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Abstract
Crypto perpetual contracts were first introduced by BitMEX and have two main features: funding
rates and inverse contracts. Compared with the booming off-chain perpetual contracts, on-chain
perpetual contracts are developing at a slower pace. This report provides a detailed introduction
to three on-chain protocols, Perpetual Protocol (vAMM), dYdX (off-chain match + on-chain
settlement) and Injective (on-chain order book with batch auction).
On-chain perpetual contracts all face similar risks, including system stability risk, liquidation risk,
front-running risk and protection for investors. This report compares the risk response of each
protocol.
AMM has strong potential in the spot market, but it is difficult to meet demand in the future market.
With no one perpetual protocol meeting all desired attributes, the on-chain order book appears
to be the future direction of perpetual contracts’ development.

1 Introduction to perpetual contracts
In traditional financial markets, physical delivery is used for commodity futures, and cash delivery
is used for stock index futures and foreign exchange futures. Regardless of the delivery method,
there is an exact expiration date and long-term positions require holders to roll over periodically.
In a 1993 NBER working paper, Nobel laureate Shiller proposed a new model – a perpetual
contract that automatically rolls over and which will never be delivered.
Although the concept of perpetual contracts has been proposed for a long time, it has not been
applied on a large scale in the traditional financial markets. Since BitMEX launched the first BTC
perpetual contract in 2016, the perpetual contract has become the core product of crypto
exchanges.
Taking BTC as an example, the trading volume of perpetual contracts on major exchanges is
close to that of delivery contracts.
Volume of BTC perpetual & delivery contracts on CEX ($)

23/2/2022
24/2/2022
25/2/2022
26/2/2022
27/2/2022
28/2/2022
1/3/2022
2/3/2022
3/3/2022
4/3/2022
5/3/2022
6/3/2022
7/3/2022
8/3/2022
9/3/2022
10/3/2022
11/3/2022
12/3/2022
13/3/2022
14/3/2022
15/3/2022
16/3/2022
17/3/2022
18/3/2022
19/3/2022
20/3/2022
21/3/2022
22/3/2022

200,000,000,000
180,000,000,000
160,000,000,000
140,000,000,000
120,000,000,000
100,000,000,000
80,000,000,000
60,000,000,000
40,000,000,000
20,000,000,000
0

perpetual

delivery

Figure 1. Volume of BTC perpetual and delivery contracts on CEX

2 Perpetual contract features
In addition to not requiring rollovers to maintain risky positions, crypto perpetual contracts have
two other major features: funding rates and inverse contracts.
Delivery contracts, due to arbitrageurs, will gradually converge to the spot price as the delivery
date approaches. While perpetual contracts do not have a delivery mechanism, the large spread
between futures and spot prices affect the stability of the system and therefore require a funding

rate to balance the long and short positions. When the contract price exceeds the spot price,
the long side needs to pay the short side the funding rate. The specific calculation is as follows:
Funding rate = Interest rate + Premium rate
Interest rate refers to a fixed interest rate, usually comprising the difference between the
borrowing rates of the pair’s currencies. The premium rate represents the premium of the
contract price to the spot price. Another way to understand the funding rate is to view the latter
as the interest cost of holding a position, which is equal to the risk-free rate plus a risk premium.
Just as leveraged transactions require interest on the borrowed amount, positions held through
perpetual contracts have a cost in the funding rate.
Depending on the collateral, perpetual contracts are further divided into linear contracts settled
in stablecoins and inverse contracts settled in tokens.
Inverse contracts are not long-friendly. When prices fall, the long side's margin value shrinks
and the liquidation risk is amplified. The data from centralized exchanges shows that long
contract liquidation is chronically higher than that of short contracts.

Figure 2. Total liquidations (Source: Coinglass)

Linear and inverse contracts have different application scenarios. For multi-strategy traders,
linear contracts make it easier to switch between pairs; for token holders, inverse contracts
represent a more efficient use of capital.

