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DeFi MOOC

What we’ll cover in this lecture

§ Introduction
§ Basic oracle design (Part I)
§ Basic oracle design (Part II)
§ Advanced oracle use cases
§ Oracle privacy
§ DeFi applications using privacy-preserving oracles
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Consider a few types of smart contracts / Dapps

§ Token management
§ E.g., ERC-20

§ DEXes
§ E.g., Uniswap

• Lending
• E.g., MakerDAO

• Insurance
• E.g., flight insurance

§ NFT games
§ E.g., CryptoKitties
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Collateralized lending contract

§ How does it work?
1. Borrower deposits collateral in a vault

§ E.g., ETH worth $300 
2. Borrower withdraws ($1) stablecoins

§ E.g., $100 in stablecoins
3. If collateral value drops below threshold, then contract liquidates

§ E.g., if ETH worth less than $150

§ How does contract know how many stablecoins to issue or when 
to liquidate?
§ Needs ETH-USD price feed



DeFi MOOC

Parametric flight insurance

Flight
Insurance
Contract

$100

§ How does contract know whether to pay user?
§ Needs flight data

Gimme a $100 policy

AA Flight #1215; 
17 May 2026;
Policy price: $2



DeFi MOOC

Other DeFi applications that need data

§ Betting contracts, e.g., sports
§ Wrapped cryptocurrency
§ Synthetics
§ Undercollateralized lending
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Blockchains lack internet connections!

DeFi
smart 
contract

Blockchain

What’s the 
USD price of 
BTC?
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How do we get external data to contracts?

FlightDataPalooza.com

Flight
Insurance
Contract
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Oracle

FlightDataPalooza.com

Flight
Insurance
Contract

Oracle
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Oracle use today

§ Every single DeFi app 
other than DEXes uses 
an oracle and…

§ DEXes can serve as 
oracles!
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Defining oracles

§ Narrow definition: Off-chain platform that relays data on chain
§ Generalized definition: Off-chain platform that connects 

blockchains with other systems
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DeFi MOOC

How to build an oracle?

§ Seems straightforward!

FlightDataPalooza.com

Flight
Insurance
Contract
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How to build an oracle?

FlightDataPalooza.com

Flight
Insurance
Contract

Idea: Build oracle into the consensus protocol.
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How to build an oracle?

FlightDataPalooza.com

Flight
Insurance
Contract

Problem: What if the miner lies / cheats?
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Oracle network

FlightDataPalooza.com

Flight
Insurance
Contract
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Oracle network

FlightDataPalooza.com

Report: “Flight delayed”

Flight
Insurance
Contract
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Oracle network

FlightDataPalooza.com

Report: “Flight on time”

Flight
Insurance
Contract

Problem: What if sending node lies / cheats?
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Digital signatures

FlightDataPalooza.com

Report: “Flight delayed”+(sig1,sig2,sig3,sig4,sig5)

1
2 3

4 5

Majority honesty ⇒ valid flight information!

Flight
Insurance
Contract
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Oracle-node liveness

FlightDataPalooza.com1
2 3

4 5

Flight
Insurance
Contract Report: “Flight delayed”+(sig1,sig2,sig3,sig4,sig5)

Problem: What if sending node goes down?
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Oracle-node liveness

FlightDataPalooza.com1
2 3

4 5

Flight
Insurance
Contract Report: “Flight delayed”+(sig1,sig2,sig3,sig4,sig5)

Idea: Allow for backup transmission.
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Source Liveness

FlightDataPalooza.com1
2 3

4 5

Flight
Insurance
Contract

Problem: What if web site goes down?



DeFi MOOC

Source Liveness

FlightDataPalooza.com

1
2 3

4 5

Idea: Use multiple websites.

FlightData.com

WhensMyFlightComing.com

Flight
Insurance
Contract



DeFi MOOC

Source Liveness

FlightDataPalooza.com

1
2 3

4 5

Idea: Use multiple websites.

