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1. Traditional Finance and its Inefficiencies
2. Fintech, Blockchain, and Decentralized Finance

3. Regulation of Fintech
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Traditional Financial Intermediaries

Most financial services are provided by centralized financial
intermediaries

- StateFarm
CHASE € 4X ) Hsec C% IOI Nasdaqg

VISA &  Vanguard BlackRock

. . . . . . . . RN
3 | Fintech and Blockchain: The Digital Transformation of Financial Services 8] EQEUNI{I{\I‘ENGIN EERING

ngineering and Applied Science



Inefficiencies of Centralized Financial Intermediation

1. Costly and slow
* High cost of Capital, Large Spread, Slow Transfers

2. Opacity
e Regulators, Banks, and Users

* May lead to financial crises

3. Low accessibility

* Non-negligible part of population is unbanked

4. Low interoperability

* Weak connectivity in the network of financial services
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The Emergence of Fintech Companies

* Technological advances have brought major
[=)Square
improvements to the operations of financial services
* Pros: quicker, cheaper, and more convenient m veénmo
* Cons:
* Rely on existing financial system #4 Betterment
* Opaque and not always accessible  LendingClub

e Bottleneck on transaction efficiency

e Social costs credit karma
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Fintech Services: Robo-Advising

* Algorithmic-driven financial planning, tailored to clients' risk
preferences and characteristics, with automated execution

* Pros:
* |nvest in a diversified portfolios of ETFs - b Advisc
* Use sophisticated algorithms for portfolio rebalancing and tax -
management Lot
* Low entry barriers =
* Cons:
e Advise is not always transparent oL

0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
Annualized rate of return

* Algorithmic aversion

e Capponi et al. (2020) study mechanisms to improve
transparency of robo advising
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Fintech built on Blockchain

Lending and

* Blockchain: decentralized Savings B_wlg
database/ledger shared among

» =
nOdeS Of a P2P network Stablecoins \ / Tokenization

* Smart contracts: computer 9 Defi ﬁ
programs running on blockchain in Financial Services
accordance with predefined _
conditions agreed by contracting \ E@
parties Management v e xchanges (DEXS

Insurance
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Lending: Traditional vs. Blockchain

Traditional Credit

Compliance and

governance
111}
— — —
Borrower Bank Investors or
Depositors
Credit Risk
Assessment
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DeFi Decentralized Credit Pools

Price oracle Protocol governance
\ Dynamic interest rates
L . based on parameters set
by protocol governance
M
Lending
Borrower Pool

\

Liquidators Liquidity
Providers
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Trading: Traditional vs. Blockchain

Centralized Exchanges

Compliance and
governance

R
(—-)(—)M
Exchange

<>

Buyer Broker Broker Seller

<>
Matching / Clearing / Market Makers
Settlement Engines
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Trading: Traditional vs. Blockchain

Centralized Exchanges

Compliance and

governance
SER
<> <> M <> <>
Buyer Broker Exchange Broker Seller
Matching / Clearing / Market Makers

Settlement Engines
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DeFi Decentralized Exchange

Protocol governance Price oracle
A
t-—D <>
Smart
Buyer Contract Seller

Automated
market-maker:

Liquidity Price based on Matching

Providers total available Engine
liquidity across

the trade pair.
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Marketplaces for non-fungible Assets

* Non-fungible assets: Art, Music, Intellectual
Property

* Traditional Marketplaces (e.g. gallery, auction
houses):
e Limited price discovery
* Fragmentation
* Authenticity and Ownership
* Limited revenue passed to artists/inventors

* Blockchain Marketplace: asset tokenization
* NFTs
* Transparency
* Improved liquidity
* Reduced inefficiencies
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Governance of Traditional Financial Intermediaries

Issuer

Delivery of proxy Delivery of proxy

 Governance of publicly
traded companies on NYSE vy o o
and Nasdaq is based on
shareholder voting | N

Third-party Securities and data feed of Third-party
service provider intermediarnies beneficial owners

 Empty-voting or Over-voting vty p Serviceprovide
.. transfer agent)
are problems of traditional ——p . \
proxy-vote systems J, [ / I

