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Volvo group within architecture
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Volvo Group

On the road In the city

Main focus of today
presentation, but it
does not mean that its
use is limited to this!

Off road _} T => At sea
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General Introduction

Improvements do not come without a change
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What ”"Architecture” Evokes!

How does it comes that we The terms Architecture,
use the term "Architecture™? Architect and Architecting
come with a baggage.
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“Architecture is design
: but all design'is not
“ wm_ architecture!

What is the difference
i - ‘between an architecture
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What ”"Architecture” Evokes!

Maintenance cost, Energy
Volvo Group Trucks Technology CO nS u m ptlo n y La rg e r
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What ”"Architecture” Evokes!

An architect’s sketches
define fundamental
properties of the building.

Volvo Group Trucks Technology
Architecture Transition Towards a Future Architecture Thinking at Volvo
8 2020-10-16

"Architetural Style”

"Soft Properties”
(Aestics)




Architecture defintion according to ISO/IEC/IEEE 42010

Fundamental concepts or properties of a system sypemer. | | PP l

embodied in its components, their relationships ' L =

to each other and to the environment and the 1

principles guiding its design and evolution. g e E\ _______ - —

e Architecture always point at a specific system

T O i \\ 1. Rationale
\\ 0. 0.

Correspondence
Rule

— What is treated as a system is in the eye of
the beholder!

e Architecture & Architetcure Description are
differnt things

Correspondence

e As for building you can have differnt woveers | o ;
perspectives (viewpoints) at a system T T
Iodel ! = ’ Architecture
Kind T ’ Model
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Architecture vs. Design

e Design goodness flows from the ability
to do architectural reasoning, enabled

by:

— the existence of an architecture, in top of
the design

— the internal regularity (conceptual
integrity) of the architecture

o That means; a small set of design ideas
(principles, patterns) is used throughout the
design.

Volvo Group Trucks Technology

Architecture Transition Towards a Future Architecture Thinking at Volvo
10 2020-10-16

l}"

\J

INTEGRITY

VOLVO
VOLVO GROUP



Just so you know how it is to work as an architect

DILBERT

BY SCOTT ADAMS

WELL, AT LEAST YOU
MADE SOME
EXTRA

MONEY.

(T DON'T
GET PAID
FOR OQVER-

LAST NIGHT, MOM,

v

f AS USUVAL, T WORKED
UNTIL MIONIGHT

"5 Aty E-mal: SCOTTADAMS#AOL.COM

[WELL, AT LEAST TT)
| WAS IMPORTANT |
| LWOORK , e o

£ 1957 United Feature Syndicata, ne.,

| MY BOSS MADE ME
CHANGE MY "POLJER- |
POINT" SLIDES, BUT |
THE CHANGES MAKE |
{ THEM WORSE. SR

PREPARED
FOR YOUR
MEETING.

| BECAUSE THE PROTECT
IT WAS | ISN'T FUNDED ANYWAY.

N N

: er THAT'S OKAY,

Neoker

opyright © 1997 United Feature Syndicate, Inc.
distribution in whole or in part prohibited.

(50... YOU WORKED FOR
FREE TO WORSEN A
PRESENTATION FOR

| A MEETING THAT WON'T
HAPPEN FOR A PROTECT

| OH...YOU MUST BE AN
| ARCHTLTECT
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A typical week for me

Time Reporting o
T3 WoW framat; Room O: PEMS
Room
XF AB3N-8
Architectun Kort uppfdljning; Tyst L Skype-; Sky
-:‘m uppfoljning; Tyst run R kype-; Sky
ng Linus
PEMS
03-A16 e (Consultant
Higgins
L AB3S-4
ance 10-12p
Bjernetun J Placeholder#31: Describin
Room 02-10 16-22p
7% Yadav Atul (]
Organisational changes il
T3 Epics; Room O2-3 6-8p, Workshop: Internal EEPC WoW Gruppmote
Design of VMPM in Review Room 0O2-1 Room 02-10 16-22p
VEESP/VAS (T3) meeting Hansson Pe Karlsson Daniel (b) o
Presentation: SOA based’ ~ ACC TAS-Fura LR 2 sy U e Fika; Karlsson Daniel (b
Skype Meeting + Room C  Refactoring WS, a;ld:usson Anders (3) ?5?3; &Gr“')'f
Hari Hara Krishnan Milin follow-up 9 v 7
Room O2E-18
1-till-1 Anders; Room Ci7 02 nsson Henrik (5)
7
- - -
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Why Change —
A Selection of Architecture Challenges?

