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Horses

• Late Victorian England, 
3.3 million working 
horses

• 1893 there were 
300,000 working 
horses in London

http://www.victorianturkishbath.org/6DIRECTORY/AtoZEstab/Animals/LonTotSF.htm
http://www.horseandhound.co.uk/videos/news-videos/international-working-animal-day
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Horses

• Each horse producing 15-35 lbs of manure every day

• About 4,000 tons left on the streets every day 

• Not just the manure, the average life of a working horse was 2-3 
years – so many carcasses abandoned on the streets

http://www.victorianturkishbath.org/6DIRECTORY/AtoZEstab/Animals/LonTotSF.htm
http://www.horseandhound.co.uk/videos/news-videos/international-working-animal-day
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Horses

• 1894 Times of London:
“In 50 years, every 
street in London will be 
buried under nine feet 
of manure.”

http://www.industrialoutpost.com/understanding-the-great-horse-manure-crisis-of-1894/

This slide may contain copyrighted material. Such material is being made available for research and educational purposes only and we believe constitutes a fair use.

http://www.industrialoutpost.com/understanding-the-great-horse-manure-crisis-of-1894/


Horses

1915 London:                       
• No horses used for 

trams or cabs

• The motor carriage is 
the technological 
disruption

http://www.industrialoutpost.com/understanding-the-great-horse-manure-crisis-of-1894/
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Horses were disrupted by technology

• Minimal impact on labor

• Drivers switched to taxis - motorized carriages

• Stable hands pumped gas at service stations

• The main losers were the horses: UK working horse population 
plummets to 25,000

http://www.victorianturkishbath.org/6DIRECTORY/AtoZEstab/Animals/LonTotSF.htm
http://www.horseandhound.co.uk/videos/news-videos/international-working-animal-day
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Two views of technology

The Dark View

Karl Marx (Das Kapital, ch. 15 
“Machinery and Modern Industry”)
• Technology is an instrument of the 

capitalist to increase profit at the 
expense of labor

• Technological advances will lead 
to mass unemployment

http://www.industrialoutpost.com/understanding-the-great-horse-manure-crisis-of-1894/
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Two views of technology

The Dark View

This was not just Marx’s view
• David Ricardo expresses a similar view in 

chapter 31 “On Machinery” in his famous 
The Principles of Political Economy and 
Taxation

• Also, John Stuart Mill and Thomas Robert 
Malthus!

http://www.industrialoutpost.com/understanding-the-great-horse-manure-crisis-of-1894/
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Two views of technology

The Bright View

Empirical evidence began to shape a more nuanced view
• Technological change can lead to short-term disruptions but there is no evidence of long 

term effects on employment

• For example, 100 years ago over 50% of the U.S. population worked on farms; today it is 
less than 2% (yet much more food is produced and it is cheaper)

https://ageconsearch.umn.edu/bitstream/59390/2/eib3.pdf

https://ageconsearch.umn.edu/bitstream/59390/2/eib3.pdf


Two views of technology

The Bright View

Empirical evidence began to shape a more nuanced view

Three basic ideas: 
• It is crucial to take the benefits of technology into account when predicting the 

impact on the economy and labor specifically

• Labor is mobile and will eventually find new jobs

• Different technologies have different demographic impacts, e.g., the tractor 
displaced relatively unskilled labor while the computer displaced skilled labor

https://ageconsearch.umn.edu/bitstream/59390/2/eib3.pdf

https://ageconsearch.umn.edu/bitstream/59390/2/eib3.pdf


Globalization and technology

Historically, technology has made goods and services more portable 
leading to increased trade
• Increased trade generally associated with increased growth

https://ageconsearch.umn.edu/bitstream/59390/2/eib3.pdf

https://ageconsearch.umn.edu/bitstream/59390/2/eib3.pdf


Unequal Benefits of Globalization

https://www.govinfo.gov/content/pkg/ERP-2017/pdf/ERP-2017.pdf p. 60

https://www.govinfo.gov/content/pkg/ERP-2017/pdf/ERP-2017.pdf


Unequal Benefits of Globalization

But this metric looks at 
2.3 million “median” 
Americans

https://www.inc.com/bill-murphy-jr/this-forgotten-jeff-bezos-interview-explains-why-amazon-is-so-successful-today.html
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Unequal Benefits of Globalization

The three richest people in the U.S. – Bill Gates, Jeff Bezos and 
Warren Buffett own as much wealth as the bottom half of the US 
population, or 160 million people.

