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Tutorials

« Homework will be reading the book from
Gene Kim ,The Phoenix Project”

The homeworks are optional and not relevant for
the exam

A Novel About [T,
DevOps, and Helping
Your Business Win
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L ecture Overview

1. Introduction: Why Digital & Data Transformation

Homework 1: Reading 60 mins the Phoenix Project
| 2. The World is Changing: ACES & VUCA
| Homework 2: Reading 60 mins the Phoenix Project
3. The Technological Disruption
Homework 3: Reading 60 mins the Phoenix Project
4. Challenges for the Transformation - Innovation
Homework 4: Reading 60 mins the Phoenix Project
5. Challenges for the Transformation - Legacy
Homework 5: Reading 60 mins the Phoenix Project
6. How to Transform Into a Techgiant

Homework 6: Reading 60 mins the Phoenix Project

7. Culture & Organization

Homework 7: Reading 60 mins the Phoenix Project
8. Examples of Digitalization Projects |
Homework 8: Reading 60 mins the Phoenix Project
9. Examples of Digitalization Projects Il

Homework 9: Reading 60 mins the Phoenix Project

10. TESLA as THE Digital Player

Homework 10: Reading 60 mins the Phoenix Project

11. Q & A - Exam
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Agenda

Tesla's Fleet

Tesla's Production Secret

Tesla's Mindset

Summary
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LANE LABELING
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VARIETY IN THE DATASET
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THE LARGER THE MORE ACCURATE

Fraction of Data Hours Regular Dev  Noisy Dev Target task: ImageNet-1k
1% 120 29.23 50.97 < VA —

10% 1200 13.80 2299
20% 2400 11.65 2041
50% 6000 9.51 15.90
100% 12000 8.46 13.59
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ASK THE FLEET FOR SIMILAR IMAGES




FLEET SENDS IMAGES OF MORE BIKES ON CARS




DATA SOURCE DEPLOY q
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FLEET LABELING DATA AUTOMATICALLY

Human annotation is expensive Labels can be obtained automatically
T=SLmA




FLEET LEARNING: CUT-INS




PATH PREDICTION




PATH PREDICTION




Large, varied, real data

Fleet learning

Shadow mode




A

.7 -

a reporter learns that true
auto%omy is years away

BY CADEMETZ
AND BEN LAFFIN

When we decided it was time for lunch,
Chuck Cook tapped the digital display
on the dashboard of his Tesla Model Y
vandn:;l::carloddvemwme
Beard ig, a barbecue

m!:lzrd side of town. bl
« don’t know how it’s gonna do. But I
think it’s gonna do pretty good,” he said
with the folksy, infectious enthusiasm
he Wl to nearly every moment of
our daylong tour of Jacksonville, Fla., in
a ?r that could drive itself.

‘or more than two years, Tesla has
been testing a technology it calls Full
Self-Driving with Mr. Cook, a 53-year-

{old airline pilot and amateur beekeeper,
';,and a limited number of car owners
- across the United States.

% ‘Tesla has long offered a driver-assist-
s em called Autopilot, which
 Steer, brake and accelerate its cars on

\ways. 5

- But Full Self-Driving is something dif-
ferent. It is an effort to extend this kind
of technology beyond highways and
onto city streets.

This summer, Elon Musk, the compa-
‘ny's chief executive, said the system
‘would be available in more than a mil-
lion cars by the end of the year. In Au-
gust, we spenta day driving around with
Mr. Cook and his Tesla to assess the
progress of this experimental technol-
ogy- v o

-

1w

THE NEW YORK TIMES INTERNATIONAL EPITIZ23

ghmpfe into the self-driving future

AN CLONTZ FORTHE NEW YORK TMES

Over six hours, his car navigated For more than two years Chuck Cook has been testing a technology that Tesla calls Full Self-Driving. Sometimes the car performs perfectly, and sometimes it loses its bearings.

highways, exit ramps, city streets, j
roundabouts, bridges and parking lots.

