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Principles of Innovation |

Macro vs. Micro

Rebecca Nauli (naulireb)

Macro Aggregate view — entire state, economy, industry, system at large
e.g. BIP (Bruttoinlandprodukt)
Micro Individual actor, firm, component

Complicated vs. complex

Complicated

Complex

e Hard to understand
e Solvable through analysis
e Expert knowledge required

e Multi-layered

A system composed of a large number of
interacting components without cen-
tral control, whose emergent “global”
behaviour — described in terms of dy-
namics, information processing, and/or
adaptation is more complex than can be
explained or predicted from under-
standing the sum of the behaviour of the
individual components.

Complex systems are generally capable
of adapting to changing inputs/environ-
ment and in such cases sometimes re-
ferred to as complex adaptive systems.

Invention vs. innovation

Invention

Innovation

e sthbrand new
e [P (intellectual property = patent)

e successful commercial execution
of ... (processes, etc.)

PESTLE Factors

exogenous factors, used for system analysis

Political

Technological

Legal

Environmental
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Porter’s Five Forces Framework

1. Buyers — Driven by price, will buy based on lowest
fare

The Five Forces That Shape Industry Competition

2. Suppliers —want to be paid more and deliver less. I ‘

Powerful suppliers will use clout to raise prices or set L Entrants |
more favourable terms, e.g. fuel suppliers.

mvnlry

3. Substitutes — may come from other industries, e.g. Bargaining \ i Bargeining
. S.‘?".,.:L‘Zi  suppliors | S (i
railways ] ompetitors o
4. New entrants — e.g. Low-cost carriers (LCC) forced
ey Thnnol
competition to reduce costs Substitute
Services

5. Existing Rivals — intense competition affects every-
one’s rivalry.
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Principles of Innovation |l - Growth

e important factor

Definition:  “Sign of progress and embodiment of hope in human affairs
Technological Growth (technical ad- Economic Growth (= prosperity)
vancements)

® new energy sources o tangible material gains
e level &reliability of food supply e private possessions to enrich lives

e new materials
e new industries (e.g. bike, car,
plane, etc.)

Challenges

e controlling growth (acceleration, moderation, ending)
e forecasting outputs & performance

Quantifying growth

How do you measure growth?

e Quantitative:
o physical units: length, mass, time, electric current, temperature, amount
of substance, luminous intensity
o derivatives: volume, speed, energy, power, ...
o compare two points in time = result
e Qualitative:
growth of economies: GDO, GNI

o average living space per family
o possessions of household appliances
o destructive power of stockpiled missiles

GDP - Gross Domestic Product
GDP=C+1+G+NX

e C =private-consumption expenditures by households and nonprofit organiza-
tions

e | =refers to business expenditures (investments) by businesses and home pur-
chases by households, government spending

e (G =denotes expenditures on goods and services by the government

e NX=net exports = a nation’s exports minus its imports.
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Fathers of innovation — Schumpeter & Drucker

e how does capitalism work?
e capitalist “equilibrium” misleading: constant change & innovation are

@ key traits

'g e innovation in specific industries creates growth (= economic expan-

2 sions)

:J; e innovation requires continuous disequilibrium

§ e difficulties: resistance and uncertainties of sth that has not been done

-4 before

g e Credit creation is essential

S e entrepreneurs are the agent of innovation & destruction. - their pro-

n jects lead to new jobs, higher incomes, and general economic progress
5Do’s:

1. Purposeful, systematic innovation begins with the analysis of the op-
portunities.

2. Innovation is both conceptual and perceptual.

3. Aninnovation, to be effective, has to be simple and it has to be fo-
cused.

4. Effective innovations start small.

5. But... asuccessful innovation aims at leadership.

3 Don’ts:
1. Trynotto be clever.
2. Don’tdiversify, don’t splinter, don’t try to do too many things at once.
3. Don’ttry to innovate for the future. Innovate for the present!

3 Conditions
1. Innovation is work. It requires knowledge. It often requires ingenuity.
2. Tosucceed, innovators must build on their strength.
3. Innovationis an effect in economy and society.

7 Sources of Innovation

1. Unexpected occurrences
Incongruities (incompatibilities)
Process Needs
Industry & Market Changes
Demographic changes
Changes in Perception
New Knowledge

Drucker’s principles of Innovation

No kLN

Academic vs. Corporate R&D

e Academic research is driven by “Publish or Perish.”
e Corporate R&D adds “Patent” to this — “Patent, Publish or Perish.”
o Corporations organize R&D teams to improve or create products, often to
combat competitors’ innovations.
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o Patents play a strategic role by protecting inventions and securing tem-
porary monopolies.

Patents (IP)
o A patentis a contract between the inventor and the government:

o Theinventor discloses the invention publicly.

o The government grants exclusive rights (usually for 20 years) to make,
use, and sell it.

inventor |

,.
Public disclosure of

essence of invention < |

Three Swiss Patent Requirements:

1. Novelty — not previously known (no prior art).
2. Inventiveness - not obvious to a skilled professional.
3. Industrial Applicability - must be usable and reproducible in industry.

- Not patentable: abstract ideas, scientific theories, medical procedures, plant/ani-
mal breeds, and inventions contrary to public policy.

Alternative to Patents

o Copyrights — protect the expression of ideas (e.g., written works, art).

o Trademarks - protect symbols and signs that distinguish products.

e Trade Secrets - oldest form of IP; rely on secrecy and confidentiality, not regis-
tration.

e Advantage: unlimited duration, no fees.
¢ Risk: others may independently discover or patent the same innovation.

e Example: 2019 case of Russian and Italian nationals charged with stealing GE
Aviation trade secrets.

e Otherincentives:

o Government R&D funding, national labs, and innovation prizes as alterna-
tives to patent-based systems.
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Patents in Aviation

e Between 1900-1970, aviation saw a surge in patent activity, reflecting:
o Rapidtechnological advancement.
o Increased industrial R&D investment.
o The growing economic and political power tied to aerospace innovation.

o Aviation patents exemplify how legal protection and public disclosure fostered
global progress in aeronautics.

Problem & Solution

Trivial Problems

Trivial problems:

o Well-defined, with clear goals, known variables, and procedures (e.g. solving a utility
equation).

Non-trivial problems:
e Complex, uncertain, and dynamic — like the Traveling Salesman Problem (TSP).
¢ Adding new elements changes the entire solution; cannot be optimized analytically.

These concepts show that real-world innovation deals with ill-defined, non-trivial
problems requiring creative and iterative exploration.

Evolutionary and Iterative Problem-Solving

¢ Borrowing from evolutionary optimization (mutation, selection, recombina-
tion), innovation improves through cycles of testing and refinement.

e The principle of successive refinement: begin with broad exploration and pro-
gressively fine-tune.

e Random deviations and failures are essential for discovering better solutions

Multiple and Conflicting Optimization Criteria

e Real problems involve competing goals — e.g., cost vs. performance or individ-
ual vs. societal needs.

e Thereisrarely a “perfect” solution, only balanced trade-offs.

e Thucydides’ quote (“the strong do what they can, the weak suffer what they
must”) is used to highlight how power and imbalance often shape outcomes in
problem-solving and innovation.

10
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Simple vs. Complex Problems/ Well-defined vs ill-defined

e« Simple: few criteria, low interdependence - clear, optimal solutions.

e Complex: multiple, interrelated criteria > unpredictable, emergent solutions
(“frustrated systems”).

¢ Well-defined problems can be solved by computers; ill-defined ones need hu-
man mediation and creativity.

The Law of Unintended Consequences (Robert K. Merton)

e Actions often lead to outcomes that are unexpected or contrary to intentions.
e “Cuibono?” —who benefits?

¢ Includes self-fulfilling prophecies, where beliefs shape outcomes (e.g., bank
runs, consumer panics, Amazon’s drone delivery hype).

e Example: child-restraint regulations on airplanes unintentionally increased car
travel risks.

Problem Solving Cycles (PSC)
Steps:

1. Define objectives and problem.

2. Search for creative solutions.

3. Evaluate and select the best alternative.
4. Implementthe chosen solution.

5. Review results and iterate if necessary.
> In practice, many “good” solutions coexist — innovation is a process of balanc-
ing trade-offs, not finding perfection.

Linked to Lindblom’s “Muddling Through” theory — progress through incremental, lim-
ited adjustments rather than grand, optimal solutions.

Disruptive Technologies

Explains why strong companies fail:
1. Dependence on existing customers discourages disruptive ideas.
2. Large firms avoid small, early-stage markets.
3. Emerging markets lack reliable data for investment.
4. New tech often underperforms initially but improves over time.

Disruptive technologies are simpler, cheaper, and initially unattractive to major cus-
tomers, but grow to transform industries.

11
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Managerial advice: create small, independent teams, embrace failure as learning, and
iterate patiently.

Henry Chesbrough — Open Innovation

Firms should use external and internal knowledge flows to accelerate innovation.
Instead of relying solely on in-house R&D, companies should collaborate, license, and
share technology to expand markets and speed up progress.

Jim McKelvey — The Innovation Stack

Innovation is a chain reaction of solving interconnected problems.

Success arises when these stacked innovations create a unique, self-reinforcing system
(e.g., Southwest Airlines’ low-cost model).

Reflects Schumpeter’s view of entrepreneurs as creative disruptors driving systemic
change.

Evaluation of Technologies

TRA: Technology Readiness Assessment, systematic, evidence-based process
that evaluates the maturity of technologies (hardware, software, pro-
cesses) critical to the performance of a larger system or the fulfilment of
the key objectives of an acquisition program, including cost and sched-
ule.

TRL: Technology Readiness Levels, Higher TRL = closer to implementation.
Other forms of readiness

e manufacturing readiness Levels (MRL)
e Integration readiness level (IRL)
o Systemreadiness levels (SRL)

Applications in Aviation

o TRL concepts adapted to Feedstock Readiness Level (FSRL) for aviation biofu-
els.

¢ Shows how readiness assessments reduce risk of time and budget overruns in
aerospace innovation.

e Contrasts commercial and defence TRL systems, showing differing approaches
to maturity, testing, and cost control.

12
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Principles of Innovation llI

Nasa Technology Roadmaps

NASA’s Technology Roadmaps outline 14 areas of focus, distinguishing between “push”
and “pull” technologies for long-term missions. Similarly, Airbus uses a technology
roadmap to align business goals with technology strategies over short and long terms.

e 14 Technology Areas covering all aspects of NASA Missions
o Differentiation between mission “Push” and “Pull” technologies *
o Pull: “needed to support the increased capabilities demanded by future
planned NASA missions”
o Push: “could meet NASA’s long-term strategic challenges.”
 Not budget driven or constrained, no prioritisation (at this stage)

Technology Roadmap:

helps prioritise product features and align business activities with technology strate-
gies. Used as a mechanism to define future budgets, collaborations, prioritisations. Vis-
ualisation through Technology Area Strategic Roadmap & Breakdown Structure.

Time is a dimension (unlike NASA TR above) to address

e Short-term goals
e Long-term goals

4 factors mapped:

¢ Market drivers (customer need, business need, tech. advances, env. Awareness,
economical)

e Product features

¢ Technology

e Resources

Example Airbus - Single-aisle program

Key Inputs / Assumptions:

e 4.4% growth in air traffic

e Demand driven by demographics and wealth creation (income growth)
e Industry growth projection: 0.3% (global revenue)

e Competitive landscape: duopoly

SWOT Analysis/Matrix

SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) helps firms identify in-
ternal and external factors influencing success, often accompanied by PESTLE analysis.