https://inequality.org/wp-content/uploads/2017/11/BILLIONAIRE-BONANZA-2017-Embargoed.pdf

https://inequality.org/wp-content/uploads/2017/11/BILLIONAIRE-BONANZA-2017-Embargoed.pdf


Unequal Benefits of Globalization

Unintended consequences

https://www.newsweek.com/brexit-camp-seizes-high-uk-migration-463669

This slide may contain copyrighted material. Such material is being made available for research and educational purposes only and we believe constitutes a fair use.

https://www.newsweek.com/brexit-camp-seizes-high-uk-migration-463669


Unequal Benefits of Globalization

https://www.theguardian.com/politics/2016/jun/16/nigel-farage-defends-ukip-breaking-point-
poster-queue-of-migrants
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Unequal Benefits of Globalization

Outsourced labor and immigration are but a side-show in a much 
more important force: Technology

https://www.dailymotion.com/video/x2sa3yl

https://www.autoevolution.com/news/gm-opens-st-petersburg-plant-2100.html
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Unequal Benefits of Globalization

In contrast to outsourced 
labor and immigration, 
there is nothing policy 
makers can do to stop or 
slow the impact – you 
can’t prevent a company 
from buying a machine

https://roboticsandautomationnews.com/2017/02/06/heard-the-one-about-the-robot-barista/11210/
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Rise of the Machines

Cray 2 is the world’s fastest 
supercomputer: 1985-1990 
• CPU: 1.9 GFLOPs*
• Weight: 5,500 pounds
• Cost: $32 million (current $)

http://farm2.staticflickr.com/1100/774443499_c13cf1fca7.jpg
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Rise of the Machines

iPhone Xs:* 
• 5,000 GFLOPs (9x faster than 

2017)
• 512 GB storage
• 6.24 oz
• $1,000

*A12 Bionic. https://www.apple.com/iphone-xs/a12-bionic/
Also note the Apollo guidance system had only 4K of RAM.
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Rise of the Machines

Revolution #1:
Computing 
Power

https://phys.org/news/2015-08-silicon-limits-power-electronics-revolution.html
https://upload.wikimedia.org/wikipedia/commons/6/62/Moore%27s_Law_over_120_Years.png
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Rise of the Machines

Revolution #1: 
Computing 
Power

https://phys.org/news/2015-08-silicon-limits-power-electronics-revolution.html
https://upload.wikimedia.org/wikipedia/commons/6/62/Moore%27s_Law_over_120_Years.png

In contrast to most applications, 
the future is very easy to forecast

https://phys.org/news/2015-08-silicon-limits-power-electronics-revolution.html
https://upload.wikimedia.org/wikipedia/commons/6/62/Moore%27s_Law_over_120_Years.png


Rise of the Machines

Revolution #2: 

Data generation 
and storage

§ 1981 - $300,000
§ 1987 - $50,000
§ 1990 – $10,000
§ 1994 - $1,000
§ 1997 - $100
§ 2000 - $10
§ 2004 - $1
§ 2010 - $0.1
§ 2019 - $0.01

Cost per GB



Rise of the Machines

Revolution #3: 
Maturing of combined methods from statistics, computer 
science, engineering and mathematics

http://neuralnetworksanddeeplearning.com/chap6.html
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How Technology Impacts Finance
and Growth
Key initiatives:
• P2P Financing
• Robo-advising and Asset Management
• Blockchain and Smart Contracting
• Machine learning



P2P Finance

Landscape:
• P2P Lending
• Crowdfunding
• Payments and New Banks



P2P Finance

Implications:
• Makes it possible to for entrepreneurs to obtain financing that was not 

possible in the past

• Allows anyone to make microinvestments in firms – previously, 
investments in startups were reserved for select “qualified” investors



P2P Finance

Implications:
• $13.7 trillion in mobile payments in China in 2017, e.g., WeChat Pay, 

AliPay. Only $50 billion in the U.S. 

• China will soon be cashless

• Allows the unbanked to join the world of Internet commerce

• Large swath of skilled employees in traditional banking will be displaced.



Robo Asset Management

Landscape:
• Algorithm gives low cost advice to a retail investor based on an 

algorithm that selects a “diversified” portfolio that matches the 
investor’s risk preferences

• Not just for the retail investor – many institutional investors turning to 
systematic trading algorithms for asset management



Robo Asset Management

Implications:
• Financial advisors need to adapt to the new technology – or be 

disrupted. Right now it is the wild west of robo tools with some 
brokerages using these tools to maximize customer churn.

