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WHAT IS A STABLECOIN?

ANDREW LEWIS-PYE

1. Overview

We want to prove results that will hold for all future forms of permissionless pro-
tocol so long as they share certain basic attributes.

The fundamental result for the partially synchronous setting is that probabilisitic
permissionless consensus is not possible when the resource pool is undetermined:

Theorem. There is no permissionless protocol with undetermined resource pool
giving a probabilisitic solution to the Byzantine Generals Problem.

So.. in particular.. PoW consensus protocols can’t work in the partially synchro-
nous setting. PoS protocols, like Algorand, on the other hand give solutions for
q < 1/3.

Remaining the in synchronous setting for now, the pertinent question then be-
comes:

Question. For which q 2 [0, 1) do there exist decentralised protocols giving a
probabilisitic solution to the Byzantine Generals Problem for a q-bounded adver-
sary, in the authenticated and synchronous setting?

In what follows, we will therefore restrict attention to probabilisitic solutions.

Theorem. Consider the synchronous setting, and suppose q 2 (0, 1]. There is no
deterministic and decentralised permissionless protocol that solves the Byzantine
Generals Problem for a q-bounded adversary.

Roughly, we define a protocol to be decentralised if users are instructed to
broadcast messages as soon as they have permission. This means that when the
resource balance shifts from one set of users to another, that actually impacts
who can participate.
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1. Overview

• The previous analysis assumed infinite liquidity – that we can buy and sell any

amount of Luna at the current ‘price’.

• In particular, we assumed that for any x, there is such a thing as $x of Luna

– if I want to convert 20 billion UST into $20 billion Luna, then it should be

possible to do that.

• Here we get to the crux of the problem: Is there su�cient value in Luna to back

UST?

Summary. No fundamental flaw, but the peg stability module introduces a form of

centralisation and over collaterisation is an issue.

Note that this is how new DAI are minted, but most trades in DAI wont require minting

new DAI – one can just buy and sell directly on an exchange.

• When I put down $15 ETH and receive 10 DAI, we may think of this as corre-

sponding to a collaterization ratio of 1.5, where the DAI is worth $1. But the

e↵ect is the same as if the collateralisation ratio was 1.5/1.1 and the DAI is

worth $1.1.

• There is no ‘closed-loop’ arbitrage, that pegs the price to $1. Suppose DAI is

trading at $1.1. Then I can put down $1.5 ETH, get one DAI and sell it for
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BACKING?
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1. Overview

If I want to sell 1000.

• There isn’t really one ‘price’.

• This means the peg might be less tight when the Luna market is less

liquid.

• A fundamental assumption we made was that there is such a thing as $1

Luna!

Price $90

I’ll sell 1000 at $91

I’ll sell 2000 at $92

I’ll pay $89 for 400.

I’ll pay $88 for 600.

Simple arbitrage.

If UST is trading > $1, I can create for less and sell to make a profit.

If UST is trading < $1, I can buy, convert to $1 Luna and sell that for a profit.

Why would I ever pay > $1 for 1 UST, when I could buy $1 of Luna and convert

it into 1 UST instead?
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Why should all the Luna shares be worth more than the UST?

• The value of a company depends on expected earnings.

• Simple method is to look at Price/Earnings ratio –

typical value 15.

• Need to be earning at least 7% of the total value of all

UST per year! Just from fees, this sounds di�cult!
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rapidly increasing demand for UST, the value of all Luna may be (and was)

much higher than the value of all UST
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SUMMARY

ANDREW LEWIS-PYE

1. Overview

Market caps as of 16th Jan 2022.

Luna: 31B

UST: 10B

• The previous analysis assumed infinite liquidity – that we can buy and sell any

amount of Luna at the current ‘price’.

• In particular, we assumed that for any x, there is such a thing as $x of Luna

– if I want to convert 20 billion UST into $20 billion Luna, then it should be

possible to do that.

• Here we get to the crux of the problem: Is there su�cient value in Luna to back

UST?

Summary. No fundamental flaw, but the peg stability module introduces a form of

centralisation and over collaterisation is an issue.

