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A Distributed Future:
Blockchain and its Potential

Brian Rogers & Nir Kabessa
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WHAT IS THE INTERNET (1994)?
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“virtually every programmer that has started to understand
blockchain technology will say — This is the big breakthrough.
This is the thing we’ve been waiting for!”

“He solved all the problems. Whoever he is, he should get the
Nobel Prize — he’s a genius.”

- Marc Andreessen, co-founder Netscape
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“All the consumer [my] data that defines my life | have no control over?”

Sure glad the hole isn't at our end. |

$
ﬂw

| JWHO OWNS YOUR SENSITIVE DATA? BSN

U.S. Senator Cory Gardner of Colorado
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Bitecoin: A Peer-to-Peer Electronic Cash System

Bitcoin Monetary Inflation
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*  Only 21 million coins will be mined, roughly 17 million | g I
mined to date /
* Network reward started at 50 Bitcoin, every 4 years it’s g/

reduced by 50% — today it’s at 12.5

* A block of transactions is added to the Bitcoin Blockchain
every 10 minutes (~546k now)

*  On average 2020 transaction/block (1 MB)

» Difficulty changes every 2016 blocks

*  Supply will continue to increase, but at a decreasing rate,

graph) i v b thock bt —
*  Each unit of Bitcoin is divided into 100,000,000 units

Source: BashCo.

asymptotically approaching 21 million by 2140 (include T g g ey Mgy . S ‘. . e, Y, Vg, Y. T,
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A person’s self-interest - service the public need

“It is not from the benevolence of
the butcher, the brewer or the baker,
that we expect our dinner, but from
their regard to their own self
interest.”

- Adam Smith
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Asymmetric
Announce Cryptographically sign
(strong control of ownership)

0000000000000000
ef06T7ad478024addfe
cdc93628978aa52d
01fabd4292982a50
Show how much Validators/Miners
& to who Every 10 minutes a few hundred

transactions are collected.

One Solves the problem ¢
i Correct

jr— \-\-—\ /
S / -_11\ -
== ==] =
NG
' . = ~\ V
Add the new block to the blockchain O — i

% o) el U RS ?LL\;OM&MHAIN V s ockenan  and broadcast to all nodes ,
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Proof of Work (PoW)
Each node has to show that it has performed some amount
of work. The work is in the form of solving a difficult math

(difficulty).

Proof of Stake (PoS)
Involving a user’s stake or ownership of virtual currency in
the blockchain system.

Proof of Authority (PoA)
uses a set of "authorities" - nodes that are explicitly allowed
to create new blocks and secure the blockchain

@COLUMB[AUNIVERSITY ?B‘L‘(‘)“C”'(}HA,N w BLOCKCHAIN
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Consensus mechanisms allow
secure updating of a
distributed shared state,
ensuring the sanctity of data.



How Safe Is Bitcoin From Hackers?

1. It’s barebones simplicity P
2. It’s vast processing power doing nothing but ensuring safety.
3. Distributed nodes with need to achieve consensus THE
BITCOIN
You wouldn’t be hacking one person, but rather every record in the STANDARD
Bitcoin network since its inception all at once.
Hash Rate/hashes per second (attempts made SHA-256) 3
Measure of how much power it takes to solve the problem o

Current hash rate 50 TH/s or 300,000x more powerful than the most
powerful supercomputer the Tianhe-2. Or equivalent of 2 trillion laptops

51% Attack

If a single entity had more capacity than the existing network, it could

continue the blockchain with a new block |
* 1 hour of electricity ~$550,000 & ~$1 billion in hardware costs* .4

China’s Intel-based Tianhe-2 Super comp_uter

© COLUMBIA
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Fly in Amber: Immutable & Clearly Visible

18.9: © PjrStudio/Alamy.
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Centralized Exchanges

coinbase POLONIE)
MmKrakKken GEMINI

Decentralized Exchanges (DEXs
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The Future of Banking?

