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Abstract

Traditional capital markets in emerging economies face significant limitations:
fragmented liquidity, high settlement costs, limited hedging instruments, and barri-
ers to cross-border capital flows. The Sereel Protocol addresses these challenges by
creating multi-purpose vaults that simultaneously generate yield from automated
market making, collateralized lending, and options trading. Through intelligent
rehypothecation and ERC-3643 compliance frameworks, institutional participants
can access sophisticated financial instruments while maintaining regulatory com-

pliance in local jurisdictions.

1 Introduction

Capital markets have evolved over centuries from primitive merchant funding arrange-
ments to sophisticated electronic trading platforms. The African continent presents
unique challenges and opportunities in this evolution, with its diverse regulatory en-

vironments and rapidly growing economies.
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One such challenge is limited liquidity for local markets. Markets grow more attrac-
tive to investors when they can participate with minimal loss. An investor entering a
large position in a shallow market risks significant price impact. This creates a negative
feedback loop where low liquidity leads to high volatility, which in turn deters further
investment.

The goal of the Sereel Protocol is to utilize smart contracts to maximize the efficiency
of capital in these markets. By creating multi-purpose vaults that can simultaneously
serve as liquidity providers, lenders, and options writers, we can significantly increase the
effective liquidity available to institutional participants.

Our simulations demonstrate that Sereel Vaults can increase capital efficiency by up
to 2x. This has profound implications for emerging markets, where capital infrastructure
constraints often limit the ability of institutions to deploy large sums effectively. The
African Development Bank estimates that Africa requires $130-170 billion annually in
infrastructure financing alone, highlighting the critical need for more efficient capital

deployment mechanisms [African Development Bank, 2024].

1.1 Market Impact in Emerging Economies

The implications for capital-constrained markets like Rwanda are profound:

1. Increased Market Depth: The Rwanda Stock Exchange (RSE) had a total
annual trading volume of approximately $24.86 million in 2017 [Rwanda Stock
Exchange, 2017], averaging around $100,000 daily. If these assets traded on Sereel,
not only would they be available to global markets, but their effective liquidity

depth would increase. This reduces price slippage and volatility.

2. Reduced Transaction Costs: Traditional equity transactions in East African
markets incur 2-3% in fees. Sereel’s AMM reduces this to <0.5%, representing an

approximate 80% cost reduction.

3. Access to Derivatives: While options markets are virtually non-existent in most

African exchanges, Sereel’s integrated options module creates derivatives markets



for hedging and yield enhancement. Investors can write covered calls or cash-secured
puts on tokenized assets depending on the performance of the asset and the health

factor of the lending pool.

4. Improved Capital Efficiency: Traditional financial institutions in emerging mar-
kets maintain high capital reserves due to liquidity constraints. Sereel’s rehypoth-
ecation model allows the same capital to work efficiently across multiple financial

functions.

5. Cross-Border Capital Flows: With local currency stablecoin integration, Sereel
enables efficient cross-border investment while mitigating currency risk, addressing
a key barrier to international investment in African markets. Foreign investors
with, for example, USD stablecoins can now invest in Rwandan assets by converting
their stablecoins to Rwandan Franc (RWF') stablecoins through automated market
makers [Uniswap Labs, 2024], which are then used to purchase tokenized assets on

the Sereel Protocol.

For institutions like pension funds and asset managers in Rwanda, this transforms a
$1M allocation from a simple investment into a comprehensive market-making, lending,
and derivatives operation—capabilities previously available only to the largest global

financial institutions.

1.2 Use Case: Tswana Asset Managers Diamond Tokenization

To illustrate the practical application of the Sereel Protocol, we present a comprehensive
use case involving Tswana Asset Managers, a hypothetical institutional asset manager
based in Gaborone, Botswana. This example demonstrates how the protocol enables

sophisticated DeF'i operations using locally relevant assets and currencies.

1.2.1 Asset Manager Profile and Objectives

Tswana Asset Managers manages approximately 2.5 billion Pula ($185M USD) in assets

for institutional clients including the Botswana Public Officers Pension Fund and several



mining companies. The firm seeks to:

e Increase capital efficiency for their equity holdings in Botswana Stock Exchange

(BSE) listed companies
e Generate additional yield from their treasury bill positions

e Provide clients with sophisticated hedging instruments previously unavailable in

the local market

e Maintain full regulatory compliance with the Botswana Accountancy Oversight

Authority (BAOA)

1.2.2 Protocol Implementation Workflow

Figure 1 illustrates the complete workflow from initial asset tokenization through vault

deployment and global market access.