With Mr. Cook’s hands near or on the Mr. Cook are a window into the enor-

‘wheel and his eyes on the mnd,r' ecar mously ambitious and expensive bet
fg:nh;l:::d more than 40 unpn%ncwd (that Tesla is making on self-driving

/
fic. lllngptusoﬂtheédgeofo\ﬁ’sé!s. ‘%Mamgrmmpanlesmmvesmg

VR ] B bss ‘billions in researching and developing:
THE JOURNEY TO THE BEARDED “autonomous vehicles — taxis that can
The most telling moment came as the  ferry us around town, trucks that will
car drove us to lunch. 1a  deliver our online orders and maybe
heavy traffic on a four-lane ,taking  even one day cars that will take our chil-

“The technology is not ready to take the driver out of the
seat. As they continue to iterate on the hardware and
the software, it is like a salmon going up river.”

CHUCK COOK, a 53-year-old airline pilot and amateur
beekeeper who has been testing Teslas Full Self-Driving technology

or 1 or our kids should be banking on to

turn and quickly re- dren to soccer practice. i, help them get around in cars.”
mapping its route to the the Elon Musk and Tesla did notrespond s 5 S
right treet  to requests to & e otk o
7 ey In the tight-knit community of Tesla en- ~

But Mr. Cook’s' Model Y provides a
glimpse of the future we are ‘moving to-
ward, which may prove to be safer, more
reliable and less stressful — but is still
years away from reality.
_ Tesla’s technology can work remark-
 ably well. It changes lanes on its own,
* recognizes green lights and is able to
- make ordinary turns against oncoming
rolled traffic. But every so often, it makes a
mistake, forcing testers like Mr. Cook to
& i *

glot, Mr. Cook had toretake

ng around the motel, the
ediately

< Expertswnosysumcould possibly
" have the sophistication needed to han-
dle every possible scenario on any Yoad.
This would require technology: ‘lhat

distinguish
constantly modifying the
or  fix its shortcom-

thuslasts, stockholders, bloggers and
social media mavens, Chuck Cook s fa-
‘mous. This summer, Mr. Musk noticed
the meticulous way he explored the
boundaries of the technology in a series
of YouTube videos.

M. Cook had been posting online clips
of his Tesla trying to navigate an unpro-
tected left turn near his home in Jack-
sonville. To make this turn, the car must
pass through three lanes of traffic ap-
proaching  from _ the left, squeeze
through a gap in the median and merge
into three more lanes of traffic ap-
proaching from the right.

the car made the turn

around = mimics human

pany has twice re- that we humans do not yet know how to

of the technology  build. 5
improvement. Butthe ‘Such technology, called artificial gen-
el parkinglotshowed eral intelligence, “is stll very, very far
long time before cars  away,'said "Andrew Clare, chief technol-

ere on theirown.  ogy officer of the self-driving vehicle

with aplomb, edging into the thorough-
fare and waiting for a moment when it
could speed into a far lane. Other times,
it got stuck beside the median in the
middle of the turn — its rear bumper jut-
ting into the oncoming traffic. -
Soon, Mr. Musk noticed the videos

weeks.
‘several ¢

and vowed to solve what Tesla enthusi-
asts began “Chuck’s turn.” In the
that followed, Tesla equipped
test cars with'a new version of
its self-driving technology and sent
them to Mr. Cook’s neighborhood, where
they spent several weeks testing the
new software and gathering data that
could help improve'it.

Mr. Cook and I spent a good chunk of
our day asking his car to navigate the
turn named after him. Each attempt was
different from the last. Sometimes, the
cars approached much faster from the
left. Other times, from the right. Some-
times, the gap between the two was
enormous. Other times, it was tiny.

Not long after that day in Jack-
sonville, Tesla released a new version of
its software to Mr. Cook and other beta
testers.

The car’s display now showed a blue
overlay that indicated what was a safe
zone in the median. When facing heavy
traffic, it could navigate Chuck’s turn
with a precision that had not been possi-
ble in the past. So if it needed to stop
next to the median, it would position it-

self so that traffic could safely pass both
in front and behind.

Chuck’s turn is just one scenario
among the endless scenarios a Tesla
might face on roadways.

Some are relatively common. Compa-
nies like Tesla can test and retest their
technologies in these situations until
they are confident a car can handle them
safely. But other scenarios are rare and
unefpeded — :vhn industry experts

al‘.l'llu ‘very easy to solve the first 90
- "It Is very casy to solve - 00,
percent of the p.v}ﬁem, very hard to

solve the last 10 percent,” Mr. Clare said,
referring to the decades-long effort to
create self-driving cars. “You need to be
able to handle those edge cases grace-
fully”

FACING THE UNEXPECTED

When Mr. Cook told the car to drive usto
a small neighborhood park near the
river, the skies were overcast and the
streets were wet from summer rain.