Note that this is how new DAI are minted, but most trades in DAI wont require minting

new DAI – one can just buy and sell directly on an exchange.
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cannot be sustained.
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1. Overview

If I want to sell 1000.

• There isn’t really one ‘price’.

• This means the peg might be less tight when the Luna market is less

liquid.

• A fundamental assumption we made was that there is such a thing as $1

Luna!

Price $90

I’ll sell 1000 at $91

I’ll sell 2000 at $92

I’ll pay $89 for 400.

I’ll pay $88 for 600.

Simple arbitrage.

If UST is trading > $1, I can create for less and sell to make a profit.

If UST is trading < $1, I can buy, convert to $1 Luna and sell that for a profit.

Why would I ever pay > $1 for 1 UST, when I could buy $1 of Luna and convert

it into 1 UST instead?
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Suppose long term growth is 2%, 1% are earned from fees,

and P/E ratio of 15.

At the beginning of the process, if there is an expectation that

there will be rapidly increasing demand for UST, the value of

all Luna may be (and was) much higher than the value of all
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Demand for newly minted UST is a potentially massive rev-

enue stream:

• Suppose long term growth is 2%, 1% are earned from

fees, and P/E ratio of 15.

• Long term these figures put the total value of Luna at

45% the total value of UST.

• Might this be okay?

• It’s worth understanding the volatility that ensues,

and how easily one enters a ‘death spiral’.

Why should all the Luna shares be worth more than the UST?

• The value of a company depends on expected earnings.
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• Unexpected drop of 20 billion in demand for UST.

• Optimistically, suppose this only reduces total Luna value by 20% (to $40

billion).

• Now we have to mint $20 billion of fresh Luna.

• The value of the old Luna is now $20 billion.

• So a 20% drop in demand for UST, produces a 60% drop in the price of

Luna!

• This makes Luna a very volatile asset.

• One easily enters a ‘death spiral’, in which a small change in expected

demand for UST causes a large drop in Luna price, causing fear that

Luna won’t provide su�cient backing, causing further drop in demand for

UST etc.

Suppose
1



IS THERE SUFFICIENT VALUE IN LUNA TO GIVE
BACKING?

ANDREW LEWIS-PYE

1. Overview

If I want to sell 1000.

• There isn’t really one ‘price’.

• This means the peg might be less tight when the Luna market is less

liquid.

• A fundamental assumption we made was that there is such a thing as $1

Luna!

Price $90

I’ll sell 1000 at $91

I’ll sell 2000 at $92

I’ll pay $89 for 400.

I’ll pay $88 for 600.

Simple arbitrage.

If UST is trading > $1, I can create for less and sell to make a profit.

If UST is trading < $1, I can buy, convert to $1 Luna and sell that for a profit.

Why would I ever pay > $1 for 1 UST, when I could buy $1 of Luna and convert

it into 1 UST instead?
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SUMMARY

ANDREW LEWIS-PYE

1. Overview

16 Jan: Luna 31B UST 10B

27 Feb: Luna 27B UST 13B

20 Mar: Luna 33B UST 15B

24 Apr: Luna 32B UST 18B

1 May: Luna 28B UST 19B

8 May: Luna 22B UST 19B

9 May: Death Spiral. Luna goes to (essentially) 0.
Luna: 31B

UST: 10B

• The previous analysis assumed infinite liquidity – that we can buy and sell any
amount of Luna at the current ‘price’.

• In particular, we assumed that for any x, there is such a thing as $x of Luna
– if I want to convert 20 billion UST into $20 billion Luna, then it should be
possible to do that.

• Here we get to the crux of the problem: Is there su�cient value in Luna to back
UST?

Summary. No fundamental flaw, but the peg stability module introduces a form of
centralisation and over collaterisation is an issue.

Note that this is how new DAI are minted, but most trades in DAI wont require minting
new DAI – one can just buy and sell directly on an exchange.

• When I put down $15 ETH and receive 10 DAI, we may think of this as corre-
sponding to a collaterization ratio of 1.5, where the DAI is worth $1. But the

1



A CLASSIFICATION

ANDREW LEWIS-PYE

1. Overview

Fiat collateralised

Crypto collateralised

Algorithmic

The hardest thing isn’t understanding the protocols, it’s the acronyms...