If you want to deposit

celsius

Earn up to 7% on
crypto deposits

Or simply use the card’s NFC to pay directly

1. Using encrypted Bluetooth pair with your phone

2. Enter the amount you want to pay No Exchange Rates, and transfer in SECONDS

2018 Q1 Binance was more profitable than Deutsche Bank and only $9 million shy of NASDAQ
On track to have $1 billion in profits by end of 2018

Gb_COLUMBlAUNIVERSITY ?;i\-‘(’)’”*\ié"‘mm y BLAI RGN 13
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BLOCKCHAIN/DISTRIBUTED LEDGER TECHNOLOGY (DLT)

Not just a breakthrough in financial technology
To move data of value securely and privately

)
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Types of Blockchain

Permissionless (Public)

* Consensus algorithms open sourced and not
permissioned.

* Anyone can participate without permission.

 Network is held together by strangers in

trustless state of aligned economic incentives.

* Examples: Bitcoin, Ethereum, Monero, Dash,
and Litecoin

. ?L%EEEHAIN ' P

v 1
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Permissioned (Private)

Validator is a member of a consortium or
separate legal entities of the same organization.
Permission is restricted to a single
organization/consortium, pre-approved parties
to write on the blockchain.

Much faster, no need to wait for confirmation
from thousands of nodes



Inflection Point for Blockchain

July 2015

4 ETHEREUM

Virtual Machine

$31.5B Market Cap

2017 value increased 3000%

Vitalik Buterin
d_DCOLUMBIA UNIVERSITY ¢E%%M£%HAIN ” BLEIGHEHAIN 16
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TURING-COMPLETENESS

Turing complete contract scripting language
Solidity, making the creation of more
sophisticated logic possible in blockchains;

@COLUMB[AUNIVERSITY ?ﬂﬁ%&“ggmm y BLOCKCHAIN
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Why Turing-Completeness Matters

Smart Contracts
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Decentralized Applications DApp

With just the Internet, an open
protocol, and a new kind of asset, we
can instantiate networks that
dynamically assemble the resources
necessary to provide many kinds of
services.
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Smart Contracts |$—

Not Smart Nor a Contract

- Self-executing contracts, which avoids the services
of a middleman

* An asset or currency is transferred into a program

* Program runs this code

* [t automatically validates a condition

 Automatically determines whether the asset
should go to one person or back to the other
person

 The decentralized ledger stores and replicates the
document which gives it a certain security and
immutability.

- Vitalik Buterin
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Objective versus Subjective

Allow another contract
‘to spend some tokens in
:i;:::snc:[):so:::z:] )[_:pender] = _value; your behalf

return true;

/* Allow another contract t end some tokens in your behal
function appr ove(address spende uint256 _value)

}

/* Approve wl the omunicate the approved contr Approve & then
function approveAndCall(addre _spender, uint256 _value, byte extraData)
returns (bool success) { communicate the
tokenRecipient spender = tokenRecipient (_spender) ;
if (approve(_spender, _value)) { approval

spender.receiveApproval (msg.sender, value, this, _extraData);
return true;
}
}

/* A contract attempts to get the coins */

function transferFrom(address _from, address _to, uint256 va ) returns (bool success) |{
{f (balanceof[_from] < _value) throw; Kcontracf..ai:tempts
if (balanceOf[_to] + _value < balanceOf[_to]) throw; / ows .
if (_value > allowance[_from] [msg.sender]) throw; -I'hto ge-tthe COI"S
balanceOf[_from] -= _value; // Subtract from the sender
balanceOf[_to] += _value; // Add the same to the recipient
allowance[_from] [msg.sender] -= _value;
Transfer (_from, _to, _value):
return true;

}
i e Bt 15 salias s i i BNcHonJscalled
e ervents sctioniat sentins ot wnee Whenever someone
tries to send
cryptocurrency to it