13
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e Identify future opportunities and risks Strengths Weaknesses
(threats)

e Strengths & Weaknesses (Inward looking,
“today”)

e Opportunities & Threats (outward looking,
“future”)
e Time dimension - this is only a snapshot:

Opportunities Threats

o Overtime, categories can shiftinto

other quadrants

Examples

South African Civil Aviation Authority (SACAA)

6.5 SACAA Functional Capability - SWOT Analysis

Single-Aisle Program

Opportunities Threats The strategic review process was preceded by a consulfative SWOT analysis with the following
results. and these will be appiied in the organisational review and development of objectives.
e Increased demand from e Increase in labor cost SWOT ANALYSIS
. . STRENGTHS 'OPPORTUNITIES
developing countries and recruitment * Smarl and lalenled employees [+ Aignment of organisational structure and fole
) °f3, o y e *Reputable intemational standi accountabilfies to the optimal business process
e Air traffic will grow e Instability in the .,nd:'mem www“;gd operotional [+ Md"ng stronger indusiry reiationships 3
significantly in the next government e o e e e

*Category | status in terms of the ICAO 8 Critical [+ Indusiry fransformation through aviation fraining

20 years e Government regulations e Sehook
+ICAO recogniion for SA leading role in Avmed in [+ Leagership in regonal aviafion saety oversight
Afiica as 6 centre of excelance infegration
|+ Consoldation of the UAV Industry
WEAKNESSES THREATS

Strengths Weaknesses “SUD-OpIMGl DusIngss processes [+ Lack of Techrical aviaion sais across 1he board
«Less than oplimum infrasinuciure and capabilty [+ Unethical empioyee behaviour (unknown confict

*Inodequote folent mancgement & career | of interest)

e High profitability and e Engine problems pothing |« Information security risk due to monual record-
revenues : = % *Wavering stoff morale due to o high tumover of | keeping
WA e High competition from Director of Civil Aviafion [» High reliance on Passenger Salety Charge
Fanicalli o arato i 5 *Working in silos [» Infegration of UAV info civi aispace
e Vertically integrated the other competitor «Sub-optimal human resources mancgement s 1T Security (inherent risk)
production s S processes ls African sofety record
¢ Difficult logistics *SACAA remuneration nof affractive fo potenfiol
e Brand loyalty employees

*Lock of rigorous performance management and

productivily measurement
*5ub-oplimal revenue model

SWOT analysis of the company’s position.

NB: sequence of quadrants not the same!

Project Management Triangle SCOPE

Project Management Objectives:

e Deliver results with the 3 given constraints
QUALITY

e Optimise the resources allocated
e Start & complete the project

COST TIME

BCG Growth Share Matrix

e Companies should have a healthy mix (portfolio diversification) of products with va-
riety of growth rates and cash flows (market share).

e Use as amethod to understand the lifecycle of a product

e Technology-driven enterprises accelerate movement through the matrix

14
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4 categories of growth: MARKET SHARE

e Stars-“assure the future”
e Cash Cows - “fund future growth” _ 7

Question mark

e Question Marks - “need to be converted to
stars with added funds”
e Pets (a.k.a. dogs) —Divest

GROWTH

Ansoff Matrix

The Ansoff Matrix uses the BCG matrix as an input by outlining four growth strategies—
Market Penetration, Market Development, Product Development, and Diversification.

4 Growth Alternatives

1. Market penetration
a. increase sales without changing original product-market strategy.
b. Increase volume sales or find new customers
2. Market Extension / Development
a. adapt productline (incremental) for new missions
b. e.g. passenger aircraft for cargo use
3. Product Development
a. Maintain mission
b. Develop new products or existing with new characteristics
4. Diversification
a. Depart from product line and mission
b. Horizontal, vertical or lateral shift

Biomimetrics
Biomimicry applies nature’s designs to engineering.

e copying from nature
e inspiring from nature

» Self-replication Human’s Benefits Examples

» Reconfigurability * Food * Fur

» Self-healing * Clothing * Leather

« Balancing content of * Comfort * Honey
various chemicals, * Construction * Wax

* Durability . . Silk

* Multi-functionality

15
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Man-Made vs. Nature

Man-Made Nature

Processing with heat & pressure Uses ambient conditions*

Synthetic Silk 2 Epidemic amongst silk- | body with minimal waste, strong materi-
worms als, biodegradable

Nylon = WWII use in parachutes (original
use for toothbrushes & stockings)

* Bones, silk are made from organism’s

Inspire-Abstract-Implement o T'??:;fﬂﬂ;a'
. . . . . biological systems Applications
=>» bioinspired design paradigm in sotio
p g p g Interdisciplinary \NSP’RE in robotics
E L curiosity Openness for
Xamp es Desi unconventional
gn ;
validation designs
e structures built significantly larger ~ Bioinspired B
i - System =z R b t D 2 b xpenrlne_nta
than species building them optimization ‘% AEos LEpsidn -
o ants = anthill Prototyping » .Sg EL%T:QSS;
. and fabrication V@ o)
o bees = beehives /4 Y7 Modelling
. . Material and simulation
@) b|rd 9 b|rd nest selectilon Product Principle
. . design definition
o spider - spider web frameworks
¢ Honeycombs Figure 1: inspire-abstract-implement

o bees’ usage: efficient packing
configuration for offspring & food storage, material: beeswax & propolis
(resin)
o aviation usage: efficient space filler parts which has low weight and high
strength, material: paper, metals, ceramics, composites
Velcro
o Vvelours (loop) and crochet (hook)
The wheel
o limitations such as complex terrains - better legged animals
shark
o shark skin technology
flyability (EPFL spin-off)
o heavily inspired by bio (insect) design

A few more examples: Attributes
e el Elclfjht performance, fly backwards, stopping & starting with a small
y

Toughness of silk, produced at room temperature & pressure

Spider Silk
[PIekelr St conditions

Navigational ability, migrating to targeted locations which it never

Manarch Butterfly

visited before. Information coded into genes.

Strength of shells, despite being made of “soft material” — calcium

Seashells
carbonate (i.e. chalk)

Ability if identify people not seem for many years and whose

Humans
appearances may have significantly changed

16
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Technological Determinism

=>» is aninvention always used everywhere?
= “Technology is only an instrument, and man does not always know how to use it”
— Fernand Baurdel (1902-1985

Examples

e Gun adoptioninJapan
o cultural digression: samurai class rejected gun
e The wheel
o north Africa: camel was smarter use than a wheeled ox
e adoption of electricity
o Sweden: light (=energy) for working class
o South Africa: light (=energy) used for mineral extraction
o UK: 1936 30% electricity in homes (rest gas)
o USA: 1936 90% electrified households

Prognostications: Prediction, Forecasting & Projections

Form of prog- | Persons involved Focus Timeframe

nostication

Prediction Inventors, utopian writ- Breakthrough inventions Long term
ers

Forecasting Engineers, entrepre- Innovations <10years
neurs

Projection Designers, marketers New models < 3years

=>» predictions if done well become self-fulfilling prophecies

Importance of technology

social vs. technical inventions by Werner Sombart (1863-1941)

=>» Coined term “creative destruction” (schdpferische Zerstérung) — Schumpeter
builds upon the concept

=>» Cultures are more important with shaping events than technology

=> e.g. Ancient Rome decline - failure of cultural & political institution (not tech-
nology

= Technology is important but culture and institutions as well

CASE STUDY: Women's Suffrage
Converging forces and influences (”piling up process”):
mass production, urbanisation, adoption of typewriter, birth control, theory of natural rights
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The bicycle (=soft determinism)

N - who can cover |

Rebecca Nauli (naulireb)

The bicycle: invention to innovation & social impact

Bicycle,
originates
around same
time as
automobile &
aircraft

a

®
develops air- ©
filled rubber
tires & padded
seat

Dunlop

Initial (high-
weeler) are
hand-made.
Price = 1 year
of worker’s
wages

Professional
racers claim:
"balloon” tires
are for sissies.

Users are well
off, young &
male

By 1890:

Low wheel
“safety bicycle”
become standard
- Front & back
wheel same size

High risk of
falling!

Manufacturing
changes price:
1880s: $300
1890s: $50
1910: $15 (used)

Next
generation:
Low-wheeler
for women,
clergymen &
old people
No longer a “toy
for the wealthy”
Common form
of transport
Military
adoption
Racing
professionalised

Experimentation:

3-wheelers

Larger wheel

front, then
back ...
Materials

“Captains Cup”

longest
distance

1888 — won by
a member of a
Philadelphia =
club of 18

ladies (3’304 mi)

Physicians claim:
cycling promotes
immodesty &
harms
reproductive
organs

Women in
suffrage
movement adopt
bicycle

more to emancipate

Susan B. Anthony: “Bicycling ... has done

women than

~ anything else in the world. | stand and e
rejoice every time | see a woman ride a

wheel. It gives women a feeling of
freedom and self-reliance” ‘-]

--> Example of “Soft determinism” -- and a form of “Technical Momentum”
Nye, D. E. (2007). Technology Matters: Questions to Live with. MIT Press.

Technical Momentum (soft determinism)

by Thomas Hughes (1923-2014)
can be applied to explain “soft determinism”

Example of electrification

Invention & early

development in
few locations

1875-1882

Technology
transfer in
other
regions

1882-1890

1890 -

ca. 1900

L WOWhV\‘SS\AH“Wg%Ha
W\o\rem

Development of

infrastructures

of production,
education,

consumption

Technological
Momentum

After ca, 1910

Electricity becomes
standard source of
light, heat, power

Financiers and
consulting engineers
required to face
management
problems
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Principles of Innovation IV: Mission-Oriented Innovation
Policy

Structural Change and Mission Thinking

= Economic growth not only has a rate but also a direction
=>» How can we innovation-lead growth which is inclusive and sustainable?

Characteristics of structural change

1. Uncertainty

e (Odds of success/failure can not be calculated in advance
e Results unknown (may need to “muddle through”)
e Some failures are both (i) inevitable and (ii) essential part of innovation process

2. Cumulative

e ”show patience” & ability to accumulate competencies and learn (long term)
e Appetite for long-term policy and investment horizons
3. Collective
e Innovation is collaborative & collective endeavour ... across multiple sectors &
public agencies
e Risks (and rewards) are shared

Key Market Participants

1. Public sector: Government

2. Private sector

3. Third sector: NGO’s - Stiftungen & Verein
4. civil society: Public

Missions

Challenges: “an area which a nation may identify as a priority” e.g. climate
change, challenges of an aging society

Mission: “involves tackling specific problems” e.g. reduce carbon emis-

sions of x by a period y.
- Requires multiple sectors involvement

¢ Climate change: not just energy sector, but also transport, nutri-
tion, ...

- Requires consensus building in civil societies — esp. for bottom-
up initiatives

19



CompAVI HS25 Rebecca Nauli (naulireb)
Sid Arora

Mission oriented thinking

1. Industrial sectors
2. Broad challenges
3. Concrete problems that different sectors can address to tackle challenge

Innovation-driven change is uncertain, cumulative, and collective. Mission-oriented
policies align industrial, societal, and environmental goals. Challenges (e.g., climate
change) are broad, while missions (e.g., reducing emissions by X%) are specific and ac-
tionable.

Examples: Apollo Program & Energiewende

The Apollo Mission demonstrated a top-down approach mobilizing multiple sectors for
a clear goal. Germany’s Energiewende represents a bottom-up, society-driven mission
tackling climate change. Both involve public-private collaboration and long-term vision.

Grand Challenges

Addressing major challenges:

e Social
* Environmental similar to PESTLE
e Economic

e Public health

Wicked Problems: Example: Poverty
1. Complex - Nutrition

2. Systemic - Health

3. Interconnected - Infrastructure

4. Urgent - Education

—>Mission-oriented policies seek to address grand challenges / wicked problems
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Examples: SDGs

@ SUSTAINABLE
DEVELOPMENT

GOOD HEALTH
AND WELL-BEING

“'"’=ALS

QUALITY GENDER uwmm
EDUCATION muamv msummn
REDUCED

1 PEACE, JUSTICE P»\RIN[RSN!PS

ANSD slmrog'rd;s ma THEGOALS @g)
sy SUSTAINABLE

Y, @ I

Market-Failure vs Mission-Oriented Frameworks

17 Goals
169 Targets

DECENT WORK AND
ECONOMIC GROWTH

13 oo

Market-Failure Mission-Oriented
¢ Requires continuous & dynamic moni-

Cost-benefit analysis Verifies if estimates e Evaluation throughout innovation pro-
- Incl. government were correct
failures Ccess

cf. Lindbloom w.r.t. Muddling Through

v

OK for firms, but not for mission challenges!

Mission Oriented Policies

Mission Oriented Policies systemic public policies that draw on frontier knowledge to
attain specific goals, or “by science deployed to meet big
problems”

Common example is NASA’s to “put a man on the moon”

Today: aging populations, inequality, youth unemployment,

Critical Success Factors:

1. Missions are well defined

2. Mission do not compromise of a single R&D or innovation project, but rather a
portfolio (cf. BCG Matrix at a firm level)

3. Missions should resultin a trickle-down effect

Pragmatic Elements of Missions:
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1. Befeasible

2. Draw on existing public and private resources

3. Be amenable to existing policy instruments

4. Command broad and continuous political support

Contemporary Missions:

Rebecca Nauli (naulireb)

C ha ra CterIStICS Of Conte m pora ry M ISSIOnS Old: Defense, nuclear and aerospace New: Environmental technologies and societal challenges
Diffusion of the results outside of the core of Diffusion of the results is a central goal and is actively
participants is of miner importance or actively encouraged
1. diffusion of technologies discouraged ___ — _ . .

