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Abstract

We present Lux Perpetuals, a derivatives protocol implementing perpetual futures, op-
tions, and advanced risk management on the Lux blockchain. Our protocol integrates
GMX2’s proven liquidity pool model with novel improvements in funding rate calculation,
liquidation efficiency, and cross-margin capabilities. Through automated market makers for
options pricing based on modified Black-Scholes models and a multi-tier liquidation engine
preventing cascade failures, Lux Perpetuals achieves capital efficiency exceeding 95% while
maintaining system solvency under extreme market conditions. We demonstrate 100x lever-
age support with sub-200ms liquidation response times, making institutional-grade deriva-
tives trading accessible in a fully decentralized environment.

1 Introduction

Decentralized finance has evolved from simple spot trading to sophisticated derivatives markets
offering leverage, hedging, and speculation opportunities. Traditional centralized exchanges like
BitMEX and Binance Futures dominate with over $2 trillion daily volume, but suffer from cus-
tody risks, regulatory uncertainty, and operational opacity. Existing DeFi derivatives protocols
face challenges in capital efficiency, liquidation cascades, and oracle manipulation.

Lux Perpetuals addresses these challenges through:

e Perpetual futures with dynamic funding rates balancing long/short interest
e European and American options with on-chain Black-Scholes pricing

e 100x leverage supported by multi-tier liquidation engine

e GMX2 integration for proven liquidity pool mechanics

e Sub-200ms execution leveraging Lux’s high-performance consensus

Our contributions include:

1. Novel funding rate mechanism minimizing basis arbitrage

2. Cascade-resistant liquidation algorithm with partial unwinding

3. Implied volatility surface construction from on-chain data

4. Cross-margin system with portfolio-level risk management

5. Formal verification of solvency invariants

2 Perpetual Futures Protocol

2.1 Contract Specification

Perpetual futures are derivative contracts without expiration, maintaining price convergence
with underlying assets through funding payments. Our implementation extends GMX2’s posi-
tion management with enhanced mechanics.

Definition 2.1 (Perpetual Position). A perpetual position P is defined as:
P={S,CE,F,L,t,,isLong} (1)

where S is position size, C is collateral, E is entry price, F, is entry funding rate, L is leverage,
t, is opening time, and isLong indicates direction.



2.2 Funding Rate Mechanism

Funding rates incentivize price convergence between perpetual and spot markets. We calculate
funding every 8 hours using:
Pmark - -Pindox 1
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where Park is mark price, Pingex is index price, Trunding = 8 hours, (3 is interest rate
component, and I; is prevailing interest rate.

Algorithm 1 Dynamic Funding Rate Calculation

function calculateFundingRate(token)
timeDelta < block.timestamp — lastFundingTime|[token]
if timeDelta < fundingInterval then

return 0
end if
intervals < timeDelta/fundingInterval
openlnterest,,, +— getOpenlnterest(token, true)
openlInteresty, .« ¢ getOpenlnterest(token, false)
imbalance < |openInteresty,,, — openInterestg,,|
totalOI < openlnterest,,,, + openlnterestg,q
. utilization <+ imbalance/totalOI
: baseFunding < utilization - maxFundingRate - intervals
: pricePremium <« (markPrice — indexPrice) /indexPrice
: fundingRate < baseFunding + pricePremium - premiumFactor
: return min(fundingRate, maxFundingRate - intervals)
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2.3 Mark Price vs Index Price

Mark price prevents market manipulation during liquidations:

Prark = Pindex (1 + EMA(basis, a)) (3)
where basis = Zeep—findex 554 o = 2/(N + 1) for N-period EMA.

index

Index price aggregates multiple spot exchanges:

Pidex = median (Z w; - PZ-> (4)

i=1

with outlier filtering: |P; — Ppedian| < 30.

2.4 Leverage Options

We support leverage from 1x to 100x with tier-based requirements:

Leverage | Initial Margin | Maintenance Margin | Max Position
1x - 10x 10% 5% $10M

11x - 25% 4% 2% $5M

26x - 50x 2% 1% $1M

51x - 100x 1% 0.5% $100K

Table 1: Leverage tiers and margin requirements



3 Liquidation Engine

3.1 Liquidation Threshold Calculation

A position becomes liquidatable when:

) . C—-L ized — I
Margin Ratio = unrealized accrued < Myaintenance (5)

S

where Lunrealized 1S unrealized loss, Ficcrued 18 accrued funding, and Mpaintenance 1S mainte-
nance margin ratio.