20



" ", Ard

i1

o > d
> ~g
ALICE n
BUYER LAWYERS, BROKERS, SELLER
INSURANCE
N
>,
ALICE
BUYER SELLER
E&: CBINSIGHTS

e

mCOLUMBIAUNIVERSlTY %ﬁ‘é‘-&“ﬁ'&mm y BLOCKCHAIN

IN THE CITY OF NEW YORK / ALLIANCE © COLUMBIA



d_p COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

LLOLUMBIA

‘OCKCHAIN

ALLIANCE

A
V'

CIRAT TN UNTALY
] | "»‘p‘t l':\ 'ON

lenter my flightdetails 2 A ----_ _ __

O-— COVERAG
r._/_ \
= | personalize my coverage
/
-
/
IDENTITY QO
I fill in my personal
information
E PAYMENT
| subscribe
/
/
7’
-
T2 AN/
DLAY
In case of delay (2h+), my
compensation is triggered —_—
\
\
\
\\ COMPENSATION
N
N . . .
N | receive my indemnity
S -
n@ directly on my bank
account
BLOCKCHAIN 29
© COLUMBIA



G_b COLUMBIA UNIVERSITY
IN THE CITY OF NEW YORK

e

..(.:OI.UMIHA
?wcxcmm
_'./'\l LIANCE

y

THINGS OF VALUE

| BLOCKCHAIN
© COLUMBIA

23



2005 Land Rover Discovery

001 Sold to Frank 10/5/16 Last Owner
002 | | Oil change 12/1/16
003 | |Install brush guard 12/15/16 Roof Us
004 | | Sold to Lisa 011217 LR Service
Jiffy Ol
LR Service
British GR
Frank
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Simplified — Some sources will represent differently

Protocol Tokens/Coins

Provide the financial incentives needed to drive a
cryptoeconomic protocol — standardized, with global
value (i.e. bitcoin, Zcash, Filecoin, Litecoin).

App/Asset Tokens

Enabling decentralized applications, providing no
cryptoeconomic mechanism. DApps merely facilitate
access to protocols — non-standardized.

.COLUMBIA BLOCKCHAIN
g Vil R
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Types of App Tokens
©

J$,
=
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Payment Tokens - Cryptocurrency

Digital currency operating independently of a
central bank

Securities Token

Cryptographically represents underlying traditional
assets such as equity, real estate, gold, etc

Utility Token

Provides a user access to a digital service/application or to act
as a key for the execution of digital transactions (i.e. Filecoin:

use & contribute storage space).

GLD COLUMBIA UNIVERSITY @‘@'\C\KLHMN } BLOCKCHAIN
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A New Asset Class — Crypto asset or Security?

Crypto assets are a new asset class that enable
decentralized applications. And like every other asset
class, they exist as a mechanism to allocate resources
to a specific form of organization.

AS other Asset Classes;

Corporate equities serve companies
Government bonds serve nations, states,
municipalities

Mortgages serve property owners

Crypto assets serve decentralized applications

GLDCOLUMBIAUNIVERSITY ?L{;‘C“,{'@HMN } &
ALLIANCE (
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SINGAPORE vs. UNITED STATES cre

GDP PER CAPITA e
- L
o S /
b“ =
| SEC CHAIRMAN /
EXCLUSIVE | ON CRypTOCURRENCIES . P
Jay Clayton, SEC Chairman Damien Pang, Head of Technology Infrastructure

“There’s no token that | have seen — Monetary Authority of Singapore

that are not securities”

“We are not going to do any violence to the
traditional definition of a security that has worked

for a long time”

Hester M. Pierce, SEC Commissioner (dissent on ETF disapproval)
”| reject the role of gatekeeper of innovation”

“MAS does not intend to regulate utility tokens
that are used to access certain services....Most
tokens I've seen are NOT securities” — Consensus

Singapore 2018

m .o BLOCKCHAIN
MALS COLUMBIA UNIVERSITY ?1\_0 l(:HA]N w 0 COLUMBIA 30
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Types of Regulation
* Closed - China
* Open but Strict (proceed with caution) — USA