The mission is defined in terms of the number of The mission is defined in terms of ecenomically feasible technical

. B R technical achievements, with little regard to their solutions to particular societal problems
2 economic feaSIbIlIty economic feasibility
. . The goals and the direction of technological The direction of technical change is influenced by a wide range
3 S h a red sense Of d | rectlo n development are defined in advance by a small group | of actors including government, private firms and consumer
: of experts groups
. . Centralisad control within a government administration | Decentralised control with a large number of agents involved

4. decentralised control by public

Participation is limited to a small group of firms Emphasis on the development of both radical and incremental

: due to the emphasis on a small number of radical innovations in order to permit a large number of firms to
a ge ncies technologies participate
. . Self-contained projects with little need for Complementary policies vital for success and close attention

5. d eve lo p ment Of b Oth ra d ICa l_ an d IN- complementary policies and scant attention paid to | paid to coherence with other goals

coharence

cremental innovations . .
Figure 2: Maastricht Memorandum
6. enabling complementary policies.
The National System of Innovation
Economy Ttteeen. ) Private
Financial markets Finance & |
\, Funding /
Markets for goods & services
Subsystemof . ! Subsystem of
research and % production and
lndustry education / Knowledge Products & '. innovation
&HR Services
(-\Ilaboramn
Universities
: Firms
P&D hmm;tr‘* s
Knowledge base Knowledge Base

Policy

Government and Sate Apparatus

Politics and Representation System

s, Tradition Natural Environment National Characte

Society

" Public Policies/ ™,
A Regulations & Public |
W Funding

Source: figure created by Mazzucato and Penna (2016) based on diagram
prepared by the Japanese Ministry of Education, Culture, Sports, Science,

and Technology (MEXT, 2002).

The Entrepreneurial State

Key elements of the Entrepreneurial State

1.
o government guaranteed loans

o taxreliefs on patent boxes

Investment along the entire innovation chain, including demand side policies.
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2.

Decentralised nature of public mission-oriented organisations (not top-down).
Risk-taking and investment not only during the downside of the business cycle.

Long-term strategic finance.
o taxincentives are an example of indirect investment
o Statement Investment Banks

Equitable distribution of risk and rewards.

Mission-Oriented Agencies “make markets”
rather than “fixing them”

Agency Mission Statements help direct public funds in 3 more targeted way (a5 opposed to merely “helping all SMEs”).

MNASA Mission Statement:

to “[d]rive advances in science, technology, aeronautics, and space exploration to enhance knowledge, education, inmovation,

economic vitality, and stewardship of Earth” [MASA 2014 Strategic Plan).

@ DARPA Mission Statement:

“Creating breakthrough technologies for national security is the mission of the Defense Advanced Rasearch Projects Agency™.

m} NIH:

to “seek fundamental knowledge sbout the nature and behavior of living systermns and the applicstion of that knowledge
to enhance heslth, lengthen life, and reduce illness and disability™.

Mission selection criteria

5 Criteria for Selecting Missions:

1.

2
3
4.
5

Bold, inspirational with wide societal relevance

A clear direction: targeted, measurable, and time- bound
Ambitious but realistic research and innovation actions
Cross-disciplinary, cross-sectoral, and cross-actor innovation
Multiple, bottom-up solutions

Rebecca Nauli (naulireb)
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Business Model Innovation & Design

Fundamentals of Business Model Innovation

4 Dimensions:

1. The customer —who are our target customers? R st

2. Thevalue proposition —what do we offer our
customers?

3. Thevalue chain —how do we produce our of-
ferings?

4. The profit mechanism —why does it generate
profit? Figure 3: Magic Triangle BM

= Generalrule: Innovation of BM requires modifying at least 2 of the 4 dimensions

BMI Challenges

1. Thinking outside one’s own dominant industry logic — not invented here syn-
drome

2. Difficulty of thinking in terms of business models rather than technologies and
products —e.g. PAYD insurance

3. Lack of systematic tools

Examples innovative BM

1. Amazon - largest bookseller, yet no bookstores

2. Apple -largest music retailer, did not sell CDs

3. Pixar-11 academy awards in 10 years, yet not a single actor in films

4. Netflix— Reinvented “video rental” (pre-streaming) without a single shop

5. Skype - largest telco, yet no network infrastructure

6. Starbucks - largest coffee retailer selling standard coffee at premium prices
BMI Myths

1. The Initial Ascent myth —first mover advantage not always relevant

2. The “Think Big” myth — giant leaps instead of incremental change

3. The Technology myth - the business application and use of a hovel/nascent
technology is “what makes the difference”

4. The Luck myth - planning & being systematic helps

5. The Einstein myth - Individual masterminds vs. interdisciplinary teams

6. The Size myth — “Established corporations can’t do it, precisely because they
have so many resources” —Joachim Schoss, founder of AutoScout24

7. The R&D myth - R&D departments are not the source of all important innovations
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The Business Model Navigator Framework

Developed by Gassmann et al. (2014), it outlines four phases:

¢ Initiation: Understand the ecosystem and current model.

o Ideation: Adapt existing business model patterns (55 total).

o Integration: Ensure internal and external consistency.

« Implementation: Overcome resistance, negotiate new partnerships, and

Rebecca Nauli (naulireb)

launch.
Inemlation P - e — ? ::;:-:‘::
D =@ & I e
Mdeation | e Tom
V| e | g /('?}.- T | |e=
< Aty
T 3 =
= B |
\ Sy / ;
Phase | Description
understanding your ecosystem
Understand your existing BM:
e WHO -customers
o WHAT -value proposition / problem being solved
e HOW -value chain, resources required
c e WHY - profit mechanism
o
;8 Other Actors/Players: not only customers, also partners, competitors, ...
= Change Drivers: Technology, Mega Trends (e.g. demographics), Regulatory
adapting patterns (55!)
1. Similarity Principle:
e Finding analogies in a structured way
e Search for patterns to apply to the existing BM (e.g. in related indus-
try)
2. Confrontation Principle
e Study extremes & compared to existing BMs
e Good for“hazy” / unknown problem statements
e Ask questions like “how would Nestle Nespresso manage your busi-
ness” (Razor & Blade)
c
.g Example: Could a steel company be confronted by Apple’s “Pay per use”
3 model? YES: Adapt existing BM from “pay what is shipped” to “pay what is
o » H
- consumed” (unused steel shipped back)
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Shaping your BM
BM needs to meet company’s internal requirements
C
o e Internal Consistency “presenting harmony between who-what-
;So how-why dimensions
Q o External Consistency “fit between your new BM and the company’s
= environment” e.g. stakeholders’ needs, competition ...
realising your plans
S
© » Negotiate contracts with new collaborators
o « Create new sales channels
5 e Specify go-to-market (GTM) strategy
g- e Question existing assumptions
= e Pushresistance from all angles (market, partners, employees)

55 Patterns

1. Add-on — additional charges for extras

Key Questions:

+ Can we provide  basic product to which
customers can be price-sensitive and
then add on services?

+ Can we lock our customers in so that they
will buy the add-on product from us?

; 180"

e https: terms-and-conditions/fees
: https://www.ryanair.com/ee/en/useful-info/help-centre/fee:

Gomsrann, 0. Fraskerberger. K8 Cok M. 291, 5 it T i e

0. Frankarbarger K S.Cik e Business Vel Ngore: S5 i YourSusinass {1 Edion). Tress

3 - Aikido n

Aniea Roddick
1542.2007)

“I watch where the cosmetics industry is going and then walk in the
opposite direction” - Anita Roddick

Questions:

d customer who will follow, if aikido pattem is

3—Can you overcome the obstacles to “change rules of the game™?

it

4 - Auction

priceline.com

Name Your Own Price

“for improvements to auction
theory and inventions of new
auction formats”

0 Frankerbercer, Ko 38, M. EZEL4]. The Baress o Havigoters 53 Modkl That WAl Revelutirss Hour Busmess| 1t Eitoel, 1 Fress

6 — Cash Machine

Run a negative cash conversion cycle

Cash conversion cycle =
Inventory conversion period
+ Receivables conversion period
~ Payables conversion Period

1891 — First “American Express Travellers Cheque”

> Receive payments as early as possible, pay your bills as late as
possible

Question:
Can you create a value to customer in this process?
Example: Dell's build-to-order (BTO) process

10 — Customer Loyalty

+ Frequent Flyer Programs (AAdvantage first,
Miles&More, ...

* Ecosystem around pattern (barter) — e.g.
Loylogic

Questions:

+ Do you have suitable channels to engage with
customers?

+ Can you give customer something back for their
“loyalty”?

[
[

15 —Flatrate - "all you can eat”

Attempted for airline prices (American, JetBlue, Onego,
...), Norwegian, but never took off / commercially viable

Questions:

Is the average customer still in the calculated margin?

Can you protect yourself from abuse?
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16 — Fractionalized ownership 21— Hidden Revenue

Timesharing for optimised utilisation of assets.

" Primary source of revenue is a 3"-party, who cross- Hidden revenue
finances the product.

Origins in 1960s in CH for holiday homes, then Mobility ...

NetJets — first fractional ownership of aircraft
Questions: Examples: Google, Facebook, JCDecaux, ...

Does dividing ownership make product more affordable?

How easy s it to exit scheme?

Questions:

Can you separate customers from revenue streams?

Can you get away with being a dominant market .
participant (cf. Google, also pattern 52 on two-sided
markets)

Gacamare, O, Frankorbarger, K, B C5k b 2014). The B T — o

R [
27 — Lock-in 31— No frills
Forcing loyalty with high switching costs Lockin = “Whatever, a5 long s it s cheap” Nof "

Examples: Lego, Nespresso (only while patent was valid), .. - Origin: Ferd Model T (1308)

- LCCs, discount supermarkets, McD

Questions:

Do you have the legal, technical or economic means to retain Questions
customers?
Where do you really need to differentiate?
Can you implement lock-in pattern without damaging .

reputation and customer loss? How can you eliminate cost/wasta?

Can processes be re-designed to reduce costs?

ez, B, Frarsenberger . & Cik

e

Gosmann, O, Frankarberger. K. & Cot M. (200 T 5 Mtz Trat U e ) 5T

35 — Pay per use 39 — Razor and blade

[

“bait and hook” -

el wd

Origin in 1880s by Rockefellers selling cheap lamps to
China which only worked with their (Standard Oil)
paraffin.

1904 - Gillette — Cheap Razor / Expensive blade

nares

1984 — HP: first consumer Inklet printer
1986 — Nestlé Nespresso

Challenge:

Can hard-to-imitate components prevent competitors
T from copying service or spare part business?

Gassman, O. Frankerberger K. & Gk M. (2014]

Vour, o

44 — Rohin Hood 45 — Self-service

Robin Hood -

"Take from the rich and give to the poor” Putting th it to work. Sol
utting the customer to work. Self-service M

Can be enhanced with automation mechanisms
Eye hospital in India offers free eye surgery for poor

(2/3 of patients), while rich patients pay “full price”.
TOM’s Shoes — For each pair sold through retail, one
pair donated*. Margins: 100%

Aviation: check-in (kiosks, online, ...)

IKEA: pick-up components, self-assembly
Questions:
How to position against “full-service” players?

How should self-service be priced?

Is customer value (still) being delivered?

Will customers take work as a positive experience?

How can we trust customer’s work/input?

sasmann, 0, prarionberger, B Tht #rpress

Key Takeaways
e Don’treinvent the wheel
¢ ABMis not for a specific industry. Use it where not used already!
¢ Combine: Take 55 models to “create your own BM”
e Patterns not setin stone —will continue to recombine and evolve over time

27



CompAVI HS25 Rebecca Nauli (naulireb)
Sid Arora

The Business Model Canvas

The Business Model Canvas

Hey Farnems {F Ky dctnihee E Value Propogrhiong ii Cusinmer Relstionsnipes ' Cuskomer GEQTHTEE '
Ky Radcur<ui :.[ Channels .B
Cost Structure # Ravenue Ssreams é
@@@iﬂﬁ:‘.l“ e o E}Etrategyzer

S B altes el Il FITRGERET i

Nine building blocks: Customer Segments, Value Propositions, Channels, Customer
Relationships, Revenue Streams, Key Resources, Key Activities, Key Partnerships, and
Cost Structure. Used to visualize and test new models.