• Large shake out of asset management industry with thousands of 
smaller asset management companies closing because they are 
unable to compete with the large companies that have invested in big 
data and machine learning



Blockchain and Smart Contracting

The opportunity:
• Imagine a world where transactions costs are near zero, the integrity

of the transaction can be quickly verified, the transaction happens 
almost immediately, and the system is secure from outside attack.
This is the blockchain opportunity.



Blockchain is a Ledger

A very special ledger…
• Quickly and easily accessed and 

shared by many  -- distributed

• Various levels of transparency 
depending on application

• Immutable (you can only add to it –
you cannot alter history)

https://www.researchgate.net/figure/Centralized-decentralized-and-distributed-network-models-by-Paul-Baran-1964-part-of-a_fig1_260480880
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Blockchain is a Ledger

A very special ledger…
• Quickly and easily accessed and 

shared by many  -- distributed

• Various levels of transparency 
depending on application

• Immutable (you can only add to it –
you cannot alter history)

• Cryptographically secured

https://www.researchgate.net/figure/Centralized-decentralized-and-distributed-network-models-by-Paul-Baran-1964-part-
of-a_fig1_260480880

https://qz.com/154877/by-reading-this-page-you-are-mining-bitcoins/
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What can Blockchain Technology do?

Solves many problems
• Verification of ownership (quickly check the immutable history 

recorded on a blockchain to see if someone owns something)

• Efficient exchange of ownership (direct transactions without a middle 
person, everybody treated the same whether customer, retailer or 
banker).



Almost anything can be tokenized

1. First Gen/Gold 2.0: Bitcoin (BTC), Litecoin (LTC)

2. Distributed Computation Tokens: Ethereum (ETH), Tezos (XTZ), EOS, 
and DFinity

3. Utility Tokens: Programmable blockchain assets: Storj, Golem (GNT), 
Sia (SC), FileCoin



Almost anything can be tokenized

4. Security Tokens: Represent stocks, bonds, other assets, ASX initiative
• STO=Security Token Offering; ETO=Equity Token Offering

5. Fungible Tokens: ERC-20, Decentraland (MANA), REP

6. Non-fungible Tokens: ERC-721, Dharma debt agreements,  
Decentraland (LAND)



Almost anything can be tokenized

7. Stablecoins:
• Fiat Colleralized: USDT, USDC, TUSD, LBXPeg, Candy, PAX, GUSD, JPMcoin

• Natural Asset Collateralized: Digix Gold (DGX), Tiberius Coin (TCX), Swiss Real 
Coin (SRC), D1 Coin

• Crypto Collateralized: Maker DAO’s DAI

• Non-Collateralized: Basecoin

• National Cryptofiat: Fedcoin, Petro, Eurocoin, CADCoin,…



Blockchain is about more than finance

Driving transactions cost to near zero has many implications
• Enables micropayments (enables pay for view, listen, mobile communication, email, Internet, 

continuous dividends); new assets

• Disrupts traditional banking and investment banking – almost all functions; Central bankers 
also interested.

• Disrupts exchanges, OTC markets, settlement function

• Widespread use in companies for supply chain and supply integrity

• Financial reporting

• Unprecedented security

• Protection (and monetization) of individual identity



Machine Learning

Four forces:

• Open source software

• Growth of big data

• Computing power and the rise of GPU

• AI and Machine Learning



This Time is Different

Technological change is not new:
• Taxi industry disrupted by Uber

• Taxi drivers sign up with Uber



This Time is Different

Technological change is not new:
• Taxi industry disrupted by Uber

• Taxi drivers sign up with Uber

• Where do they go next?

https://www.nytimes.com/2018/12/05/technology/uber-self-driving-cars.html
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This Time is Different

Technological change is not new:

• 13.1 million Americans work in transportation related jobs

• 4.6 million in the for hire

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/transportation_economic_trends/ch4/index.html

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/transportation_economic_trends/ch4/index.html


This Time is Different

Where will they go?

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/transportation_economic_trends/ch4/index.html

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/transportation_economic_trends/ch4/index.html


This Time is Different

Where will they go?
• Not here!

• Many studies have shown that 
retraining fails after age 30

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/transportation_economic_trends/ch4/index.html
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This Time is Different

World Economic Forum:
The Futures of Jobs Report, 2018



The Losers

Unskilled and medium skilled workers in developed markets:
• Very difficult to retrain

• Lost generation will cause political problems
(we have just seen the beginning)

• Crucial to train the next generation so there is not a second lost generation
which could be very toxic



Who are the Winners?

