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DECENTRALISED EXCHANGES

DECENTRALISED EXCHANGES
The first decentralised exchanges (DEXs) saw a notable increase in popularity in
August 2020. Today, cryptoasset trading volume on DEXs is currently 12% of that on
centralised exchanges, with volumes dominated by a handful of exchanges. The
largest two DEXs (Uniswap at 36% and PancakeSwap at 11%) account for 48% of
DEX trading volume in May 2022.

Unlike traditional, centralised exchanges, decentralised exchanges have no central
authority that can manage and operate an order book matching system. Instead,
they must use other systems like Automated Market Making protocols to facilitate
trading between buyers and sellers, whilst others perform order matching offchain
and use the blockchain only to confirm the record of transactions. This generally
means that traders do not face each other, but instead interact with a liquidity
pool that provides a similar service to market makers in traditional finance.

Liquidity Providers (LPs) are incentivised to deposit their assets into a liquidity pool
(provide liquidity) by the fees that they can collect from each trade that the pool
facilitates. However, LPs are at risk of impermanent loss, which can reduce the
profits available from providing liquidity.

1

https://www.theblock.co/data/decentralized-finance/dex-non-custodial


Instead of a limit order book that pairs bid and ask offers, many DEXs employ a
system called a Constant Function Market Maker (CFMM) to make a market for
traders between a pair of pooled assets. This removes the need for a limit order
book or a centralised authority to match trades. Liquidity takers (DeFi’s analogue of
CeFi’s market takers) can choose between on-chain liquidity pools and trade with
the pools (the DeFi analogue to CeFi’s market maker) that offer the most attractive
prices, rather than taking the highest bid or lowest offer on a CEX.

The CFMM price is kept close to the market price on centralised exchanges by
offering arbitrage opportunities. When the CFMM price for a trading pair is different
to the market price, arbitrageurs can buy the cheaper asset from a CFMM pool and
sell it on a centralised exchange for a profit. This leads to impermanent loss
(explored in detail below) for the liquidity providers (LPs), whose total asset value is
lower than it would have been had they simply held the assets due to being forced
to trade at an uncompetitive price. Impermanent loss does not necessarily mean
that the value of the LPs’ assets has decreased, but rather represents an
opportunity cost for LPs.

This highlights an important point: a liquidity pool’s price is only updated when
users trade with it. Prices will become more stale (and more attractive) the longer
that the pool remains inactive. LPs may be incentivised to arbitrage their own pools
in order to avoid impermanent loss and maintain a competitive price for the assets
in the pool.

DECENTRALISED EXCHANGES

2

Liquidity providers must place an amount of both assets in a trading pair into a
liquidity pool in equal ratio to the ratio of assets reserves already in the pool. Users
of the pool can then receive one of those two assets by depositing some amount of
the other asset. They are called “constant product” AMMs as the product of the
number of tokens of each asset in the pool is preserved by each trade. This is the
primary AMM used by Uniswap's protocol.

This condition on each trade enforces a single exchange rate between the two
assets in the pool as there is a unique price that will preserve this product. We can
find the price between two assets, coin A and coin B, by fixing the initial amount of
each token in the pool, R_a and R_b respectively. These determine a constant

AUTOMATED MARKET
MAKING

Constant Product AMM

https://medium.com/bollinger-investment-group/constant-function-market-makers-defis-zero-to-one-innovation-968f77022159
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This k is the product that must be unchanged by each trade. Consider, then, a user
that wants to buy t units of coin A. This trade would remove t units from the pool,
meaning that the post-trade reserve of coin A in the pool is R_a - t. To preserve the
ratio of reserves in the pool, the user must add s units of coin B so that

tokens of coin A in return (for further clarity, a numerical example is included
below). These buy and sell rates mean that the exchange rate between the two
assets is a function of t (or s), the volume of the trade order. The more a trader
wants to change the value of one of the reserves in the pool, the more expensive
the exchange rate. A trader cannot remove all of the reserves of either asset
because the exchange rate approaches infinity as the trade order volume
approaches the total size of the reserves, R_a.

Uniswap charges a 0.3% trading fee that is added to reserves, meaning that each
trade actually increases k. This fee is paid in the same denomination as the coin
added to the liquidity pool by the trade.