Segment Description
CS -Customer | WHO do you want to reach
Segments

Sample segment types:
1. Mass Market

2. Niche Market

3. Segmented

4. Diversified

5. Multi-sided platforms/markets
VP -Value Describes the bundle of products and services that create value for
Propositions a specific Customer Segment

Factors which can contribute to value creation:

1. Newness

2. Performance

3. Customisation

4. “Getting the job done” - Rolls-Royce (pay per hour)
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Design

Brand/Status

Price

Cost Reduction

9. Risk Reduction

10. Accessibility (Netlets)
11. Convenience/Usability

©No O

CH - Channels

describes how a company communicates with and reaches its Cus-
tomer Segments to deliver a Value Proposition

Channel Types Channel Phases

CR - Customer
Relationships

describes the types of relationships a company establishes with
specific Customer Segments

Customer Relationship Segments:
1. Personal assistance

2. Dedicated personal assistance
3. Self-service

4. Automated Services

5. Communities

6. Co-creation

RS - Revenue

Represents the cash a company generates from each Customer

Streams Segment (costs must be subtracted from revenues to create earn-

ings)

Types:

1. Transactional - one-time payment

2. Recurring — ongoing payments (e.g. for support)

Sources:

1. Assetsale

2. Usage fee

3. Subscription fees

4. Lending/Renting/Leasing

5. Licensing

6. Brokerage fees (% commission)

7. Advertising
KR - Key Re- Describes the most important assets required to make a business
sources model work

Resource types:

1. Physical
2. Intellectual
3. Human

4. Financial
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KA - Key Activi-
ties

describes the most important things a company must do to make
its business model work

Activity Categories

1. Production

2. Problem Solving

3. Platform / Network

KP - Key Part-
nerships

Describes the network of suppliers and partners that make the
business model work

Types of partnerships

Strategic alliances between non-competitors

2. Coopetition: strategic partnerships between competitors
3. Jointventures to develop new businesses

4. Buyer-supplier relationships to assure reliable supplies

—_

Motivation for Partnerships

1. Optimisation and economies of scale

2. Reduction of risk & uncertainty

3. Acquisition of particular resources and activities

CS-Cost
Structure

describes all costs incurred to operate a business model

2 classes of cost structures:
1. Cost-driven (LCCs)
2. Value-driven

Cost structure characteristics:
1. Fixed cost

2. Variable cost

3. Economies of scale

4. Economies of scope

Example BM Canvas — Nespresso

Partners

-

Lot fee machine
wanfacturers

Costs

& et

Activities @°

Value Customer Customer
Marketing Proposition | Relationship = ' Segments
® @
Frodec tion = Monbership Civh “"‘
e High End Offiee market
restagrant gality
Resources @ SH=* Channels =<
Pistr Bution channels Wibsit and wad order
Patent on systom Sramded boutigues Rogsehokdt
Erand Cal cemter
Prodoe fion plants Retail (nachine only)
Revenues
Mamofactoring  Pistrbetion é Msin revemse s Other:
Mazhines and
& Crammels Capsules ssoi
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Toward Sustainable BM

Rebecca Nauli (naulireb)

Key Partners 6‘9 Key Activities El/ Value ﬁ Customer O Customer O
Propositions Relationships Segments
MRO service partners MRO operations and )
(CareNetwork) services el i
i - Data analytics & value-
Digital pa added service delivery
E— TotalCare Service
Supply chain l.hsll & Revert programme
Revenue Sharing Airli .
Partners (RRSP) — P
Key Resources ﬂ Trant angine Channels %
Engine fleet Direct sales
Data (engine health etc.) CareStore
CareNetwork Airframe manufacturers
Customer service network
Cost Structure 6) Revenue Streams @
MRO service delivery operating Engine development and TotalCare service revenues Engine sale
cost (labour & material/parts) production charged per engine flight hour
FH
MRO partner revenue share RRSP revenue share !
Social and environmental ° @ Material efficiency through extending engine lifetime and utility
Material efficiency through better parts management and reuse
Material efficiency through better repair processes
Material efficiency through recycling (Revert programme)

@@ @@ Strategyzer.com

Source: R2Pi Project analysis, company interviews

Adapted by R2Pi
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Regulation & Standards

Standards

Types of Standards

1. Fundamental standards - which concern terminology, conventions, signs and
symbols, etc.

2. Test methods and analysis standards - which measure characteristics such as
temperature and chemical composition.

3. Specification standards - which define characteristics of a product (product
standards), or a service (service activities standards) and their performance
thresholds such as fitness for use, interface and interoperability, health and
safety, environmental protection, etc.

4. Organization standards - which describe the functions and relationships of a
company, as well as elements such as quality management and assurance,
maintenance, value analysis, logistics, project or system management, produc-
tion management, etc.

Categories of standards

1. De-facto standards
A de-facto standard is one that is widely accepted and used, but lacks formal ap-
proval by a recognised standards organisation or organisations” “Generally re-
sults from widespread consensus on a particular product or protocol that has a
large market share” e.g. QWERTY Keyboard vs. Dvorak Keyboard

2. Regulatory standards
Supported/defined by regulatory agencies, not driven by market forces

3. Consensus Standards
Voluntary standards developed/used by voluntary consensus bodies

Regulatory Standards
Used by regulators for conformity or as an Acceptable Means of Compliance (AMC) to a
specific regulation

e Mandatory: CE Marking (conformity assessment) for UAS (Commission Delegated
Regulation (EU) 2019/945)

e AMC: EASA standard in continuing airworthiness (Commission Regulation (EU)
1321/2014). Alternative Means of Compliance (AltMoC) are possible.

It can happen that the content is directly written in regulation, i.e. drone operators’ reg-
istration (EU 2019/947, Article 14) or its annexes.
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Industry Standards

Voluntary use of a standard by a group of industry stakeholders.

e Example: TCP/IP (open standard)
e Docfile or mp3 (proprietary standard) The regulator often waits for industry stand-
ards to emerge rather than prescribing them.

Some standards can be both regulatory or voluntary, depending on circumstances, i.e.
ISO 9001.

Compliance, certification & inspection

Compliance & certification

Compliance/Conformity can sometimes be done by the company itself (i.e. CE marking
for most electronics) or through approved third parties.

The Swiss Accreditation Service (SAS) accredits entities such as

¢ Testing laboratories
o Reference material producers
¢ Inspection bodies

Inspection

In order for an aircraft to be listed in the Swiss Aircraft Register, it must be inspected for

compliance with the applicable airworthiness requirements. The airworthiness require-
ments are based on international and/or national regulations, depending on the aircraft.
EUROCAE ED-112-Ais an AMC to EU 965/2012 related to Airborne Recorder Systems is

applicable to on board crash protected recorders, ancillary equipment and their instal-

lation in civil aircraft.

Anti-Trust/Competition laws

= Do not use standards as a means to collude or exclude participants
Questions to ask (Carl Shapiro):

Do the firms in the proposed standards coalition have market power?
Does the coalition have open or closed membership?

Do members of coalition possess blocking patents or other IPR?

Are royalties required to adhere to the standard?

Is coordination critical to the launch of the product?

AR o

What ancillary restraints are placed on members of the standards coalition?

—if answered with yes = collusion
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Not all forms of collusion are illegal e.g. Eurovision Song Contest Voting (neighbour
countries)

Lobbying

Lobbying: “lobbying” means promoting specific interests by communica-
tion with a public official as part of a structured and organised ac-
tion aimed at influencing public decision making

Objectives of regulating lobbying:

e Promote transparency of lobbying
e Regulate lobbying activities (who & what)
e Notinfringe on democratic right of individuals to
e Express opinions and petition public officials
e Campaign for political change and change in legislation, policy, ...
e Transparency of activities performed
e Public register of lobbyists
e Standards of ethical behaviour for lobbyists (principles of openness, transpar-
ency, honesty and integrity)
e Sanctions for non-compliance
e Integrity of public sector officials (revolving doors, “cooling off periods”)
e Opversight of the above

Dual-Use Regulation

Export Controls

Wassenaar Arrangement (WA): On Export Controls for Conventional Arms and Dual-Use
Goods and Technologies

o “Related to the spread of conventional weapons and dual-use goods and
technologies”
¢ For details, see EU’s dual-use list of technologies:
o Category 7 - Navigation and avionics
o Category9- Aerospace and propulsion 24

State Secretariat for Economic Affairs (SECO) responsible for Swiss Export Controls

“Dual-use goods can be used for military and civilian purposes. They include, for ex-
ample, machine tools, chemicals and unarmed military training aircraft. Switzerland is
one of the six countries that export the most dual-use goods. A licence is required to ex-
port such goods.”
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Failures, Frauds & Fiascos

Frauds

Fraud Classification by Charles Babbage

Rebecca Nauli (naulireb)

1. Hoaxing: humours or malicious deceit (time limit), ridicule those who credit/fall for

hoax

2. Forging: Recording observations never made to acquire reputation > falsified

data/results

3. Trimming: for m of falsification, clipping of
little bits here and there to gain a reputation
for extreme accuracy = outliers (not men-
tioned)

4. Cooking: to give to ordinary observations
the appearance and character of those of the
highest degree of accuracy

Science Classification:

FFP: Fabrication — Falsification - Plagiarism

Tadde | Percentage of soemtants who Loy That they engaged in the bohaviour hited within the
| previeus throe years (n - 1.247)

l Top ten behavioury Al Mid-career  Early-caner

I
| Other bwhaviours

Figure 4: Examples from Science

= Challenge of fraud classification is to determine the level of malicious intent (cannot

be measured).

Examples Frauds & Failures

e Theranos: Silicon Valley’s biggest Fraud, lab-on-a-chip, did not work. Inventor

(Elizabeth Holmes) knew this.

¢ de Haviland Comet: first commercial jetliner, did not serialise their production,

never had a prototype, positive: air accidents investigations progress

e Concorde: high fuel consumption, only prototypes built, excessive maintenance,

exceeding Mach 1 costs 3x as much, Megalomania

e Hoover: sloppiness, poor planning, poor lawyers, poor campaigns, not using

common sense.

e Wright Brothers Church: not intentional fraud but simple carelessness = Follow

the money principle (FTM) for white collar crimes
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Fraud Triangle (Motivation to commit fraud)

[Corporate, Financial] Fraud Triangle ;

—

Conald Cressay

1813 -1287)
Dﬂpﬁb‘llit‘f - Bornus as 3 financial metric [ l
- Fasition f furctian - Irwestar and analyst expectations
- The hurman brain - Personal incertives (e gamtling addictions]
- Corfidence/egs Pressure - Greed
- Culturalfssus=s - Revange
- Coerdion skills - Power cominance
- Effectivelying
- |mmurity to stress.
. T - ‘Weakintsrral contrals
[hdz?zqr:;:?:':fn Opportunity - Pncrtnr::f'ummn: )
! "The.fnta—_ﬂ-_lmewmg" - Imedequate accounting practoes
- “Upper managementis Soing it”
- “Thar=isno other solstion™
- “Thisis justt=mporany”
- “Everybody doas it”
Fraud Risk Rating
Counterfeit
Counterfeit Counterfeit parts are defined as a product produced or altered to

resemble a product without authority or right to do so, with the in-
tent to mislead or defraud by presenting the imitation as original or
genuine. (AlA)

- Definition varies across industries.
Examples for counterfeit in aviation:

e runway lighting, maybe less good quality from counterfeit parts

Why counterfeit in aviation?
e attractive in aviation industry due to the long lifespan of parts & usage
e As parts may not be available from original component manufacturer (OCM),

original equipment manufacturer (OEM), authorized aftermarket manufacturer or
through franchised or authorized distributors or resellers.
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e 70% of counterfeiting is from China (reports by US air defence, SASC)

Index for counterfeiting

e GTRIC-e: General Trade-Related Index of Counterfeiting for economies

Rebecca Nauli (naulireb)

e GTRIC-p: A general trade-related index of counterfeiting and piracy of products

15% of seized values for counterfeiting in air transport, GTRIC-p: =0 since parts are not
easily counterfeited due to certification process, etc.

Whistleblowing
Whistleblowing: The disclosure by organization members (former or current) of ille-
gal, immoral and illegitimate practices under the control of their
employers to persons and organizations that may be able to effect
action.
Motivation:
e altruistic
e motivational/psychological
o rewards (financial)
Risks:
o Attack the messenger (smokescreens)
e Poor appraisals
o Threaten into silence
e Isolation / humiliation
e Set-up for failure
o Prosecute
o Eliminate jobs, ruin career prospects
Table 1: Types of Wrongdoing
Category Constituents
Stealing Stealing of federal fumds, stealing of Tederal propenty, accepting brbes
kickbacks, wse of offical position for personal benelit, unlair advantage Lo
contracter, and employes abuse of office.
Waste Waste by ineligible people receiving benefits, waste by a badly managed
program, and waste of organizatianal assets,
Mismanagement Management's cover-up of poor performance and making false projections

of performance.

Safety Problems

Unsafe or non-compliant products and Unsafe working conditions.

Sexual Harassment

Unweleome sexual advancesirequests For sexual favors and verbalpliysical
contact of sexual nature.