3 The transaction logic of the on-chain perpetual contract
Similar to spot trading, contract trading on a centralized exchange (CEX) is done entirely in the
exchange's servers, with no on-chain activity. The biggest difference between on-chain
perpetual contracts and CEX contracts is the custody and settlement of funds. The user's assets

on a decentralized exchange (DEX) are non-custodial and secured directly by the smart
contract. DEX uses on-chain settlement, and the results of transactions are directly recorded
on the mainnet. Currently, with the limited performance of public chains and the mutual
constraints of security and efficiency, three different models have been developed for on-chain
perpetual contracts: the vAMM model, the combined on-chain and off-chain model, and the
order book model that runs entirely on-chain.
3.1 The vAMM model represented by the Perpetual Protocol
On-chain spot trading usually uses the automatic market maker (AMM), such as the most
classic x*y=k, the constant product curve. Derivatives usually involve leveraged trading, making
compatibility with the AMM mechanism challenging. On one hand, AMM is designed for spot
trading and does not have a direct shorting mechanism. On the other, spot trading cannot
directly use high leverage. Margin trading is created in order to use leverage, borrowing spot
from brokers to go long or short, but it is still based on spot trading which is not as practical as
real derivatives trading. Perpetual Protocol redesigned AMM to implement on-chain perpetual
contracts, introducing virtual AMM (vAMM) and launching the first fully on-chain perpetual
contract product.
vAMM uses the same x*y=k constant product curve, but instead of adding real tokens to the
pool, it uses the numbers stored in the smart contract to calculate profit and loss. The specific
transaction logic is as follows.

Figure 3. The transaction process of Perpetual Protocol v1 (Source: Perpetual Protocol)

a) The administrator sets the initial parameters x, y and k of the pool. The initial liquidity first
needs to be virtualized. The k value is a static value set by the administrator to determine
the depth and slippage of the vAMM pool.
b) The trader deposits USDC as collateral and selects the leverage multiple. The system will
deposit the margin into vault and generate vUSDC according to the leverage multiple. (Note
that vUSDC here is not a token, but only digital credits stored in the smart contract)
c) When going long, the protocol deposits vUSDC into vAMM and calculates the amount of
vETH the trader should receive based on x*y=k. When going short, the protocol generates
a negative vUSDC and calculates the amount of negative vETH the trader should receive.
d) When closing a position, switch the positive/negative vETH back to positive/negative
vUSDC via vAMM.
Perpetual Protocol created a model of a virtual liquidity pool, where the pool trades credits
stored in smart contracts, thus enabling a leverage function. It is also because of trading
numbers rather than tokens, that negative numbers can be used to participate in the calculation
for the purpose of direct shorting.
After initial operations, the vAMM mechanism was also found to have some issues.
a) K value is a static value, so it is difficult to follow market changes in a timely manner. K value
determines the depth of the pool. A small k value will cause significant trading slippage,
while a large k value will make it difficult to follow the market price.
b) Lack of counterparty to pay the funding rate. Since there is no LP in the vAMM mechanism,
there is no actual counterparty when a long buy is made. The funding rate is determined by
the mark price obtained from the trade and the index price provided by oracles. When the
mark price is less than the index price, the funding rate is negative and the short side pays
the funding rate to the long side. In practice, in the case of trading without the participation
of the counterparty short (long), the funding rate can only be paid by the insurance fund,
which can cause instability of the system in the long term.
Based on these shortcomings, Perpetual Protocol introduced a v2 version of Curie. This takes
advantage of the composability of Uniswap v3 by building a vAMM liquidity pool on Uniswap v3.

Figure 4. The transaction process of Perpetual Protocol v2 (Source: Perpetual Protocol)

The Perpetual Protocol v2 transaction process is almost identical to that of v1, with the
difference that v2 introduces the role of maker, a liquidity provider, and transforms vAMM into a
real liquidity pool built on Uniswap v3. At the same time, the virtual numbers involved in the
vAMM calculation in v1 become real vTokens. The vToken can only be added to a specific
liquidity pool and cannot be used for other purposes. Since there is no negative token, shorters
will receive vETH instead of the negative vUSDC in v2 to participate in transactions.

