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High-level aims



Silo mo’ data

Mo’ accuracy

Mo’ $

Default incentive: 
hoard the data



“Show me the incentive 
and I will show you the outcome.”

-Charlie Munger



You can get people to do stuff

by rewarding them with tokens.

This is a superpower.



Change the 
incentives!

Silo Pool mo’ data

Mo’ accuracy

Mo’ $



Early design iterations

















Lessons from early iterations,
towards an improved method



Early iterations:
Flailing

Can we 
structure this 

better?



Realization: 
Tokenized Ecosystems

Are a Lot Like Evolutionary Algorithms!
What Tokenized ecosystem Evolutionary Algorithm

Goals Block reward function 
E.g. “Maximize hash rate”

Objective function
E.g. “Minimize error”

Measurement & 
test

Proof
E.g. “Proof of Work”

Evaluate fitness
E.g. “Simulate circuit”

System agents Miners & token holders (humans)
In a network

Individuals (computer agents)
In a population

System clock Block reward interval Generation

Incentives & 
Disincentives

You can’t control human, 
Just reward: give tokens
And punish: slash stake

You can’t control individual, 
Just reward: reproduce

And punish: kill



We can approach token design 
as optimization design.



How do you do Optimization 
Design??



Steps in Optimization Design

1. Formulate the problem. Objectives, 
constraints, design space. 

2. Try an existing solver. If needed, try different 
problem formulations or solvers. 

3. Design new solver? 



1. Formulation of an optimization problem
Objectives & constraints in a design space



2. Try an existing solver. Does it converge?



3. Design new solver



Example of a Successful Outcome



Token Design
as Optimization 

Design



Steps in Token Design

1. Formulate the problem. Objectives, 
constraints, design space.

2. Try an existing pattern. If needed, try different 
formulations or solvers. 

3. Design new pattern? 



1. Formulate the Problem

(a) Ask
•Who are my potential stakeholders?
•And what do each of them want? 
•What are possible attack vectors? 

(b) Translate those into objectives and constraints.



2. Try Existing Patterns

1. Curation

2. Proofs of human or compute work

3. Identity

4. Reputation

5. Governance / software updates

6. Third-party arbitration

7. …



2.1 Patterns for Curation

•Binary membership: Token Curated Registry (TCR)

•Discrete-valued membership: Stake Machines

•Continuous-valued membership: Curation Markets 
characterized by bonding curve

•Hierarchical membership: each label gets a TCR

•Work tied to membership: Proofed Curation Market

•Non-fungible tokens: Re-Fungible Tokens



Case Study: 
Analysis of Bitcoin



Bitcoin objective function

Objective: Maximize security of network

• Where “security” = compute power

• Therefore, super expensive to roll back changes to the transaction log



Bitcoin objective function

Objective: Maximize security of network

• Where “security” = compute power

• Therefore, super expensive to roll back changes to the transaction log

E(Ri)  α Hi * T

E() = expected 
value

# tokens (BTC)
dispensed each 

block

block 
rewards

hash power of actor 
= contribution to 

“security”



Result of Bitcoin’s objective function:

People are maximizing security! = Maximizing electricity 

More power than USA by mid 2019



Case Study:
Design of Ocean



1. Formulate the Problem: 
(a) Who are stakeholders? What do they want?



Objective function: maximize supply of relevant data

Token rewards if: supply relevant data
Token rewards if: supply data, and curate it

1. Formulate the problem:
(b) Translate into objectives and constraints



Constraints = checklist:

• For priced data, is there incentive for supplying more? Referring? 

• For priced data, good spam prevention?

• For free data, is there incentive for supplying more? Referring? 

• For free data, good spam prevention?

• Does the token give higher marginal value to users of the network versus external 
investors? Eg Does return on capital increase as stake increases?

• Are people incentivized to run keepers?

• Is it simple? Is onboarding low-friction?