FlightData.com

WhensMyFlightComing.com

Flight
Insurance
Contract
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We’ve achieved decentralization + good liveness

Report: “Flight delayed”+(sig1,sig2,sig3,sig4,sig5)

1
2 3

4 5

FlightDataPalooza.com

FlightData.com

WhensMyFlightComing.com

Flight
Insurance
Contract
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Heterogeneous data

1
3

4 5

Flight
Insurance
Contract

Problem: What if nodes disagree?

Flight 
on time!

Flight 
on time!

Flight 
on time!

Flight 
delayed!

Flight 
delayed!

2
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Heterogeneous data

1
2 3

4 5

Flight
Insurance
Contract Flight 

delayed!

Flight 
on time!

Flight 
on time!

Flight 
on time!

Flight 
delayed!

Idea: Take majority value!
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Heterogeneous data

1
2 3

4 5

DeFi
Contract

ETH-USD
$2000

ETH-USD
$1990

ETH-USD
$2007

Problem: What if nodes report differing numerical values?

ETH-USD
$2007

ETH-USD
$2010
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Combining reports

$1991

$1999

$2000

$2007

$2007

$2010

$1985DeFi
Contract
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$1993
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$2007

$2007
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$1985DeFi
Contract

Mean = $1999 
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Combining reports

$1991

$1993

$2000

$2007

$2007

$40000

$1985DeFi
Contract

Mean = $7427 
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Combining reports

$1991

$1993

$2000

$2007

$2007

$2010

$1985

Idea: Compute the median.

DeFi
Contract
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Combining reports

$1991

$1993

$2000

$2007

$2007

$2010

$1985

Idea: Compute the median.

DeFi
Contract
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The beauty of medianization

$1993 $2000 $2007$1985 $2010$1991 $2007
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The beauty of medianization

$2000 $2007$10 $2010$5 $2007$19
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The beauty of medianization

$1993 $2007$2000$1991$1985 $2010$2007

Fact: Given a minority of bad values, median is an honest value 
or bounded by honest values.
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Other problems

§ How do we ensure nodes get paid for service?
§ How to ensure that oracle reports are mined in a timely way?
§ How do we ensure that a majority of nodes are honest?



Advanced 
Oracle Use Cases
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DEXes

§ DEXes enable on-chain trading of various asset pairs.
§ Side effect: current valuation of asset price.
§ Mispricing reveals arbitrage opportunity.

§ E.g., ETH on Uniswap: $3000 (e.g., USDT), but $2900 on 
another exchange

§ So we can use a DEX as a price oracle!



DeFi MOOC

Cryptoeconomic Oracles

§ Pros:
§ Instant response

§ Composable with other contracts!

§ Economic assurance of correctness



DeFi MOOC

Cryptoeconomic Oracles

§ Cons:
§ Only good for price information
§ Can be manipulated!



DeFi MOOC

bZx price-oracle attack

§ bZx used Kyber exchange as price oracle
§ ETH loans with sUSD collateral based on Kyber price

§ Attacker:
§ Sold ETH for sUSD on Kyber to drive down ETH / sUSD price

§ Borrowed ETH cheaply on bZx
§ I.e., used little sUSD

§ Ran away with the loan…

§ Made almost $700k with one (multi-step) transaction!



DeFi MOOC

bZx price-oracle attack

Figure from Qin et al. 2020

Attack steps: 
§ Borrow ETH from bZx via flash loan

§ Buy some sUSD with ETH

§ Drive down ETH-USD price on bZx
§ Manipulate bZx Kyber price oracles

§ Borrow more dollars using ETH

§ Borrow ETH (cheaply) on bZx using sUSD

§ Pay back ETH flash loan on bZx

§ Profit = 2381.41 ETH ($673+k!)



DeFi MOOC

Cryptoeconomic Oracles

§ Countermeasure: Time-Weighted Average Price (TWAP)
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Cryptoeconomic Oracles

§ Cons:
§ Only good for price information
§ Can be manipulated
§ Countermeasure: Time-Weighted Average Price (TWAP)

§ Less accurate than current price!