3.2 The "off-chain matching + on-chain set tlement" model represented by dYdX
Perpetual Protocol is fully on-chain, emphasizing decentralization and security with the loss of
efficiency. dYdX adopts a compromise of "off-chain matching + on-chain settlement", using a
centralized matching method to ensure efficiency, while transaction data, results and proofs are
on-chain to guarantee security to a certain extent.
The user initiates an order, and the user's transactions are first sorted and matched by dYdX's
server. The StarkEx server then gets the sequence of transactions, compiles the Cairo, and
then SHARP converts it to STARK Proof. Then, the Proof is sent to the verifier for verification. If
the verifier accepts the proof, the proof is legitimate. Finally, the original transaction data, the
result of the state change and the corresponding proof are recorded on the ETH mainnet.

Figure 5. The transaction process of dYdX (Source: dYdX)

dYdX replicates the trading logic of CEX and executes orders as soon as they are received, thus
offering an almost identical user experience to CEX. Users can use a variety of conditional
orders such as limit orders and stop limit orders. The difference with CEX is the custody and
settlement process. dYdX is a non-custodian model, and the transaction settlement is based on
the Ethereum network.
3.3 On-chain order book represented by Injective
The most-criticized point of dYdX is its centralization. Despite the implementation of on-chain
settlement, the transactions are still carried out on a centralized server, and the project team
has the power to sort transactions. In the design of tokenomics, all transaction fees are allocated
to the project team, and token holders cannot really own the project and share the revenue.
Therefore, the dYdX is currently seen only as a complement to the centralized exchange and is
not a full-fledged an on-chain perpetual contract.
Since the emergence of on-chain derivatives, developers have been trying to build perpetual
contracts that run entirely on-chain. However, the block time of ETH is around 15s, and the
public chain performance can hardly meet the demand. As a high-frequency and high-leverage
product, perpetual contracts are very sensitive to transaction speed and price fluctuations,
which are difficult to achieve on the Ethereum.
The emergence of new public chains represented by Solana, which has an average block time
of 0.4s, has promoted the development of on-chain order books. Serum has established the
underlying liquidity pool of order book DEX, while Mango Markets has achieved a perpetual

contract with an order book under Serum.
Injective is a decentralized trading platform which uses Tendermint and is compatible with the
IBC protocol. It has also launched a perpetual contract product. It does not use Continuous
Double Auctions (CDA), but rather matches orders through Frequent Batch Auctions (FBA), a
type of pooled bidding, with a block time of about 2.5s.

Figure 6. The transaction process of Injective

In a block, order cancellation and liquidation requests are processed immediately, while creation
requests are added to the trade queue. The order matching process begins at the end of the
block.
First, the queued market orders are executed against the resting order book from the previous
block and cleared at a uniform clearing price. Second, queued limit orders (including limit orders
from that block and outstanding orders from the previous block) are matched with each other
and cleared at a uniform clearing price. Remaining limit orders are not cleared and move to the
next block.
The FBA model is characterized by the fact that at the end of each block, market orders and
limit orders are cleared at a uniform clearing price. Compared with the CDA model, the
advantages and disadvantages of FBA are both obvious.
Advantages
The FBA model executes the transaction process at the end of the block, while the CDA model
processes transactions immediately, requiring greater performance from the public chain than
FBA. The CDA can function normally during average transaction volumes, but in extreme
market conditions the CDA requires extremely high throughput, and even centralized
exchanges can experience disruptions to service.

Prevention of front-running is another advantage. Unlike Ethereum, which sorts transactions by
gas, FBA is a batch auction and transactions clear at a uniform clearing price, so there is no
space to front-run.
Disadvantages
It is impossible to show the real-time price. Under the FBA, the transaction price can only be
determined at the end of the block, and limit orders may not be executed due to the large price
gap. With a block time of 2.5s, its impact can be disregarded for daily trading, but it may cause
huge losses amidst dramatic fluctuations in the market.