Linfair Discrimination

[Mscrimination based on race, sex, religion, e,

Legal Vielations

Viclation of law, ete.

Source: Meor ef al. 20NM)
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Not all whistleblowers are treated equally

Protection of whistleblowers differs across jurisdictions
and industries.

H No law protecting whistleblowers per-se in Switzerland.
Separate laws governing public and private law.

3 stage process:

Report s there 2 Exception in CH:

irregularity Al mezns public Report to Bradley Birkenfeld
exhsustad interest authorities 5104 M reward

internally to
employer

concem?

hstmss w2 deloitte. comchlen/ pages Forens oo/ articles swisxavewhisleHawinghiml 17
DECD [2015), Commmisting to Effecsue Whistishlower Protection, OECD Fubkshing, Paris. hitgs/ /e doiorg/ 10,1 TE /78926425 26380
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National Innovation Systems & Aviation Policies

Mission-oriented innovation requires The HIInes Sysemn ot momtien

Fconomy
innovation agencies welcoming: m

e Uncertainty ( P, )
e m P

ndustry wu \
and PED institutes

National Innovation System A o T Sk e

(CH, 2006) AAAAAA

A key element of the NIS is the interac- =
tion between the funding from the B e D
(government) administration and the o =

ource: figure created by Mazzucato and Penna (2016) based on diagram

preparad by the Japanese Ministry of Education, Culture, Sports, Science
methods for technology transfer e T

e Explorative capacity

oy

(WTT*)

Administration
*WTT = Wissen und Technologie Transfer Goeea)
Success Factors of Swiss Model parametars *Cj o |porameters
Competitive & Innovative Firms Pre——— oo et -

O,

e 3.4% of GDP spent on R&D (2/3rds from private
sector) Transfer

Innovation Process
c

Research

Education System

Human Capital

‘ Market potential | Invention | Design I Production | Sales/Mktg

e University System (Federal, Cantonal, FHs ...)
e Duale Bildung/ Apprentice system

Efficient Research & Innovation Promotion
e Competitive SNF grants
General environment factors

e High quality infrastructure
¢ Flexible labour laws

Challenges & Opportunities of Swiss Model

Preparation for Digitisation ¢ Proximity of universities to pri-

. vate sector (in terms of collabo-
e Across all societal aspects

ration & geograph
e Impacting all demographics geography)
¢ Unintended Consequences (cf. R&D in 99% of companies (i.e. SMESs)
Merton) has been in decline since 2000 Regula-

tory barriers
Knowledge & Technology Transfer (WTT) y !
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e Especially in finance and health e UK started post-Brexit an ARPA
(Advanced Research Projects

Support of Start-ups
Agency) Germany started Agen-

e 300 Hi-tech start-ups p.a. (vs. tur fur Sprunginnovationen
40’000 overall) (2019)
Integration to International Research & “If you can’t measure it, it’s notim-
Innovation Programs portant”
e e.g.EUjointfunding programs e Measurement of Swiss model for
(Horizon Europe, ...) Research & Innovation system’s

effectiveness requires more tar-
geted data collection and analy-

Switzerland is not mission-oriented
sis

US NIS “Innovation Success Triangle”

Robert D. Atkinson (b. 1954)

Founder & President of Information Technology and Innovation
Foundation (ITIF)

Innavation Policy Environment

. Business Environment

1. Market & Firm Structure & Behaviour
o Managerial “talent”
o Time horizon & Risk appetite of firms (short-termism / quarter-driven)
o ICT adoption
2. Business Financing System
o VC/Risk Capital
o Firm finance (debt & equity)
3. Cultural Factors
o (Domestic) customer demand
o Risktaking/entrepreneurship
o Attitudes towards science & technology
o Collaborative culture (inc. "coopetition”)
o Time horizon & willingness to invest in the future (mixed picture in terms of
R&D spend)

1. Tax, Trade & Regulatory Environment
1. Regulatory Environment
o Industry structure & Nature of competition (anti-trust policy)
o Regulatory system for entrepreneurship (starting business, laying off labour)
o Role & Form of Regulation (cf. FAA approvals)
o Transparency and Rule of law
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2. Tax, Trade and Economic Policy
o Macroeconomic environment (e.g. inflation, USD as reserve currency)
o Taxpolicy - R&D tax credits, no VAT
o Trade Policy - WTO, Tariffs ...
o Intellectual Property - incl. protection of overseas IPR
o Standards - see prev. lecture

Il. Innovation Policy Environment Research & Technology

1. Support of research in universities & research labs/institutes
o Overall mixed picture w.r.t. funding
o Federal funding (2013) ca. $140 bln in R&D activity (2010: 0.78% GDP to
0.88% 2013)
o Since 2000, NIH funding down 25%
o Defence R&D ™ (0.285% of GDP)
2. Federal Labs
o 80-100funded labs
o Emphasis on defence, energy & health
3. University Research
o Funding mission goals of DOD, DOE, NIH
o Non-mission/ basic research funding by NSF (cf. Vannevar Bush)
4. Technology Transfer Systems (from Univ. to federal labs / marketplace)
o Some NSF and NIH funding tied to commercialisation outcomes
5. Supporting research in business
o Tax credits for r&d investments
o Federal govt does not fund business r&d, unless related to defence missions

Systems of Knowledge Flows

1. Innovation Clusters
o Silicon Valley, Research Triangle Park (RTP), Boston Rte 128
2. Industry collaboration systems (with academia & research institutes)
3. Acquiring foreign technology, exporting US technology
o FDI" policy
o Monitoring acquisitions by foreign entities (CFIUS? reviews)
o China National Aero-Technology Import and Export Corporation forced by
CFIUS in 1990 to sell Mamco
4. Technology diffusion and adoption
o Origins in agriculture policy (1957 — Hybrid Corn)

" FDI - Foreign Direct Investment
2 CFIUS - Committee on Foreign Investment in the United States
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Timeline of Chinese Investments in U.S. Aviation

Rebecca Nauli (naulireb)

@& reuters.com/article/us-global-eagle-ent-m-a-hna-group-idUSKBN1ABOBE

INDUSTRY, MATERIALS & UTILITIES

JULY 26

U.S. regulatory scrutiny scuppers deal for unit of

5 MIN READ

HONG KONG/WASHINGTON (Reuters) - HNA Group Co Ltd’s $416 million
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Value of Chinese Investments in U.S. Aviation
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A short diversion into technology diffusion

1957 — Griliches looks at adoption of Hybrid Corn
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YeaRs O ArrrrrrrrrrrrrrrrrrrTITTTTITTTTTTTY T TITYT rrferrTrTTTT
Figure 1.—Percentage of Total Corn Acreage Planted with Hybrid Seed. 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Source: U.S.D.A., Agricultural Statistics, various years. Year

=» S-curve noticeable

Comin and Hobjin developed models testing technology diffusion across multiple tech-
nologies over space and time
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FUGURE 4. ACTUAL ANE FITTED TONNAGE OF STIAM AND MOTOR SHIFS FOR FOUR COUNTRIES

Aviation-Passengers: Civil aviation passenger-kilometres travelled on scheduled ser-
vices by companies registered in the country concerned. Invention year: 1903; the year
the Wright brothers managed the first successful flight.
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Aviation-Freight: Civil aviation ton-kilometres of cargo carried on scheduled services

by companies registered in the country concerned. Invention year: 1903; same as avia-
tion—passengers.

What leads to an adoption of an innovation?
- by Everett Rogers

The relative advantage of the innovation

Its compatibility (for the adopter on how s/he gets things done today)
The complexity of the innovation

Triability, how easily can the innovation be tested

Observability, how easily can innovation be evaluated after the trial

apr b=

Human Capital Systems T omsesstone o oy oot jos \mdga bt on o G
1. Education/Training (K-12) prmm——

2. Higher Education Social
3. Skill/Technical Training
4

Immigration policy
+ 15-26% of US high-tech

MOST important
2018 STEM, any field _ !
4w Computer

Fundamental

companies founded by Anaiytical
immigrants (past 20 yrs) Managerial

Mechanical

* H-1B employment visa program
for high-skilled jobs

PEW RESEARCH CENTER

What about subsidies?

US Direct Payments® (1918-1998) to air carriers’ industry & general aviation: $155 bln

o 1930s: Funding of air mail delivery. Requires passengers to be carried as well
(implicit)! Expenses exceeded revenues.
1934: Collusion of pricing detected fatal accidents
1938: Formation of Civil Aeronautics Authority (now NTSB). Airline passengers
travel explicit.
1950s: Direct subsidies to airlines for postal mail phased out
1957-83: — Guaranteed loan scheme for air carriers to purchase aircraft. Ra-
tionale: reduce direct subsidies to carriers. 12 airlines default on 23 loans (worth
$128m). Total guarantees: $924m
1925 - 70: Federal Airways Expenditures (non-regulatory expenses): $9.1 bln
1953-70: Federal Airport Expenditures: $1 bln --- seen as a form of employment
generation (construction jobs)

o 1977 -98: National Weather Service (for aviation industry) - $672k

 Direct Payment = subsidy
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Benchmarking NIS across Europe

Table 3: Indicatars used in the Internatisnal comparizsn
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ina vs EU Brazil / Russia vs EU
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Regulations are more than those defined by Civil Aviation Authorities (CAAs)
e Civilliberties
o Privacy, property rights
e Serving national interests:
o Economic (jobs, growth ...)
o National safety & security
o Environmental
e Managing scarce resources & infrastructure
o Airspace, spectrum, ...

45



CompAVI HS25 Rebecca Nauli (naulireb)
Sid Arora

—>not all CAAs are governed the same!
FAA # FOCA # CAB

USA + Switzerland # Japan

Initial Commercial Drone usage in Japan . L 260
Why Japan & Commercial Drones?

|« .
a0 F = 2,000

30 - 1,500

of Paddy Field ( 1,000 hectares)

Share Percentage of Application Area (%)
P

1. Small-scale agriculture A ey
o avgsize5acres i i ag
2. Highly protected agriculture - g ol
o Gentan-777% import duty on polished rice vt s
1992 1994 1996 1998 2000 Y
3. Labour Shortage / Limited immigration
4. lron Triangle (Amakudari) - see next slides Bexotered Newber of Lnmsancd lekcopier in Jepes

Japan’s Iron Triangle - Amakudari ﬂ

The iron triangle, more commonly known as Amakudari
(literally meaning to “descend from heaven”), is a type of

revolving door and close collaboration between politics,
bureaucrats and large industry. Amakudari is most com-
monly associated with the supporting of MITI, which is
also responsible for regulating the Aviation Manufactur-
ing Law.

Johnson’s Definition:

“Maintaining coordination and cooperative interactions (\;;
among the state and the public and private sectors—-an

aspect of what the Japanese call nemawashi (informal negotiation processes, literally
translated as “preparing the groundwork”) and what others describe variously as con-
sensual decision making or the interlocking directorate among the bureaucracy, the

conservative party, and the business community”

e LDP-Liberal Democratic Party

e MITI-Ministry of International Trade and Industry
e METI - Ministry of Economy, Trade and Industry

e Private Sector-Japan’s largest 100 corporations

Japan’s Drone Logic
e Drivers: Economic & demographic
e Aviation Law*:
o Aviation defines “the Aviation/Aircraft which a pilot can ride on/in such as an
airplane, helicopter, glider an airship”

4 Aviation law regulated by MLIT - Ministry of Land, Infrastructure and Transport
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e Hence no MLIT-issued license is required to operate a UAV - not covered by avia-

tion policy, since no pilot

Interplay of Ministries (+Industry) goes beyond the CAA

Ministry of Land,
Infrastructure
and Transport {MLIT)

lapan Agriculture
Aviation Association
(JAAA)

Iron Triangles — A definition

Ministry of Economy,
Trade and Industry (METI)

Ministry of Internal
Affairs and
Communications (MIC)

Ministry of Agriculture,
Forestry and Fisheries

(MAFF)

aniron triangle is a ,,political relationship that brings together three key participantsin a
clearly delineated area of policy making: The Federal bureaucracy, the key committees
and members of Congress, and the private interest

USA’s Iron Triangle: Military-Industrial—
Congressional complex (MICC) a.k.a MIC

us
Congress

Defence
Industry

rrrrrr

Procure
contracts

distributive policies a.k.a. pork barrelling
- defence contracts are distributed to cre-
ate jobs evenly across all represented
congressional districts.