DeFi MOOC

NFT-based games

§ How do NFT games work?
§ NFT = “Non-Fungible Token”

§ Token that is unique (ERC-721)
§ In NFT games, pieces / characters are NFTs

§ E.g., Axie Infinity, CryptoKitties
§ NFTs generated randomly

§ E.g., CryptoKitty breeding

§ Where does the randomness come from?
§ Trustworthy randomness essential for fairness.
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NFT-based games

§ What’s an NFT-based game?
§ How does it work?

§ NFT = “Non-Fungible Token”
§ Token that is unique

§ In NFT games, pieces / characters are NFTs
§ E.g., Axie Infinity, CryptoKitties

§ NFTs generated randomly
§ E.g., CryptoKitty breeding

§ How does contract randomize NFT generation?
§ Needs trustworthy randomness
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Verifiable Random Functions (VRFs)

§ Idea: Oracle uses secret key to generate randomness
§ Actually pseudorandom, not random

§ Correctness of randomness is verifiable
§ Again, like digital signature

§ Best of both worlds
§ Unpredictability -> fairness

§ Verifiability -> no cheating by oracle



DeFi MOOC

Wrapped currency

§ Suppose you have a Bitcoin you want to use in Ethereum.

BitcoinEthereum
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Wrapped currency

§ What to do?
§ Wrap it! 

Send 1 BTC 
to Ethereum 
addr. #123

1 BTC

BitcoinEthereum
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Wrapped currency

§ How can we use, e.g., BTC in Ethereum?
§ Wrap it! 

Wrap 

Send 1 BTC 
to Ethereum 
addr. #123

addr. #123

Send            
1 wBTC to 
Ethereum 
addr. #123

1 BTC
1 wBTC

BitcoinEthereum
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Wrapped currency

§ This kind of oracle known as 
cross-chain bridge

Wrap 

Send 1 BTC 
to Ethereum 
addr. #123

addr. #123

1 BTC
1 wBTC

BitcoinEthereum



Oracle Privacy
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Parametric flight insurance

Flight
Insurance
Contract

$100

Gimme a $100 policy

AA Flight #1215;
17 May 2026;
Policy price: $2
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Parametric flight insurance

Flight
Insurance
Contract

$100

Gimme a $100 policy

AA Flight #1215; 
17 May 2026;
Policy price: $2

Problem: Alice has published her itinerary on the blockchain!
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A partial solution

§ Flight data not 
revealed on chain!

§ But data revealed to 
oracle…

Flight
Insurance
Contract

$100

Gimme a $100 
policy

Policy price: $2

AA Flight #1215; 
17 May 2026

Flight delayed!



Trusted execution environments (TEEs)

App X

Enclave

Integrity

Even owner of 
computer with TEE 
can’t tamper with 
execution of X. * 

Confidentiality

Even owner of 
computer with TEE 
can’t learn data 
used by X. *

* There are important provisos here
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Strong privacy

Flight
Insurance
Contract

$100

Gimme a $100 
policy

Policy price: $2

AA Flight #1215; 
17 May 2026

Flight delayed!
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Strong privacy

§ Now, we can use a 
TEE instead of 
ordinary nodes.

§ Town Crier
§ Zhang et al. 2016

Flight
Insurance
Contract

$100

Gimme a $100 
policy

Policy price: $2

AA Flight #1215; 
17 May 2026

Flight delayed!

Program X
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Another application: Sale of online goods

§ Suppose Alice wants to sell Bob a Steam game for ETH…

Online game 
license

Ether

Steam Community Marketplace
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Smart contract for fair exchange

Game
Trader

Blockchain
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There’s just one problem…

§ GameTrader needs 
to verify delivery

§ Requires Alice's (or 
Bob's) Steam 
marketplace 
credentials

§ But there are no 
secrets on 
blockchains!

Game
Trader

Blockchain
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Again, we can leverage enclave confidentiality…

Game
Trader

Blockchain

TEE
✓ The game has 
been delivered to 
Bob.

✓ The game 
has been 
delivered to 
Bob.