1.2.3 Step-by-Step Implementation Process

Phase 1: Asset Tokenization and Compliance Configuration
Tswana Asset Managers begins by accessing the Sereel Dashboard, where they initiate

the tokenization process for their selected assets:

1. Treasury Bill Tokenization: BWP 50 million in Botswana government T-bills
are tokenized using ERC-3643 compliance standards. The dashboard connects to

Tswana’s existing custodial API to verify asset backing in real-time.

2. Equity Tokenization: BWP 30 million worth of Choppies Enterprises Limited
(a major BSE-listed retailer) shares are tokenized with full regulatory compliance,

including transfer restrictions and investor accreditation requirements.

3. Stablecoin Integration: BWP 20 million in Pula stablecoins are allocated to

provide base liquidity for the AMM module.
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Figure 1: Tswana Asset Managers Protocol Implementation Workflow. The diagram
illustrates the complete flow from traditional assets through the Sereel Dashboard to
vault deployment and global market access. Blue arrows represent asset flows, red dashed
lines represent data/configuration flows.

The compliance configuration process involves setting ERC-3643 parameters includ-

ing:

Investor accreditation requirements (minimum BWP 1 million net worth)

Geographic restrictions (African Economic Community members only)

e Maximum position limits (5% of total vault size per investor)

Know Your Customer (KYC) integration

Phase 2: Vault Configuration and Deployment

Through the Sereel dashboard interface (Section 3.3), Tswana configures their vault

parameters:



AMM Allocation = 40% (BWP 40M) — Choppies/Pula trading pairs (1)
Lending Allocation = 35% (BWP 35M) — Stock collateralized lending (2)

Options Allocation = 25% (BWP 25M) — Covered call writing (3)

The vault deployment automatically creates smart contracts with the following spec-

ifications:

e AMM Parameters: 0.3% trading fees, BWP 40M initial liquidity
e Lending Parameters: 150% collateralization ratio, 8-15% interest rate curve

e Options Parameters: 30-day expiry cycles, 5-20% out-of-the-money strikes

Phase 3: Oracle Integration and Price Discovery

The vault connects to verified data sources using ZK-TLS protocols:
e BSE Price Feed: Real-time Choppies share prices verified cryptographically
e Central Bank Rates: Bank of Botswana policy rates for lending rate calibration

e Currency Rates: BWP/USD exchange rates for cross-border arbitrage

1.2.4 Market Participant Interactions

Once deployed, the vault attracts diverse participant categories:
Local Botswana Traders Retail investors in Gaborone and Francistown gain access

to sophisticated DeF1i tools previously unavailable in the local market. They can:
e Trade Choppies shares with 0.3% fees (vs. 1.5% traditional brokerage)
e Earn yield by providing additional liquidity to the AMM
e Purchase put options to hedge existing BSE portfolio positions

Institutional Investors Pension funds and asset managers from around the partic-

ipate by:



e Accessing Botswana equity markets without traditional custodial requirements
e Lending BWP stablecoins secured by T-bill collateral at competitive rates
e Implementing cross-border diversification strategies

Botswana Market Specialists International investors with expertise in Botswanan

markets can:
e Execute sophisticated options strategies on BSE-listed companies
e Arbitrage between on-chain prices and traditional BSE trading

e Provide deep liquidity during volatile market periods

1.2.5 Capital Efficiency Demonstration

The Tswana vault demonstrates exceptional capital efficiency through multi-purpose de-

ployment:

Traditional Approach : BWP 100M — Single-purpose deployment (4)

Sereel Approach : BWP 100M — BWP 194M effective liquidity (5)

This 94% efficiency gain translates to:

e AMM Revenue: BWP 2.4M annually (0.3% x BWP 800M trading volume)

Lending Revenue: BWP 4.2M annually (12% x BWP 35M lending)

Options Revenue: BWP 3.1M annually (premium collection on covered calls)

Total Revenue: BWP 9.7M (9.7% return on BWP 100M capital)

Compared to traditional asset management fees of 1-2%, the Sereel vault generates
nearly 10% returns while providing enhanced liquidity and risk management tools to the

Botswana capital markets.



1.2.6 Regulatory and Compliance Outcomes

The implementation maintains full regulatory compliance through:

e Automated Reporting: Automated [SO20022 quarterly reports sent to regula-

tory authorities

Investor Protection: ERC-3643 transfer restrictions prevent unauthorized trad-

ing

e AML Compliance: Integrated KYC verification for all participants

Capital Adequacy: 120% overcollateralization maintained across all modules

1S0O20022 Compliance: Messaging standards for financial services

This use case demonstrates how the Sereel Protocol transforms traditional asset man-
agement in emerging markets, creating global liquidity for local assets while maintaining
regulatory compliance and generating superior risk-adjusted returns for institutional par-

ticipants.