4 Risks and responses of on-chain perpetual contracts
As mentioned earlier, perpetual contracts are characterized by high frequency and high
leverage. Both AMMs and order books face similar risks. The main points are as follows.
System stabilit y risk
The system stability risk comes from the perpetual mechanism, which requires external forces
to stabilize the price around the spot price, as there is no delivery mechanism. Funding rate is
the solution adopted by most CEXs and DEXs. Most contracts use the BitMEX approach with
slight differences in the way it is calculated.
BitMEX: Funding rate = Interest rate + Premium rate
Perpetual Protocol, on the other hand, uses the FTX calculation.
Funding rate = Premium rate, only the premium rate is used to calculate the funding rate.
Liquidation risk
Perpetual contracts are leveraged products, and the exchange is exposed to over loss in the
absence of timely liquidation. The main point is the liquidation price and liquidation process.
a) Perpetual v2
Perpetual v2 uses the Chainlink price as the clearing price. Liquidation will be triggered when
the maintenance margin rate falls below 6.25% and will be executed by the keeper bot. The
liquidator will receive 50% of the remaining collateral and the other 50% will be allocated to the

risk reserve.
Over loss will be compensated by the risk reserve. The risk reserve mainly comprises the
remaining collateral after liquidation, and will be supplemented by Perp auction if it is insufficient.
b) dYdX
The collateral and liquidation prices on dYdX are also determined by the oracle. Oracle prices
are stored and updated off-chain, and verified by STARK signatures, allowing smart contracts
to use prices immediately after signing without waiting for blocks. Updated multiple times per
second, it can be considered as an instant price and can reduce price delays amidst extreme
fluctuations.
What’s more, Auto-deleverage (ADL) will be triggered in the event of extreme fluctuations, and
no counterparties can be matched.
Over loss will also be compensated by a risk reserve from the remaining collateral after
liquidation.
c) Injective
Injective uses the Chainlink price as the clearing price. Liquidation will be triggered when it falls
below the maintenance margin rate and will be executed by the liquidation robot. The liquidator
will receive 50% of the remaining collateral and the other 50% will be allocated to risk reserve.
Over loss will be compensated by a risk reserve from the remaining collateral after liquidation.
Ri sk of front-running
Front-running refers to the fact that miners can know trades in mempool and then engage in
market arbitrage operations. Since the miner has the power to sort the transactions, the miner
can quickly create a long and change the order of transactions to put their own order in a
favorable position. When the block is produced, the miner achieves a low price to complete the
transaction.
The current solutions aim to reduce the time to generate blocks or change the ordering principle
to take back the power from miners. Injective uses a batch auction that does not rely on miner
ordering, but instead deals in batches with existing rules. dYdX adopts the method of off-chain

matching, and there is no risk of front-running.
Trader Protection
As perpetual contracts are leveraged, not only the protocol but also the trader is exposed to
significant risk. In terms of trader protection, CEX do a better job with functions such as mark
prices, risk alerts and cooling-off periods, while DEX do not have many measures and only
provide a stop-loss order.
dYdX uses index prices generated by a list of exchanges to determine whether to stop loss. The
index prices are updated in a timely manner, which is more efficient compared with oracle prices.
Perpetual Protocol monitors the market price through off-chain robots, and triggers a stop loss
when the price reaches a predetermined point.

