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 Executive Summary 
 In this paper, we introduce a decentralized lending/borrowing protocol with algorithmically set 
 interest rates based on supply and demand, allowing users to exchange the time value of 
 assets on Kadena frictionlessly. 
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 1. Introduction 
 Lending protocols are the foundation of the DeFi ecosystem of most of the L1 blockchains. 
 Protocols like Aave and Compound have tens of billions of USD in TVL and increased the 
 capital efficiency in their ecosystems tremendously. These protocols also unlocked numerous 
 open financial applications and DeFi primitives, where yield aggregators, leveraged yield 
 farming, and many other protocols are built on top of them. 

 In the remaining sections of this whitepaper, we will detail the mechanism of how a 
 decentralized lending/borrowing protocol works in the Kadena ecosystem. 

 2. Kalend Protocol 
 Kalend uses already proven protocol designs with adaptations to the specific technical 
 requirements of Kadena. The diagram below shows the complete protocol design. 

 The following section aims to summarize the different actors in the Kalend ecosystem: Lenders, 
 Borrowers, Liquidators, and Stakers. 



 2.1 Lenders 
 When a user supplies an accepted type of asset, it becomes part of the lending/borrowing pool. 
 Kalend aggregates the supply of each lender. As Aave and Compound have already proven, 
 this approach offers significantly more liquidity than direct lending. 

 After depositing assets into the lending pool, lenders get LP tokens known as kTokens. As the 
 lending pool accrues interest, kTokens become convertible into an increasing amount of the 
 underlying asset. Each lender can withdraw their deposited assets at any time until the lending 
 pool for that particular asset is depleted. Once the lender withdraws the assets, the kTokens that 
 they hold are burnt. 

 2.2 Borrowers 
 Using kTokens as collaterals, users can borrow any accepted asset types from the 
 lending/borrowing pool. Over-collateralization is encouraged by limiting how much borrowers 
 can take out as a loan. The rising price of borrowed assets or declining price of lent assets can 
 cause the borrowing position to be liquidated. Unlike Compound or Aave, Kalend uses a 
 two-sided approach to calculate a borrower’s borrowing capacity. Risk-adjusted borrowing 
 capacity is covered in Section 3.3.3. 

 2.3 Liquidators 
 If a user’s borrowing balance exceeds their liquidation threshold due to the value of collateral 
 falling, or borrowed assets increasing in value, a liquidation event occurs. Liquidators can call 
 the public function liquidationBid (borrower, collateralAsset, closeAmount), which exchanges the 
 invoking liquidator’s asset for the borrower’s collateral at a price better than the market price. 

 Unlike Compound, we use  dynamically adjusted discount  rate  ,  dynamically adjusted close 
 factor  ,  risk-adjusted borrowing capacity,  and  stability  pool  to facilitate liquidations in extreme 
 scenarios of high price volatility and/or low DEX liquidity, all of which will be discussed in Section 
 3.3. 

 2.4 Stakers 
 Holders of Kalend tokens can stake the tokens into an insurance pool to earn extra Kalend 
 tokens. Staked Kalend tokens will be used to hedge against the risk of extreme volatility and 
 insolvency in multiple pools in the protocol during black swan events. 

 In addition, Kalend allows stakers to support liquidations by providing liquidity to a stability pool 
 associated with each lending/borrowing pool. Liquidity providers in the stability pool deposit 
 kTokens and earn interest based on the liquidations processed using the pool. An unstaking 



 period prevents stakers from moving assets in and out of the stability pool to try to game the 
 system. When liquidation is processed, the liquidator uses liquidity from the stability pool to 
 cancel a borrower's debts, he/she takes a small fee and then returns the discounted collateral to 
 the stability pool. Stability pool liquidity providers essentially end up swapping their kTokens for 
 discounted collateral assets. 

 3. Technical Design 

 3.1 Lending & Borrowing 
 Lenders and borrowers can call the following functions to lend, redeem, borrow, repay accepted 
 assets. 