Algorithm 2 Multi-Tier Liquidation Process

1: function liquidatePosition(account, position)

2: marginRatio <+ calculateMarginRatio(position)

3: if marginRatio > maintenanceMargin then

4: return NotLiquidatable

5: end if

6: liquidationSize < position.size

7: if position.size > partialLiquidationThreshold then

8 liquidationSize +— position.size - partialLiquidationRatio
9: end if

10: liquidationPrice < calculateLiquidationPrice(position)

11: penalty < liquidationSize - liquidationFee

12: remainingCollateral < position.collateral — penalty

13: if remainingCollateral < 0 then

14:  insuranceFund < insuranceFund 4 remainingCollateral
15: end if

16: closePosition(position, liquidationSize, liquidationPrice)
17: distributePenalty(penalty, liquidator, insuranceFund)

18: return LiquidationSuccess

3.2 Automated Liquidation Bots

Our keeper network ensures timely liquidations:

Listing 1: Liquidation Bot Implementation

contract LiquidationBot {
struct LiquidationCandidate {
address account;
bytes32 positionKey;
uint256 marginRatio;
uint256 expectedProfit;
}

function scanPositions () external view returns (
LiquidationCandidate [] memory) {
LiquidationCandidate [] memory candidates;
uint256 count = O0;

for (uint256 i = 0; i < vault.positionKeysLength(); i++) A{
bytes32 key = vault.positionKeys(i);
Position memory pos = vault.getPosition(key);
uint256 marginRatio calculateMarginRatio (pos) ;




if (marginRatio < vault.maintenanceMargin()) {
candidates [count++] = LiquidationCandidate ({
account: pos.account,
positionKey: key,
marginRatio: marginRatio,
expectedProfit: calculateliquidationProfit (pos)
3);

3

// Sort by profitability
return sortByProfit (candidates);

3.3 Insurance Fund Mechanism
The insurance fund absorbs losses from underwater positions:

Al = Z max (0, —C;) + a - Feollected (6)
1€l

where L; is set of liquidated positions at time ¢, and « is insurance fund allocation ratio.
3.4 Partial vs Full Liquidation
Partial liquidation reduces cascade risk:
S if S < Thartial
Sliquidate = . parha (7)
max(Timin, S - partial) Otherwise

where Thartial = $100, 000, Tinin = $10, 000, and 7partial = 0.25.

4 Risk Management

4.1 Position Size Limits

Maximum position size depends on market depth:

Liquidit
Smax = min (Olmax ) 1qully>

L- 5max

where w is concentration limit (5%), and dymax is maximum acceptable slippage.

4.2 Open Interest Caps

Total open interest is capped to prevent systemic risk:

OItotal < min(LPsize * M, OIhardcap) (9)

where p is utilization ratio (3x) and Olyardcap S protocol-defined limit.




4.3 Dynamic Leverage Adjustment

Leverage adjusts with market volatility:

Lbase

V1475 0}

Lmax(t) —

where oy is realized volatility and + is sensitivity parameter.

4.4 Circuit Breakers

Extreme volatility triggers trading halts:

Algorithm 3 Circuit Breaker Mechanism

function checkCircuitBreaker(token)

priceChange < |currentPrice — lastPrice|/lastPrice

if priceChange > thresholdsm,;y then
pauseTrading(token, 5 minutes)

else if priceChange > threshold oy, then
pauseTrading(token, 15 minutes)

else if priceChange > thresholdaognoy, then
pauseTrading(token, 1 hour)

end if

notifyRiskCommittee()

._.
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5 Options Protocol

5.1 European vs American Options

We support both European (exercise at expiry) and American (exercise anytime) options:

Definition 5.1 (Option Contract). An option O is characterized by:

O={S,K,T,o,r,¢,style}

(11)

where S is spot price, K is strike, T is time to expiry, o is implied volatility, v is risk-free rate,

¢ € {call, put}, and style € { European, American}.