1. Formulate the problem:
(b) Translate into objectives & constraints



2. Try Existing Patterns
Some patterns:

1. Actor registry

2. Data registry

3. Actor registry + data registry

4. Data registry + free-as-in-beer data curation market. 
Curation: Pay tokens to listen.



Key Question 1 2 3 4 5

For priced data: incentive for supplying more? Referring? ✖ ≈ ✔ ≈ ≈

For priced data: good spam prevention? ≈ ✔ ✔ ✔ ✔

For free data: incentive for supplying more? Referring? ✖ ≈ ✖ ✔ ✔

For free data: good spam prevention? ≈ ✔ ≈ ✔ ≈

Does token give higher marginal value to users of the 
network, vs external investors? Eg Does return on capital 
increase as stake increases?

✔ ✔ ✔ ✔ ✔

Are people incentivized to run keepers? ≈ ≈ ✔ ✔ ✔

It simple? Is onboarding low-friction? Where possible, do we 
use incentives/crypto rather than legal recourse?

✔ ✔ ≈ ≈ ✔

2. Try existing patterns: evaluate on objectives & 
constraints. None passed…



3. Try New Patterns
Some patterns:

1. Actor registry

2. Data registry

3. Actor registry + data registry

4. Data registry + free-as-in-beer data curation market. Curation: 
Pay tokens to listen.

5. Data registry + free data curation market. Curation: Stake 
tokens as belief in reputation. Auto CDN.

6. Actor registry + free&priced data curation market. Curation: 
Stake tokens as belief in reputation. Auto CDN. “Proofed 
Curation Market”



Key Question 1 2 3 4 5 6

For priced data: incentive for supplying more? Referring? ✖ ≈ ✔ ≈ ≈ ✔

For priced data: good spam prevention? ≈ ✔ ✔ ✔ ✔ ✔

For free data: incentive for supplying more? Referring? ✖ ≈ ✖ ✔ ✔ ✔

For free data: good spam prevention? ≈ ✔ ≈ ✔ ≈ ✔

Does token give higher marginal value to users of the 
network, vs external investors? Eg Does return on capital 
increase as stake increases?

✔ ✔ ✔ ✔ ✔ ✔

Are people incentivized to run keepers? ≈ ≈ ✔ ✔ ✔ ✔

It simple? Is onboarding low-friction? Where possible, do we 
use incentives/crypto rather than legal recourse?

✔ ✔ ≈ ≈ ✔ ✔

3. Try new patterns: evaluate on objectives & 
constraints



Objective: maximize supply of relevant data

• Reward curating data (staking on it) + making it available

• New pattern: Proofed Curation Market

E(Rij) α log10(Sij) * log10(Dj) * T *Ri

Expected 
reward for user 

i on dataset j

Dj = proofed popularity 
= # times made dataset 

available

Sij = predicted popularity 
= user’s curation market 

stake in dataset j

# tokens
during 
interval



Token Engineering



Design of Tokenized Ecosystems
From Mechanism Design to Token Engineering 

Analysis: Synthesis:

Game theory Mechanism Design

Optimization Design

Practical 
constraints



Design of Tokenized Ecosystems
From Mechanism Design to Token Engineering 

Analysis: Synthesis:

Game theory Mechanism Design

Optimization Design

Practical 
constraints

Engineering theory, 
practice and tools

+ responsibility 

Token Engineering for Analysis & Synthesis



Engineering

is the creative application of science, 
mathematical methods, and empirical 

evidence 

to the innovation, design, construction, 
operation and maintenance 

of structures, machines, materials, devices, 
systems, processes, and organizations. 



Engineering Responsibility



Engineering has

Theory,
Practice,

Tools,
Responsibility



• Electrons : Electrical Engineering

• Tokens : Token Engineering



Science → Engineering

• Engineering is about building things that work.

• Science is about contributing new knowledge. 

• They're complementary.

Therefore token engineering is complementary to the 
science of cryptoeconomics / token economics.



Emergence of TE Community



TE → TE Community

• A pleasant surprise to me: “Token Engineering” resonated 
with a lot of people

• And many new connections for me. 

• Many amazing conversations.

• A collective realization: we need to share knowledge, to 
learn from each other!