1.3 Global Market Access and Trading Volume Amplification

These innovations are naught without real trading activity. We questioned why Sereel
Vaults will enhance trading volume, and we’ve found sufficient evidence to argue that they
will. Recent empirical research by [Wu et al., 2025] provides compelling evidence that par-
allel trading venues between decentralized exchanges (DEXs) and centralized exchanges
(CEXs) create substantial trading volume amplification through arbitrage activity. Their
analysis of CEX-DEX arbitrage on Ethereum demonstrates how this phenomenon trans-
lates to real-world trading volume increases.

Empirical Evidence from CEX-DEX Arbitrage Research: Wu et al. analyzed
19 months of data from August 2023 to March 2025, examining 7.2 million CEX-DEX
arbitrage transactions that extracted $233.8 million in value. Their research reveals that

CEX-DEX arbitrageurs systematically exploit price discrepancies between on-chain DEX



prices and centralized exchange prices. When traders execute purchases on DEXs like
Uniswap, arbitrageurs immediately detect price differences with CEXs like Binance. Arbi-
trageurs execute offsetting trades on centralized exchanges to capture spreads, generating
additional trading volume that would not have occurred without the parallel DEX activ-
ity. This arbitrage activity creates a multiplicative effect where DEX trading naturally
induces corresponding CEX trading volume.

When institutions use Sereel to tokenize BSE-listed stocks like Choppies Enterprises,
it creates the same parallel trading dynamic studied by Wu et al. The tokenized Chop-
pies shares on Sereel’s AMM represent the DEX equivalent, while the traditional BSE
represents the CEX equivalent in this arbitrage relationship.

Tokenization fundamentally expands the investor base for BSE assets by removing
traditional barriers. Geographic accessibility is dramatically improved as global DeFi
traders can access BSE assets without establishing Botswana brokerage accounts. Lower
minimum investments become possible as DeFi protocols allow fractional ownership, elim-
inating high minimum investment thresholds that previously limited participation. The
constraint of limited trading hours is removed as tokenized assets trade continuously,
unlike BSE’s restricted schedule. Additionally, blockchain settlement removes complex
cross-border wire transfer requirements, significantly simplifying the settlement process
for international investors.

Arbitrage-Driven Volume Multiplication: As global investors trade tokenized
Choppies shares on Sereel’s AMM, price discrepancies naturally arise between the on-
chain price and the BSE trading price. Professional arbitrageurs exploit these discrepan-

cies by:

1. Monitoring price differences between Sereel AMM and BSE

2. When Sereel price exceeds BSE price: buying Choppies on BSE and selling tok-

enized shares on Sereel

3. When BSE price exceeds Sereel price: buying tokenized shares on Sereel and selling

on BSE



4. Capturing the spread while equalizing prices across venues

The Sereel Protocol therefore functions not merely as a capital efficiency tool, but as a
market development catalyst. By providing global access to local assets through tokeniza-
tion, it naturally amplifies trading activity on traditional exchanges through arbitrage-
driven volume multiplication—essentially bringing global liquidity to emerging market
exchanges that previously struggled with low trading volumes and limited international
participation, as demonstrated by the empirical evidence in Wu et al.’s comprehensive

analysis of CEX-DEX arbitrage dynamics.

1.4 Related Work

Several prominent DeFi protocols have pioneered different aspects of capital efficiency
and market-making that the Sereel Protocol builds upon, while addressing the unique

challenges of emerging markets.

Automated Market Making Uniswap introduced the constant product formula (z -
y = k) that forms the foundation of on-chain liquidity provision [Uniswap Labs, 2023].
Sereel adopts Uniswap’s reliable constant product model but optimizes fee structures
specifically for emerging market volatility profiles and implements a simplified interface

suitable for institutional users with limited DeFi experience.