The former UK Foreign Secretary 
has taken a lot of criticism:
• “16 per cent of our species have 

an IQ below 85, while about  2 per 
cent … have an IQ above 130”

• 2% represents about 1.3 million 
people in UK

https://www.thetimes.co.uk/article/london-mayor-boris-johnson-says-yes-to-free-speech-t5r3lz7lg2t
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Who are the Winners?

• 2% represents about 20 million people in developed markets



Who are the Winners?

• 2% represents about 20 million people in developed markets

• 2% represents 100 million people in emerging markets

https://www.wur.nl/en/show/Cold-storage-facilities-for-smallscale-dairy-farmers.htm
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Who are the Winners?

• Potential to liberate a vast amount of human capital

• Unleashing this amount of human capital is historically 
unprecedented

https://www.pinterest.com/jimluce/africa/?lp=true

This slide may contain copyrighted material. Such material is being made 
available for research and educational purposes only and we believe 
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Takeaways

Technology will play a key role in next wave of globalization
• Easy to forecast yet we tend to ignore the implications

• We can no longer afford to manage the “average”. Yes, growth will increase –
but it will not be good for everyone

• It is crucial that policy makers, corporate leaders, and educators develop 
a strategy to deal with the inevitable



The Inevitable Growth of AI

• Internet AI: Recommendation engines

• Business AI: Loan underwriting, cancer diagnoses

• Perception AI: Merge physical and online. You check out of a store 
doing nothing (your face scanned)

• Autonomous AI: Machines operate independently. Autonomous cars 
an example.

Kai-Fu Lee, AI Superpowers

https://aisuperpowers.com/


Humans Beware 

We need to avoid the fate of Phlebus the Phoenician



Humans Beware 

O you who turn the wheel and look to windward,
Consider Phlebas, 

who was once handsome and tall as you.
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Humans Beware 
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O you who turn the wheel and look to windward,
Consider Phlebas, 

who was once handsome and tall as you.



Humans Beware 

2016 Elon Musk on Neural Lace: 
“If you assume any rate of 
advancement in AI, we will be left 
behind by a lot. … Even in the 
benign situation in AI, we would 
be so far below them in 
intelligence we would be a pet –
like a cat.”

https://www.youtube.com/watch?v=ZrGPuUQsDjo
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Humans Beware 

2016 Elon Musk on Neural Lace: 
“If you assume any rate of 
advancement in AI, we will be left 
behind by a lot. … Even in the 
benign situation in AI, we would 
be so far below them in 
intelligence we would be a pet –
like a cat.”

https://www.youtube.com/watch?v=ZrGPuUQsDjo
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Humans Beware 

We are already cyborgs

• There is no where to hide

https://www.earth.com/news/smartphones-kids-less-sleep/
http://angrybirdsriogame.info/?d=Elon+Musk+Isnt+the+Only+One+Trying+to+Computerize+Your+Brain
https://www.disclose.tv/elon-musk-announces-neural-lace-a-technology-to-merge-human-brain-with-ai-313801

This slide may contain copyrighted material. Such material is being made available for research and educational purposes only and we believe constitutes a fair use.



Humans Beware 

https://www.youtube.com/watch?v=ZrGPuUQsDjo
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Resources

Campbell R. Harvey, Innovation and Cryptoventures

Campbell R. Harvey, Cryptofinance

W: http://www.duke.edu/~charvey

M: cam.harvey@duke.edu

T:  @camharvey

PGP: E004 4F24 1FBC 6A4A CF31 D520 0F43 AE4D D2B8 4EF4

https://faculty.fuqua.duke.edu/~charvey/Teaching/697_2019/697_Topics.htm
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2438299
http://www.duke.edu/~charvey
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any investment, nor a solicitation of any type. The general information contained in this material should not be acted upon without obtaining
specific legal, tax and investment advice from a licensed professional. Investors should be aware of the risks associated with data sources and
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revenues, lost profits or any indirect, consequential, special or similar damages whatsoever, whether in contract, tort or otherwise, even if
advised of the possibility of such damages.