Depository
Trust Company

form (VIF) Forward proxy Executed

materials & VIF ViFs
Registered Individual Institutional Proxy advisory
owners beneficial beneficial ’ firms
owners owners

Executed proxies on behalf
Executed of secunties intermediary

proxies Vote tabulator according 1o VIF
(sometimes, transfer agent)
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Blockchain Governance

Decentralized Autonomous Organization (DAO) provides rule-based
transparent, decentralized governance structure

DAO

Smart
Contracts
/ W

®

TN

i <
-0-0-®

allet Address
Tokens
Lays in the Konsens-
Code

mechanism

Transaction Initiative
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Advantages of Fintech built on Blockchain

1. Reduced intermediation costs
2. Fast settlement

3. Full transparency

4. Accessibility

5. Crowdsourcing liquidity

6. Interoperability

GINEERING
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Reduced Intermediation Costs

Largest commercial banks in the United States in 2020, by revenue (in billion U.S.
dollars)

J.P. Morgan Chase 129.5
Bank of America Corp
Citigroup

Wells Fargo

Goldman Sachs Group
Morgan Stanley
Capital One Financial
U.S. Bancorp

PMNC Financial Services Group

Bank of New York Mellon Corp.

0 20 40 60 80 100 120 140 160

Revenue in billion U.S. dollars
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Reduced Intermediation Costs

Largest commercial banks in the United States in 2020, by revenue (in billion U.S. @ Annualized DeFi revenue by protocol (30—dag Sample)
dollars)
J.P. Morgan Chase 1295 @ Supply-side revenue @ Protocol revenue
Bank of America Corp S1.5b
Citigroup
Sib
Wells Fargo
Goldman Sachs Group
$500m
Morgan Stanley
Capital One Financial S0 - - - - [ I
Q aQ Q Q ] o oy (@) =)
U.S. Bancorp g g g L E § 3! <O( %
£ 3 2 - 3 3 2 :
PNC Financial Services Group 2 _~co a © g om © ©
©
%] ©
Bank of New York Mellon Corp. 8
@©
i) 20 40 B0 80 100 120 140 160 —5()
Revenue in billion U.S. dollars SOURCE: CRYPTOFEES

UPDATED: MAR 2, 2022
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- mon | tues | wed | thurs | i

Settlement period

Stock on Exchange:
2 days

Stock is sold. Trade finalized.

Trade day (T+1) (T+2)
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Fast Settlement

StOCk on EXChange: Settlement period

thurs
2 days “ ﬁ

Stock is sold. Trade ﬁnallzed
‘ Trade day T (T+1) A (T+2)
Ethereum Blockchain: ‘
instantaneous settlement v
for any transaction ethereum
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Transparency: Ownership and Transaction History

() Transaction Hash: 0x7b54d61f6e4624bb704ccd510da460fa80301428994b45ef92f74cOb7caea222 (1

(?) Status: ® Success

(?) Block: 13680579 41 Block Confirmations

(@ Timestamp: ® 9 mins ago (Nov-25-2021 01:21:11 AM +UTC) | (O Confirmed within 30 secs

-0 Transaction Action: » Swap 235.998068 @ ALICE For 1.43229536454691122 Ether On & Uniswap V2

@ From: 0xbfoae133b9alfc1a07952a7df2afa21f7f69efo8

@ Interacted With (To): Contract 0x7a250d5630b4cf539739df2c5dach4c659f2488d (Uniswap V2: Router 2) @
Tokens Transferred: From To For 235.998068 ($6,114.71)

From To For 1.43229536454691122 ($6,200.86) &
(@ Value: 0 Ether  ($0.00)
(? Transaction Fee: 0.01677753 Ether ($72.64)
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Transparency: Contractual Obligations through Smart Contracts

Smart Contracts are open-source, hard-coded algorithms:

UniswapV2Pair.sol

This contract » implements the actual pool that exchanges tokens. It is the core Uniswap functionality.