USDT, UST, TUSD, BUSD, USDC, USDD...

The volatility of Bitcoin prevents it working well as a ‘medium of exchange’.

Okay, but right now, why are people using them?

•

• Stable relative to what? Normally a fiat currency ($ etc).

• Could be more ambitious, e.g. Hayek’s “Denationalisation of Money”.

I recommend Hayek’s “Denationalisation of Money”.

We want to prove results that will hold for all future forms of permissionless pro-

tocol so long as they share certain basic attributes.
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The volatility of Bitcoin prevents it working well as a ‘medium of exchange’.

Okay, but right now, why are people using them?
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1. Overview

USDT, USDC, BUSD, TUSD...

Fiat collateralised

Crypto collateralised

Algorithmic

The hardest thing isn’t understanding the protocols, it’s the acronyms...

USDT, UST, TUSD, BUSD, USDC, USDD...

The volatility of Bitcoin prevents it working well as a ‘medium of exchange’.

Okay, but right now, why are people using them?

• Decentralised

• Over collateralised

• Custodial

• Centralised

• Regulatory issues
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A CLASSIFICATION

ANDREW LEWIS-PYE

1. Overview

UST,

USDT, USDC, BUSD, TUSD...

Fiat collateralised

Crypto collateralised

Algorithmic

The hardest thing isn’t understanding the protocols, it’s the acronyms...

USDT, UST, TUSD, BUSD, USDC, USDD...

The volatility of Bitcoin prevents it working well as a ‘medium of exchange’.

Okay, but right now, why are people using them?

• Decentralised

• How to back the currency?

• Custodial

• Centralised

• Regulatory issues
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1. Overview

E.g. Tether (USDT)

E.g. DAI

E.g. Terra
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HOW DOES DAI WORK?

ANDREW LEWIS-PYE

1. Overview

Note that this is how new DAI are minted, but most trades in DAI wont require

minting new DAI – one can just buy and sell directly on an exchange.

• Suppose all my assets are in ETH. I want to buy a house, but maintain my

ETH exposure.

• I can put down some ETH as collateral, and be issued with some stablecoins.

• Because ETH is volatile, I have to over collateralize. To get 10 DAI, I put

down $15 ETH.

• If I want my ETH back I have to return the 10 DAI plus some interest – the

stability fee.

Summary. While the value of Luna initially looked enough to back UST, this was

based on an expectation of increasing demand for UST. Once belief in this increasing

demand drops, the bubble pops.

Suppose long term growth is 2%, 1% are earned from fees, and P/E ratio of 15.

At the beginning of the process, if there is an expectation that there will be rapidly

increasing demand for UST, the value of all Luna may be (and was) much higher

than the value of all UST

Demand for newly minted UST is a potentially massive revenue stream:

• Suppose there are 100 billion UST and total value of Luna is $50 billion.
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1. Overview

Note that this is how new DAI are minted, but most trades in DAI wont require

minting new DAI – one can just buy and sell directly on an exchange.

• Suppose I put down $15 ETH to get 10 DAI.

• If the price of ETH drops, I either have add more ETH, or pay back the DAI

+ stability fee to close out the position.

• If I can’t, then my ETH gets auctioned o↵ (i.e. sold for enough DAI to close

out the position).

Summary. While the value of Luna initially looked enough to back UST, this was

based on an expectation of increasing demand for UST. Once belief in this increasing

demand drops, the bubble pops.

Suppose long term growth is 2%, 1% are earned from fees, and P/E ratio of 15.

At the beginning of the process, if there is an expectation that there will be rapidly

increasing demand for UST, the value of all Luna may be (and was) much higher

than the value of all UST

Demand for newly minted UST is a potentially massive revenue stream:

• Suppose there are 100 billion UST and total value of Luna is $50 billion.

• Unexpected drop of 20 billion in demand for UST.
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SOME ISSUES...
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1. Overview

Note that this is how new DAI are minted, but most trades in DAI wont require

minting new DAI – one can just buy and sell directly on an exchange.