Alice’s 
Account
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DECO

§ Main hardware-based TEE has had serious vulnerabilities
§ Intel SGX

§ DECO: alternative to Town Crier using cryptographic techniques
§ DECO enables a user to prove facts about a web session (TLS 

sessions) to oracle nodes
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TEE vs. DECO

Oracle nodes

Proof:
Game transferred

TEE
Game
Trader

Blockchain

Game
Trader

Blockchain
Proof:

Game transferred GamesPalooza.com

Game 
platform

GamesPalooza.com

Game 
platform
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Example DeFi applications

§ Application 1: Tokenizing digital assets 
§ Application 2: Private DeFi
§ Application 3: Decentralized identity
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Recall

Game
Trader

Blockchain

TEE
✓ The game has 
been delivered to 
Bob.

Alice’s 
Account
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Let’s tokenize it!

GameToken

Blockchain

TEE

✓ Game license is 
in TEE.

Alice’s 
Account

✓ Game 
license is in 
TEE.
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What’s an NFT?

§ NFT = Non-Fungible Token
§ Fungible tokens

§ Every token is identical
§ Like currency, e.g., stablecoins
§ Examples: MKR, Uniswap tokens, etc., etc.



DeFi MOOC

What’s an NFT?

§ NFT = Non-Fungible Token
§ NFTs

§ Every token is unique
§ Fractionalization not 

straightforward
§ Popular for artworks, games
§ E.g., real estate

Beeple’s EVERYDAYS sold for $69+ million



DeFi MOOC

Let’s NFT all the things!
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Let’s NFT all the things!
In-game magic sword
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Let’s NFT all the things!

NFTAllTheThings

Blockchain

TEE

✓ Magic sword is 
in Town Crier.

Alice’s 
Account

✓ Magic 
sword is in 
Town Crier.

NFT
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Example DeFi applications

§ Application 1: Tokenizing digital assets 
§ Application 2: Private DeFi
§ Application 3: Undercollateralized lending



DeFi MOOC

A simple DeFi contract

Binary
Bet
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A simple DeFi contract

Binary
Bet

Will BTC price reach $1 million 
by 1 Jan 2024?
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A simple DeFi contract

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

Will BTC price reach $1 million 
by 1 Jan 2024?
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A simple DeFi contract

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$2
<latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit>

Yes!

Will BTC price reach $1 million 
by 1 Jan 2024?



DeFi MOOC

A simple DeFi contract

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$2
<latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit>

No!

Will BTC price reach $1 million 
by 1 Jan 2024?



DeFi MOOC

Privacy problem

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

Oracle
Max. BTC price = 
$60,000

Will BTC price reach $1 million 
by 1 Jan 2024?



90



DeFi MOOC

A partial solution

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

Will BTC price reach $1 
million by 1 Jan 2024?
No: 0  Yes: 1

Oracle
Result: 0

Problem: Oracle learns bet!



DeFi MOOC

TEE

A partial solution

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

Will BTC price reach $1 
million by 1 Jan 2024?
No: 0  Yes: 1

Result: 0



DeFi MOOC

A simple DeFi contract

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$2
<latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit>
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Mixicle