5 Comparing the merits of AMM and order book
The order book has undergone a long period of improvement and validation on centralized
exchanges and is now well-established. Large crypto exchanges including Binance, Coinbase
and traditional stock exchanges use it. From a user experience perspective, the order book is
the best choice. However, it has some drawbacks and is only applicable to highly liquid markets.
Since it involves matched transactions, it requires the involvement of market makers and is less
friendly for certain liquid trading pairs.
The advantage of AMM is that the logic is simple and easy to implement on blockchain. In
addition, AMM can provide continuous liquidity without market makers, which is very useful for
illiquid markets and truly enables the freedom to create any trading pair. The drawbacks are
equally obvious, with slippage in transactions and impermanent losses for liquidity providers.
An order book gives users more trading paradigm, allowing users to place limit and stop-limit
orders with no slippage and no impermanent losses. The AMM trading model, on the other hand,
is very simple and easier to implement on L1 such as ETH. AMM has a foolproof interactive
experience, and for users with no trading experience, the AMM one-click swap feature and
simple interface is easier to understand.
For spot trading, AMM is now very mature, fully able to meet the needs of different types of
transactions. However, it is difficult for AMM to meet the demand for futures trading because

futures traders are more sensitive toward real-time prices. Moreover, AMM cannot freely create
trading pairs because of the complexities in funding rates, clearing, risk reserves and other
mechanisms, so AMM cannot utilize its advantages in the spot market.

6 Why perpetual contracts develop on-chain
Off-chain transactions are based on centralized servers, which are technically mature and
efficient, and the user experience is excellent. However, it has been criticized for being too
centralized, especially with the lack of supervision of crypto exchanges. The trust between
traders and exchanges can be easily broken. On-chain trading perfectly solves the problem of
trust and guarantees the safety of users' assets with blockchain, which also has the advantage
of countering censorship.
The above advantages and disadvantages of on-chain and off-chain have been present for a
long time. So, what are the benefits of on-chain for perpetual contracts?
The biggest advantage of DeFi protocols is their composability, allowing different DeFi protocols
to play a synergistic role, release the liquidity of on-chain assets, and establish a complete
decentralized financial system. There are already some protocols to combine with Perpetual
Protocol such as TrueFi, but it is not enough.
The on-chain and off-chain liquidity is fragmented and there is no way to combine them with
each other, which leads to on-chain perpetual contracts used mainly for speculation. Their value
as derivative instruments for risk management is not fully exploited. For example, if a user holds
a certain token and stakes it on-chain, in order to hedge the risk of price fluctuation he needs
to hold a short position. Off-chain contracts can achieve this function, but due to the
fragmentation of liquidity, there is a risk of liquidation in extreme cases. Therefore, it cannot form
a perfect hedge.
Through composability, on-chain contracts can leverage more on-chain liquidity and can also
be deeply integrated with other protocols to provide more strategic options. As an important
hedging tool, on-chain perpetual contracts are an important piece of the DeFi puzzle that can
contribute to the continued success of the DeFi ecosystem.

7 Summary

The development of the on-chain trading model has gone through several stages, from the early
0x protocol off-chain RFQ model to the AMM mechanism, and from the dYdX "off-chain match
+ on-chain settlement" approach to the on-chain order book. It can be seen that the on-chain
trading paradigm has been converging with the traditional secondary market trading mode, from
simple to complex, from off-chain to on-chain. Behind the transformation of the transaction
mode is the evolving public chain performance, such as the maturity of Layer2 and the explosion
of new public chains.
Compared with spot trading, perpetual contract trading is more sensitive to transaction speed
and price fluctuations. It requires the higher performance provided by public chains, which is
also the biggest constraint to the development of on-chain perpetual contracts at present. At
this stage, the development of on-chain perpetual contracts has encountered some obstacles,
and lags that of centralized exchanges in terms of transaction experience and depth. On-chain
perpetuals have not developed its own strength. dYdX's compromise in its solution of "off-chain
match + on-chain settlement" has been a great success, because it is applicable to the current
situation. It makes the best use of the limited infrastructure performance. The sustained
development of on-chain perpetual contracts requires a breakthrough in the underlying public
chain. With the upcoming ETH 2.0, more DeFi innovations will emerge and become popular.
Composability is also a development direction for on-chain perpetual contracts, which can
combine various DeFi protocols. But this will involve a series of risk management issues that
need to be further explored.
On-chain perpetual contracts are still in the early stages of development, which means there
are many opportunities waiting to be discovered.
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