Indices referenced herein (individually, the “Index”) are the property of Research Affiliates, LLC, which has contracted with S&P Opco, LLC (a
subsidiary of S&P Dow Jones Indices LLC) to calculate and maintain the Index. The Index and any products based on the Index are not
sponsored, endorsed, sold or promoted by S&P Dow Jones Indices or its affiliates or its third party licensors (collectively, “S&P Dow Jones
Indices). “Calculated by S&P Dow Jones Indices” and the related stylized mark(s) are service marks of S&P Dow Jones Indices and have been
licensed for use by Research Affiliates, LLC. S&P® is a registered trademark of Standard & Poor’s Financial Services LLC (“SPFS”), and Dow
Jones® is a registered trademark of Dow Jones Trademark Holdings LLC (“Dow Jones”). S&P Dow Jones Indices does not make any
representation or warranty, express or implied, to the owners of any products or any member of the public regarding the advisability of

investing in securities generally or in any products particularly or the ability of the Index to track general market performance. S&P Dow Jones
Indices’ only relationship to Research Affiliates with respect to the Index is the licensing of the underlying S&P indices, certain trademarks,
service marks and trade names of S&P Dow Jones Indices, and the provision of the calculation services related to the Index. S&P Dow Jones
Indices is not responsible for and has not participated in the determination of the prices and amount of the products or the timing of the
issuance or sale of the products or in the determination or calculation of the equation by which the products may be converted into cash or
other redemption mechanics. S&P Dow Jones Indices has no obligation or liability in connection with the administration, marketing or trading of
the products. S&P Dow Jones Indices LLC is not an investment advisor. Inclusion of a security within the Index is not a recommendation by S&P
Dow Jones Indices to buy, sell, or hold such security, nor is it investment advice. S&P Dow Jones Indices does not guarantee the adequacy,
accuracy, timeliness and/or the completeness of the Index or any data related thereto or any communication with respect thereto, including
oral, written, or electronic communications. S&P Dow Jones Indices shall not be subject to any damages or liability for any errors, omissions, or
delays therein. S&P Dow Jones Indices makes no express or implied warranties, and expressly disclaims all warranties or merchantability or
fitness for a particular purpose of use or as to results to be obtained by Research Affiliates LLC, owners of any of the products, or any other
person or entity from the use of the Index or with respect to any data related thereto. Without limiting any of the foregoing, in no event
whatsoever shall S&P Dow Jones Indices be liable for an indirect, special, incidental, punitive, or consequential damages, including but not
limited to, loss of profits, trading losses, lost time, or goodwill, even if they have been advised of the possibility of such damages, whether in
contract, tort, strict liability, or otherwise.

Frank Russell Company is the source and owner of the Russell index data contained or reflected in this material and copyrights related thereto.
Frank Russell Company and Research Affiliates, LLC have entered into a strategic alliance with respect to the Russell RAFI Indexes. The Russell
RAFI Indexes are calculated by Russell in conjunction with Research Affiliates LLC. All intellectual property rights in the Russell RAFI Indexes
(the “Index”) vest in Russell and RA. Neither Russell nor RA or their licensors accept any liability for any errors or omissions in the Index and / or
Index ratings or underlying data. No further distribution of Russell Data is permitted without Russell’s express written consent. Russell® is a
trademark of Frank Russell Company. Research Affiliates, LLC is the owner of the trademarks, service marks, patents and copyrights related to
the Fundamental Index and the Fundamental Index methodology. The presentation may contain confidential information and unauthorized use,
disclosure, copying, dissemination, or redistribution is strictly prohibited. This is a presentation of Research Affiliates, LLC. Frank Russell
Company is not responsible for the formatting or configuration of this material or for any inaccuracy in Research Affiliates’ presentation thereof.

The FTSE Research Affiliates Fundamental Indexes are calculated by FTSE International Limited (“FTSE”) in conjunction with Research Affiliates
LLC (“RA”). All rights and interests in the FTSE Research Affiliates Fundamental Indexes vest in FTSE. All rights in and to the RA fundamental
weighting methodology used in the calculation of the FTSE Research Affiliates Fundamental Indexes vest in RA. All rights in the FTSE indices
and / or FTSE ratings (together the “FTSE Data”) vest in FTSE and/or its licensors. Except to the extent disallowed by applicable law, neither
FTSE nor RA nor their licensors shall be liable (including in negligence) for any loss arising out of use of the FTSE Research Affiliates
Fundamental Indexes, the FTSE Data or underlying data by any person. “FTSE™” is a trademark of the London Stock Exchange Plc and is used
by FTSE under license. FTSE is not an investment adviser and makes no representation regarding the advisability of investing in any security.
Inclusion of a security in an index is not a recommendation to buy, sell or hold such security. No further distribution of FTSE Data is permitted
without FTSE’s express written consent.