Improvements do not come without a change
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”Architecture” @ Volvo Group Trucks Technology!
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What is going on ... one shapshot
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... and specifically Architecture Challenges

 Architecture is not just done for fun but you _ _
want to achieve something specifically such raneEtiamal ity %

as: > SCALABILITY
S CAPABILITY

>
%
— lower effort to add new features, z.

» icat io] S COMPATIBILITY 2
— support an application on multiple run- o g Credibility
time platforms, s usability sorTABILITY

— make it possible to continuously provide o eepahility F | e X | b | I | t
new features to applications already in @, extensibility

operation %Q UTILITY TLiekSat:iEti)'/itY(g
et s, RELIABILITY

e \We talk about architectural concerns

&
A 2
R
; . ot S accessibility &
(quality attributes or —ilities)! ~ i

UPGRADEABILITY
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Geometry-Oriented Mindset Dominates @ Volvo GTT

We are bound to an
existing Thought
Style

Geometric-Oriented
Vehicle Module Structure

43) Transport Adaptation

10) Chassis Structure

15) Pneumatic Structure
/3) Rear Axle Installation

36) Wheel, Brake & Hub

20) Electrical structure
21) Electronic structure

43) Transport Adaptation

8%) Cab exterior

95) Living

90) Driving

80) Cab body

70} Vebicle front —

48) Power Tram Installation

30) Front Axle Installation 50) Engine 60) Transmission 40) Chassis E

85) Cab exterior

____‘—__'““-‘-‘).

95) Living
90) Driving

Volvo:1927

80) Cab body 10) Chassis Structure

70) Velucle front 15) Pneumatic Structure

48) Power Train Installation 33) Rear Axle Installation

30) Front Axle Installation 36) Wheel, Brake & Hub

. 2% 44

50) Engine ' 60) Transmission 400) Chassis Equipment

Mechanic
Engineer
Collective ™S
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C
S

Geometry-Oriented Mindset inates @ Volvo GTT

nderstand-

ability

unctionality

It is hard to find a natural place for

9U) Darving.

- Brake Blending,
 Cruise Speed Controller, L
 Cruise Distance Controller,

43) Transport Adaptation

10) Chassis Structure

15) Paenmatic Structure
/B) Rear Axle Installation

36) Wheel, Brake & Hub

48) Power Train Installation
30) Front Axle Installation

83) Cab exterior

-
« Lane Keeping Controller, .
90) Driving
- Energy Recuperation, ——
- - - 70) Vehicle frant 15 B ic Stracture
¢ Automatlc w'“dow cleanlng 4S)Pumzr'[mmlnsta-l]_;(;;;r 33) Rear Axle Installation

30) Front Axle Installation  50) Engine ' 60) Transmission 40) Chassis Equipment 36) Wheel, Brake & Hub

... in this geometry-centric mindset!

A geometry-oriented mindset is rather poor for software reasoning
and for functionality reasoning in general! .

Volvo Group Trucks Technology
Architecture Transition Towards a Future Architecture Thinking at Volvo
18 2020-10-16




and software is not really covered in topologies

‘}‘TEA2+ Platform — Computation & Signal Distribution System — Signal Topologies

Volvo GTT

issuer, Securlty Class
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“Zee sheet Notes”

an illusion of simplicity gives a false picture of the complexity!
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Interoper-
TEA2 Platform: PP ability
* No clear ownershlp‘bid"at‘af 'ofme PR o T nderstand-
« No clear ownership ohnterfaee a ,’, e ability
(ports) are not describing- owneragjﬁ e AV RS S Intergrat-
« Function-oriented — data flews betwe ““"*“ ‘-'-L-;;"'-;-' S e ability

G
So

Software interaction points increases the complexity a lot ...

functions

...so far software has grown In a rather
ad hoc fashion feature by feature! .

Architecture Transition Towards a Future Architecture Thinking at Volvo VOLVO
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Area/Tech.