 Function  Description 

 defun mint (amountUnderlying)  Transfers an underlying asset into the market, 
 updates sender’s kToken balance 

 defun redeem (amount)  Transfers an underlying asset out of the 
 market, updates sender’s kToken balance 

 defun redeemUnderlying (amountUnderlying)  Transfers an underlying asset out of the 
 market, updates sender’s kToken balance 

 defun borrow (amount)  Checks sender collateral value, and if 
 sufficient, transfers the underlying asset out 
 of the market to sender, and updates 
 sender’s borrow balance 

 defun repayBorrow (amount)  Transfers the underlying asset into the 
 market, updates the borrower’s borrow 
 balance 

 defun repayBorrowBehalf (account, amount)  Transfers the underlying asset into the 
 market, updates the borrower’s borrow 
 balance 

 3.2 kTokens Contracts 
 Each lending/borrowing pool is structured as a smart contract. User’s balances are represented 
 as kToken balances. Users can mint (amountUnderlying) kTokens by supplying assets to the 
 pool, or redeem (amount) kTokens for the underlying assets. The exchange rate between 
 kTokens and the underlying asset increases over time, as interest is accrued by borrowers of 
 the asset, and is equal to the following formula: 



 Where Pa refers to the not-yet-borrowed amount of asset A in the pool, Ba refers to the total 
 amount of asset A borrowed, Ra refers to the total reserves of asset A (more to be covered in 
 3.4), Ka is the total supply of kToken of asset A. 

 3.3 Interest Rate Model 
 The interest rate charged depends on the utilization rate of the lending/borrowing pool. 

 Utilization rate is calculated: 

 Where U  a  is the utilization rate of asset A. 

 The following formula is used to calculate the interest rate for borrowing: 

 Where I  b  is Base Interest Rate, and I  P  is the Proportional  Interest Rate. 

 Similar to Compound, the interest rate earned by suppliers is implicit and is equal to the 
 borrowing interest rate multiplied by the utilization rate. 

 3.3 Liquidation 
 The following function can be called by the liquidator when a liquidation opportunity arises: 

 Function  Description 

 defun liquidationBid (borrower, 
 collateralAsset, closeAmount) 

 Dutch auction bid to transfers the underlying 
 asset into the market, updates the borrower’s 
 borrow balance, then transfers kToken 
 collateral from the borrower to sender 



 The liquidators will constantly be monitoring the health factor of the different asset pairs against 
 real-time pricing to see which loans have a health factor of less than 1. There are several 
 protocol design decisions that we make to lower liquidation frictions: 

 3.3.1 Risk-adjusted borrowing capacity 
 As the Euler FInance whitepaper  1  mentioned, Compound  uses a one-sided collateral factor to 
 adjust down the value of a borrower's collateral assets to calculate the borrowing capacity. 
 However, the one-sided collateral factor approach only adjusts for the risks associated with a 
 borrower's collateral assets decreasing in value without considering the borrower's liabilities 
 increasing in value. 

 Referencing the risk-adjusted borrowing approach used by Euler Finance, we therefore decided 
 to use a similar two-sided approach to adjust up the market value of a borrower's liabilities to 
 arrive at a 'risk-adjusted liability value'. This approach improves capital efficiency on the protocol 
 because it allows Kalend to factor in the asset-specific risks of both downside and upside price 
 movements. 

 Assets deposited into the lending pool in the form of kTokens are used as collateral to borrow 
 from the protocol. Each asset has a collateral factor, ranging from 0% to 100%, that represents 
 the portion of the underlying asset value that can be borrowed. In addition, each asset also has 
 a borrow factor, ranging from 0% to 100%, that considers how volatile the borrowed asset is to 
 minimize liquidation friction during black swan events and/or trading at low liquidity. The formula 
 used to calculate risk-adjusted borrowing capacity is: 

 BC  ab  is the risk-adjusted borrowing capacity to use  Asset A as collateral to borrow asset B, CV  a 

 is total value of collateral in Asset A, CF  a  is the  collateral factor of Asset A, BF  a  is the borrow 
 factor of Asset B. This approach may seem to reduce capital efficiency, but in reality, capital 
 efficiency is lower only for volatile assets with low DEX liquidity. High-quality assets will have 
 BF  a  close to one, practically taking this factor out  of the equation. 

 For instance, a user has $10,000 worth of USDC, and wants to borrow ETH. If USDC has a 
 collateral factor of 0.9, and ETH has a borrow factor of 0.8, then a user can borrow up to 
 $10000 * 0.9 * 0.8 = $7200 worth of ETH. At this level of borrowing, the risk-adjusted value of 
 their collateral is $10000 * 0.9 = $9000 and the risk-adjusted value of their liabilities, also known 
 as the liquidation threshold, is $7200 / 0.8 = $9000. If ETH increases in price, then the 
 risk-adjusted value of their liabilities will also increase to >$9000, which is eligible for liquidation. 
 The buffer allowing for liquidation is $10000 - $7200 = $2800. 