Lending Protocols Compound [Compound Labs, 2019] and Aave [Aave, 2020] pio-
neered the pooled lending model with algorithmic interest rates based on utilization.
However, these protocols are primarily designed for established cryptocurrencies rather
than tokenized real-world assets. Morpho enhanced this model by introducing peer-to-
peer matching to improve interest rates [Morpho Labs, 2023], a concept Sereel adapts with
specific modifications for emerging market conditions. Unlike these protocols, Sereel’s
lending module incorporates local currency stablecoins and maintains higher collateral
requirements (typically 150% vs. 110-130%) to account for the higher volatility in emerg-

ing markets.
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Options Protocols Ribbon Finance introduced vault-based options strategies that
generate yield through automated options writing. However, Ribbon operates primarily
on liquid crypto-assets and requires significant market depth. Sereel’s options module
adapts these concepts for less liquid emerging markets by incorporating higher margin
requirements and settlement buffers (10-15%) that account for potential redemption de-
lays when converting tokenized assets back to traditional securities, and oracle price

discrepancies between on-chain and off-chain markets.

Perpetuals and Derivatives Drift Protocol developed advanced on-chain derivatives
with sophisticated risk management for crypto markets. While innovative, Drift’s model
assumes relatively deep liquidity and established price oracles. Sereel’s approach dif-
fers fundamentally by using zero-knowledge TLS for oracle data sourced directly from
local exchanges, addressing the oracle problem unique to emerging market assets where

traditional oracle networks have limited coverage.

Regulatory Compliance Unlike most DeFi protocols that operate with minimal com-
pliance mechanisms, Sereel integrates the ERC-3643 standard [EIP-3643, 2021] for tok-
enized securities. This built-in compliance layer enables institutions to maintain regula-
tory adherence while participating in DeFi activities—a critical requirement for pension
funds, banks, and asset managers in emerging economies with strict regulatory frame-

works.

Multi-Purpose Capital Efficiency Sereel’s key innovation is not simply adapting
these protocols for emerging markets, but combining them into a single capital-efficient
structure. While protocols like Aave, Compound, and Uniswap excel at single-purpose
functions, Sereel’s vault architecture enables capital to simultaneously serve multiple func-
tions. This addresses the fundamental challenge of emerging markets: capital scarcity.
By achieving up to 194% effective capital utilization (as demonstrated in our example),
Sereel makes institutional-grade DeFi viable in markets where capital deployment effi-

ciency is paramount.
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Furthermore, Sereel’s localization to specific emerging economies through integration
with local currency stablecoins addresses the currency risk that has historically deterred
international investors from these markets. This combination of capital efficiency, regu-
latory compliance, and local currency integration creates a DeFi framework specifically
engineered for the unique challenges of institutional participants in developing financial

markets.

2 Protocol Architecture

2.1 Sereel Vault Overview

The Sereel Protocol introduces Institutional Decentralized Finance (InDeFi), addressing

the specific needs of African institutions through:

e Local Currency Integration: All Sereel vaults operate with local currency sta-

blecoins paired with locally-relevant tokenized assets

e Regulatory Compliance: ERC-3643 compliance framework ensures all tokenized

assets meet local regulatory requirements

e Multi-Purpose DeFi Vaults: Assets simultaneously serve multiple functions

across automated market making, lending, and options writing

The mathematical framework for this liquidity multiplication can be expressed as:

AMM Allocation X nanas
AMM Capital Ratio

Effective Liquidity = Base Assets x (1 +

Lending Allocation Options Allocation (6)
Lending Collateral Ratio = Options Margin Ratio

where 14a7ps is the impermanent loss adjustment factor and the ratios are clarified as

follows:
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e AMM Capital Ratio: Percentage of capital actively deployed (e.g., 0.75 = 75%

active, 25% reserve)

e Lending Collateral Ratio: Overcollateralization requirement (e.g., 1.50 = 150%

collateral per unit of fiat borrowed)

e Options Margin Ratio: Margin requirement for options writing (e.g., 1.20 =

120% margin for covered calls)

Example 1. Liquidity Multiplication in Practice: Consider a $1M vault deployed
in Rwanda with the following parameters (using dollars for demonstration purposes, but

all assets are priced in local currency):

e Base Assets: $§1,000,000 split evenly between tokenized Bank of Kigali (BK) equity
and RWE stablecoins

o AMM Allocation: 40% ($400,000)
e Lending Allocation: 40% ($400,000)
e Options Allocation: 20% ($200,000)
o AMM Collateral Ratio: 75%

e Lending Collateral Ratio: 150%

e Options Margin Ratio: 120%
Applying our formula:

0.4 04 0.2
Effective Liquidity = $1M 1+ —4+—4+— ) =9%1M x 1.94 =51.94M
ffective Liquidity = $1M X ( + 075 + 5 + 12) $1M x 1.94 = $1.9

This represents a 94 % increase in effective capital utilization without requiring addi-

tional investment.
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2.2 Core Components
2.2.1 Automated Market Making: Uniswap V4 Mathematical Framework