This means that s, the number of tokens of coin B needed to receive t units of coin
A, must be

Similarly, if a trader were to sell s units of coin B to the pool they would receive 

The graph shown above provides a geometric interpretation for many of the
mechanics that dictate trading with a constant product AMM. We can think of the
x-y plane as encoding all the possible combinations of levels of reserves in the
liquidity pool. The red curve then shows all the (x,y) coordinates whose product is
the same, some value k. A constant product AMM restricts prices so that trades
must take us from one point on the curve to another point on the curve and so
maintain the product of their reserves.

Geometric Interpretation



We can calculate the price per token of such a trade by calculating the gradient of
the line that connects the reserve coordinates before the trade to those
coordinates after a trade. To see this, note that this gradient (change in y over
change in x) is exactly the number of Asset B tokens that must be added to the
pool per token of Asset A removed, which gives the price.

This illustration also gives intuition as to why any level of reserves in the pool offers
multiple prices. These correspond to different trades of different order sizes that
would take us to different points on the red curve (representing different levels of
reserves of both assets). The gradient of the line that connects a trade’s start and
end points becomes steeper as the end point climbs higher up and to the left of
the red curve. This corresponds to a more expensive price per token for trades that
remove nearly all of the tokens of Asset B from the pool.
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As there are multiple prices for any level of reserves in the pool, we define the “best
price” as the price per token of a very, very small trade. As the order size
approaches zero, so too does the length of the right-angled triangle that connects
it’s start and end points. In the limit, the slope of this triangle will approach the
gradient of the constant product function at the start point of the trade. As we
know the function of the curve, we can obtain this gradient by differentiating:

Best Price

and so obtain the best price given by each level of reserves in the pool.

Each trade moves the ratio of reserves in the pool from one point on the red curve to
another

https://docs.aave.com/risk/liquidity-risk/borrow-interest-rate#stable-interest-rate-model-parameters
https://docs.aave.com/risk/liquidity-risk/borrow-interest-rate#stable-interest-rate-model-parameters


Consider a trader that wants to remove t units of coin j in return for depositing
coin l. The amount of coin l that is required to pay for the removal of t units of coin
j must preserve the product, k:

DECENTRALISED EXCHANGES

5

As the number of tokens of the other coins in the pool is unchanged, we must only
preserve the product between coins j and l, so that

This idea can be extended to pools of more than two assets without changing the
price that is quoted to trade any pair of assets. The logic behind this system is what
drives the multiple asset pools available for trading on Curve. Consider a pool that
facilitates trading between N assets. Then the product of the size of their reserves is

Multiple Asset Pools

Just as in the case of a two-asset pool, this means that the trader must deposit

units of coin l. A similar calculation shows that selling to the pool is also analogous
to the two-asset pool case.

https://docs.aave.com/risk/liquidity-risk/borrow-interest-rate#stable-interest-rate-model-parameters
https://docs.aave.com/risk/liquidity-risk/borrow-interest-rate#stable-interest-rate-model-parameters
https://docs.aave.com/risk/liquidity-risk/borrow-interest-rate#stable-interest-rate-model-parameters
https://docs.aave.com/risk/liquidity-risk/borrow-interest-rate#stable-interest-rate-model-parameters
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The constant product function can be altered to weigh the assets in the pool
differently. Consider a pool on N assets and a set of weights, w_i, such that
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Then a constant mean AMM preserves the geometric mean of the reserves of the
assets in the pool

By a similar calculation as above, this means that the number of tokens of coin l, s,
needed to remove t units coin j is

If we relax the condition that the sum of the weights must be 1, then the constant
product AMM is then a special case of the constant mean function. The flexibility in
the choice of weights allows for control over how the speed of which the price of
an individual asset changes as its liquidity is removed. The AMM employed by
Curve uses a constant mean AMM for part of its constant function.

Constant sum AMMs work in a similar manner to the constant product AMM. As
the name suggests, they aim to preserve the sum of the value of the assets in the
pool, rather than their product. It can be shown that this results in a constant
exchange rate between the assets in the pool.

