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Image prompt (Midjourney): lllustrate a complex transportation system with autonomous vehicles, electrification. More futuristic trucks, less passenger cars. Abstract visualization of digital communication with the vehicles. charcoal sketch --ar 16:9
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Embracing complexity in transportation systems - the next 100 years
Per Olof Arnas, PhD



Hi! My name is Per Olof Arnas.

perolofarnas.com

MSc Mechanical engineering, Chalmers 1996
PhD in logistics 2007
Working with and in the haulage industry since 1988
o Consultant/developer 1998-2002
o Full time expert, developer, R&D (TRB Sverige) 2003-
2010, finished PhD during
Chalmers 2011-2020
o Senior lecturer/researcher
o Vice head of department (education) at Technology
Management and Economics 2018-2020
Director Logistics Strategy at Einride 2021-2023
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Given some spare time, | tend to build things that you can
cook in or with.

| love the 215t century



1500 kg payload

Roads were low quality

1896
First truck
(Daimler)

Very slow market uptake
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Easter morning 1900: 5" Ave, New York City. Spot Easter morning 1913: 5" Ave, New York City.
the automobile. Spot t
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1896
First truck
(Daimler)

Source: George Grantham Bain Collection

A lot of innovation
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1920-30
Trucks
disrupt
horses

A lot of innovation
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The last ice you need buy

1923




Production and sourcing could be

o R
MO

1920-30 located almost anywhere
Trucks
ﬂfrr:fst Many roads taken over by

government

Unprecedented growth

A lot of innovation Trucks take over land based freight
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Huge economies of scale

Distance less important

1920-30
Trucks
disrupt
horses
Containers
disrupt global
trade
A lot of innovation Trucks take over land based freight
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A global transportation network emerges

Still administered using analog

technology
1920-30
Trucks
disrupt
horses
1956
Containers
disrupt global
trade
|
A lot of innovation Trucks take over land based freight Globalization

commences
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1920-30 Computers

Trucks
disrupt
horses
Containers
disrupt global
trade
A lot of innovation Trucks take over land based freight Globalization
commences
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f o
1920-30

Trucks
el The era of
horses
Spreadsheets
Path of least
Containers resistance
disrupt global
trade
A lot of innovation Trucks take over land based freight Globalization Transport
commences industry is

computerized
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1920-30

Trucks
disrupt
horses
ng | D 2020s
Irs .
sk Containers EIeCtli'C
disrupt global trucks
trade
A lot of innovation Trucks take over land based freight Globalization Transport Towards digital,
commences industry is electric and
computerized highly automated
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Crisis in the transport industry
R&D spending 2011-2019 by industry (Sweden)
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Figur 2.1. Foretagens utgifter for egen FolU per naringsgren, index = 100 ar 2015. Utgifterna uppgick ar 2015 till
95,6 miljarder for alla naringar, 28,1 miljarder for tjanstesektorn (SNI 45-99), 20,3 miljarder for fordonsindustrin

(SNI 29-30), samt 332 miljoner i transportbranschen (SNI 49-53).
Killa: sSCB*
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Compared to 2015

All industries together
increased 25%
Services by 200%
Automotive by 150%
Transport down 80%!



"Bang for 4, \ The Law of
e Ucl” n o - "
% Diminishing Returns

Examples:

e Study for exam =>
exam result

e Mobile phone cost
=> features

Output

e Food ingredient
cost => tastiness
STAGNATION e Transport industry

PHASE investments =>
More Bucks, utility
Less Bang .
» ck"
V)
Input wthe P
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Stagnation of the transport industry -
some of the reasons

Have done OK so far

Focused on improving existing solutions

Low profit margins . .
Low digital maturity

L I h i
arge balance sheets Fragmented industry

Reductionism

perolofarnas.com



or ICE truck | or BE tr&l\

VITRE & -

Time?
Topography?
Weather?

R Distance?
Load factor/ Volume/weight?
utilisation? ' ! \ Time?
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variables
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or ICE fleet ‘N BE fie

Maximise paig
tonne-km
Minimise cost

’ .

1
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" Image prompt (Midjourney):

A European truck. Hyperrealistic. he't ] een from the ou ide. It is parked a a gas station and
the driver stands next to it filling the teucKWith fue! at the fuel hos nnected to

perO|OfamaS .COMm : the truck, the driver has his hand onfits -ar 1 4
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Will Heavy Electric
Vehicles Be Profitable?

YES!

f

Before 2025-2030, sooner
with subsidies

Frequent use/
high utilisation rate

Even use, same
time/distance most days

Charge at “home”
during night

Source: Anders Grauers, Chalmers University, Nov 2020
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Will Heavy Electric

Vehicles Be Profitable?

YES!

> Il EE

Before 2025-2030, sooner

s Life Cycle
Frequent use/ COSt Iower

high utilisation rate

|
:Eir:eer/‘dl;:gns:emrﬁost days t h a n d I e s e I
Charge at “home”

during night tru Ck

Source: Anders Grauers, Chalmers University, Nov 2020
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Will Heavy Electric

Vehicles Be Profitable?