* Open and Liberal — Switzerland & Malta

Light Tight
| A ——
1 2 3 B 5 6 7 8 9 10

Germany
Canada Russia
__.-South Korea
. Taiwan
; Hong Kong
Nigeria- Thailand~--"""""'”_:_\ g _"""""Philippines
L Ngeia o Thaland TN b o
Brazil . Ingapore” e T ]
Kenya-" Indonesia
Zimbabwe "\ Australia

South Africa ="

': CB| NS|GHTS Source: Bloomberg
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Initial Coin Offerings (ICOs)

Blockchain And

Blockchain-Adjacent

Dollar Volume By
2016 - $98.6 million Funding Round Type,
2017 - $6.2 billion 2017-2018 YTD
2018 - $20.8 billion o btorarasient

\ 4 t+al
nture ( [ 1
€ | dp) )

crunchbase news

N Q\
“(/‘/ \ A
XN
g

EOS Telegram DF!AVHD FI l-eCOI N TeZOS
$4 billion $1.7 billion $320 million $257 million $232 million

S$200 million in 60 min!

GLD COLUMBIA UNIVERSITY  #®)[OCKCHAIN V BLOCHGHAIN https://www.coinschedule.com/stats.htm| 37
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v.'i' .
Jamie Dimon. Photo by David A. Grogan | CNBC 2017

Bankof America
>

Filed 20 patents on

blockchain technology

JPMORGAN
CHASE & CO.

Launching a payment
processing network on
their Quorum — Canada,
Australia, and New Zealand

GQCOLUMBIA UNIVERSITY ??""’“"‘ﬁmm y

IN THE CITY OF NEW YORK

“I'd fire them in a second. For two reasons: It’s
against our rules, and they’re stupid. And both
are dangerous.”

“It’s a fraud” and “worse than tulip
bulbs.”

“There is a use case for bitcoin. If you live in
Venezuela, North Korea ... if you're a criminal.

Great product,”

Considering a bitcoin trading
operation

Granted SETLcoin patent

Lead investor $50 million Circle
Financial

BLOCKCHAIN
© COLUMBIA

t |
Partnering with
Nasdaqg blockchain

cross-borders
payments

WELLS

FARGO

Partnering with Swift’s
blockchain initiative.
Has submitted patent
applications

33



Permissioned Private Ledgers

Permissioned (Private) @ HYPERLEDGER

Validator is a member of a consortium or
rs. c.rda

separate legal entities of the same organization.
Permission is restricted to a single

organization/consortium, allowing only
internal, pre-approved parties to write on the

blockchain. -
Much faster, no need to wait for confirmation [ TJ
from thousands of nodes
Examples: Hyperledger Fabric, R3 (Corda), 7 Quorum

AP corvmmin uRvIGY %E?ﬁEK?HAIN ’ & CCLUrBIA 34
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Notable Organizations Moving to Blockchain

M OB I

TOYOTA

GLD COLUMBIA UNIVERSITY  #®43[OCKCHAIN BLOCKCHAIN .
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Trustless Voting

Y
o Anonymous yet transparent Demacracy
voting e

* Sierra Leone Elections

* Governments, institutions,

board rooms, DAOs
N Maker

d_DCOLUMBIAUNlVERSITY ‘;‘@ck:&mw y BLOCKCHAIN

A ™ | 2
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|dentity / Personal Data

uport

* Refugee identities (,: CIVIC

* |ris-scanning IDs
* Direct Aid

 Syrian Refugees in Jordan
WFP

\\’l% t‘}WorId Food

\\4,,.@0” Programme
ACCESS wfp.org

GRANTED

e Medical Health Records
* Emergency Situations

* Research
|
MLt/ COLUMBIA UNIVERSITY !?gt&‘&‘ié:&mm y BLOCKCHAIN !i health .
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Tokenization of Illliquid/Non-Fungible Assets

est S11 Trillion Market*

“Tokenization of everything allows us to have fundamentally new avenues for sharing value
globally.... in the same way that we can share information and content”
- Jeremy Allaire, CEO of Circle