The Sereel AMM Module implements the Uniswap V4 constant product formula [Uniswap
Labs, 2023] with dynamic parameters optimized for emerging market conditions. The

fundamental invariant maintains:

x-y==k (7)

where x and y represent the reserves of tokens in the pool, and k is the invariant
constant.
Price Discovery Mechanism: The instantaneous price of token X in terms of token

Y is given by:

dy y
Py=-2="2 8
X dv =z ()

For a trade of size Az, the price impact can be calculated as:

y - Ax
Ay = 9
- + Ax )
The effective price paid is:
Ay y
Pe ective — A _ — 10
ffect Azr o+ Ax (10)

Constant Fee Structure: Sereel implements a fixed fee rate determined by the

vault creator at deployment:

f = fvault (11)

where f,qu¢ 1S the upgradeable fee rate set during vault initialization, typically ranging
from 0.1% to 1.0% (10-100 basis points) depending on the underlying asset volatility and

expected trading volume in the target market.
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Liquidity Provider Returns with Impermanent Loss Adjustment: LP token
value appreciation follows:

LPyatue(t) = LPyqtue(0) - T+ Foaue - Vi) - mic(t) (12)

2(0) - y(0) L4
where V; represents the i-th trade volume, f,q.u: is the constant fee rate, and the

impermanent loss factor is:

1
nip(t) =1— 502pt0kenst + (’)(tz) (13)

with ¢ being the volatility differential between tokens and pyogens their correlation.

2.2.2 Morpho-Style Peer-to-Peer Lending Mathematics

The Sereel Lending Module implements a single-market peer-to-peer lending protocol
similar to Morpho [Morpho Labs, 2023|, optimized for emerging market tokenized assets.
Each lending market consists of exactly one collateral token (tokenized RWA) and one
supply token (local currency stablecoin).

Market Structure: Each lending market is defined by the pair (C,S) where:
e (' = collateral token (e.g., tokenized Bank of Kigali equity)
e S = supply token (e.g., RWF stablecoin)

Health Factor Calculation: For a borrower’s position in market (C,.S), the health

factor is:

Camount : PC’ LT

HF =
Bamount'PS'(l—i_r't)

(14)
where:

o Cumount = quantity of collateral deposited

e Py = price of collateral token in local currency

e LT = liquidation threshold (typically 0.75-0.85 for quality RWAs)
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® Bumount = quantity of supply token borrowed
e Pg = price of supply token (= 1 for stablecoins)

e 1 = current borrowing interest rate

t = time elapsed since borrowing

Peer-to-Peer Interest Rate Matching: Following Morpho’s design [Morpho Labs,
2023], the lending module attempts to match borrowers and lenders peer-to-peer at im-
proved rates. The rate improvement Ar is split between both parties:

For matched positions:

Tborrower = Tpool — Ar - o (15)

Tlender = Tpool + Ar - (1 - Oé) (16)

where 7,0 is the base pool rate and « € [0, 1] determines the rate improvement split.

Liquidation Integration: When HF < 1, positions are processed through Sereel’s
Unified Liquidation Engine (Section 2.3), which coordinates liquidations across all vault
modules to maximize capital efficiency and minimize penalties for emerging market par-
ticipants.

Interest Rate Calibration: The base interest rate follows a kinked model calibrated

for emerging markets using historical data from East African lending markets:

U .
(U) To + Uoptimal * T'slopel it U S Uoptimal (17)
r =
U—U,ptimal .
To + Tslopel + I,U::t;:jl * T'slope2 it U > Uoptimal

where U = Total Borrowed 1) q calibrated parameters for Rwanda are:
Total Supplied

e 79 = 0.05 (5% base rate, reflecting central bank policy rate)
o Usptima = 0.70 (70% optimal utilization, conservative for emerging markets)

® soper = 0.02 (2% slope below optimal)
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® sope2 = 0.80 (80% slope above optimal, steep to discourage over-borrowing)

These parameters reflect the higher risk premiums and liquidity constraints typical in

emerging market lending.

2.2.3 Black-Scholes Options Pricing with Emerging Market Adaptations

The Sereel Options Module implements a modified Black-Scholes framework [Black and
Scholes, 1973] adapted for emerging market volatility patterns and limited liquidity.