Trends
There will not be less software ... g
In all situations, perhaps not in games, Ne

software is there to help, simplify and in
% the end replace human performed things =
2 various degrees of automation.

" - 0 Extensibility
538 .
O :’) A growing amount of customer value
M _ _ . Change-
in our trucks is facilitated through ability
software, and that continuously! Development
Effciency

-30% Dev. Rapid increase interest for higher automation levels

Effort

Rapid increase interest for electrification and hybridization

Rapid increase interest for building higher level services
based on access to vehicle-related information.

Volvo Group Trucks Technology
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Area/Tech.
Trends

There will not be less software (cont.) ... N

eCascadiauses wheel-end motors to NIKOLA: Fully-electric
and hydrogen fuel cells
for semi-trailers. NIKOLAfTRE

2

@ 1 L Slecpe

e
7 £ |
NIKOLAfTWO,
il Change-
/ ability

Daimler: The entire conventional drivetrain
being replaced by a new electrically driven
rear axle with electric motors

Variability

e —— —

GM Shows Off Autonomous
Cargo Hauling Concept Vehicle

et

Volvo Group Trucks Technology Einride uses e-moss NL for the

Architecture Transition Towards a Future Architecture Thinking at Volvo
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continuation

ies does no

very well support
reasoning about
functionality, logic,

behavior!

- 2000

100,0 1

. we need to
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before is that an option?

Downloadable SW Si

*
* |}
L A :
™ = Platform — Computation & Signal Distribution System — Signal Topologies } VOlVO GTT
* ‘. ;’nHSsndsm'im—EE Segment Architect HD-COE, Internal I“/' 2017-04-19 ] [IM 19.0
- n e e e e e e  — — — p — — CleICENES — — — — — f — — e — — —_————— =TT T
‘=_._‘ zzzzz ;) T7 II D! ! :
n . [ree LI=A |
. — NG ‘l— ~ |
‘ - — - ZI
1980 1990 2000 2010 T i d '
L opo ogles oes

750MB in |l

Speach and Maps

not included.

Compared to V60

Reduced ICM
RSE not included

74 M8 in ICM+IAM
Maps not included

Project

not address logic
complexity in
software!

_____

ccccc

~gee sest Noes”
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Large Scale & Strategic Reuse

wrwas EICHER

Reusability Variability

Volvo Group Trucks Technology
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Key architecture concern trend for trucks

Reusability &

Variability Upgradability

Changeability /

Extensibility Product Cost

Depenability
{Availability | Reliability | Development

Safety | Security | Efficiency / Cost
Maintainability}

Volvo Group Trucks Technology
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Architecture Thinking
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Functionality (Logic) Viewpoint Introduction ...

The Vehicle Module structure

Volvo Group Trucks Technology
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Functionality (Logic) Viewpoint Introduction ...

Volvo Group Trucks Technology
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Going from a human performing monitoring & control to ...

Monitor movement
with eyes, ears and
dangerous situations

Control movement
by moving/rotating

the handle

«Source System»

Physical Perimeter System

.\JV%O

«Functionality System»

o

Cab Tilting Force Generati$

Volvo Group Trucks Technology
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End
Position
Dection

N
-—

| >

= m mm m mm wm m— = I

«Functionality System»

«Source System»

Energy Supply

& Distribution
System

«FS» II «FS» II «FS» I
11 11 |

11 11 I

11 11 I

11 11 |

11 11 |

- |

«Source System»

Torque Supply

& Distribution
System

| «FS» II «FS» |
1 |
1 |
I |
I |
1 |

-1

You can take these modules of functionality and
deploy them differently geometrically

VOLVO

VOLVO GROUP




... having a Vehicle Monitoring & Control System

«Source System»
Vehicle Monitoring & Control System

Monitor movement Control movement
through software (& through software (&
electroincs) electroincs)