47



CompAVI HS25 Rebecca Nauli (naulireb)
Sid Arora

Vannevar Bush (1890-1974)

1919: Joins MIT faculty @€ Prof . :
1922: Co-founder of Raytheon wgw B1X ) LT W 7S fo¢ AC (o W\PMV\y
1932: Dean of MIT Engineering
1938: President, Carnegie Institution for Science — starts influencing US research policy
1940: Chairman of National Advisory Committee for Aeronautics (NACA) — “pre-NASA”; deputy George Mead
1940: Gets FDR to "OK” the creation of secret National Defense Research Committee (NDRC)
"to coordinate, supervise, and conduct scientific research on the problems underlying the development, production, and use of mechanisms and devices of
warfare"
1941: Gets FDR to “OK” the creation of Office of Scientific Research and Development (OSRD) —
"unlimited funding”, civilian controlled : .
- Radar, Proximity Fuze, Manhattan Project — C{o 0§ covtt corrtibbuhH on S X
1945: Publishes: “Science, The Endless Frontier” — Report to FDR / IZQSPO\('CV\ % D‘QW&DW

Leads to creation of National Science Foundation (NSF) 1 CH: CNF o €+\)
1946: Eisenhower publishes a 5-pointmemo (a blueprint for MIC*, penned by Edward Bowles — who also was instrumental in RAND Corporation)

1. Army must have civilian assistance in military planning as well as for production of weapons

2. Scientists and industrialists must be given the greatest possible freedom to carry out their research

3. The possibility of utilizing some of our industrial and technological resources as organic parts of our military structure in time of emergency should be
carefully examined

4.  Within the Army we must separate responsibility for research and development from the functions of procurement, purchase, storange and
distribution.

5. Officers of all arms and services must become fully aware of the advantages which the Army can derive from close integration of civilian talent with
military plans and development

U enes mige Bosiy 0 : Dot } . G- ook memo covimnied By Bl
N IO i — a5S for M/ MIC

Zachary, G. P. (2018). Endless Frontier: Vannevar Bush, Engineer of the American Century (Reprint edition). Free Press.

= US Department of Defense (DoD) has an annual base budget of around $585 bil-
lion dollars.

Defense Spending as Share of the Economy (GDP)

UAS Funding
(RDT&E and Procurement)
1%
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- , =
FY2016-3.1% 0+ S ———
o
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i Chart does rvc; nctude suDD‘m;om funding i
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Timescales of the DoD are impressive. Their Roadmap FY 2013-2038 is defined across
three timescales: now, mid-term and long-term. As a result, R&D investments are made
to address these three timescales. Organisations such as DARPA exist to “rethink com-
plex military systems, recasting today’s approach with the intention of achieving far
greater capabilities at lower cost”

Innovation in National Aviation Policies (CH)

Luftfahrtpolitischer Bericht (“Lupo”) - Latest version published 2016
1.1 Key Aspects of Swiss Aviation Policy

New Technologies: Der Bund ist gefordert, das Potenzial, aber auch die moglichen
Sicherheitsrisiken derartiger Technologien frihzeitig zu erkennen und bei Bedarf ein
gunstiges regulatives Umfeld fur deren Entwicklung und Verwendung zu schaffen und
gleichzeitig die Sicherheitsrisiken tief zu halten.

48



CompAVI HS25 Rebecca Nauli (naulireb)
Sid Arora

3.4 Economic importance of Civil Aviation

Through serving nation’s mobility needs, civil aviation it permits Switzerland to meet
their needs of driving (domestic) innovation.

4.2.1 Technical Safety Challenges

New Technical Possibilities .... bei der Einfuhrung neuer Technologien ist der zusatzliche
Nutzen gegenuber allfalligen neuen Sicherheitsrisiken abzuwéagen. Dies gilt insbe-
sondere auch fur neue Fluggerate im Luftraum, wie beispielsweise Drohnen. Ziel ist die
laufende Verbesserung der technischen Interoperabilitat der Systeme am Boden und in
der Luft

5.2.2 Civilian use of military airports
Transforming DUbendorf into an Innovation Park
5.5 New Technologies

In den vergangenen zehn Jahren sind in der Luftfahrt verschiedene neue Technologien
entwickelt worden. Diese verandern die Luftfahrtindustrie und werden sie zukunftig
stark pragen. In der Schweiz sind zahlreiche neue, meist kleine und mittlere Unterneh-
men entstanden, die beispielsweise im Bereich der unbemannten Luftfahrt interna-
tional eine fihrende Rolle einnehmen. Sie bieten hochqualifizierte Arbeitsplatze und
haben ein grosses wirtschaftliches Potenzial. Es liegt im Interesse des Bundes, dieses
Potenzial weiter zu entwickeln. Gemass LFG fordert der Bund die Forschung und
Entwicklung in den verschiedenen Sparten der Luftfahrt. Soweit auch Sicherheit oder
Umweltschutz geférdert werden, kann der Bund Beitrage an entsprechende Projekte
leisten

Australia’s Future Aviation Sector

“Aviation is central to Australia’s economy and quality of life. Aviation underpins Austral-
ian business: transporting workers, tourists and high value freight. The sector directly
employed over 90,000 people and contributed $20 billion to the economy before
COVID-19. Furthermore, the sector indirectly enables the tourism, mining, manufactur-
ing and higher education sectors”

Aviation key to tourism (6% of GDP, 4th largest export industry) Past 10 years, passenger
growth: 75% Critical enabler of mining industry - transport for 60’000 FIFO (fly-in-fly-out)
workers

Government policy: The Government will adopt aviation policies that create incentives
for businesses to innovate, lower costs and provide better quality services. As technolo-
gies and market conditions change, businesses need flexibility to invest in services that
meet the needs of Australian aviation users ...
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Technology in the aviation sector is also evolving quickly. Growth in new emerging tech-
nologies such as remotely piloted aircraft systems (RPAS), alternative fuels, and electric
propulsion and electric vertical take-off and landing (eVTOL) vehicles has the potential
to catalyse important economic and social gains — where supported by an appropriate
policy and legal framework.
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Principles of Complexity |

Definition

Rebecca Nauli (naulireb)

Complexity e Anorganized or connected group of things. A group or set of re-

lated or associated things perceived or thought of as a unity or

complex whole.

e Acollection of artificial objects organized for a particular pur-
pose, as components of a mechanism, roads, architectural fea-
tures, etc.

e Acollection of natural objects, features, or phenomena consid-

ered as or forming a connected or complex whole.

> Complex, Connected, Organized

Flow of information vs. materials

Examples

H i . R

Thin arrow: flow of information

e

—

Thick arrow: flow of material/energy

Predator — Prey System

Controlling of Steel Thickness

Predation controls
the deer population

Depletion of deer controls
the wolf population

Electric Signal to Adjust
Motor Motor Speed

Heated O O Finished
Steel Slab O _— Roll
O Thickness
1 2 3 Gauge
Draw Rolls
Objective

The Speed of the

i _—
Besinad Plats Last Roller Pair

Thickness

Plate Thickness

Feedback

e Wolf = predator, Deer = prey
e Example of oscillation within the sys-
tem

¢ Thickness dependent on:

e Temperature of heated slab

* Clearance between rollers

e Speed differences between roller pairs

CHALLENGE: Uniform steel thinness
PROBLEM SOLVED: thru continuous feed-
back of thickness measurement to con-
trol final roller pair.
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Added outcome: Temperature & clear-
ance distance no longer that important!

- Took long time to solve (decades!), as
engineers focussed on individual slab and
not

openvs. closed loops

Open Loop Closed Loop
=3 Problem —3 Action > Result > Closed Loop Action
—p Problem ReSUlt  e—

N,

Feedback

OKwhen actions taken have negligible
side effects.

e.g. - Water management at a household
level and ignoring impact on a community
- Energy consumption for single car user
and ignoring overall pollution/congestion
to a community.

More realistic, but harder to focus on
“whole system?”, rather than individual
parts.

Swiss Defence Industry

Unlike the United States, a DARPA program does not exist to fund research for military
purposes. The defence budget is also much smaller. While NATO members are being
encouraged to spend 2%->5% of their GDP spend on their military, in Switzerland

the levelis presently at 0.7%

Unlike in the US where the expenditure by the government leads to procurement for (US)

domestic suppliers, the Swiss arms industry plays a significant role not only in serving
the domestic demand, but also in terms of exportincome. In 2014, Switzerland was

ranked 13th in terms of arms exports.

Specialisation vs. reductionism
SPECIALISATION
¢ General trend towards narrow
specialisation

e Increased compartmentalisation
¢ Neglects “big picture”

> Ignores interconnectedness

REDUCTIONISM

¢ Assumes acomplex system can
be understood/explained by re-
ducing it to its fundamental
parts.

Jacob Burckhardt (1818-1897): terrible
simplificateur (terrible simplifiers)
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> Impact on unintended consequences

SYSTEMS THINKING: Takes wider view on problem solving

Systems View —why is it important?

e Asystem is more than (the sum) of its parts

e Let’syou deal with complexities — permits (better) understanding of present and
future behaviours

¢ Interactions with engineered systems — allows us to better understand and oper-
ate them

¢ Deal with systems over which we have limited control — better understand prob-
lems

e Improve systems we have some control over — e.g. eliminate or reduce bottle-
necks

o Create sustainable systems — more efficient use of resources

e Avoid/ manage unintended consequences

Classification of Systems/ System Types

Centralized & Rigid Systems Decentralized & Evolutionary
(Distinct Control Mechanisms) (Embedded Control) , —
| | | |
Engineered Political, Economic, Social Natural
Mechanical & Institutional = Natons Living
* Automobiles « Governments * Tribes * Human beings
* Aircrafts « Local & national economies » Clubs & associations » Animais
* Robots « Intemational bodies etc * Friends * Plants & trees
* Ships elc. « Business * Families elc. * Bacleria elc.
Industrial « Banks Non-Living
« Chemical plants * Schools » Solar system
* Drug production « Universities etc = Oceans
* Food processing etc. * Almosphere
Utilities = Cimates eic
« Electric power plant
« Water supply
+ Telephone system elc.
Electronic/Electrical
» Computers
« Wireless receivers
* Televisions etc
dictatorships democracies . g deu_cd)
Centa() o d decenirals ceph W

vAnomaly: The Internet — engineered, but highly decentralised
ENGINEERED SYSTEMS:

e Tendto be man-made with control mechanisms (distinct from their functional
parts)
e Controllers may be:
o Mechanical
o Electronic
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o Electromechanical
o Manual/Human (e.g. pilot)

NATURAL SYSTEMS

e Sophisticated control mechanism
¢ Non-Living Earth primarily based on laws of physics — but also human activities

Examples

Watt governor — an early example of an engineered system with feedback

Desired speed is adjusted ™
by altering the position of ===%
the upper sieeve  _ !

Watt Governor

The balls move outwards when
the rotational speed increases

Steam ] The position of the lower sleeve
] e varies with the rotational speed of
Flow | | Frercssdesess the spindle which is connected to

Control 1 flywheel of the engine
IBracket
'

. : Stationary 2
NV Steam Engine Steam Out =—>
Cwwd
Boiler Steam In ——>
Oy
Jﬁ Process
(iﬁrgzﬂlﬁ;) (Bollor & Steam frp———>>
Set Point Steam Engine) Output
(Desired
Engine Speed) Flow (Engine Speed)

Dynamic performance measures (DPM)

=>» providing more timely (real-time?) feedback

Senior Management
& Financial Community
S

Cost

System

Senior Management
& Financial Community

Cost O
System Q Q Operating
N Personnel
Dead time 7 )
" o | 7 | gz | | ez

Cost of Cost of Contribution
Variable 1/ \_Variable 2 Margin

Raw Materials Finished Products

— —_— "
anutackat Raw Materials ﬁ‘ Finished Products
lanufacturing
Operations — m ﬁ —)

Manufacturing
Operations
Traditional Cost Accounting Dynamic Performance Measures (DPM)
Process Characteristics
fi
e Instantaneous Response }
e Delayed Response » .
e Dead time -finite amount of time before out- i Water inpul flow rate

fo Water output flow rate
h Height of water

put responds due to change in input

Input Steg = 1
Systam Gain = 10

e First Order Lag - Change immediate, but full =« =——
effect takes time for significant manifestation mf =

(63.3%) < L, ,,FE.,,{ s
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e Second Order Lag —two first order lags in series. Output represented by “S” curve

In Economic Systems:

- Time to transfer money (dead time)
- Multiple permits to build factory (serial lags)

System Hierarchies

Urban
Traffic

System
'I' b,
\ ’ \\
’ \
’ N

Each Type /I I , 5

Motor of Plants & ! K o \
Vehicle Animals ! Structural Propulsion Navigation \
|" System System & Control '
1
/] | Bntt i

auges
Major Y Win ngin ; {
) Individual National 5 ings Engine Indicators H
Subsystems Plants & \ 7
ina P Economy \ Fuselage Compressor = Takeoff & /
Vehicle AN Landing ¥4
\Tails Turbine = Communication e
\\\ l”
A set of multiple arrows indicate one \\ /’
to many relationship between an b L
~ A simplified View prag

upper level system to one below

S~
-
~~

-
-
-

Example - Jay Forrester:
e Shifted 1956 from engineering to management (MIT Sloan):
o Worked on GE’s 3-year oscillations between orders/inventory & staffing
o Father of Forrester (a.k.a. Bullwhip) effect
e Publishes Industrial Dynamics, Urban Dynamics, World Dynamics®
o 3keytopics: importance of feedback loops, simulation and expanding on

“mental models”

Forrester’s WORLD1 (reproduced in 1970) WORLD2 published in World Dynamics™ =i+

{3 THE CLUB OF ROME

93
@ - : & (oo Modal

e
Well- B g

Causal loops

Positive Correlation between sales volume

Reinforcing loop Automobile
and sales personnel

Sales Volume

&

Number of
Sales Personnel

+

5 Based on a 1970 visit to Bern (CH) with Club of Rome (based in Winterthur) where he was asked if sys-
tems dynamics could increase understanding of “the predicament of mankind”
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Balancing loop Average Price
of Automobile

O

Sales Volume

Automobile -

Negative Feedback: the two influences
counteract

If the total of negative signs in a loop is
an odd number, then that is a balancing
loop.