1st TE event
Berlin, Apr 2, 2018



More TE Meetups!



Mission of the TE Community

To grow TE into an engineering discipline

collectively as a community 

in a decentralized, permissionless, open-source 
fashion that all can contribute to and all can use.



Deployment / Verification 
of Design



Token Verification
1. Human-based

• Share docs / whitepaper, get feedback
• Role-playing in a group game. E.g. Cadence / Joe Costello
• Board games. Think Magic the Gathering

2. Software-based
• Simulation. E.g. CadCad
• Verification. E.g. formal verification tool in Remix

3. Economic 
• Release the software / network with ever-increasing skin-in-the-

game. E.g. Ocean ramp-up network rewards.
• Bounties++ over time. Eg Cosmos, DutchX
• Testnets with value. Eg Polkadot
• Blockchains as built-in bug-bounty systems. E.g. Bitcoin



Token Re-Engineering is OK!
Example: Synthetix

1. Initial Design : no transaction

2. New design: #2 DeFi app within 6 mos.



Learnings since initial design / 
deployment / verification



Company Startups vs. Ecosystem Startups
• 50% of the lessons building a startup apply to tokenized 

ecosystems.



Company Startups vs. Ecosystem Startups
• 50% of the lessons building a startup apply to tokenized 

ecosystems.

• But we don’t know which 50% (!)



Company Startups vs. Ecosystem Startups
• 50% of the lessons building a startup apply to tokenized 

ecosystems.

• But we don’t know which 50% (!)

• Actually, not quite true, we’re starting to build a theory of it…



Startup Knowledge Sources
• Incubators like YES! Delft

• Literature: 
• Paul Graham essays

• The Lean Startup

• Zero to One

• …

• … and a million more things now!



Guideline: Order of Operations
Advice from Reid Hoffman (LinkedIn) in BlitzScaling:

Order of operations in bringing a product to scale 

1. Prototype (incl token design)

2. Product

3. Distribution (incl virality)

4. Monetization 

5. Scale-up

Advice from CZ (Binance): 

Only put $ into distribution / marketing once you have product-market 
fit. (Summary of above!)



Guideline: Use Platform Startup Tricks

• Constraint: ecosystem = multi-sided platform. So use startup 
guidelines for those!

• It’s a chicken and egg (empty network) problem. 

• How to solve? Various tricks
• Trick 1: leverage a pre-loaded ecosystem

• Trick 2: one sub-network at a time, launched aggressively. E.g. FB 
per university, Uber per city

• Trick 3: something that’s valuable with just 1 actor. E.g. Instagram 
filters, LinkedIn resumes.



Guideline: Biz Models

• Constraint: your system must be open, with $$ going to community. 
• Can’t rely on data moats! 

• Yet you still need to eat

• Solution: Use an emerging “Web3 Business model”. Funding DAOs are a more
extreme-sounding version, which many are trending towards: 

• Grants $ from network rewards, investment $ from investors

• Community members propose projects

• Community curates which projects receive $

• Coordinated in a decentralized community that manages $ (i.e. a DAO). 

• The entity has a legal basis (a LAO!)

• Examples:

• Grants: DASH, Decred, MolochDAO

• Venture: Metacartel Ventures, The DAO 2.0

• A good ol’ Web2 biz model may be fine too! E.g. tx fees like CryptoKitties.



Guideline: Pet Idea Syndrome

• Shorten the time to idea, lest you become too attached to it. 

• This flies in the face of “whitepapers”, which were needed for ICOs

• But we’re past the ICO era!

• The new  / better reality: create value, then (maybe) ask for $

• Carmack’s extreme-but-cool way: try your idea the day you think of it

• (Which means set up your environment such that you can)



Conclusion



Conclusion / Summary of Learnings
• It’s not just “design”. It’s also: build, verify, deploy, maintain, 

improve (re-engineer).

• Don’t invent something new if you don’t need to

• Exploit knowledge & processes from other fields
• Optimization, SW engineering
• Startups, go-to-market

Trent McConaghy @trentmc0
Ocean Protocol @oceanprotocol