73
74
75
76
77
78
79
80
81

function _update(uint balance®, uint balancel, uintl112 reserve®d, uintl112 _reservel) private {
require(balance® <= uint112(-1) && balancel <= uint112(-1), 'UniswapV2: OVERFLOW');
uint32 blockTimestamp = uint32(block.timestamp % 2**32);
uint32 timeElapsed = blockTimestamp - blockTimestamplLast; // overflow is desired
if (timeElapsed > © && _reserve® != 0@ & & _reservel != 0) {
// * never overflows, and + overflow is desired
price@Cumulativelast += uint(UQ112x112.encode(_reservel).uqdiv(_reserved)) * timeElapsed;

pricelCumulativelast += uint(UQ112x112.encode( _reserve®).uqdiv(_reservel)) * timeElapsed;
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Full Transparency: Liability, Liquidity, and Price

Deposit APR

Oct 31 Nov 07 Nov 14 Nov 21

t

I 1| Borrowed
1,663,993,181.64

Nov 28

Utilisation rate

Dec 05 Oct 31

Nov 07 Nov 14 Nov 21 Nov 28

e Liquidity

Availal
481,681,245.15

‘ Reserve size $§ 2,157,159,704.70 ’

‘ Utilisation rate

Deposit APY 2.79 %
Deposit APR 2.75 %

Maximum LTV
75.00 %

Liquidation threshold
80.00 %

Stable borrowing

Borrow APY 12.68 %
Borrow APR 11.94 %
% over total 0.79 %

Liquidation penalty
5.00 %
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77.55 % \
Borrow APY 3.95 %
Borrow APR 3.88 %
% over total 99.21 %

Used as collateral Stable borrowint
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Accessibility and Crowdsourcing Liquidity

TOTAL VALUE (USD) LOCKED IN DEFI

* Access to Liquidity: gain

immediate access to liquidity —

by interacting with smart $1OSB

contracts 5908

* Crowdsourcing Liquidity: -

e Algorithm sets market
prices ¥508

* Democratization of liquidity M
provision benefits liquidity
demanders ST L
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Cons of Fintech built on Blockchain

1. Settlement = Capacity and Transaction Costs
2. Full transparency > Arbitrage

3. Crowdsourcing liquidity = Hidden Risk

4. Interoperability = Systemic Risk

5. Decentralized governance = Misalignment of Incentives

5 5 0 g 5 0 . RN
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Blockchain Order Execution Mechanism

Miners prioritize transactions based on the submitted fees

Users

lock of
8';' T1$ Memory Pool Miner Traangct?ons
O T2 ( O %, 1 Ta$988
Bgl 5  Ts$$¢

\ Broadcast Mempool — 7“ e
Ov 3 T2$$
Ggl TS558 4 T
k S
y PRLES
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Processing Capacity

A bitcoin
v

TASH 7
20
Bitcoin 48
’{ 56
; 60
ripple
VISA 1,500

24,000
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Processing Capacity

‘( bitcoin
TASH 7
20
3 48
.: 56
; 60
ripple
VISA 1,500

Transaction
24,000

Transaction Fee

Transaction
Finality

Consensus
Mechanism
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SOLANA

TEZOS STELLAR

59,000 tps 17 tps 3900 tps | ~250 tps 50 tps ~2000 tps

$0.00001 ~$2 iTe® | ~$0.02 | $0.00232 | $0.000001

by staking)

0.4 sec 5 mins 2.5 mins ~2 mi -
(1 block) NEERJId S REPIERI NS mins mins

Brootof Broof ok Delegated | Ouroboros| Liquid Federated
Stake Work Proof of Proof of Proof of Byzantine
Stake Stake Stake Agreement
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Transaction Costs

* Transaction costs arise because of current limitations in processing
capacity
* Trading is relatively expensive for small transactions

EDIT
GAS FEE ¢0.077143
$29.57
Gas Price (GWEI) Gas Limit
145 2 [ 532020

29 |Fintech and Blockchain: The Digital Transformation of Financial Services &5 COLUMBIA | ENGINEERING

7N The Fu Foundation School of Engineering and Applied Science




Users and Arbitrageurs Mempool

Miners

Order | Transactions

@% 1| 7858

— — | 2 |1 $8
% front
( O 3 (7,58
/ 4 Tback$
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Profitability of Arbitrage