 3.3.2 Dynamically adjusted discount rate 
 Rather than a fixed discount percentage, Kalend allows the discount to rise as a function of how 
 under-water a position is. This turns a one-shot opportunity into a dutch auction. As the discount 
 slowly increases, each would-be liquidator must decide whether or not to bid for liquidation at 
 the current discount on offer. This can guarantee that liquidation can happen quicker. Overall, 
 this process helps to drive the discount price towards the marginal friction cost of liquidating a 
 borrower, thereby facilitating liquidation. 

 3.3.3 Dynamically adjusted close factor 
 In addition, the dynamic close factor is used to liquidate borrowers. Specifically, we allow 
 liquidators to repay up to the amount needed to bring the underwater position back (plus an 
 additional safety factor). As a result, borrowers who are only slightly in violation will have less 
 than half their debts repaid during a liquidation, while borrowers who are heavily in violation will 
 often have more than half their debts repaid during a liquidation. 

 The formula used to determine the close factor is: 

 Where X is the percent increase in borrowed asset price or the percent decrease in collateral 
 asset price. 

 For instance, in the previous example, if ETH price increases by 5%. Then the risk-adjusted 
 collateral value is still $10000*0.9 = $9000 but the risk-adjusted liabilities increases to $7200 * 
 1.05 / 0.8 = $9450. In order to bring the underwater position back, the liquidators will need to 
 liquidate ($7200*0.05)/(1-0.9*0.8) = $1285.72, which has approximately $1285.72/$10000 = 
 12.85% of the close factor. After liquidation, the new risk-adjusted collateral value is 
 ($10000-$1285.72)*0.9 = $7843 and the new risk-adjusted liability is  $(7200*1.05-1285.72)/0.8 
 = $7843. 

 3.3.4 Stability pool 
 To alleviate the risk of extreme price volatility and slippage caused by low liquidity, Kalend 
 enables lenders to support liquidations by providing liquidity to a stability pool associated with 
 each lending pool. Liquidity providers in the stability pool deposit kTokens and earn interest 
 while they wait for liquidations to be processed. An unstaking period prevents them from moving 
 assets in and out of the pool to try to game the system. 

 When liquidation is processed, the liquidator uses liquidity from the stability pool to cancel a 
 borrower's debts, and they return discounted collateral to the stability pool in return (minus a 



 fee, which they keep for themselves). Stability pool liquidity providers essentially end up 
 swapping their kTokens for discounted collateral assets. 

 There is one stability pool associated with every lending pool. For instance, for the lending pool 
 ETH-KDA, you can deposit your kKDA into the stability pool then when ETH drops in price or 
 KDA raises in price, which causes liquidation for KDA borrowers with ETH as collateral, the 
 liquidator will use your kKDA to pay back KDA loans and get discounted ETH in return. So you 
 will end up with a basket of kKDA and kETH when you withdraw. 

 This approach can be thought of as an extended multi-collateral form of the stability pool idea 
 pioneered by Liquity Protocol  1  . The approach has been  adopted by Euler Finance  2  for lending 
 and borrowing. As specified in Euler Finance white paper, there are several advantages of using 
 a stability pool to liquidate internally instead of sourcing the assets themselves from a third-party 
 exchange: 

 ●  Lower gas costs because of internal token transfers 
 ●  No swap fees 
 ●  No slippage 
 ●  Liquidation expected to take place at price determined by the internal price feed 
 ●  Liquidation expected to take place soon after the dynamic discount exceeds the 

 operating cost of liquidation 

 3.4 Reserves 
 In extreme scenarios of a bank run, the value of a borrower's collateral might become less than 
 the value of their liabilities. Insolvent borrowers will be liquidated repeatedly until they have little 
 to no collateral left. Any leftover liabilities after liquidations have stopped can be considered as 
 bad debts that we can assume will never be repaid. If bad debts accumulate in the protocol, it 
 increases the chance that lenders might all rush at once to withdraw their funds to avoid 
 becoming the bearer of the bad debts. 