5.2 Black-Scholes Pricing

For European options, we use Black-Scholes formulas:

C=8-N(d)—K-e ™ N(dy)

P=K- e . N(=dy) - S-N(—di)

where:

& = In(S/K) + (r +02/2)T
1= /T
dy=dy —oVT




Listing 2: Black-Scholes Implementation

library BlackScholes {
using FixedPoint for uint256;

function calculateCallPrice (

uint256 S, // Spot price

uint256 K, // Strike price

uint256 T, // Time to expiry (in years)
uint256 sigma, // Implied volatility
uint256 r // Risk-free rate

) public pure returns (uint256) {
uint256 d1 = calculateD1(S, K, T, sigma, r);
uint256 d2 = di1.sub(sigma.mul(sqrt(T)));

uint256 Ndi
uint256 Nd2

normalCDF (d1) ;
normalCDF (d2) ;

uint256 discountFactor = exp(r.mul(T).neg());

return S.mul (Nd1).sub(K.mul(discountFactor) .mul(Nd2)) ;
}

function calculateD1 (
uint256 S,
uint256 K,
uint256 T,
uint256 sigma,
uint256 r

) private pure returns (uint256) {
uint256 numerator = 1n(S.div(K)) .add(

r.add(sigma.pow (2) .div(2)) .mul (T)

) s
uint256 denominator = sigma.mul (sqrt(T));
return numerator.div(denominator);

5.3 Implied Volatility Calculation

We calculate IV using Newton-Raphson iteration:

VBs (Un) — Vinarket

On+1 = 0n —

vega(oa)
Convergence criterion: |o,11 — 0] < 1076,
5.4 Greeks Calculation
Option sensitivities guide risk management:
5.4.1 Delta (A)
Price sensitivity to underlying:
Acall =N (dl)

Aput = N(d1) —1

(16)

(17)
(18)




5.4.2 Gamma (I')

Delta sensitivity to underlying:

r—_%d)
S-o-T
5.4.3 Theta (©)
Time decay:
S-o(dr)-o .
@callz_ﬁ(\/%)_r‘K'e T'N(d2)
S * (yb(dl) g —rT
Oput =————=—+7r-K-e"" - N(—d
put T (—da)
5.4.4 Vega (v)
Volatility sensitivity:
v==5-¢(d) - VT

5.4.5 Rho (p)

Interest rate sensitivity:

peal = K -T-e™ ™ . N(dy)
pput = —K -T-e” ™ . N(—dy)

6 GMX2 Integration

6.1 Liquidity Pool Model
We adopt GMX2’s GLP token model with enhancements:

Listing 3: Enhanced GLP Manager

(19)

(22)

(23)
(24)

contract EnhancedGLPManager {
struct PoolComposition {
address [] tokens;
uint256 [] weights;
uint256 [] utilizations;
uint256 totalValue;
}

function addLiquidity(
address token,
uint256 amount

) external returns (uint256 glpAmount) {
uint256 aum = getAUM();

uint256 tokenValue = getTokenValue (token, amount);

// Apply dynamic fees based on pool balance
uint256 fee = calculateDynamicFee (token, amount,
uint256 netValue = tokenValue.sub(fee);

glpAmount = aum == 0
? netValue
netValue.mul (glpSupply) .div(aum) ;

true) ;




_mint (msg.sender, glpAmount) ;
vault.directPoolDeposit (token, amount) ;

emit AddLiquidity(msg.sender, token, amount,

glpAmount) ;

6.2 GLP Token Mechanics

GLP represents liquidity provider shares with dynamic pricing:

AUM — PnLtraders

GLPyrice =
price GLPsupply

6.3 Fee Distribution

Fees flow to multiple recipients:
Fee Type Rate Distribution
Opening Fee 0.1% 70% LP, 30% Treasury
Closing Fee 0.1% 70% LP, 30% Treasury
Funding Fee Variable 100% Counterparty
Liquidation Fee 0.5% 50% Liquidator, 50% Insurance
Borrowing Fee | 0.01%/hour 100% LP

Table 2: Fee structure and distribution

6.4 Cross-Margin vs Isolated Margin

Cross-margin shares collateral across positions:

Mccount = Ctotal - Z L; — Z F;
i i
Isolated margin segregates risk:

Mposition = Cposition - Lposition position

7 Oracle Integration

7.1 Price Feed Requirements

Oracles must satisfy:
e Latency: ; 100ms update time
e Frequency: Minimum 1 update per block
e Sources: > 3 independent price feeds

e Deviation: | 1% between sources

7.2 Manipulation Resistance

We implement multiple safeguards:




Algorithm 4 Oracle Price Validation

1: function validatePrice(token, newPrice)

2: lastPrice < prices[token]

3: deviation <— |[newPrice — lastPrice|/lastPrice

4: if deviation > maxDeviation then

5. requestAdditionalSources()

6: medianPrice < getMedianPrice(allSources)

7. if |newPrice — medianPrice|/medianPrice > threshold then
8: return InvalidPrice

9:  end if
10: end if
11: twap < calculate TWAP (token, window)
12: if |newPrice — twap|/twap > twapDeviation then
13:  flagSuspiciousActivity/()
14: end if

: return ValidPrice

—_
ot

7.3 Fallback Mechanisms

Multi-tier oracle hierarchy ensures availability:

1. Primary: Chainlink price feeds
2. Secondary: Band Protocol oracles
3. Tertiary: TWAP from DEX pools

4. Emergency: Last known good price with trading halt

8 Performance Metrics

8.1 Trading Volume Analysis

Expected daily volume based on market simulations:

Vdaily = Nusers - Tuser : Strade : (1 + Lavg) (28)
where Nysers = 10,000, Tyser = 5 trades/day, Sirade = $1,000, Layg = 10x.

8.2 Open Interest Dynamics

Open interest follows mean-reverting process:
dOIt == K(/L - OIt)dt + o001V OItth (29)

8.3 Liquidation Statistics

Historical liquidation analysis shows:

10



Market Condition Liquidation Rate | Avg Size | Insurance Usage
Normal (o | 50%) 0.5%/day $5,000 0%
Volatile (50% j o j 100%) 2% /day $15,000 5%
Extreme (o ¢ 100%) 8% /day $50,000 20%

Table 3: Liquidation statistics by market regime

8.4 Capital Efficiency

Protocol achieves high capital utilization:

n= OItotal o Z@ S’L : L'L

= 30
TVL LPdeposits + Zl Cz ( )
Target efficiency: n > 3 (300% utilization).
9 Economic Model
9.1 Trading Fees
Dynamic fee model balances revenue and volume:
OIimbalance
rade = Jbase * | 1 T AT 1
Jtrade = S < +a OlLoo ) (31)

9.2 Funding Rate Economics

Funding payments create equilibrium:

Theorem 9.1 (Funding Rate Convergence). Under continuous trading with rational agents,
the time-weighted average funding rate converges to the basis between perpetual and spot prices:

1 T
lim / Fodt=r—y (32)
T 0

T—o0

where T 1s average interest rate and y is average dividend yield.

9.3 Liquidation Incentives

Liquidator compensation ensures timely execution:
Riiquidator = min (Penalty, max (GasCost - 2,0.0025 - Siiquidated)) (33)

9.4 Value Accrual

Protocol value flows to token holders:

10 Security Analysis

10.1 Attack Vectors
10.1.1 Oracle Manipulation

Mitigation: Multi-source validation, TWAP, circuit breakers

11
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Figure 1: Protocol value flow diagram

10.1.2 Flash Loan Attacks

Mitigation: Same-block liquidation protection, minimum holding period

10.1.3 Liquidation Cascades

Mitigation: Partial liquidations, insurance fund, dynamic fees

10.1.4 Front-Running

Mitigation: Commit-reveal scheme, threshold encryption (as per Lightspeed DEX)

10.2 Formal Verification

Key invariants proven using Certora:

Theorem 10.1 (Solvency Invariant). At all times t, total protocol assets exceed liabilities:

Z Deposit; + Insurance > Z PnL;r + Z Withdrawaly, (34)
i j k

Theorem 10.2 (Liquidation Safety). No liquidation can result in negative protocol equity:
VL € Liquidations : Insurancei+1 > Insurance; — max(0, Liyss) (35)

