture:with MBSE, Camera Change:Diagram1* - Capital Systems Architect SIEMENS
BE&EU Home Automate Workflow Analysis Drawing Window

H Help = — . -
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RN -~ SR | J 2 B
Projec r
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Bl camera Impact
1 - Functional Designs
=) ™ Adaptive Cruise Control
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From multi-domain to E/E domain O  Network
Rapid design of validated and correct networks (") designer
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From multi-domain to E/E domain
Mod

Page 23

-Driven software architecture on rails

re Model View v

ACCModeln
@ ClientComSpecs
& ClientComSpec
=5 |_operations
S Enabled
N Activated
portTypes
+-0@ DistanceSpeedin
B dataSenderPorts
SwelnternalBehaviors
2 CCControllerBehavior
=14 ExternalTriggerOccurredEvents
=N timedTrigger_Sms
=-§ |_startOnEvents
X pollDistanceSpeedin
X onActivate
%, IntemnalTriggerOccurredEvents
%, dataChange
=S |_startOnEvents
S calculateBrakeSignal
=@ PerlnstanceMemories
4+ lastDistance
- lastMode
] RunnableEntities
#-[@] pollDistanceSpeedin
«-[F] onActivate
#-[@] calculateBrakeSignal
+-[@] onEnable
Adjust_Speed
=7 CompositionSwComponentTypes
#-[7) ACC_SW_System
SensorActuatorSwComponentTypes
41-8] Software Components Diagrams
Components
£ DefaultComponent
Packages
£ PredefinedTypes (REF)
£ PredefinedTypesC (REF)
£ PredefinedTypesCpp (REF)
£ RTE.API
Classes
Packages
SWCMemMaps
WCSpecs
Rte_Set_Speed
Rte_Set_Distance
Rte_Detect_Distracted_Driver
Rte_Provide_Driver_Feedback
Rte_Detect_Road_Lights
Rte_Control_Throttle_position
Rte_ACC_Controller
Rte_Maintain_Distance
Rte_Adjust_Speed
SWCTypes
Profiles

serverforts
Roxtligh D ectec RodipesTnteace.

Cortra Thwoktie pusiion Conkedt

1

csetrorts TretieControSgu Tivatelnteoce
RoxdlighsDet et Rolights kst sveRats

et
OistaneSpeesin: DistanceeoctyOtstacselitestace
TergetSpest DistanceeoctyOstacselntestace
“dsaReceverPts severbrts
BrakeSopuis Brakelrterface
senerats
ACCMasO ACOHEI et ace

P
ACCMasIn ACCModeIeTace.
csentpts
OistanceSpeesin:DistarneoctyOstaclelrtertoce:
s
BrakeSR O Beakelntertace

71\ Log i CheckModel }, Buid }, Configuration Management

, press F1

A Animation ]

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | INCOSE 1S2023

Labels Off Fri,

Software
architect

SIEMENS




From multi-domain to E/E domain S
Integrated software configuration & validation implementer
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Software
& beyond

Software

Electronics
; ﬁﬁa
Electrcal< Mechanical
E]. .
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The pathto CI/CD/CC
Continuous integration

Continuous software
integration

» |teratively develop tested applications
« Continuous Application SW integration

« Plan and requirements driven throughout

SIEMENS
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The pathto CI/CD/ CC
Continuous integration, continuous delivery

Plan Release Deploy

g @

Build Test  Monitor Operate
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Continuous delivery of
verified software

Automated integration, build pipeline
Rapidly deploy validated applications

Requirements traceability throughout

SIEMENS




The pathto CI/CD/ CC
Continuous integration, continuous delivery, continuous commissioning

Continuous

Plan Release Deploy Monitor Operate
{o

® @? 3 Commissioning

J

CC Capability compatible
W [. vehicle record & timeline
Z}; (20} I—(@ SaaS enabled through OTA
Build Test Change Decommission Fit Commission d eployment & order fulfilment

Automate decommissioning,
monitoring, charging, change

SIEMENS
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Cl/CD / CC integrated: Enabling the software warehouse
Continuous integration, continuous delivery, continuous commissioning

CMS
ALM

Configuration E/E
Requirements BOM Container Performance Charge

Release Deploy Monitor Operate

_Q@

CC

.—‘ |j
47 'é% '—@
Change Decommission

Comm/ssmn

romrey = @ ¢«
E/E BOM HW & SW PLM
Hardware Constraints ERP
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Continuous
Commissioning

Capability compatible
vehicle record & timeline

SaaS enabled through OTA
deployment & order fulfilment

Automate decommissioning,
monitoring, charging, change
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Multi-domain E/E systems architecture
Start integrated. Stay integrated.- Multi domain, multi discipline, full lifecycle

/ A

CONTINUOUS PRGDUCT SIMULATION AND OPTIMIZATION
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Conclusion

Software

IBM & S
for suste

E/E arct

Sustair
paradic
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