 To reduce this risk, Kalend follows Compound by allowing a portion of the interest paid by 
 borrowers in each pool to accumulate into a reserve. The idea behind this is to allow the 
 reserves to act as a lender of last resort in the event of a bank run. Providing that reserves 
 accumulate at a faster pace than bad debt, lenders do not need to worry about being able to 
 withdraw their funds. Kalend reserves operate similar to those on Compound, except that 
 Kalend reserves are tracked in kToken units, which means Kalend reserves can earn interests 
 while Compound reserves cannot. 

 1  https://docs.euler.finance/getting-started/white-paper 
 2  https://www.liquity.org/ 



 3.5 Staking Pool 
 Holders of Kalend tokens can stake Kalend tokens into a Staking pool to earn extra Kalend 
 tokens. Staked Kalend tokens will also be used to hedge against the risk of a bank run, acting 
 as insurance. 

 3.6 Oracle Price Feeds 
 A price oracle maintains the current exchange rate of each supported asset. Kalend protocol 
 uses a highly trustworthy and reliable third-party oracle service provider to get the current prices 
 of assets. These token prices are used to determine risk-adjusted borrowing capacity and 
 collateral requirements and for all functions which require calculating the value equivalent of an 
 account. If a reliable price oracle does not launch in the Kadena ecosystem in time for Kalend, 
 then the Kalend team intends to implement Time Weighted Average Price (TWAP) instead. 

 4. Tokenomics 

 4.1 Governance 
 Kalend will begin with centralized control of the protocol and, over time, will transition to a DAO 
 where the Kalend token holder community has: 

 ●  The ability to list a new kToken pool 
 ●  The ability to update the interest rate model per pool 
 ●  The ability to update the oracle service 
 ●  The ability to withdraw the reserve of a kToken 
 ●  The ability to choose a new admin 
 ●  The ability to update collateral and borrow factors 
 ●  The ability to update discount rate 

 4.2 Staking pool 
 Kalend token holders can also stake Kalend Tokens in the insurance pool specified in section 
 3.5. 

 5. Potential Risks & Mitigation Plans 
 There are several risks associated with on-chain lending. In this section, we will list all the 
 known risks and mitigation plans. 



 5.1 Bad Debts 
 When prices of certain assets move up or down drastically in a very short timeframe, there 
 might not be enough time for liquidation of the entire collateral, resulting in bad debts. To 
 mitigate risks of bad debts, Kalend only takes high quality assets into the accepted asset types 
 for lending and borrowing. Kalend also has reserves and insurance pools to cover the losses 
 from bad debts. 

 5.2 Ineffective Liquidation 
 For any lending protocol, liquidators play a crucial role in ensuring the health of the entire 
 system by liquidating the collaterals from the borrowers promptly. However, there could be 
 cases when the liquidation process is not effective. In addition to sudden price movements 
 mentioned earlier, the lack of sufficient liquidity on DEX can also lead to ineffective liquidations. 
 To mitigate the low liquidity risk on DEX, Kalend will have stability pools providing additional 
 liquidity for liquidation. 

 5.3 Oracle Vulnerability 
 Lending protocols such as Kalend depend on external oracle service providers for collateral 
 value calculation and liquidation. Therefore, when oracles provide inaccurate data or are not 
 available, the whole Kalend ecosystem is severely affected. We aim to use additional 
 time-weighted-average-price to ensure data accuracy. 

 5.4 Over-Liquidation 
 In lending protocols, liquidators tend to be able to pay off up to half a borrower's loan in one 
 transaction, regardless of how underwater their position is. Allowing liquidators to liquidate half a 
 loan could be considered excessive if a much smaller liquidation would have been sufficient to 
 bring the borrower back to health. To mitigate the over-liquidation issue, Kalend intends to adopt 
 dynamically adjusted discount rates and dynamically adjusted close factors improving the 
 overall borrowing experience. 

 6. Summary 
 Kalend creates properly functioning lending and borrowing pools for Kadena assets. Each pool 
 has interest rates that are determined by the supply and demand of the underlying asset. When 
 demand and/or supply change, interest rates are updated dynamically, incentivizing additional 
 liquidity. Users can supply tokens to a lending/borrowing to earn interest without trusting a 
 central party. Users can borrow a token (to use, sell, or re-lend) by using their balances in the 
 protocol as collateral. 