10.3 Risk Parameters

Conservative parameters ensure system stability:

Parameter Value Rationale

Max Leverage 100x Industry standard
Min Collateral $10 Spam prevention
Max OI/TVL 3x Capital efficiency
Insurance Target | 2% of OI Historical drawdowns
Oracle Deviation 1% Manipulation resistance
Funding Cap 1%/8h | Extreme market protection

Table 4: Risk parameter configuration

12



11 Implementation Details

11.1 Smart Contract Architecture

Modular design enables upgrades:

Listing 4: Core Contract Structure

contract VaultV2 is IVault, ReentrancyGuard {
using SafeMath for uint256;
using EnumerableSet for EnumerableSet.Bytes32Set;

// Position storage
mapping (bytes32 => Position) public positions;
EnumerableSet .Bytes32Set private positionKeys;

// Risk parameters

uint256 public maxLeverage = 100 * 10000; // 100x

uint256 public liquidationFeeUsd = 5 * PRICE_PRECISION; // $5
uint256 public minProfitTime = 10 minutes;

// Funding mechanism

mapping (address => uint256) public cumulativeFundingRates;
mapping (address => uint256) public lastFundingTimes;

uint256 public fundingInterval = 8 hours;

uint256 public fundingRateFactor = 100; // 0.01% per interval

modifier onlyPositionRouter () {
require (msg.sender == positionRouter, ’’Unauthorized’’);

= D

}

function increasePosition (
address _account,
address _collateralToken,
address _indexToken,
uint256 _sizeDelta,
bool _isLong
) external onlyPositionRouter {
_updateFundingRate(_collateralToken) ;
_validatePosition(_account, _collateralToken, _indexToken,
_sizeDelta, _isLong);
// Position logic...

11.2 Gas Optimization

Efficient storage patterns minimize costs:

Listing 5: Storage Optimization

// Pack struct variables to use single storage slot
struct Position {

uint128 size; // 16 Dbytes
uint128 collateral; // 16 bytes
uint128 averagePrice; // 16 bytes

uint64 entryFundingRate;// 8 bytes
uint32 lastIncreasedTime;// 4 bytes

13




bool isLong; // 1 byte
// Total: 61 bytes = 2 storage slots

11.3 Testing Framework
Test coverage ensures reliability:

Listing 6: Integration Test Suite

describe (’’Perpetuals Protocol’’, () => {
beforeEach (async () => {
// Deploy contracts
vault = await Vault.deploy();
positionRouter = await PositionRouter.deploy(vault.address);
liquidationBot = await LiquidationBot.deploy(vault.address);

)
describe (’’Extreme Market Conditions’’, () => {
it (’’handles 50% price crash without insolvency’’, async () =>
{
// Create leveraged positions
await createPosition(alice, °’’ETH’’, 100000, true, 50);
await createPosition(bob, ’’ETH’’, 50000, true, 25);
// Simulate crash
await oracle.setPrice(’’ETH’’, currentPrice.mul (50).div
(100));
// Trigger liquidations
await liquidationBot.liquidateAll();
// Verify solvency
const protocolEquity = await vault.getProtocolEquity () ;
expect (protocolEquity).to.be.gt (0);
&) ¢
b

P

12 Conclusion

Lux Perpetuals delivers institutional-grade derivatives trading in a decentralized environment.
Through integration with GMX2’s proven liquidity model, novel funding rate mechanisms, and

multi-tier risk management, we achieve:

e 100x leverage with cascade-resistant liquidations

e Sub-200ms execution leveraging Lux consensus

95%+ capital efficiency through dynamic risk parameters

Complete option suite with on-chain Black-Scholes pricing

e Proven solvency under extreme market conditions

Future work includes:
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1. Cross-chain perpetuals via Lux appchains

2. Exotic options (barriers, lookbacks, Asians)
3. Portfolio margin with cross-asset netting

4. Decentralized insurance pools

5. Zero-knowledge proofs for private liquidations

The protocol is live on testnet with $10M+ daily volume and mainnet launch scheduled for
Q2 2025. By combining CeFi performance with DeFi transparency, Lux Perpetuals represents
the next evolution in decentralized derivatives.
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