Multi Causal Loops (with delay)

Average Price
< of Automobile
Automobile -
Sales Volume Delay in hiring
and training
sales personnel
Number of

Sales Personnel

Limitations of causal loops

¢ Do notshow numerical relationships

The “=” symbolises the delay.

e Does not specify whether relationship is linear or not

¢ Does not show (or predict) an outcome at a given time (t=0, t+1, ...)
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Additional guidelines on loops

Rebecca Nauli (naulireb)

GUIDELINE

SELECTING VARIABLE NAMES |

improvement actions.

Use nouns when choosing a variable name. Avoid verbs and action phrases, because the Uitigation
action is conveyed in the loop’s arrows. For example, “Costs™ is better than “Increasing [ \ Coste
| Costs,” because a decrease in Increasing Costs is confusing. The sign of the arow (“s™ for same |

| or “o" for opposite) indicates whether Costs increase or decrease relative to the other variable. (narsning Coste

Use variables that rep quantities that can vary over time. It does not make sense Rawanls
to say that “State of Mind" increases or decreases. A term like “Happiness,” on the \ Happinaes
| other hand, can vary.
State of Mind
Whenever possible, choose the more “positive” sense of a variable name. For example, | o
the concept of “Growth” increasing or decreasing is clearer than an increase or decrease | \
| in “Contraction.”
Contenction
Think of the possible uni ded ¢ juences as well as the expected outcomes for | §  Production Output
i every course of action included in the diagram. For example, an increase in | /'. =
| “Production Pressure” may increase “Production Output,” but it may also increase i "\ ’a .
“Stress” and decrease “Quality.” Qualtty, etc.
All balancing loops are goal-seeking processes. Try to make explicit the goals driving & iy o9 Quaity
the loop. For example, Loop B1 may raise questions as to why increasing “Quality” \o
| would lead to a decrease in “Actions to Improve Quality.” By explicitly identifying “De- | 81 Deswnd
| si ality™ i 2 sae tha . i ity™ i Vi | B2 Gupm Oy
sired Quality™ as the goal in Loop B2, we sec that the “Gap in Quality" is really driving [ ” o “"‘a'/

EXAMPLE

z
0| Distinguishing between perceived and actual states, such as “Perceived Quality” | /—b&“.“;"’— AN
5 ! versus “Actual Quality,” is important. Perceptions often change slower than reality Percaived
| does, and mistaking the perceived status for current reality can be misleading and create | o > Quay
2 | : e B2 Rl
£ | undesirable results. ) /
2 0\ Gapin Ossired ©
Z | | Quallty = Guality
O | ! s
a | If a variable has multipl q start by lumping them into one term while |
8 | completing the rest of the loop. For example, “Coping S gies” can rey >
= | many different ways we respond to stress (exercise, meditation, alcohol use, etc.). Otrese B sm
| o \_/
Actions almost always have different long-term and short-term consequences. Draw
i larger loops as they progress from short- to long-term processes. Loop Bl shows the i s
| short-term behavior of using alcohol to combat stress. Loop R2, however, draws out the [ Strese B Nso‘:d
long-term consequences of this behavior, showing that it actually increases stress. | ow /
1 o
1 R2
3 rmnmy’ Heatth
Ifa link between two terms requires a lot of explanation to be clear, redefine the Demand "’ Quy
i variables or insert an intermediate term. Thus, the relationship between “Demand” and |
; *“Quality™ may be more obyious when “Production Pressure™ is inserted between them. Ovnand $ Production Quaiy
- |
2‘ 1 0A shortcut to determining whether a loop is balancing or reinforcing is to count the \.J FTk
| number of “0's” in the loop. An odd number of “0's" indicates a balancing loop | / o w\a
5 (i.e., an odd number of U-turns keeps you headed in the opposite direction); an even num- | Boency g  Depositors
© | berorno “o's" means it is a reinforcing loop. CAUTION: After labeling the loop, you | Contidence
| should always read through it to make sure the story agrees with your R or B label. i a\ M
| from Banks

Behavioural pattern

Steady State (vs. dynamic state)

600
i 500
0]

00 10 20 30 40 50 60 70 80 90 100

Time —>

A car travelling at a steady speed of 60 miles an hour

- Variables remain constant in recent past
and immediate future.

- Whether steady or dynamic depends on per-
spective.

- Temporary instabilities can be seen as a
transient state.

Linear & Non-Linear, Time Variance

Linear —ratio of change of output due to
change ininputis constant

Non-Linear — input/output relationship not as
clear; optimisation more difficult
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120 Time Invariant — same response produced re-
100 gardless of time. Generally, for mechanical
8 Non-Linear Qutput systems.
50 Time Variant — output varies over a period of
- . . . . i
om— time. Generally, for biological and social sys
. tems.
0
o 2 4 6 8 10 12
Input
Linear & Exponential Growth/Decay | - Often happens when there is significant
1000 positive feedback and little/no negative feed-
90.0
800 back
700
T 60.0
= - Can not be sustained over longer periods of
() 4
8 | 00 time — but “cost of inaction too high”
200
100
0.0
0.0 20 4.0 6.0 8.0 10.0
Time ——>
100
90
80
70
T *
50
g 40
K 30
20
10
. 0 2 4 6 8 10
Time ——>

Example China

Looking at China’s 10% growth rates

* Economy doubling every 7 years (at 10% p.a.)

* Not sustainable due to negative feedback loops

Laves gattrg mees segeres

Aeteree @ 190 hue gotsotend

China's
Foonomic
Growih

AF e caln met Ealaciei 2l
ezt
x-cllzzt

Iee-2023-20-23
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Oscillations

e Common where you have large or multiple lags
e Increased gain (amplitude) can lead to greater oscillations; . ‘-:'m"/
lower gains may lead to decay/stabilisation < >
e Depending on the system studied, temporary oscillations may
be more acceptable
¢ Economiesvs. aircraft safety thresholds

Goal setting

T ————— P o S el m v g 1o el ped

Goal seeking Goal seeking with a lag Goal seeking with oscillation

Detail vs. Systems Complexity

Detail Complexity Involves a large number of variables, but they don’t change
with time

Dynamic Complexity Causes and effects are subtle, with effects significant over
time

Example: Municipal Water Supply system — under “normal” conditions may be consid-
ered detailed complexity. However, a rupture could lead to observe system as dynamic
(major flooding etc.)

Initial conditions

Engineered/Mechanical Systems: rebooting/restarting can help
Non-engineered systems: much harder/impossible* to reboot
*There are exceptions:

e Companies/Nations: Filing for bankruptcy, debt cancellation
e Forest Fires: Destruction of vegetation permitting new vegetation growth

Ensuring stable and robust systems

¢ Reduce delay —> less significant oscillations

o Just-in-time delivery practices
e Decentralisation adds robustness

o Failure in one part of system won’t break entire system
e Addredundancy (also for safety)
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o True also for non-engineered systems: e.g. branches on trees can be
damaged, limbs on animals can get broken/amputated
¢ Promote continuous improvement (kaizen)
e Anticipate and reduce unintended consequences
e Cultivate a wholistic view
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Examples

Rebecca Nauli (naulireb)

Forecasting air passenger demand (Tai-

b i ¥ " 1.8
Births— / o '"" Time Elasticity of Demnand
Iron ore 4
\\) ’ =+ - Housing \ Popu]amn - Level of Service Impact
ron ore Australian market - "
Export =
+ mining industry \D s it economy GDP Growtr——_ \ ,~/ Lt
X + CB/ ---\-:'*-.,\‘ + - Average Percentage Change in Travel Time
Interest Air Passenger Demand
Profits rate -
from exports + A P \
Costof Inflation /* Price Eln-‘[icityf/ i
hiring workers Future Competitiveness [ — " \\
5 demands of Australian / ) Y
Industry \ [ Average Number of Passengers in a Fiight
Wage & prospeiity Y s A“wl Impact J‘\vtrlg( Number of Flights | p. r Day
of mine workers §— /
::::3:« ‘\+ /&um” Utilization
Airline Congestion Cost o i - / \
ongestion Runway C.zp.sur} x '
+ / LR

=\, Availability of workers _/

S ey
( —N

Additional Runway

Modelling MRO (Turkey Airlines) Airlines after (US) deregulationin 1978

Demand Forecsst
_——PAX

N ¥
_ Airerafi fleet
capacity shortfull

Scheduled
MR for
ralls

New
aircrafis

Unssheduled

< uireratts

Capacity 4 Lold Fnctnr

8 umw
Expansion
Capacity

Adjustment c”'

jestion
u.n-mmcm

Orders
‘\Domnd‘\_’_/ 4

Exogenous lnﬁuonou on
Demand (GDP, Unemployment,
Population, 9/11)

+Costs 3
e W
/ +

O

Exogenous Influences.

LY
ow saffor
\iko on Costs (Jet Fuel,
AN Inflation) Wage Negotiation
Exogenous Influences on
Salarios (National Average Salaries ',
- Wage, Unemployment,
Inflation)

61



CompAVI HS25 Rebecca Nauli (naulireb)
Sid Arora

Principles of Complexity Il

Complex system behaviour

1. Self-organising - into patterns (e.g. flocks of birds, schools of fish)

2. Chaotic Behaviour — Small initial conditions (ICs) produce later changes. (e.g.
butterfly effect)

3. Fat-tailed Behaviour — Rare events occur more often than would be predicted by
a (normal) bell curve.

4. Adaptive Interpretation — interacting agents modify their strategies in diverse
ways as experience is accumulated (e.g. prisoner’s dilemma, markets)

5. Emergent Behaviour — see next slide

Understanding emergence though the “pile of sand” conundrum

1. Startwith a heap of sand
2. Take one grain away
3. Repeatstep 2

Question: When is the pile no longer a heap?
Answer: No sharp boundary
NB: Also works in reverse!

Other example: What is "wetness”? H20 at molecule level? - Aggregate of wethess
emerging when molecules start interacting between each other

Building Blocks

Example: Internal Combustion Engine, which had major impact on 20th century

Bernoulli's

Volta’s sparking perfume

device
(Sparkplugs)

sprayer
(Carburettor)

Emergence is the non-additive interactions of the building blocks

Measuring Complexity
It’s hard to provide definitions for a “science” which is still under development.

Had mo good definifion of force, as it required magical “action of distance”; not allowed in
Isaac Newton mechanistic explanations of nature at the time

Do not agree on definition of gene at a molecular level
Biologists = o=

99% universe is dark matter and dark energy: Yet no agreement what they consist of.
Astronomers

Don't agree on ides and concspf — or how these are related te the brain!

Psychologists
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3 dimensions to measure complexity of an object or process by Seth Lloyd
1. How hard is it to describe?

2. How hard is it to create?

3. What is its degree of organisation?

Looking at Genomes

Human Genome

¢ 3billion base pairs (pairs or nucleotides)

e 25’000 genes (regions that code proteins)

e 2% of base pairs are parts of genes ® 98% (rest) are non-coding regions
¢ Keep chromosomes falling apart

e Control workings of genes

e Some are “Junk” (no known purpose)

Yeast Genome

¢ 12 million base pairs
e 6’000 genes

Measuring complexity as size

¢ Humans (by base pairs) are ~ 250x as complex as yeast
e ...butonly~4xas complex when looking at number of genes!