Guided by Tesla’s self-driving tech-
nology, the car drove along the river and
over a bridge before reaching an inter-
section lined with trees. Then it turned
left toward an unmarked road that ran
between several giant oaks draped in
Spanish moss.

As the car approached the shadows
beneath this mossy canopy, it suddenly
changed course, turned sharply right
and headed the wrong way down a one-
way street.

ted the differ-

Mg ariving tech-
v services being
like Waymo,
anies company as
by General

The moment.
ence between Tesla’s
nology and “robo!

developed by comp:
owned by the same parent
Google, and Cruise, backed

jve cars a fine-
& iheir environment. Then they spend
Tonths or even years testing cars in
these contained areas. 3 3

These companies are nOW preparing
self-driving car services that will oper-
ate without backup driversin placeslike
San Francisco and Austin, Texas. But
these services will have strict limita-
tions that make the task easier. The cars
will travel only in certain neighborhoods

under certain weather conditions at rel-
atively low speeds. And company tech-
nicians will provide remote assistance
to cars that inevitably find
in situations they cannot navigate on
their own.

Tesla is not operating in this way. Li-
dar sensors are too expensive for most
consumer vehicles. Building three-di-
mensional maps and testing vehicles on
every American roadway is impractical.
Sois remote assistance. This means that
Tesla cars face the unexpected more of-
ten than Waymo or Cruise cars — and
that testers like Chuck Cook must keep
their hands on the wheel at all times.

Justlast week, he and his car revisited
afew of the scenarios we encountered in
August.

Sometimes the car performed per-
fectly. Sometimes it did not. It drove past
the motel on the way to the Bearded Pig
six times, and though it remained on the
road three times, it mistakenly drove
into the parking lot three times as well.

Whenit did veer into the parking lot, it
did not swerve as egregiously as it did in
August. Mr. Cook says he is impressed
with the progress of the technology:

But he also knows that far more
progress is needed. He also knows that
Tesla engineers are focused on the be-
havior of his car and that others may not
perform as well in situations that have
not been closely scrutinized.

“The technology is not ready to take
the driver out of the seat,” M. Cook told
 me on a recent morning. “As they.

tinue to iterate on the hardware and the
software, it is like a salmon going up
Tiver”

After releasing the new beta, Mr.
Musk softened his claims about the im-
mediate future of the technology. He
now says that the technology will not be
widely available until next year — and
that pp! 1
for use without hands on the wheel.

Autopilot still requires this oversight.

Federal regulators have spent the
past several months investigating a se-
ries of crashes involving Autopilot, and

they have not yet revealed the results.
Safety experts worry that the arrival of
Full Self-Driving will lead to more acci-
dents.

“It is inevitable” said Jake Fisher,
senior director of Consumer Reports’
Auto Test Center, whohas used the tech-
nology. “The problem comes as this sys-
tem gets better and people get compla-
cent. It will still do the unexpected”

testers like  company Nuro. “Itisnot something you

SOATE fad) ey
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Tesla's secret #1

Trunk-based Development in the Production — or — mastering the hell of
SOPs

@ Feature-branched development « Why trunk-based development is heavily used by all

tech giants such as Amazon, Google, Facebook, Netflix

etc.?
® — It reduces complexity by merging early
— — It reduces complexity by keeping heterogeneity small
(or trunk) ,. — It speeds up deployments and pays in on customer
' centricity

'C;"g;"ved « How does Tesla leverage this design pattern from
eature . .
bistiches software development in the production?
— Production is seen as trunk
,,,,, Lnergizg is difficult on a longer-lived feature — All changes are immediately applied to the production
ranc |iﬂe

— No production-like ,feature branches” (in our cased
SOPs of different car models) are created; any change
goes directly to the production line (APIs in the cars are
stable, OTA-updates are applied to previously produced
cars)