. T : «Source System» «Source System» «Source System»
: ...... : Physical Perimeter System  The flagibell is here Energy Supply Torque Supply
replaced with a . . . . . .
I | & \eo@“ System System
| | g%gffa\itty System» ;:Functionality System»I ?FS: _l '—«FS» ;-«F;> I I_ «FE»-; I_ «E;»-;
. @ .
' : g Force Generatign__ e || : : 24V 1y ... :I M :
| ositior) |
| | P N R I | TR
| | l lh & 0t o ! I |
‘m I e NI I l 1 |
I I : 1| | Distr. T |I I, [ :
: : :  [systeryy B ML
I I 1| i ! I, y :
e o e e e - - l N N = |-=2="t==t = |'= =11 =
W Actuator You can take these
Volvo Group Trucks Technology ¥ Sensor modules of fu i i \
Architecture Transition Towards a Future Architecture Thinking at Volvo and deploy them VOLVO
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Vehicle Monitoring & Controlling System

single vehicle |’:>
focus

« Separation of Concern

Although "separtated” . [N " o
things in a large system . -
can never be compleltey tog e, S
separated but there are g i o

~
ERNGY

dependencies | oSy N
e S0y, N

~
~,
SO~
~~~~~
~
~,

~o N,

S~ S,
CO |
~O SN

~,
~,
~,
~,
~.
~.
~.
~.,
~
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Door

Air Tank

Battery

Wheel

Differntial

Friction
Brake

The main reasons:

1. Different nature and
concerns

2.Differnt life cycles

3.Differnt kinds of

complexities

Ethernet

Transceiver
CAN

Transceiver

A/D
Converter

Digital 1/0O
Driver

Volvo Group Trucks Technology
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Zooming in at VAS: Basic Layerin

Functionality that focus on process
effeciency, i.e. strategies

3

Functionality that focus on
automating human task situation
(aut.), i.e. tactics

Functionality that monitor and
control an effcient operation of the
vehicle

Functioality that monitor & control
an effcient operation of the
"device”

|
|

Functionality of the device itself

Volvo Group Trucks Technology

Task Task Task Task
Utility Utility Utility Utility
Vehicle Application System
Vehicle Vehicle Vehicle Vehicle Vehicle
Utility Utility Utility Utility Utility
Device Device Device Device
Abstraction Abstraction| "° |Abstraction Abstraction

—

L

Architecture Transition Towards a Future Architecture Thinking at Volvo
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Device

Device

Enables an hierarchcial

different kinds/levels of functionality

control design style

Transport Operation
Strategies Layer

Task Situation
Tactic Layer

Vehicle Utility Layer

Device Abstraction
Layer




User interaction is a concern itself

Separate all application
functionality that directly
facilitate human interaction
into its own (vertical)
domain of functionality

Traffic/Working
Environment

The necessary
Human Machine
Interface depends
on the design of
the system core
functionality not the
oppsite direction!

Feedback

Service
P

Feedback
Service

Human
Machine
Interface

RN Y,
Vehicle Application System

Volvo Group Trucks Technology
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Replacing human “eyes” - Ego Vehicle’s Environment

Separate application functionality directly in
place to facilitate an awareness of the ego
vehicle's environmental situation (model of
the environment) into its own (vertical)
domain of functionality

v

=/

Vehicle
Environment

Human
Machine
Interface

Situation
(Perception)

rF=="r="r=—"

.

—— bk bk -
P NN
g ’ \ AN
4
- R \ S

Vehicle Application System

Volvo Group Trucks Technology
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+ apply an Object-/Service-Oriented style

getTemperature(distance): TempInCelsius

getRainfall(...):RainSnowIntensity : : :
getAmbientLightCondition(...) w An ObJeCt_Orlented deSIQn
getWeather():WeatherSituation thlnklng iS fundamenta”y

Moving Unit d .
N - iffernt than function-
Ambient Weather | o _ __c--c--------"7""7"7777 Motion .
Situation —(Z \———==—— oriented [y, = f(x,)]!
N e RSN
. ---ZZEZE" DI
N \ S~ B e RN ANIRRE
\\ \\ \\\ ————— "4 ’, // Q ~ o
\\\ \\ \\\ ! //
S \ \\ l' //
\\ \ N 1 /
\\ \\ \\\ ] ,’ // e
N ' Sso Combustion ! K4 Friction Brake
h | ) Engine : /
AN \ 1 // 7
\\ \ U yid 7 ! v
1
1

Vehicle , , , | i}
Environment e I i’ , uman
Situation il B e B e e Machine