Classical Black-Scholes Formula: For a European call option:

C == Soq)(dl) — K€_TT¢(d2) (18)

For a European put option:

P=Ke "®(—dy) — So®(—dy) (19)

where:

~ In(So/K) + (r+0%/2)T
— T
dy = dy —oVT (21)

dy (20)

Volatility Adjustment: Sereel implements a stochastic volatility model to account

for the higher volatility clustering in emerging markets:

Ot = Opase * 6>\Vt (22)

where V; follows an Ornstein-Uhlenbeck process:

dVy = —kVdt + ndW, (23)
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Liquidity-Adjusted Greeks: The delta calculation incorporates liquidity constraints:

(24)

Position Size
Market Depth 7

Aggj = Aps - (1

where 7 is the liquidity impact parameter calibrated to local market conditions.

The practical implementation of our stochastic volatility model demonstrates superior
performance compared to constant volatility assumptions commonly used in traditional
derivatives pricing. Figure 2 illustrates the mean-reverting behavior of volatility over a

100-day simulation period.

Stochastic Volatility
(Ornstein-Uhlenbeck)

0.30 A

0.28 A
2 0.26 1
E
£ 0.241

0.22 A

= Stochastic Volatility
Base Vol (25.0%)
0.20 1 +20% Band
0 20 40 60 80 100
Time Steps

Figure 2: Ornstein-Uhlenbeck Stochastic Volatility Evolution. The purple line shows the
volatility path over 100 time steps, demonstrating mean reversion to the base volatility
level (gray dashed line) with confidence bands. This model captures the volatility clus-
tering phenomena observed in emerging market assets, providing more accurate options
pricing than constant volatility models.

The mean-reverting properties of the Ornstein-Uhlenbeck process prove particularly
valuable for emerging market applications, where volatility shocks tend to dissipate over
time rather than persist indefinitely. The x = 2.0 parameter calibration ensures that
volatility deviations from the long-term mean correct within approximately 6 months,
consistent with empirical observations from African equity markets.

Counterparty Risk and Settlement Reserves: To address counterparty risk in
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options markets, the vault maintains additional reserves:

Required Reserves = Z Options Notional, x CR; x PD; (25)

where C'R; is the counterparty risk factor and PD; is the probability of default for
counterparty 1.
Collateral Requirements for Options Writing: For covered calls using vault

assets:

Collateral Required = max(Sy x (1 + Margin Buffer), Strike x e x ®(dy))  (26)

For cash-secured puts:

Collateral Required = K x "7 x ®(—dy) x (1 + Settlement Buffer) (27)

where Settlement Buffer = 10-15% accounts for potential settlement delays in emerg-
ing markets.
Risk Management: The total portfolio variance accounts for cross-module correla-

tions:

Var|Riotal] = Z WW; 0505 P; 5 (28)
1,5

2.3 Unified Liquidation Engine

The Sereel Liquidation Engine further increases the capital efficiency of the Protocol. By
consolidating liquidation processes across all vault modules, it minimizes the impact of

forced liquidations on market prices and enhances overall system stability.
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2.3.1 Architectural Innovation: Multi-Module Liquidation Framework

Traditional DeFi protocols operate isolated liquidation systems where each module (lend-
ing, AMM, options) manages risk independently. The Sereel approach fundamentally dif-
fers by implementing a Unified Liquidation Engine that coordinates risk management

across all vault modules simultaneously.

2.3.2 Cross-Module Health Factor Aggregation

The unified health factor calculation incorporates position risks across all modules:

Ziwi'CVi'CFi'ni

HFunz ied —
! > Di- (M +rj-t5)- &

(29)

where:

CV; = collateral value in module i (AMM LP tokens, tokenized assets, cash)

C'F; = collateral factor for asset type ¢ (adjusted for emerging market volatility)

e 7, = cross-module correlation adjustment factor

D; = debt amount in module j
e r; = interest rate in module j
e ¢, = module-specific risk weighting factor

Emerging Market Calibration: Collateral factors are dynamically adjusted based

on local market conditions:

CFadjusted - CFbase : (1 — Olocal * avolatility) : (]- - ILexpected : 6liquidity) (30)

where 075, captures local market volatility premiums and ILcgpecteq accounts for

impermanent loss risk in AMM positions.
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2.3.3 Tick-Based Batch Liquidation Architecture

Inspired by Uniswap V3’s tick logic but adapted for multi-asset institutional vaults, the

Sereel engine organizes positions into discrete health factor ranges:

E k+1

Ticky = | —— 272
1o [1000’ 1000

> for k € {800,801, ...,999} (31)

When market conditions cause multiple positions to breach the liquidation threshold

(HF < 1.0), all positions within the same tick are liquidated simultaneously, achieving:

e Gas Efficiency: 70-80% reduction in gas costs compared to individual liquidations
e Reduced Slippage: Batch processing minimizes market impact

e Fair Liquidation: Eliminates MEV extraction through first-come-first-served ex-

ecution

2.4 MEYV Recapture and Value Redistribution

The Sereel Protocol implements a sophisticated MEV recapture mechanism that redirects

extracted value back to vault participants and the broader ecosystem.