20 Dr. Michael Nolting f



Tesla’s secret #2
No complex agile methods - or — just get the shxx done

; o o o J
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pv4 Short approval Test automation / Dynamic stages / end-to- Over-the-Air Update
processes, good docs simulation of the system end implementation
— Cfxstal clear product Development system Teams must be able to Bring changes to your
<t vision and no bottlenecks has to behave like the develop over the fleet, live trunk-based
g in terms of approval real system. Test entire stack. development over the
processes; paving the automation and entire stack
way for self-organizing simulation paves the
teams way for rapid
development.
(7]
: ¢ 2 2
> Enabling teams in Managing the Reducing integration. q o
L 8 complex. complexity of the. time from months to el :ﬁ:&ggﬂk&tx n
= = environments. technical system, minutes. e
=

TESLA's secret weapons for enabling agile teams without

using agile methods such as SAFEScrum

21

« Why do we use complex agile methods such as
SAFEScrum etc.?
— To master complexity between separate teams

— To master the complexity of enterprise processes
(such as financing etc.)

— To master the complexity of determining what to
do (sticking to the backlog, ,low pass filtering” on
decisions)

* Does TESLA use SAFEScrum or any other agile
method?

— No, they support ad-hoc cross-functional team
building:
« Backlog is organized according the vision KPIs

« Each and every team has the goal to improve a
KPI within 3 hours (if not the team dissolves)

N
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Tesla's secret #3

Eliminating all bottlenecks which matter

Bottlenecks and Their Impact

Ward Time = (% Busy)/ (% 14/t 2
’ 3
X.
B O Warf Tine
5
» ¥
il

0 o o o P M

°/o ’{(’SOW'('( Buj/

0 0 20 30

22

« How does Tesla eliminate bottlenecks?
1.

Integration bottleneck: Good test automation and
simulation environment

On-boarding bottleneck: Good documentation,
fully-integrated dev system, e.g. with dynamic
stages

Decision bottleneck: Managers have to decide

within one hour if they are requested by a team (if
not, they are fired)

\

\
Q)
I

Dr. Michael Nolting f lg




“mWeEn

A1—=OYIRAIDB2AESR RE  RBEBLLVCL

WIAT T LEANED o Erol Musk  ——
em—— Fegne D |\ B=

MZ’?Z’L:‘“ A=+ IrAF42 Doﬂ" \)ﬁ\'\ [
RE vo! | .
T LAT C'U“t.‘»';\;\! MR Sl /;,\‘w -3 \,—-ﬂ—~> .‘ '
5\ _Ogﬁmﬁr :m-m_&’/{/

-

BELaY

ﬂ I -m;aiac_\ Q.C/:j\ 25D =
\ - T EEV -
important oon, T [ ‘t:gr-\_ﬂ-\j

Daw ./ . b wc’:s hl“l _— = —
foley - A '5.‘J". : DY "_‘3




Every car is homologated on its own

* 60 parts per day are changed
« Reduxing complexity as much as possible
* Every car is certificied and homologated individually
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Digital Self_management App
Manager as a App

it
I se
=

anqgement

Using & tool called Digital self management. Tesla is Digital self managementZ L\ 3V ~AERVFAFI2
further speeding up the process. JEUIAL~FT27ERRLTUVEY,
This module explains what digital self management is. Digital sefi managementZ 3fiifr. COEIa-ATRELZY,
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3 people, 3 lines 4 people, 6 lines 5 people, 10 lines 6 people, 15 lines
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11 people, S5lines 12 people, 66 lines 14 people, 91 lines
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ARE WE SPENDING ENOUGH?
THRZHZELTVWADTL & 5H7

RUNWAY / BURNRATE
o i s
IN—>L—F

A growth company’s goal is to spend
exactly 100% of all revenue on product
improvements and growth. This grows

market capitalization.
RECXDBRIZ. 2RNAD100%% KM
DRREBEICRPTETY, ChilE
D, BBEELIIMAL XY,

ARE WE SPENDING EFFICIENTLY?
MENICE->TUVWETH?

value / C@( + OPX

INV) 2 —/BAREH
+iIXeE

Tesla's value is #days accelerating
the advent of sustainable transport
T AT DMEEIR. FHIS] L EETFER
DOHRZMESES7-HOBHTT,




The team board

TARTOF=ABARSILF LTS v I E—FEF->TVWET, F-LRENDZS TR
WwWTWT. RICPEINZICZLRAHLLSTMRNCRFINTVLET, ChicE
S>TF—-LHBERE 198

4

ery team has a big team agile board. Tesla mostly coordinates with iMessage
ny employees do not even know their own email address, however we will use
to make our priorities visible.