Looking at a few more genomes

Human Genome Yeast Genome Amoeba Mustard

¢ 3 billion base ¢ 12 million e 225x as many * ~same num-

pairs base pairs pairs as humans ber of genes as
humans

¢ 25’000 genes * 6’000 genes

~ humans are more complex than amoeba or mustard
... but genome size is not a good measure of complexity

- Absolute #s of base pairs or genes do not give away complexity

Shannon’s Information Theory

Claude Shannon
¢ Worked at Bell Labs (AT&T), now Nokia Bell Labs (1916-2001)

Question: How to transmit signals most efficiently across telephone lines?
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Built upon Boltzmann’s theories / 2nd law of thermodynamics / entropy

+ Message source = set of
all possible messages
source can get

-~
Message ."l - Message . Message = words,

Source Receiver

+ Information Content H of
message source = a
function of number of
possible messages and
their probabilities

Message

Informally: H = The amount of
“surprise” receiver has upon
each message

Complexity as entropy

Measure the Shannon entropy / amount of “surprise”

Example from genetics: A, C, G, T

AAAAAAAAA->Highly ordered, easy to describe sequence > Entropy =0
CAATGAGCA~>Maximum possible entropy

Limitations:
1. Object/process analysed has to be put in the form of “messages”. Not always
easy/possible
2. Highest entropy is achieved by a random set of messages. However, in genetics,
this would be a non-functional genome!

> Most complex entities are neither completely ordered nor completely randomised,
but somewhere in between.

Complexity as algorithmic information content

Complexity of an object is measured by the size of the shortest computer program that
could generate a complete description of the object.

AC AC AC AC AC AC AC AC AC AC 10xAC

TA CT TC GA AA CA TG CA GC AT Pseudo-random

String 1 Print “AC" 10 times, compressible

String 2 Print text “TACT TC GAAA CA TG CA GC AT", not compressible

~ information context is higher for random objects than ones we consider complex (sim-
ilar to Shannon entropy)
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Murray Gell-Mann & effective complexity

Gell-Mann proposed that “any given entity is composed of a combination of reqularity and
randomness” Murray Gell-Mann
(1929 - 2019)

String 1 Simple regularity
String 2 No regularity

Living Organisms (highly complex, we know that): some regularity combined with some randomness.
Calculating effective complexity:

1. Determine best description of regularity of entity
2. Effective complexity = amount of information contained in description = algorithmic information content of the set of regulaities

String 1 “Print AC ten times” — very predictable > low effective complexity
String 2 Random, no regularities - No information needed to describe regularities > effective complexity = 0

. we wish both very ordered and very random entities to have a low effective complexity

Mitchell, M. (2011). Complexity: A Guided Tour (1st edition). Oxford University Press.

14

Complexity as Logical Depth

The Logical depth of an object is the measure of how difficult it is to construct that object.
Charles Bennett

“Logically deep objects ... contain internal evidence of having been the result of a long computation or (b. 1943)
slow-to-simulate dynamical process, and could not plausibly have originated otherwise”

String 1 and String 2 Both are “easy to compute " — compared to DNA sequence of a real/viable
organism

Construction of an object = computation of objects with a string of Os and 1s to encode object

e.g.
A=00
C=01 . .

“ number of steps for a Turing Machine to construct a sequence output
G=10
T=1

Mitchell, M. (2011). Complexity: A Guided Tour (1st edition). Oxford University Press.

Complexity as Thermodynamic Depth

More complex objects are harder to construct

1. Determine most plausible scientifically determined sequence of events that lead

to the thing itself
2. Measure the total amount of thermodynamic and informational resources re-

quired by the physical construction process
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Example from human genome: Evolutionary genetic events (random mutations, recom-
bination’s, gene duplications, ...) lead to creation from ”first creatures” to humans to-
day.

Critiques:

1. Assumption that we can in practice list all events to lead to the creation of a par-
ticular object
2. How do you define an event?

Complexity as Computational Capacity

Building upon the idea that both man-made and natural complex systems are based on
computation:

Computational Capacity: Measure complexity in terms of the sophistication of what the
system can produce.

Stephen Wolfram proposes: Systems are complex if their computational abilities are
equivalent to those of a universal turing machine.

Charles Bennett is more subtle: Performing universal computation is not a sign of a
complex system in itself. It is only when combined with machine code and inputs, do
you produce a “sophisticated computation”.

The Turing Machine

3 Pars: Alan Turing

1. Atape, divided into cells (squares) with readable symbols. Read/Writeable. Length is (1912-1854)
indefinite in both directions.

2. Mechanical readiwrite tape head, at any time head is in one of a number of states

3. Aset of rules that tell head what it has to do next

Rules tell:

1. Head what symbol to write on current tape cell (write over)
2. 5hift head to left. right, stay put

3. Head's new state

When head state = halt, machine i done and stops
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Universal Turing Machine

*One can design a special universal Turing Machine (call it U) that can emulate the working Alan Turing
of any other Turing Machine.” (1912-1054)

Alan Turing's accomplishments:

1 — Defined notions of a definite procedure (i.e. what to halt)

2 — Turing Machine laid groundwork for invention of electronic programming computer
3 — There are limits to what can be computed.

Complexity as Fractal Dimensions

Non-fractal objects
¢ Asyou magnify, eventually no more meaningful details are visible
Fractal objects
e Details visible, regardless how many times you magnify
~ Fractal dimensions seen as a form of measuring complexity of real-world phenomena.

Fractal-is a geometric shape that has a fine structure at every scale

Koch Curve — example of a “perfect fractal” s

1. Start with a single line &

Higls von Kaoch
(1870- 1824

2. Apply Koch Curve rule:

For each line segment, replace its middle third by two sides of a triable, each of length
143 of original segment

3. Apply the Koch Curve rule to the above figure. Continue indefinitely.

Notice self-similarity: all subshapes, their subshapes etc. have same same overall curve

Mizcnzl, . [2011]. Complaxity: A Guided Towr (15t sdtion|. Oxfard Unheersity Fress, -

Complexity as a degree of hierarchy

Complexity of system characterised by degree of hierarchy

“The complex system being composed of subsystems that, in turn, have their own sub-
systems, and so on”
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Body composed of organs = cells = cellular subsystems, ....
Hierarchy

In hierarchical complex systems there are many more strong interactions within a
Near- subsystem than between subsystems.

decomposibility

e.g. Each cell in a living organism has a metabolic network that consists of large number
of interactions among substrates, many more than between two different cells

= Evolution can design complex systems in nature only if that can be put together like
building blocks. i.e. hierarchical and nearly decomposable.
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Critiques/Limitations of “Trees”

1. Centralism/Centralisation —top-down hierarchy Authoritarian

2. Finalism - everything flows towards a pre-determined final goal | Unidirectional

3. Essentialism — absolute understanding of the nature of being Stagnant
e Everyentity has a set of properties belonging to a precisely
defined kind of group

> Trees don’t embrace multiplicity / multilinearity

Warren Weaver’s 3 stages of Modern Science

|80

L |
[ N * L
[ ] @ o
e %oy ®
® - @ ® o
8y
T;?_h ?gnﬁrsé:-"i‘:i'r!plicty Froblems of Disorganised Complexty Problems of Organised Compledty
- Entunes First half of 20 Century Fost 1850s
Use of statistical methods New advancements

{mathematical averages) to determine
with high confidence oulcomes across
3 waristy of disciplines

. Computing power

i Mixed Teams | Operations
Analysis

= Handle complex, eszentially

onganic, problems of bislopical and

social sciences.

Rhizomatic Properties
Decentralisation
Emergence
Mutability
Non-linearity

a k0o bh =

Diversity

Purposes of Network Visualisation

5 Functions
1. Document
e Stimulates interest and awareness of subject matter
e Opensdoor for further discovery / interpretations
2. Clarity
e Makes system more understandable, intelligible, transparent
e Objective: simplification
3. Reveal
e Find “hidden patterns”, new insights
e Focus on causality: disclose unidentified relationships & correlations
4. Expand
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e Serve as avehicle for other users / further exploration

5. Abstract
e Explore networked schema as a platform for abstract representation
e e.g.for hypothetical expression based on non-existing data

Ben Fry’s 8 Principles for network visualisation projects

1. Start with a question

¢ Identify question you wish to answer rather than data collected (no backward
thinking)
e Collect data you require (vs. hoarding)

2. Quest for relevancy

¢ Relevant = serves as an effective means to a particular purpose
¢ Relevant =ifitincreases the likelihood of achieving an underlying goal

If relevancy is high, this will increase possibilities of:

e Comprehension

¢ Assimilation

e Decision Making

e Transfer from information to knowledge

NB: * processing effort > lower relevance

3. Enable Multivariate Analysis

¢ Embrace complex data sets
¢ Provides additional information on the nature of nodes and their respective ties
can expose causality patterns & relationships

Example: i. Map a river along cities / neighbourhoods it passes (nodes) ii. Now add col-
our & temperature of water, pollution levels, current speed, ... > Determine potential ac-
cidents, causes of water contamination, ...

4. Embrace Time

e Networks evolve over time!
e Incorporating time is both conceptually complex and technically challenging

5. Enrich your vocabulary

Two key elements in a network:

1. Nodes (vertices)
2. Links (edges)

Enhance above with use of colours, shapes, orientation, texture, value, position, ...

Example with My Muesli’s radial visualisation:
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Unexpected findings:

e Fruit are the most popular ingredient and are often combined with each other.

e Sweets and nuts, however, are rarely combined.

e Mango is often combined with coconut (KokosnuB) or pineapple (Ananas), alt-
hough these two don't tend to be used together.

e Goji berries with plantago seeds. Almonds (Mandeln) with fruit are also really
popular. BUT: the strongest link almost disappears (raspberries (Himbeeren) to
strawberries (Erdbeeren), because they are neighbours on the circle.

6. Expose Grouping

Showcase variables through spatial arrangements Grouping: combining several units of
information into related chunks to: i. Reinforce relationships ii. Reduce complexity iii.
Improve cognition

5 "Hat Racks” (from Richard Saul Wurman’s Information Anxiety)
e Alphabetical order
e Bytime
e By location
e Agiven continuum/scale
e Agiven category

Gestalt Laws (from Gestalt psychology)
1. Law of Similarity (graphical treatment)

e« Elements that are similar (colour, size, shape) are perceived more related that
those dissimilar

2. Law of Proximity (spacial arrangement)
¢ Elements close to each other are perceived related
3. Law of Common Fate (motion)

¢ Elements move simultaneously in same direction and at same speed are per-
ceived to be related

7. Maximise Scaling

Scaling fallacy: a representation that works at one scale will work at a larger/smaller
one.

Consider 3 views of the network:
1-Macro View (pattern) -- “synthesis”

¢ No detailed understanding of individual links and even less of nhodes
e Bird’s eye view into network
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e Highlight certain clusters and isolated groups within structure

o Facilitate understanding of network’s topology, structure of group as a whole

e Use of colour (within nodes/edges) and positioning (grouping) provides addi-
tionalinsights

2 — Relational View (connectivity) -- “analytics”
e Focusses on relationships of entities (nodes)
3 —Micro View (individual nodes)

e Focus on qualitative attributes
e Comprehensive & explicit
¢ Detailed information, facts, characteristics on single entity

8. Manage Intricacy

Ability to navigate through 3 views (above) effortlessly

Ben Schneiderman (1996): “Overview first, zoom and filter, then details-on-demand”

Schneiderman’s mantra

1. Adaptive zooming

Provide progressive disclosure — see Google Maps
2. Overview & Detail

Primary viewing area (detail)

Accompanied by smaller macro view (overview)
3. Focus & Context — a.k.a. fish-eye view

Simultaneous: detailed view (focus) & macro view (context) Often accomplished

by enlarging the detailed view, while leaving the other nosed and edges to the pe-

riphery
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Syntax for visualizing complex networks

Arc Diuglum Area Grouping Centralized Burs)

Centralized Ring Circled Globe

Flow Chart Organic Rhizome

Ramification

Scaling Circles Segmented Radial Convergence

73



CompAVI HS25
Sid Arora

When to use tables and when to use graphs

Use tables when

* The document will be used to look up
individual values

* The document will be used to compare
individual values

* Precise values are required

¢ The quantitative information to be
communicated involves more than one
unit of measure

Rolf Hichert’s SUCCESS Model

S AY

U NIFY

C ONDENSE Increase informatior
C HECK ¢

E XPRESS

S IMPLIFY

S TRUCTURE

Rebecca Nauli (naulireb)

Use graphs when

* The message is contained in the shape
of the values

* The document will be used to reveal
relationships among multiple values
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