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

P0
<latexit sha1_base64="Z1uFpXqacQObQ2/GCZGcif1CGGo=">AAAB9HicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJd6dzCZDZmfXmdlAWPIdNhaK2PoxdjZ+i5NHoYkHBg7n3Ms9c4JEcG1c98vJra1vbG7ltws7u3v7B8XDo4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg79ZsjpjSP5b0ZJ8yPsC95yCkaK/mdCM2Aosiqk67bLZbcsjsDWSXegpQqJ7XvBwCodoufnV5M04hJQwVq3fbcxPgZKsOpYJNCJ9UsQTrEPmtbKjFi2s9moSfk3Co9EsbKPmnITP29kWGk9TgK7OQ0pF72puJ/Xjs14bWfcZmkhkk6PxSmgpiYTBsgPa4YNWJsCVLFbVZCB6iQGttTwZbgLX95lTQuy57lNdvGDcyRh1M4gwvw4AoqcAdVqAOFR3iCF3h1Rs6z8+a8z0dzzmLnGP7A+fgBQJqT6g==</latexit><latexit sha1_base64="uLqgqO1vhXp9XZ28mBldLfgsitE=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27bm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/kduVpg==</latexit><latexit sha1_base64="uLqgqO1vhXp9XZ28mBldLfgsitE=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27bm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/kduVpg==</latexit><latexit sha1_base64="lv8pH7CtG3am6Gghrv7wOD1vHCg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbys100g6dTOLMpFBCv8ONC0Xc+jHu/BsnbRbaemDgcM693DMnSATXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd7nfmTKleSwfzSxhfoQjyUNO0VjJ70doxhRF1pwP3EG15tbdBcg68QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbF7pp5olSCc4Yj1LJUZM+9ki9JxcWGVIwljZJw1ZqL83Moy0nkWBncxD6lUvF//zeqkJb/yMyyQ1TNLloTAVxMQkb4AMuWLUiJklSBW3WQkdo0JqbE8VW4K3+uV10r6qe5Y/uLXGbVFHGc7gHC7Bg2towD00oQUUnuAZXuHNmTovzrvzsRwtOcXOKfyB8/kDsfOSBQ==</latexit>

P1
<latexit sha1_base64="hl0clcrLjTUDaogXRpDicxhIrxA=">AAAB9HicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5OZpMhs7PrzN1AWPIdNhaK2PoxdjZ+i5NHoYkHBg7n3Ms9c4JECoOu++Xk1tY3Nrfy24Wd3b39g+LhUcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLyd+s0R10bE6h7HCfcj2lciFIyilfxORHHAqMyqk67XLZbcsjsDWSXegpQqJ7XvBwCodoufnV7M0ogrZJIa0/bcBP2MahRM8kmhkxqeUDakfd62VNGIGz+bhZ6Qc6v0SBhr+xSSmfp7I6ORMeMosJPTkGbZm4r/ee0Uw2s/EypJkSs2PxSmkmBMpg2QntCcoRxbQpkWNithA6opQ9tTwZbgLX95lTQuy57lNdvGDcyRh1M4gwvw4AoqcAdVqAODR3iCF3h1Rs6z8+a8z0dzzmLnGP7A+fgBQh6T6w==</latexit><latexit sha1_base64="OCuf+lvcyiGSsI6PZSzN3wfF/2w=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27Xm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/k1+Vpw==</latexit><latexit sha1_base64="OCuf+lvcyiGSsI6PZSzN3wfF/2w=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27Xm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/k1+Vpw==</latexit><latexit sha1_base64="9zztsRDyCX53bOmv8m25/eSmTLM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbys100g6dTOLMpFBCv8ONC0Xc+jHu/BsnbRbaemDgcM693DMnSATXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd7nfmTKleSwfzSxhfoQjyUNO0VjJ70doxhRF1pwPvEG15tbdBcg68QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbF7pp5olSCc4Yj1LJUZM+9ki9JxcWGVIwljZJw1ZqL83Moy0nkWBncxD6lUvF//zeqkJb/yMyyQ1TNLloTAVxMQkb4AMuWLUiJklSBW3WQkdo0JqbE8VW4K3+uV10r6qe5Y/uLXGbVFHGc7gHC7Bg2towD00oQUUnuAZXuHNmTovzrvzsRwtOcXOKfyB8/kDs3eSBg==</latexit>
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Mixicle
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Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