As soon as this exchange rate is different to the rate quoted on a centralised
exchange, arbitrageurs will buy the asset on the cheaper exchange and sell it on
the more expensive exchange. The pool’s constant exchange rate between its
assets means that it does not change their price as a function of the volume of the
order. Therefore the entire liquidity of the cheaper asset will be removed from the
pool by arbitrageurs at the cheaper price to be sold for profit on another exchange.
This means that a constant sum AMM is impractical when used in isolation, but is
instrumental to Curve's implementation of stablecoin swaps.

Constant Mean AMM

Constant Sum AMM
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Impermanent Loss

Example

Consider a liquidity provider who deposits 10 ETH and 20,000 USDT into a pool at
an ETH price of $2,000. If the pool’s total assets (after the deposit) are 100 ETH and
200,000 USDT, then the LP gets a token representing a 10% share of the pool’s
assets. Here we will assume that USDT is on peg and its value is $1. Using the
formula derived above, this ratio of reserves means that a user can buy 1 ETH from
the pool at the price of 

The concept of impermanent loss is defined as the loss in the value experienced
when staking assets in a liquidity pool compared to holding them in a wallet. This
concept is clearest with an example.
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which means that the actions of the arbitrageurs will result in 89.44 ETH remaining
in the pool. We can use the constant product requirement to find that the number
of USDT in the pool is 223,606.80 tokens. This means that arbitrageurs in aggregate
paid an average price of $2,235.49 per ETH.

The total value of the pool after the ETH price has matched that on centralised
exchanges ($2,500) is then $223,600 in ETH and $223,606.80 in USDT, for a total of
$447,206.36. The user we considered in our example has a 10% share in the pool,
and so would own $44,720.64 in total value. However, had they held their 10 ETH
and 20,000 USDT tokens in their own address instead, their total value at the new
ETH price would be $45,000. This represents an impermanent loss of 0.62%.

in USDT tokens. If the ETH market price changes to $2,500 then arbitrageurs will
buy ETH from the pool to sell to the centralised market for a profit. We will assume
that they will do this until the best price quoted by the pool is equal to $2,500 and
there are no more arbitrage opportunities. Using the formula derived above, we
solve

https://academy.binance.com/en/articles/impermanent-loss-explained


Change in Asset A against Asset B Impermanent Loss

25% 0.62%

50% 2.02%

100% 5.72

200% 13.40%

500% 30.01%
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Impermanent Loss and Price Changes

Impermanent loss is, as its name suggests, not permanent. The total value of the
staked assets will match their value had they not been staked as long as the ratio
of reserves in the pool matches the ratio of reserves at the point of depositing. As
each price is only mapped to by a unique reserve ratio, the price of the assets in
the pool relative to each other must remain the same for impermanent loss to
remain 0.

Below is a table of impermanent loss as a function of the change in price of Asset
A against Asset B, assuming that the liquidity pool contains an even weight of both
assets.

IL is therefore highest for pairs of assets that are volatile in relation to each other,
as the further that prices move away from those at the point of depositing
liquidity, the more the reserve ratios must change to provide IL is lowest in the
extreme case of pools that provide liquidity between stablecoin pairs, a fact that
Curve takes advantage of.
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Uniswap was launched in November 2018 and is now on its third iteration, Uniswap
v3. The project hosts an ecosystem of smart contracts on the Ethereum network,
but its primary focus is providing a decentralised exchange that uses a constant
product function to provide liquidity for trades between ERC-20 tokens.

60.00% to Uniswap community members (Users and LPs)
21.266% to team members and future employees
18.044% to investors
0.69% to advisors

The Uniswap protocol is governed by UNI tokenholders, using three distinct
components; the UNI token, governance module, and Timelock. Together, these
contracts allow the community to propose, vote, and implement changes to the
uniswap protocol such as fee parameters and choices of oracles.