Commodities Exclusive Goods Securitized Assets Private Capital = Natively Digital Assets

CL =

o3

Q_DCOLUMBIAUNIVERSITY !?t%“*“‘&mm y BLOCKCHAIN *Source: AlphaPoint 39
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Asset-Backed Tokens or USDs? Fungible/Non-Fungible

R
X

STREGIS

ASPEN

18.9% Tokenized

U.S. Housing Price Index Since 1900

Purchasing Power of U.S. Dollar

$120 +

¥ 8

nousing Price Index
« y

§80 t—r—T—T——r—T—r——T——r——r—r—r—T————1—7
1500 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

s ¥ & B

1 % e & b i
Source: Observations (Observati d bk com) o » ! -

“Tokenization of everything allows us to have fundamentally new avenues for sharing value globally.... in the same way that
we can share information and content” - Jeremy Allaire, CEO of Circle

IN THE CITY OF NEW YORK ALLIANCE @ COLUMBIA
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Diamonds Moving From Non-Fungible to Fungible

Financial Trade in Gold is 275x the Physical Trade

P A | Actual Potential for Financialized
Gold Trade (US$ Billion p.a.) Polished Diamond Trade (US$ Billion p.a.)

| s

—.

Provenance Financial Products

$80 » $22,000 o $6,000
Physical Physical =3 Financial
Trade i i Trad
Lads Financial Trade rade Teade
<
VU LT Financial Trade in Gold is 275X the Physical Trade Source: Gold — A Physical Investment Asset Class Case Study, World Gold Council, Bloomberg

GLDCOLUMBIAUNIVERSITY ?tg‘&‘emm y BLOCKCHAIN .
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Tokenization of Gold

Bars of Gold divisible and
transferable on the blockchain

1 gram = 1 Token

D
>‘:=

» &
-
SI1GIX NEGRA

G_t? COLUMBIA UNIVERSITY LOCKCHAIN y BLOCKCHAIN
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Collectibles

* Baseball Cards! MLB Crypto

* Augmented Reality
* Magic the Gathering, Pokémon...

& ETHERMAGE

THE €RYPTO TRADING CARD GAME

* Art, Crypto Collectibles
* CryptoKitty sold for $S170k

' “"f N 45 % F S A f."‘}' -.-F. N SEER  Mom. SEER =
g G v“ . ' | ,«:t-' ‘T":: i o= LY
m T e I 1 GA = = | A = :
wle/ COLUMBIA UNIVERSITY ?ﬁ‘tg'@%mm V BLOCKCHAIN [
ALLIANCE

@)
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Digital Scarcity

e Value in virtual realities
* Transferrable assets

2014 2015

@ Early Majority/KT&T @ Early Adopters/Light Gamers Innovators/Hardcore Gamers

>150M Users worldwide
* Immutable accounts, characters, worlds.

@COLUMBIAUNWERSITY ?ﬁt‘(’)‘&‘ﬁ‘c‘mm y BLOCKCHAIN
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Exchange

* Cheap and swift exchange of
digital assets

* Decentralized orderbooks and
relays connect markets and
provide liquidity

STUDENT PROJECT
Gb_ COLUMBIA UNIVERSITY ?;‘kﬁ:(:)'lfc\’;‘\iii(‘iHAlN V oS

. : LUMBIA
IN THE CITY OF NEW YORK o



My Project — Head Of Product (permissionless & Permissioned)
e AUGMATE

@ HYPERLEDGER @ RChain | OTA

COOPERATIVE
PEUGEOT @

GLDCOLUMBIAUNWERSITY ?;RQ'I‘\CJ'(?HMN y BLOCKCHAIN e
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@ verizon’ acceniu.re

High performance. Delivered.