P0
<latexit sha1_base64="Z1uFpXqacQObQ2/GCZGcif1CGGo=">AAAB9HicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJd6dzCZDZmfXmdlAWPIdNhaK2PoxdjZ+i5NHoYkHBg7n3Ms9c4JEcG1c98vJra1vbG7ltws7u3v7B8XDo4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg79ZsjpjSP5b0ZJ8yPsC95yCkaK/mdCM2Aosiqk67bLZbcsjsDWSXegpQqJ7XvBwCodoufnV5M04hJQwVq3fbcxPgZKsOpYJNCJ9UsQTrEPmtbKjFi2s9moSfk3Co9EsbKPmnITP29kWGk9TgK7OQ0pF72puJ/Xjs14bWfcZmkhkk6PxSmgpiYTBsgPa4YNWJsCVLFbVZCB6iQGttTwZbgLX95lTQuy57lNdvGDcyRh1M4gwvw4AoqcAdVqAOFR3iCF3h1Rs6z8+a8z0dzzmLnGP7A+fgBQJqT6g==</latexit><latexit sha1_base64="uLqgqO1vhXp9XZ28mBldLfgsitE=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27bm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/kduVpg==</latexit><latexit sha1_base64="uLqgqO1vhXp9XZ28mBldLfgsitE=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27bm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/kduVpg==</latexit><latexit sha1_base64="lv8pH7CtG3am6Gghrv7wOD1vHCg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbys100g6dTOLMpFBCv8ONC0Xc+jHu/BsnbRbaemDgcM693DMnSATXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd7nfmTKleSwfzSxhfoQjyUNO0VjJ70doxhRF1pwP3EG15tbdBcg68QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbF7pp5olSCc4Yj1LJUZM+9ki9JxcWGVIwljZJw1ZqL83Moy0nkWBncxD6lUvF//zeqkJb/yMyyQ1TNLloTAVxMQkb4AMuWLUiJklSBW3WQkdo0JqbE8VW4K3+uV10r6qe5Y/uLXGbVFHGc7gHC7Bg2towD00oQUUnuAZXuHNmTovzrvzsRwtOcXOKfyB8/kDsfOSBQ==</latexit>

P1
<latexit sha1_base64="hl0clcrLjTUDaogXRpDicxhIrxA=">AAAB9HicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5OZpMhs7PrzN1AWPIdNhaK2PoxdjZ+i5NHoYkHBg7n3Ms9c4JECoOu++Xk1tY3Nrfy24Wd3b39g+LhUcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLyd+s0R10bE6h7HCfcj2lciFIyilfxORHHAqMyqk67XLZbcsjsDWSXegpQqJ7XvBwCodoufnV7M0ogrZJIa0/bcBP2MahRM8kmhkxqeUDakfd62VNGIGz+bhZ6Qc6v0SBhr+xSSmfp7I6ORMeMosJPTkGbZm4r/ee0Uw2s/EypJkSs2PxSmkmBMpg2QntCcoRxbQpkWNithA6opQ9tTwZbgLX95lTQuy57lNdvGDcyRh1M4gwvw4AoqcAdVqAODR3iCF3h1Rs6z8+a8z0dzzmLnGP7A+fgBQh6T6w==</latexit><latexit sha1_base64="OCuf+lvcyiGSsI6PZSzN3wfF/2w=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27Xm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/k1+Vpw==</latexit><latexit sha1_base64="OCuf+lvcyiGSsI6PZSzN3wfF/2w=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27Xm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/k1+Vpw==</latexit><latexit sha1_base64="9zztsRDyCX53bOmv8m25/eSmTLM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbys100g6dTOLMpFBCv8ONC0Xc+jHu/BsnbRbaemDgcM693DMnSATXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd7nfmTKleSwfzSxhfoQjyUNO0VjJ70doxhRF1pwPvEG15tbdBcg68QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbF7pp5olSCc4Yj1LJUZM+9ki9JxcWGVIwljZJw1ZqL83Moy0nkWBncxD6lUvF//zeqkJb/yMyyQ1TNLloTAVxMQkb4AMuWLUiJklSBW3WQkdo0JqbE8VW4K3+uV10r6qe5Y/uLXGbVFHGc7gHC7Bg2towD00oQUUnuAZXuHNmTovzrvzsRwtOcXOKfyB8/kDs3eSBg==</latexit>