The initial distribution of 1 billion UNI tokens was allocated to community and
founding members of the DAO:

A perpetual inflation rate of 2% of circulating UNI token supply per year will start in
2024, ensuring continued participation and contribution to Uniswap at the
expense of passive UNI holders by distributing newly minted tokens to active
liquidity providers.
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UNISWAP

UNI Governance Token

Proposal Lifecycle

The current proposal process can be found here. Currently, this begins with a
“temperature check” that evaluates the level of support for changing some aspect
of the protocol by allowing users a binary vote over two days, where a user’s votes
are weighted by their number of tokens held as well as the number of votes
delegated to the user’s account by other token holders. This vote is performed off-
chain using Snapshot, a decentralised voting system. Temperature checks with a
simple majority and at least 25K “yes” votes proceed to the next step, whilst
proposals that do not meet these requirements are cancelled.

https://uniswap.org/
https://docs.uniswap.org/protocol/reference/Governance/governance-reference
https://gov.uniswap.org/c/proposal-discussion/5
https://consensys.net/blog/cryptoeconomic-research/tokenomics-research-september-2021/
https://docs.uniswap.org/protocol/concepts/governance/process
https://snapshot.org/#/uniswap


DECENTRALISED EXCHANGES

9

Feedback from the temperature check is then used to create another vote on
Snapshot, called a “consensus check”. This vote may be multiple choice, must
include a “make no change” option, and must be set to a duration of 5 days. An
announcement must be made on gov.uniswap.org that alerts the community to
the consensus check. At the end of the voting period of 5 days, the option with the
majority of votes passes and is eligible to be included in a governance proposal. A
minimum of 50k UNI “yes” votes is required for the consensus check to pass.
Should the "make no change" option win, the consensus check topic will be closed
by the moderators without further action.

The consensus check option with the majority of votes is finally submitted to a
governance proposal and can consist of up to a maximum of 10 actions per
proposal. Proposers must collectively control 2.5M UNI tokens ($13,550,000 on
24/6/22 from coinmarketcap.com) (either by ownership or delegation) in order to
submit a final governance proposal. The proposal must include code audited by a
professional auditor, which may be paid or reimbursed by the community treasury.
A topic must be created on gov.uniswap.org before finally calling the “propose()”
function of the “Governor Bravo” smart contract. Once this has been called, a seven
day onchain voting period begins where users may either cast votes using their
own tokens directly or via a chosen delegate. Should the proposal pass with a
simple majority and a quorum of 40M votes, it will sit in a “timelock” for two days
before being implemented by executing the proposed code.

Timelock

The Timelock contract can modify system parameters, logic, and contracts. Whilst
proposals have a minimum delay of 2 days, major upgrades such as changes to the
risk system may have up to a 30 day delay. The timelock requirement also allows
time for the community to remove funds or perform a hard fork in the edge case of
a bad faith proposal passing a governance proposal.

Proposal Lifecycle for Uniswap Governance Proposals (Source: Uniswap docs)
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Like Uniswap, Curve is a decentralised exchange hosted on the Ethereum network.
Curve offers trading between ERC-20 tokens in much the same way as Uniswap,
but employs a different AMM function designed to promote efficient exchange
primarily between pools of stablecoins. This is achieved by using a combination of
constant sum and constant product AMMs called the StableSwap Invariant.
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CURVE

StableSwap Invariant

This is an AMM system that allows LPs to provide liquidity (and quote a price) at all
supply ratios whilst providing low slippage when the ratio of the value of assets in
the pool is balanced.

Here, slippage is defined as the change in price-per-asset as the size of the order is
increased. As discussed above, the best price of an asset for a given ratio of assets
in the reserves of the liquidity pool is represented by the derivative at that point.
Therefore, slippage can be thought of as the second derivative or curvature of the
invariant line (where the product of the x and y coordinates is held constant).

Graph of the constant function AMMs employed by various DEXs. (Source: Curve
whitepaper)

A function with low curvature is most attractive for trading between stablecoins or
wrapped assets whose exchange rate is theoretically 1:1 and whose exchange rate
should not change with different order sizes. However, this assumption would
break when the price between the assets in the pool would become unbalanced
as a result of one or more of the stablecoins in the pool losing their peg.

https://curve.fi/files/CurveDAO.pdf
https://curve.fi/files/stableswap-paper.pdf
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Interest Earning LP Tokens

Liquidity providers receive LP tokens in return for depositing their assets into
liquidity pools. These tokens are different for each liquidity pool and represent an
LPs share in the pool's assets. Traders that take advantage of the liquidity provided
pay a fee directly into the pools assets, and so the the value redeemable by each
LP token increases with each trade. This is how the LP tokens bear interest for the
holder. The more traders that trade with the pool, the larger the base “yield”
generated and distributed to liquidity providers. 