2.4.1 Oracle Extractable Value (OEV) Integration

Using our zkTLS oracle infrastructure, Sereel integrates OEV recapture directly into the

liquidation workflow:
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Algorithm 1 Sereel OEV-Enabled Liquidation Process
Input: Health factors {H F;}, Market prices {P;}, Liquidation thresholds {L7}}
Output: Liquidated positions, Recaptured OEV value

1: liquidatable_positions < {i : HF; < 1.0}

2: tick_groups <— GroupByTick(liquidatable_positions)

3: for each tick_group in tick_groups do

4: estimated_oev <— CalculateOEV (tick_group)

5: auction_params < SetupMEVAuction(estimated_oev)
6: winning_bid <— ConductAuction(auction_params)
7: if winning_bid > minimum_threshold then
8: execute_batch < BatchLiquidate(tick_group)
9: oev_captured < winning_bid - 0.6 > 60% to vault
10: DistributeOEV (oev_captured, vault_participants)
11: else
12: StandardLiquidate(tick_group)
13: end if
14: end for

Value Distribution Model: Captured OEV is distributed according to the following

allocation:
Vault Participants : 60% — LP rewards, reduced borrowing costs (32)
Protocol Treasury : 25%  — Development, insurance fund (33)
Oracle Infrastructure : 10% — ZK-TLS maintenance (34)
Liquidation Rewards : 5% — Keeper incentives (35)

2.4.2 Flash Loan Integration for Capital Efficiency

The liquidation engine seamlessly integrates with flash loan protocols to enable capital-
efficient liquidations:
Liquidation Profit = (CV - LB) — (D - (14 FLy¢..)) — Gas Costs (36)

where LB is the liquidation bonus and F' Ly, is the flash loan fee rate.
For emerging markets where traditional flash loan providers may have limited cover-

age, Sereel implements an internal flash loan mechanism funded by vault reserves:
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Internal Flash Capacity = min(0.15 - Vault TVL, Available Reserves) (37)

2.5 Risk Management and Cascade Prevention
2.5.1 Progressive Liquidation Strategy

To prevent liquidation cascades that could destabilize emerging market assets, Sereel
implements a progressive liquidation approach:

Stage 1: Partial Liquidation (HF € [0.95, 1.00])

Liquidation Amount = min(0.25 - Position Size, Amount to restore HF ; 1.1)  (38)

Stage 2: Standard Liquidation (HF € [0.85, 0.95])

Liquidation Amount = min(0.50 - Position Size, Amount to restore HF ; 1.2)  (39)

Stage 3: Full Liquidation (HF <0.85) Complete position liquidation with maxi-

mum penalty applied.

2.6 Risk Management and Stress Testing Framework
2.6.1 Monte Carlo Stress Testing

Sereel employs Monte Carlo simulations to validate capital efficiency under extreme sce-
narios:

Simulation Parameters:

e Price Shocks: +50% movements in underlying assets
e Liquidity Crises: 90% reduction in trading volume
e Interest Rate Spikes: 500 basis point increases

e Correlation Breakdown: Cross-asset correlations approaching 1.0
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Capital Adequacy Under Stress: Monte Carlo results (10,000 simulations) show:

E ted Loss — Capital Buff
P(Vault Insolvency) = @ ( RPECLEC Zoss — apiial P er) < 0.01 (40)
O portfolio
The 99% Value-at-Risk is maintained through dynamic capital buffers:
Required Buffer = 1.65 - 0portfolio + Expected Loss (41)

Stress Test Results Summary:

e Mild Stress (95th percentile): Vault maintains 120% overcollateralization

e Severe Stress (99th percentile): Vault maintains 105% overcollateralization
e Extreme Stress (99.9th percentile): Orderly liquidation procedures activate

Empirical Validation of Stress Testing Framework: Our comprehensive Monte
Carlo simulation framework validates the mathematical models under extreme market
conditions. The code for this simulation is available in the supplementary materials.
Figure 3 demonstrates the vault value distribution across 10,000 simulation scenarios,
incorporating correlated shocks, liquidity crises, and correlation breakdown events.

The simulation results confirm that even under extreme stress scenarios, the protocol
maintains relative structural integrity. The 99% Value-at-Risk indicates maximum poten-
tial losses of approximately 15% under severe market distress, while the 99.9% threshold
captures black swan events with losses not exceeding 35% of base capital. This tail risk
profile is consistent with institutional risk management requirements for emerging market

investments.