Copyright MSCI. All Rights Reserved. Without prior written permission of MSCI, this information and any other MSCI intellectual property may
only be used for your internal use, may not be reproduced or redisseminated in any form and may not be used to create any financial
instruments or products or any indices. This information is provided on an “as is” basis, and the user of this information assumes the entire
risk of any use made of this information. Neither MSCI nor any third party involved in or related to the computing or compiling of the data
makes any express or implied warranties, representations or guarantees concerning the MSCI index-related data, and in no event will MSCI or
any third party have any liability for any direct, indirect, special, punitive, consequential or any other damages (including lost profits) relating to
any use of this information. All MSCI returns information provided under license through MSCI. Any expected returns forecasted herein may be
calculated by Research Affiliates LLC using data provided by MSCI Inc. No funds or securities relating to those expected returns forecasted
herein are sponsored, endorsed or promoted by MSCI Inc., and MSCI bears no liability with respect to any such funds or securities.
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The RAFI™ Bonds US Investment Grade Index and RAFI™ Bonds US High Yield Index is calculated by ALM Research Solutions, LLC. in
conjunction with Research Affiliates, LLC. All rights and interests in the RAFI™ Bonds US Investment Grade Index and the RAFI™ Bonds US High
Yield Index vest in Research Affiliates, LLC. All rights in and to the Research Affiliates, LLC Fundamental Index™ concept used in the calculation
of the RAFI™ Bonds US Investment Grade Index and the RAFI™ Bonds US High Yield Index vest in Research Affiliates, LLC. The RAFI™ Bonds US
Investment Grade Index and the RAFI™ Bonds US High Yield Index are not sponsored, endorsed, sold or promoted by ALM Research Solutions,
LLC., and ALM Research Solutions, LLC. makes no representation regarding the advisability of investing in such product(s). Neither ALM
Research Solutions, LLC. nor Research Affiliates, LLC make any warranties, express or implied, to any of their customers nor anyone else
regarding the accuracy or completeness of any data related to the RAFI™ Bonds US Investment Grade Index or the RAFI™ Bonds US High Yield
Index. All information is provided for information purposes only. Neither ALM Research Solutions, LLC. nor Research Affiliates, LLC accept any
liability for any errors or any loss arising from the use of information in this publication.

The trademarks Fundamental Index™, RAFI™, Research Affiliates Equity™, RAE™, and the Research Affiliates™ trademark and corporate name
and all related logos are the exclusive intellectual property of Research Affiliates, LLC and in some cases are registered trademarks in the U.S.
and other countries.

Various features of the Fundamental Index™ methodology, including an accounting data-based non-capitalization data processing system and
method for creating and weighting an index of securities, are protected by various patents, and patent-pending intellectual property of
Research Affiliates, LLC. (See all applicable US Patents, Patent Publications, Patent Pending intellectual property and protected trademarks
located at https://www.researchaffiliates.com/en_us/about-us/legal.html, which are fully incorporated herein.) Any use of these trademarks,
logos, patented or patent pending methodologies without

the prior written permission of Research Affiliates, LLC, is expressly prohibited. Research Affiliates, LLC, reserves the right to take any and all
necessary action to preserve all of its rights, title, and interest in and to these marks, patents or pending patents.

Neither Research Affiliates, LLC nor its related entities provide investment advice outside of Australia, the United States, Canada and Ireland or
offer or sell any securities, commodities or derivative instruments or products. Any such business may only be conducted through registered or
licensed entities and individuals permitted to do so within the respective jurisdiction and only in conjunction with the legally required disclosure
documents and subject to the all legally required regulatory filings.

Research Affiliates, LLC is an investment adviser registered under the Investment Advisers Act of 1940 (the “Advisers Act”) with the U.S.
Securities and Exchange Commission (SEC). Our registration as an Investment Adviser does not imply a certain level of skill or training.
Additionally, Research Affiliates, LLC may engage in sales and marketing activities with your firm. This includes making available information,
education, and guidance materials, herein and otherwise, regarding certain investment advisory services and/or indices that are constructed,
published, and licenses.

It is not our intent to provide investment advice and accordingly, we will not receive any fees or other compensation directly from you for the
provision of investment advice (as opposed to other services) in connection with any Transaction, unless contracted for or permissioned to do
so. Without an express written objection from you, we will deem that these acknowledgments and representations apply.

Notice to wholesale clients in Australia:

Research Affiliates, LLC is exempt from the requirement to hold an Australian financial services license by operation of ASIC Class Order
03/1100: US SEC regulated financial service providers.

© 2019 Research Affiliates, LLC. All rights reserved. Duplication or dissemination prohibited without prior written permission.
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