YES!

> Il EE

[ |
This
S e Sooner requires

Frequent use/

high utilisation rate - -
digital

Even use, same
time/distance most days

dCS:;ggena}tg;rt\ome” d e c i s i O n
support

Source: Anders Grauers, Chalmers University, Nov 2020
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Historical cost of computer memory and storage

This data is expressed in US dollars per terabyte (TB). It is not adjusted for inflation.

100 trillion $/TB
1 trillion $/TB
10 billion $/TB
100 million $/TB

1 million $/TB

...and most things are
10 000 times cheaper ey

10,000 $/TB

Flash
Solid state
Disk

100 $/TB

1956 2000 2010 2022

Data source: John C. McCallum (2022) OurWorldInData.org/technological-change | CC BY

e time series shows the cheapest historical price recorded until that year.
perolofarnas.com
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Artificial intelligence

o

Reasoning Learning
Problem
solving
Creating
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Specialised Al

Lee Sedol vs Aple©e, Game

o \ ®
AlphaGo plays an “approach”
into Lee's black territory
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Superior to humans

Large data sets

’ Identify abstract
| atterns and trends
- i P

Control large Recom_m.endations and
systems Generating decision support

content Optimisation
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& MacGPT File Edit View Window Help

Model
GPT-4

GPT-4 currently has a cap of 25 messages every 3 hours.

Please write a script that prompts me for an image and then displays the location the
image was taken on a map.

perolofarnas.com



The Next Collapsing Tech Cost: Software Itself

$1,000,000.00

$100,000.00
$10,000.00
$1,000.00
$100.00
$10.00 Storage ($/mb)
$1.00 CPUs ($/MFLOP)

$0.10 Bandwith ($/MBPS)

$0.01 Software engineers

$0.00 — —

1960 1970 1980 1990 2000 2010 2020 2030 2040

perolofarnas com https://skventures.substack.com/p/societys-technical-debt-and-softwares



Please help me start an online business. | want to increase
my net worth.

perolofarnas.com



Large Act

perolofarnas.com

ion Models (LAM)

146 © B *an

Good afternoon oo 9

Music  Podcasts & Shows

[ /
Carmen Fantasy, |/
T op.25: V. Allegr... o !

(B Marioh Garey

Chiis Brown, JAY-Z, Mariah  Michael Jackson, Dr. Dre, | ~Kany
Carey, Busta Rhymes, Fer...  Mariah Carey, The Notori... Beyor

hits

A Q IID

4229 @ 4 502 9 @ 21}
Good afternoon il O & Goodafternoon o9
Music  Podcasts & Shows Music  Podcasts & Shows

4 x Kings of 4= i Kings of
B . e e

= .
Carmer 5) 7 p = Carmen Fantasy, .
1LY sottpop e ot || I & Today Top it
yodllln, o el

Trending albums for you ‘ Trending albums for you

JAREEARTIUR

| s J

&~ Z
Back from the Edge 25 YOU | Back from the Edge 25 You
Album + James Arthur | Albim - Adele Albur| Album + James Arthur | Albim - Adele Abun
Jump backin ‘ Jump backin
8 (=1 L | 1ol Elae——== Mo J

© re to
= X e @ | .. @O

[,] Q 11D ] Q 11D

Fome Sharch Vour Ly Home Souch Vour vy




o

ey): Two robots playing chess in acafeteriS



Some applications of RL

Forecasting

perolofarnas.com

contact

Inventory
management
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Scheduling



" __Howto talk to an Al
L& . R (MiciotrMly), \ X £

SO . - M
perolofarnas.com lllustratéprompt engineering. AlWoman gives'instructions istic —ar 19:9 b




Figure - Humanoid robots

We see three major business
opportunities in the long term

More Structured Less Structured
Less Variability More Variability
Physical Labor Consumer Off-World
Household
50% of global GDP is Space exploration to build
human labor ($42T) 2 3 pillion households new worlds
worldwide

700M aging population in
need of at-home care

uesq Ol 9[-JolJeE Cc91Le l ‘
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Figure - Humanoid robots

INTRODUCING FIGURE O1
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New colleagues

Image prompt (Midjourney):
photorealistic image of two humanoid robots drinking engine oil at a coffee table in the lunch room at a factory, an old style tin
oil can is resting on the table between the robots. The text OIL is visible on the can. At another table there are human factory
workers drinking coffee. --v 6.0 --ar 16:9
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perolofarnas.com Image prompt (dialogue in ChatGPT+): How would you illustrate the concept “unknown unknowns™?



Elements of Al

.’ Elements of Al (& Updated for 202 Gé& kursen Building Al Online-gemenskap #aiutmaningen Fré&gor och svar

Valkommen att lara dig
grunderna i artificiell
intelligens!

Over 1 miljon personer har gatt kursen vérlden

over. Nu finns den pa svenska!

Véljland ~ 4 Sverige

Ga kursen —>

perolofarnas.com



perolofarnas.com