$2
<latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit>



DeFi MOOC

Mixicle

Binary
Bet

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

$1
<latexit sha1_base64="ZH8rrPVyozenSSRxTTvcyM8bFfg="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="Vt8XPCKg1WHoiGHsD/eXx9zDktc="></latexit><latexit sha1_base64="BtHRZdY8UjeraabLjTbtX9jaTBc=">AAACLnicbVDLSgMxFM34tr6qLt0Eq+BCyowIuiw+0KWCfUCnlEx6p4ZmMkNyRyzDfJEbf0UXgoq49TNMHwu1Xkg4nHvOvckJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm/UTJxqDlUey1g3AmZACgVVFCihkWhgUSChHvROB/36HWgjYnWD/QRaEesqEQrO0FLt4rnfgdB6h5OyM6Z7FxpA5ZnuBnnmlt196pYPB5eb+wj3OCH0d7y8XSxZwbDoJPDGoETGddUuPvudmKcRKOSSGdP03ARbGdMouIS84KcGEsZ7rAtNCxWLwLSy4e6c7lqmQ8NY26OQDtmfjoxFxvSjwCojhrfmb29A/tdrphgetzKhkhRB8dGiMJUUYzrIjnaEBo6ybwHjWti3Un7LNONoEy7YELy/X54EtYOyZ/G1W6qcjONYIFtkm+wRjxyRCrkkV6RKOHkgT+SNvDuPzovz4XyOpFPO2LNJfpXz9Q31cKhv</latexit>

P0
<latexit sha1_base64="Z1uFpXqacQObQ2/GCZGcif1CGGo=">AAAB9HicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJd6dzCZDZmfXmdlAWPIdNhaK2PoxdjZ+i5NHoYkHBg7n3Ms9c4JEcG1c98vJra1vbG7ltws7u3v7B8XDo4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg79ZsjpjSP5b0ZJ8yPsC95yCkaK/mdCM2Aosiqk67bLZbcsjsDWSXegpQqJ7XvBwCodoufnV5M04hJQwVq3fbcxPgZKsOpYJNCJ9UsQTrEPmtbKjFi2s9moSfk3Co9EsbKPmnITP29kWGk9TgK7OQ0pF72puJ/Xjs14bWfcZmkhkk6PxSmgpiYTBsgPa4YNWJsCVLFbVZCB6iQGttTwZbgLX95lTQuy57lNdvGDcyRh1M4gwvw4AoqcAdVqAOFR3iCF3h1Rs6z8+a8z0dzzmLnGP7A+fgBQJqT6g==</latexit><latexit sha1_base64="uLqgqO1vhXp9XZ28mBldLfgsitE=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27bm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/kduVpg==</latexit><latexit sha1_base64="uLqgqO1vhXp9XZ28mBldLfgsitE=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27bm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/kduVpg==</latexit><latexit sha1_base64="lv8pH7CtG3am6Gghrv7wOD1vHCg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbys100g6dTOLMpFBCv8ONC0Xc+jHu/BsnbRbaemDgcM693DMnSATXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd7nfmTKleSwfzSxhfoQjyUNO0VjJ70doxhRF1pwP3EG15tbdBcg68QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbF7pp5olSCc4Yj1LJUZM+9ki9JxcWGVIwljZJw1ZqL83Moy0nkWBncxD6lUvF//zeqkJb/yMyyQ1TNLloTAVxMQkb4AMuWLUiJklSBW3WQkdo0JqbE8VW4K3+uV10r6qe5Y/uLXGbVFHGc7gHC7Bg2towD00oQUUnuAZXuHNmTovzrvzsRwtOcXOKfyB8/kDsfOSBQ==</latexit>