If the volume of assets in the pool grows larger, a trade of constant size will change
the proportion of assets in the pool by a smaller amount. This lowers the slippage
on the exchange rates that traders are offered, and the more attractive the pool
becomes to traders.

LP Gauges

Liquidity providers can increase the yield they receive from their assets by staking
their LP tokens in "gauges". These are smart contracts that record the number of
tokens deposited into a pool. LPs that do so are rewarded with newly minted CRV
tokens. This interest must be claimed (at any time) by the depositor who must
send a null transaction to the gauge, incurring a transaction cost on the Ethereum
network. 

These new CRV tokens increase the circulating supply and allocate governance
power to the LPs who use the protocol. The amount of inflation CRV allocated to
each type of LP gauge is determined by governance votes, with CRV balance
determining a user's voting power.

Vote Escrowed CRV (veCRV)

Users can are also able to stake the CRV DAO token itself into a vote escrow
contract. This increases the weight of the voting power of the user’s CRV (discussed
later) in the DAO’s governance proposals , with each CRV token locked up for 4
years affording the user to 1 veCRV. This value decreases linearly with the length of
time remaining in the lockup. Locking CRV into this contract also “boosts” the
rewards paid in CRV that a user earns from staking their LP tokens by up to 2.5
times, and afford the holder the rights to a portion of the platform's trading fees.



The Curve protocol is a decentralised autonomous organisation governed by
holders of the CRV token. As holders of this token are rewarded with a portion of
the trading fees collected from liquidity pools, they are incentivised to ensure good
governance and growth of the protocol.

The initial supply of CRV tokens was 1.2B units, 42% of the eventual total supply of
3.03B. New tokens are released to liquidity providers (users that have deposited
into liquidity pools) on an incremental vesting schedule, proportional to the value
of assets staked. The initial inflation rate is 22.0% of the total supply (279.6M tokens
per year), after which the rate of distribution of new tokens is reduced by a factor
of 2.25 per year (meaning that there are 124.2M tokens distributed in the second
year, 55.2M tokens the third year, etc).
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CRV Token Supply

In addition to the boosted CRV rewards, each time a trade happens on Curve, users
that have vote-locked their CRV tokens receive 50% of the trading fee. This is
distributed once per week by collecting fees denominated in each pool’s assets,
exchanging them for stablecoins (DAI, USDT, or USDC) and depositing them in
Curve’s 3Pool of those three assets. The LP token for the 3pool of stablecoins, 3CRV,
is the token that veCRV holders receive. 

Liquidity providers are able to withdraw that liquidity from the pool at their
discretion. However, there is a delay before you can first claim your 3CRV after
locking. It takes 8 days from the Thursday after which you lock before you can
claim. The minimum locking time is one week and the maximum locking time is
four years.

Matrix describing the yield boosts available in Curve's ecosystem and the requirements
on a tokenholder to receive them. Source: https://resources.curve.fi/crv-

token/understanding-crv#the-crv-matrix

https://curve.fi/files/CurveDAO.pdf
https://coinmarketcap.com/currencies/curve-dao-token/
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Governance

Holding the CRV token allows users to lock it in a smart contract in return for
veCRV, the token used to vote in governance proposals. These proposals determine
the parameters used by the protocol, including the weights assigned to each
liquidity gauge that ultimately determines the proportion of daily CRV rewards
paid to the LPs of each pool of assets.

Governance proposals are first submitted to the governance forum. Any veCRV
token holder (with CRV at $0.82, 24/6/22, coinmarketcap.com) can create
proposals, but users need to follow a structure which can be found by creating a
new topic on the governance forum. Users who create proposals also need to
create a corresponding Curve Improvement Proposal (CIP) proposal on Snapshot
(similarly to Uniswap) in order to gauge interest and facilitate discussion on the
details of the proposal. Using this tool is free (no transaction fees) and requires 1
veCRV token (a token representing CRV locked into a voting contract) to create a
proposal.

There are currently two types of votes: signalling votes that are non-official and
used only to gauge interest from the community on proposals, and official DAO
votes which are the mechanism by which changes to the protocol are enacted.
Whilst any user can create the former, they are required to control 2,500 veCRV (a
minimum of $1025 in CRV tokens) tokens in order to create an official DAO vote
with a requisite topic presenting it on the governance forum.