* A third of blocks contain frontrunning arbitrage attacks, which on average
cost S600 (0.2 ETH) to users (Capponi, Jia, and Wang (2022))

=2 120,000

c

g_ 100,000
Blocks with ® 80,000
Frontrunning 125,126 o £0.000
Attack E ’

@ 40,000
Blocks with = 20,000
attackable DeFi_ 361,763 ’
Transactions 0

March 1 through April 15, 2021

Revenue in ETH
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Risk of Liquidity Provision

e Capponiand Jia (2021) develop a

model of liquidity provision on DeFi
exchanges

* The model demonstrates that Quantiy
arbitrageurs exploit liquidity providers, ks
because of liquidity crowdsourcing ] N\t
and blockchain order processing R ot M
mechanism  postion |

Quantity of A tokens in contract
10 15
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Systemic Risk: Protocol Risk

Collateral Lending

/ e 1 P Asset_backed

Yield Aggregator Stable Coins
ﬁ Beefy.Finance

Exchanges /

NN >
2“J
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Systemic Risk: Oracle Risk

Collateral Lending

. / i - Asset-backed
Yield Aggregator Stable Coins
ﬁ Beefy.Finance

AN

Exchanges

‘a ! Major Cryptocurrencies
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Systemic Risk: Liquidation Risk

Collateral Lending

Asset-backed

Yield Aggregator Stable Coins

ﬂ Beefy.Finance

Exchanges
@ Major Cryptocurrencies
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Decentralized Governance: Misalignment of Incentives

* Some users want to extract high interest

e Other users want cheap fund and low interest rate

* Speculators care about pumping the governance token price
 Attackers want to manipulate protocol to extract large profits

. . . . . . . . RN
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Decentralized Governance: Risk of Centralization

Maker Top 100 Token Holders

Source: Etherscan.io
OTHER ACCOUNTS

OxBee7d9235e01e6b42345120b5d270bdb 7636247

——— ey

Ox6186ff3058150604b98ar5a8521c9659%alebfcl /

~—

Ox2ceecdbd708b318a6230511aac75d6c3dbe0ctan 0x9ef05f7f6deb616fd37ac3c059a2ddd 25a544f5

x112cfeddcticaBbcBbedieelaba%24e20983bedl

0x000be27f560fef0253cacddadd 1611184356549
Ix6d2ae78fafbb8032das52d61%ad43fld8leddd e 0x05e793celct027323acl50f6d45c2344d28b6019

40 | Fintech and Blockchain: The Digital Transformation of Financial Services &5 COLUMBIA | ENGINEERING

7 v The Fu Foundation School of Engineering and Applied Science




Regulation of Fintech Blockchain

* What risks should regulators address?
* scam, manipulation (e.g., pump/dump)
* tax evasion, money laundry (anonymity)

* Interoperability and connectivity of DeFi applications

* What are barriers faced by regulators?

* World-wide decentralization, anonymity, fast-changing,
technology education, lack of legal framework

. . . . . . . . RN
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Regulation of Fintech Blockchain

* Trade-off faced by regulators
* Tighter Regulation = less financial innovation

* More accurate regulation = slow and costly regulation

* How to best regulate?

* Understand new technology and leverage transparency of
blockchain

* Crete new measures for different risks

5 5 0 g 5 0 . RN
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Conclusion

* Existing financial Intermediaries are being challenged by
fintech companies

* Fintech companies built on existing financial services
mitigate but not eliminate all inefficiencies

* More improvements needed to attain higher efficiency and
wide adoption of Fintech blockchain
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Fintech at Columbia

* New Initiative — Center for Digital Finance and Technologies within
SEAS

* Starting Date: August, 2022
* Director: Agostino Capponi

e Activities: Executive Education, Roundtable Discussions, Seminar
Series, post-graduate, graduate, and undergraduate research
opportunities

* Affiliates: Global Risk Institute, Capital Fund Management, Ripple,
Ethereum, Stellar, Arcane Group
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