P1
<latexit sha1_base64="hl0clcrLjTUDaogXRpDicxhIrxA=">AAAB9HicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5OZpMhs7PrzN1AWPIdNhaK2PoxdjZ+i5NHoYkHBg7n3Ms9c4JECoOu++Xk1tY3Nrfy24Wd3b39g+LhUcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLyd+s0R10bE6h7HCfcj2lciFIyilfxORHHAqMyqk67XLZbcsjsDWSXegpQqJ7XvBwCodoufnV7M0ogrZJIa0/bcBP2MahRM8kmhkxqeUDakfd62VNGIGz+bhZ6Qc6v0SBhr+xSSmfp7I6ORMeMosJPTkGbZm4r/ee0Uw2s/EypJkSs2PxSmkmBMpg2QntCcoRxbQpkWNithA6opQ9tTwZbgLX95lTQuy57lNdvGDcyRh1M4gwvw4AoqcAdVqAODR3iCF3h1Rs6z8+a8z0dzzmLnGP7A+fgBQh6T6w==</latexit><latexit sha1_base64="OCuf+lvcyiGSsI6PZSzN3wfF/2w=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27Xm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/k1+Vpw==</latexit><latexit sha1_base64="OCuf+lvcyiGSsI6PZSzN3wfF/2w=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozbnRZ6sZlC/YB7VAyaaYNTTJjkimUod/hxoUiLvUr/AJ3bvwWM20X2nogcDjnXu7JCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5vMb42p0iySd2YSU1/ggWQhI9hYye8KbIYE87Q27Xm9YsktuzOgVeItSKlyUv9mb9WPWq/42e1HJBFUGsKx1h3PjY2fYmUY4XRa6CaaxpiM8IB2LJVYUO2ns9BTdG6VPgojZZ80aKb+3kix0HoiAjuZhdTLXib+53USE177KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLAleMtfXiXNy7Jned22UYU58nAKZ3ABHlxBBW6hBg0gcA8P8ATPzth5dF6c1/lozlnsHMMfOO8/k1+Vpw==</latexit><latexit sha1_base64="9zztsRDyCX53bOmv8m25/eSmTLM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbys100g6dTOLMpFBCv8ONC0Xc+jHu/BsnbRbaemDgcM693DMnSATXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd7nfmTKleSwfzSxhfoQjyUNO0VjJ70doxhRF1pwPvEG15tbdBcg68QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbF7pp5olSCc4Yj1LJUZM+9ki9JxcWGVIwljZJw1ZqL83Moy0nkWBncxD6lUvF//zeqkJb/yMyyQ1TNLloTAVxMQkb4AMuWLUiJklSBW3WQkdo0JqbE8VW4K3+uV10r6qe5Y/uLXGbVFHGc7gHC7Bg2towD00oQUUnuAZXuHNmTovzrvzsRwtOcXOKfyB8/kDs3eSBg==</latexit>

$2
<latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit><latexit sha1_base64="kmnfU2mMnqAAQJNhUeh3/LWW2wI=">AAACJ3icbVDLSgMxFM34rPU16tLNYCu4KCXTja6k1IUuq9gHtKVkMnfa0ExmSDJCGeZv3PgrbgQV0aV/YvpYaOuBwOGce3OS48WcKY3xl7Wyura+sZnbym/v7O7t2weHTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeWNriZ+6wGkYpG41+MYeiEZCBYwSrSR+vZl14fA7E5vSn0iRwMJILL07rqWpbjkYlzCWb675Be7xUox69sFXMZTOMvEnZMCmqPet1+7fkSTEISmnCjVcXGseymRmlEOJihREBM6IgPoGCpICKqXTtMz59QovhNE0hyhnan6eyMloVLj0DOTIdFDtehNxP+8TqKDi17KRJxoEHQWFCTc0ZEzKc3xmQSq+dgQQiUzb3XokEhCtak2b0pwF7+8TJqVsmv4baVQrc3ryKFjdILOkIvOURXdoDpqIIoe0TN6Q+/Wk/VifVifs9EVa75zhP7A+v4B3ryl3A==</latexit>



DeFi MOOC

Some DeFi applications

§ Application 1: Tokenizing digital assets 
§ Application 2: DeFi for real-world (hard) assets
§ Application 3: Decentralized identity
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Proof: age 18+
Alice 
over 18!

Decentralized Identity

TEE
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Summary

https://defi-learning.org
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Summary

§ Oracles deliver off-chain data to smart contracts.
§ But they can do much more!

§ Oracles are a general-purpose fabric connecting blockchains with other 
systems (including other blockchains). 

§ Oracle systems entail technical challenges, e.g.,
§ Robustness (against node and data failures)

§ Privacy

§ Oracles are necessary for most interesting DeFi applications.