• There is still exposure to ETH.

• Over collateralization.

• Only a ‘soft peg’ to the dollar.

Summary. While the value of Luna initially looked enough to back UST, this was

based on an expectation of increasing demand for UST. Once belief in this increasing

demand drops, the bubble pops.

Suppose long term growth is 2%, 1% are earned from fees, and P/E ratio of 15.

At the beginning of the process, if there is an expectation that there will be rapidly

increasing demand for UST, the value of all Luna may be (and was) much higher

than the value of all UST

Demand for newly minted UST is a potentially massive revenue stream:

• Suppose there are 100 billion UST and total value of Luna is $50 billion.

• Unexpected drop of 20 billion in demand for UST.

• Optimistically, suppose this only reduces total Luna value by 20% (to $40

billion).

• Now we have to mint $20 billion of fresh Luna.
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1. Overview
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• When I put down $15 ETH and receive 10 DAI, we may think of this as

corresponding to a collaterization ratio of 1.5, where the DAI is worth $1.

But the e↵ect is the same as if the collateralisation ratio was 1.5/1.1 and the

DAI is worth $1.1.

• In fact there is no ‘closed-loop’ arbitrage, that pegs the price to $1. Suppose

DAI is trading at $1.1. Then I can put down $1.5 ETH, get one DAI and sell

it for $1.1. But to close out the position, I have to return the DAI.. which

means buying it back for $1.1!

• The system directly prevents DAI going above $1.5. Below that

• There is still exposure to ETH.

• Over collateralization.

• Only a ‘soft peg’ to the dollar (prior to the introduction of the ‘peg-stability

module’).

Summary. While the value of Luna initially looked enough to back UST, this was

based on an expectation of increasing demand for UST. Once belief in this increasing

demand drops, the bubble pops.
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1. Overview

Summary. No fundamental flaw, but the peg stability module introduces a form

of centralisation and over collaterisation is an issue.

Note that this is how new DAI are minted, but most trades in DAI wont require

minting new DAI – one can just buy and sell directly on an exchange.
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means buying it back for $1.1!

• The system directly prevents DAI going above $1.5. Below that a ‘soft peg’

is maintained by playing with interest rates (the stability fee).

• There is still exposure to ETH.

• Over collateralization.

• Only a ‘soft peg’ to the dollar (prior to the introduction of the ‘peg-stability

module’).
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Summary. No fundamental flaw, but the peg stability module introduces a form

of centralisation and over collaterisation is an issue.

Note that this is how new DAI are minted, but most trades in DAI wont require
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FRAX

ANDREW LEWIS-PYE

1. Overview

• A cross between Terra and collateralised approaches.

• Two tokens: FRAX (the stable coin) and FXS (Frax shares).

• Now there is a changeable ‘collateralistion’ ratio (initially 1.0). If the ratio

is x, then to mint one FRAX you have to put down $x collateral (initially

in stabelcoins), and $1� x in FXS (and can do the reverse trade similarly).

• The collateralisation ratio starts at 1, but as users gain more faith in the

system, x can be slowly decreased (and increased again if things start to

look unsafe).

• Presently the collateralisation ratio is around 87%.

• If this can be brought lower, one could eventually accept a combination of

FXS and ETH (the latter as collateral) when minting FRAX, to partially

solve the over collateralisation problem.

Summary. No fundamental flaw, but the peg stability module introduces a form

of centralisation and over collaterisation is an issue.

Note that this is how new DAI are minted, but most trades in DAI wont require

minting new DAI – one can just buy and sell directly on an exchange.

• When I put down $15 ETH and receive 10 DAI, we may think of this as

corresponding to a collaterization ratio of 1.5, where the DAI is worth $1.
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1. Overview

• As of recently, the collateralisation ratio was in the high 80s.

• No fully algorithmic design has yet worked.

• Crytpo-collateralised approaches are decentralised, but over collateralisation is

an issue.

• Designs such as FRAX might represented a sensible middle ground and partially

solve the over collateralisation issue.
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