S N
GAME NOTES o oY | RO Wi A WHERE VHEN WHO TODO TREND CHART
WS TEAGNS 3 EC ¥
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Value Formulas of Tesla's Autopilot

1. Canthe car drive 10 meters autonomously in the factory and drive safely?
Can the car drive itself through the car wash?
Can the cars drive themselves on the transport trucks?

Can the cars put themselves through homologation and automated testing?

e

Now? %SaferThanHuman / Capx+Opx -> accidents with AT on / kilometers driven

(Latest update always goes to customer leaving nearest in order to minimize recall cost)

LEADING KPIs PRODUCT

%SaferThanHuman/
ANT R & DEA%REH
CAPX+0OPX

f




% SAFER THAN HUMAN
BATIEDES

EVENT1 EVENT2

32X "

3,200 % less likelihood of making an accident during engagement of autopilot
Increase this percentage and increase square kms on earth, which have this level

16X
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APIs are everywhere

Hardware API: Object Oriented Architecture

ABEKHO

Y=7%=)LK A O0F ¥ RIAINY KR RHES
T B A MET2p 1sssotfu V@S = — 1L(225)
Coolant outlet 72p 18650 cells on each side Micro-channel cooling
manifold Coolant outlet of the cooling ribbon ribbon extrusion, 1 of 11 per module (22s)

MmFERH

PASSENGER
SIDE

TESLA Model S Plaid
manifold Coolant inlet B »

iy attery Cooling System
el e ;zse-?aystﬁmm‘ﬁg—%gyzn

2@
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Bonus ,Employee Handbook”

f you're looking for a traditional employee handbook
filled with policies and rules, you won't find one. Policies
and rules tell you where the bottom is — they tell you
how poorly you can perform before you get shown the

door. That's not us.

A\
9 \1‘1 1)
<, /',‘ 71
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Bonus ,Employee Handbook”

No long meetings

Excessive meetings are the blight of big companies and
almost always get worse over time. Please get out of all
large meetings, unless you're certain they are providing
value to the whole audience, in which case keep them

very short.
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Bonus ,Employee Handbook”

Don't have unnecessary frequent meetings

Also get rid of frequent meetings, unless you are dealing
with an extremely urgent matter. Meeting frequency
should drop rapidly once the urgent matter is resolved.

A\
9 \1‘1 1)
<, /',‘ 71

4
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Bonus ,Employee Handbook”

Leave a meeting if you're not contributing

Walk out of a meeting or drop off a call as soon as it is
obvious you aren't adding value. It is not rude to leave, it
S rude to make someone stay and waste their time.

5 \'l\l l“l‘lyl
<771

\\

/
37 Dr. Michael Nolting f %\



Bonus ,Employee Handbook”

Don't use jargon

Don't use acronyms or nonsense words for objects,
software or processes at Tesla. In general, anything that
requires an explanation inhibits communication. We
don't want people to have to memorize a glossary just to

function at Tesla

/
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Bonus ,Employee Handbook”
Communicate with all departments directly

Communication should travel via the shortest path necessary to get
the job done, not through the 'chain of command'. Any manager who
attempts to enforce chain of command communication will soon find
themselves working elsewhere.

A major source of issues is poor communication between depts. The
way to solve this is allow free flow of information between all levels.

If, in order to get something done between depts, an individual
contributor has to talk to their manager, who talks to a director, who
talks to a VP, who talks to another VP, who talks to a director, who
talks to a manager, who talks to someone doing the actual work,
then super dumb things will happen.

It must be OK for people to talk directly and just make the right thing
happen.
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Bonus ,Employee Handbook”

Don't follow pointless rules, use common sense

In general, always pick common sense as your guide. If
following a 'company rule' is obviously ridiculous in a
particular situation, such that it would make for a great
Dilbert cartoon, then the rule should change.

CAN YOU
AVERAGE SURE. I CAN
THEM? MULTIPLY
THEM TOO.

r
FAC—ai)

5708 ©2008Scott Adams, Inc./Dist. by UFS, Inc.

www.dilbert.com scottadams®acl.com
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Summary

1. Tesla's fleet delivers high volume of data with
a high variety and can be configured
remotely; this paves the way of the ever-
increasing accuracy of their autopilot feature

2. Tesla's production is master-branch based like
modern software-development; every car is
homologated on its own

3. Tesla's mindset paves the way for a high
release rate

/
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