Permissionless

e S

| ! CUSTOMER

' &3 PARCELX < ¢
= 'Y e R

Permissioned

d_DCOLUMBIA UNIVERSITY %Eﬁéﬁg?mm y‘ BLOCKCHAIN
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How Enterprises are Using DLT (Permissioned)

IBM Food Trust Hyperledger consortium — Dole, Unilever, Walmart, Golden State Foods,
Kroger and Nestle, as well as Tyson Foods, McLane Company and McCormick and Company

AAAAAAANANANANAING

* Traditional — 6 days, 18 hours, and 26 minutes
e Blockchain— 2.2 seconds

Source: IBM blockchain

G!D_COLUMBIAUNIVERSITY ?;"%‘(:)'I&IIC\HAIN }é SLOCHCHAIN 48
ANC

o C IME
IN THE CITY OF NEW YORK @ COLUMBIA



igiel2)

Content

* Content licensing rights / royalties /
contracts

))BitRights @

 Media Platforms

* Avg 1,300 streams/m at a $10/m = $0.00769 /stream, Spotify
pays $0.00397 to artists

C

e Attention Economies

@COLUMB[A UNIVERSITY ?L“‘Ei’(‘"‘mm }Q BLOCKCHAIN Basic Attention
A

h o C | I MRIA
IN THE CITY OF NEW YORK LLIANCE © COLUMBIA Token (BAT)



Decentralized File Storage and Compute

Compute Storage

8 olem iexec Filecoin

@lPFS * STOR3

G_bCOLUMBlA UNIVERSITY ?t&*ﬁ'émm y BLOCKCHAIN
IN THE CIT /"./_\III'\N\'l
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Clearing & Settling Money

Blockchain

Send Digital Currency

BLOCKCHAIN

Buy Digital Currency
from Abra Teller

ABRA TELLER
(SELLER)

veem ABRA

@ COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

BLOCKCHAIN

BitPesa

LTSS,

tSl('“fiE'('\:HAIN y BLOCKCHAIN

//}1 LIANCE

Receive Digital Currency

RECIPIENT

b
L

BLOCKCHAIN

Sell Digital Currency
to Abra Teller

ABRA TELLER
(BUYER)

eBii’spark

© COLUMBIA

Current Banking

TIME OF PURCHASE

Merchant's bank asks
MasterCard to determine
cardholder’s bank

BN MasterCard authorization system checks
B cord security festures and sends to
| cardholders bank for approvel

" Cardholder completes Merchant’s bank sends MasterCard sends approval

purchase and receives receipt approval to merchant 10 merchant’s bank

CLEARING USUALLY WITHIN ONE DAY
MasterCard clearing system validates
Merchant’s bank sends . Inlmmu and sends purchase information
purchase information to s bank, which data for

MasterCard network <uatold« s statement

B e @ @

MasterCaed clearing system provides = ***"
comprehensive reconciliation to

both the merchant’s bank and to the
cardholder’s bank

SETTLEMENT USUALLY WITHIN TWO DAYS

Cardholder's bank sends The MasterCard counter
payment to the MasterCard party to settiement sends
counter-party to settiement payment to merchant’s bank |

G

MN(M ﬂunl

manu«x p\mm ﬁ

mastercard.



Incentives Work

Inspired by the DARPA Challenge to find 10 balloons placed all over America
The balloons were all found by a team at MIT in less than 9 hours!

Team from MIT promised $2000 to the first person who
submitted the correct coordinates for a single balloon
...51000 to whomever invited that person

...5500 to the person who invited the inviter

nCent is a new blockchain that ..and so on
tracks the value users contribute
to an incentive program Essentially they created an incentive market

“Our network tokens, called NCNT, efficiently track the provenance (or referral)
chain of a user and provide the exchange mechanism for correct payouts.”

Stanford

University

SEQUOIA = WINKLEVOSS Steve Jurvetson

CAPITAL

2
"..
\‘.”
(Tam
S
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Brian Rogers
Co-Founder & Chair
Columbia Blockchain Alliance
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hjgf(ps://www.linkedin.com/in/brogers/
() @brdotcom

e et

Nir Kabessa

President y BLOCKCHAIN I qg ]
Blockchain @ Columbia @ COLUMBIA i “
nir.k@columbia.edu I
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