. \ ) ’A.__.u b o oy L e oo o |.___., //
(Perception) ! - & —— S—— Interface

[ [ [

[

Vehicle Application System
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... hext step is to move towards a Service-Oriented style

o N

Sty er

tign
o Basically it is about distributed object-oriented } )
applications running in hetrogenous operating
system (platforms) providing their services via
some kind of broker mechanism, called a Service
Bus.

— Services are expected to be platform
independent and able to be called in a generic
way not dependent upon a particular
programming language.

e Emphasis is on creating components called
services, which are small, discrete units of software
that provide a specific functionality and can be
reused in every application.

Volvo Group Trucks Technology
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Converting Architecture Principles into a Design

Functionality that we have today

Functionality that we anticipate

Layered approach

High Level Design (Structure) of

Vehicle Application System

Object-Oriented thinking with data
ownership

Service-Oriented thinking

S U Uy

Volvo Group Trucks Technology
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«Source System»

Vehicle Fleet Monitoring & Control System

«Functionality System»
Vehicle Application System
P m e CCodloioloo.
. 1
1 .
: E
E Transportation Maintenance (Strategies) Transportation Planning (Strategies) Transportation Piloting (Strategies) i
: E
T T T T T T T T e . !
- et et et et et et et et et et ettt ettt e e et iet et et et et et et et et et et - __.:.___.__.__.___.:.__:_.:.___.__.__._;._._._._._._i
= S| i 1 i I
£l || 5] Software . . Traffic Situation Payload Situation H Living Situation . il g
= IEELE Installation Diagnosing Mgmt. Tactics Mgmt. Tactics 1 MgmtTactics 1 s
SEEDE (Reparing) 1 1 i 2
S22l el e ————— d il =
3| 3|l €| 2
SI8llel - e o ssliolisiooisisisissisisisiisiooo £
8 3 o r._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._ ., 5]
Sl S[l 2] Vehicl H ik
‘g _5 G| i Vehicle Operation Vehicle A elié:t?on Visibility& ggéan Vehicle Compartment Entertainment Vehicle User : g
2 g % i | & Health Status Motion & Power Spsppo t Conspicuity Protect)i/on Perimeter Convenience Utilities User Communication il €
S| £|| 2| iliti iliti iliti itli tiliti Utilities Utilities H =
Z g é : Utilities Mgmt Utilities Utilities Utilities Utilities Utitlites Utilities iliti : T
nl o et :
c ! i
® ! ;
2 : Energy Exhaust . Torque . Wheel & . Vehicle Exterior Exterior Wash & . . Vehicle Compartment Data ( [
% : gqu p:){ Distri. Ségsir(': r;% :Lg)ptl:/ 3“;23;2'2" W:Xei-gl g’él\%‘;fst Adaptation B%i)\//ic\/\é c;rk Lamp Sound Wipe D'\g::i?ers %is\f{:e'gt Perimeter | | Convenience | | Storage) | !
> i |.s - Devices '.S ’ . Devices Devices Devices Devices Devices Devices Devices | !
; Devices Devices Devices !
. 1
- - - - - - - - - - - --—-— st W - -t - W s st Y- i
I «Functionality System»
' Basic Support Services/Utilities
e e e e Y Y Y Y Y Y Y Y Y, e M M M M e o J
55 ‘l
I «Functionality System»
| Computation & Signal Distribution :
L e e e e e e e o o o = — g —————————————————————— S N R R R R RN RSN WSS RS RS S RS REE REE RSN RSN R R R e e R R R R e S S — —
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Resistance to Architecture Change (Volvo)

* PREVIOUS NEGATIVE
CHANGE EXPERIENCE

e The cost of making architecture changes e Sounds good as long it doesn’t impact me at
— Maintaining an old product line while personal level
developing a new one in parallel — Understanding
— Future is always downprioritized over — Competence / Education, e.g. going from the
immediate deliveries mindset in Simulink to an object-/service-
architecture changes — Company learning culture
e : UNCERTAINTY
e Organization impact|(ownership) . ¢ - conPETENGE OR
° ... S S " CURRENT STATE

| RESISTANCE | 7
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e Architecture is very much about how
you think when you design, system,
software, eletronics, ...

e S0, how can you change and impact an
exisiting "thought style™?

e What is your own "thought style”?

Volvo Group Trucks Technology
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