Users can vote on both types of governance proposals using veCRV tokens. Voting
power is determined by both the number of tokens held and the length of time
that a user has chosen to lock them into a voting escrow contract, with tokens
with more time until redemption weighted linearly more powerful, up to a
maximum lock-up period of four years. Locking tokens for a longer timeframe
does, however, allow users to collect a “boost” on their liquidity rewards of up to a
factor of 2.5. This means that the voting power (veCRV balance) and LP reward of a
user are functions of the number of CRV tokens committed to the contract and the
length of the period that they are locked up for.

https://gov.curve.fi/
http://signal.curve.fi/
https://dao.curve.fi/minter/calc
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Unlike Uniswap and Curve, PancakeSwap operates on the BNB Chain and so offers
liquidity for trading between BEP-20 compliant tokens in a similar way to
Uniswap’s trading of ERC-20 tokens on Ethereum. The project claims that this gives
them lower transaction costs than the Ethereum Network, whilst still offering
liquidity for these assets as wrapped tokens on the BNB Chain.
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PANCAKESWAP

0.17% - Returned to Liquidity Pools in the form of a fee reward for liquidity
providers.
0.03% - Sent to the PancakeSwap Treasury.
0.05% - Sent towards CAKE buyback and burn.

Like Curve, PancakeSwap uses a hybrid CFMM function to strike a balance between
the low slippage offered by constant sum market making and the liquidity at all
pool ratios enjoyed by constant product functions. Traders that trade with the
liquidity provided to PancakeSwap’s pools must pay a fee of 0.25%, broken down
into:

Limit Orders

Traders can set limit orders much like they can on centralised exchange order
books. In practice, users can set a minimum number of tokens they are willing to
receive in return for the tokens they are paying. This price includes all fees (paid to
the liquidity pool, treasury, CAKE buyback, and network transaction fees). The trade
will be executed if the prices offered by the liquidity pool fall within a user-defined
range. A similar stop loss feature is planned for implementation soon.

Users can deposit a pair of assets to a liquidity pool and LP tokens that are unique
to the pool that they deposited into. These tokens represent the user’s share of the
assets in the liquidity pool. When the value in the pool grows by accumulated
trading fees, the LP tokens increase in value.

Trading

Providing Liquidity

https://docs.pancakeswap.finance/
https://docs.pancakeswap.finance/products/pancakeswap-exchange/limit-orders/limit-orders-faq
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Fees

Traders with the pool must pay a 0.17% trading fee. This fee is added automatically
to the value in the liquidity pool in the same denomination as the token paid into
the pool by the trader. 

Yield Farming

The LP tokens that a user can be staked in a “farm” that is named for the same
asset pair as the LP tokens (e.g. an ETHBUSD LP token for an ETHBUSD pool). The
rewards for this action are paid out in CAKE tokens, the equity token of the
PancakeSwap ecosystem, and are intended to incentivise LPs to keep their assets
in the liquidity pool by locking up their LP tokens. These tokens are newly minted
for this purpose and add to the total CAKE token supply. This, along with other
inflationary mechanics, adds around 364,400 CAKE tokens to the supply per day.
This is counteracted with a suite of deflationary mechanics that burn CAKE tokens
for every action taken on the platform. The result is to move the supply from users
of the protocol to those that provide liquidity and operate it.

Governance Voting

PancakeSwap segments its governance proposals into two categories. The first is a
“Core” proposal posted by members of the core PancakeSwap development team
that has the power to implement changes to the protocol. The second is a
“Community” proposal that can be posted by members of the community. Any
community proposal that gains enough support will be considered for review by
the development team and raised to the Core proposal level.

https://docs.pancakeswap.finance/products/yield-farming/how-to-use-farms
https://docs.pancakeswap.finance/tokenomics/cake/cake-tokenomics
https://docs.pancakeswap.finance/products/voting
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Note that this document relies heavily on the documentation provided by the
team behind each protocol, which may not be fully up to date or contain
potential misstatements from their contributors. The report describes these
projects to the best of our knowledge. Where possible, links to the original
descriptions have been included and readers are encouraged to visit them to
confirm any information included in this article.

16



27 Old Gloucester Street
London WC1N 3AX

info@blockscholes.com