2.6.2 Regulatory Risk Framework

Given emerging market regulatory uncertainty, Sereel implements adaptive compliance:

Regulatory Capital Adjustment:

Regulatory Buffer = Z RC; - w; - Asset Value; (42)
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Figure 3: Vault Value Distribution Under Extreme Stress Testing. The histogram shows
outcomes across 10,000 Monte Carlo simulations with Value-at-Risk thresholds at 95%,
99%, and 99.9% confidence levels. The distribution centers around $800,000 base assets
with manageable tail risk, validating the protocol’s resilience under stress scenarios.

where RC; represents regulatory capital requirements that adjust based on local bank-
ing regulations.

Shadow Banking Risk Mitigation:
1. Transparency: All positions reported to local financial authorities
2. Capital Limits: Maximum vault size capped at 5% of local market capitalization

3. Professional Investor Restriction: ERC-3643 compliance ensures only qualified

institutional participants

3 Key Technical Components

3.1 Verifiable Oracles

The Sereel Protocol relies on oracles not only to verify asset backing, but also to pro-

vide real-time price feeds for the vaults. In the RWA space, this is typically done with
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an oracle network such as Chainlink or Redstone. However, because most vault man-
agers are institutions with readily-available price feeds, Sereel uses cutting-edge verifiable
Transport Layer Security (TLS) for reliable data feeds at a fraction of the cost. This
enables support for even the most exotic pairs (e.g. tokenized Zimbabwean lithium for

ZiG stablecoins).

3.1.1 ZK-TLS for Verifiable Oracle Data

To provide trustworthy oracle data while minimizing costs, Sereel implements zero-
knowledge Transport Layer Security (ZK-TLS) for verifiable data feeds. ZK-TLS proto-
cols enable cryptographic verification of data transmitted over standard TLS connections,
ensuring data integrity while preserving privacy.

There are two primary approaches to zkTLS implementation: MPC-TLS and Proxy-
TLS, each with distinct security models and performance characteristics. In this section,
we’ll describe the tradeoffs of various methods and explain why we selected Xie et al.

[2023).

3.1.2 MPC-TLS Approach

In the MPC-TLS approach, the attestor (notary) and client execute a two-party compu-
tation (2PC) protocol to simulate the client side of the TLS handshake. The protocol

operates as follows:

1. The client and attestor run 2PC protocols during the TLS handshake phase, with

each party holding shares of the session keys after completion

2. They execute another 2PC protocol to compute the ciphertext of the request, in-

cluding AES function computation and tag generation

3. The client receives the response ciphertext from the data source and forwards it to

the attestor

4. The attestor sends key shares to the client, who then proves to the attestor that

the ciphertext is valid and satisfies required properties
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The key advantage of MPC-TLS is that the client never possesses the complete ses-
sion key during the handshake phase, providing stronger security guarantees through

distributed trust.

3.1.3 Proxy-TLS Approach

In the Proxy-TLS approach, the attestor acts as a proxy between the client and data
source, forwarding all TLS transcripts. The attestor records both handshake transcripts
and ciphertexts exchanged between parties. Subsequently, the client proves to the attestor
in zero-knowledge about the validity of the ciphertexts.

This approach eliminates the computationally intensive 2PC protocols used in MPC-
TLS, but introduces a stronger network assumption: the attestor must ensure a direct
connection to the authentic data source. If this condition is not met, a malicious client
could potentially falsify data.

Proxy-TLS implementations typically employ one of two verification strategies:

e Option 1: Proving Key Derivation Function (KDF) and AES encryption consis-

tency
e Option 2: Proving public padding and AES encryption for HTTPS connections
with fixed public elements
3.1.4 Performance Analysis and Implementation Choice

Recent benchmarking results demonstrate significant performance differences between

approaches:

e MPC-TLS: Garble-then-prove systems (e.g., Primus) achieve up to 10x faster

performance than traditional MPC-TLS solutions

e Proxy-TLS: QuickSilver-based implementations show 30x to 145x performance

improvements over alternatives

e Communication Overhead: zkSNARK-based Proxy-TLS solutions reduce com-

munication size by up to 18x compared to garbled circuit approaches
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For Sereel’s oracle implementation, we selected the Proxy-TLS approach using the
garble-then-prove protocol with QuickSilver zero-knowledge proofs. This decision was

based on:

e Performance Requirements: Proxy-TLS offers significantly lower computational

overhead and latency

e Cost Efficiency: Reduced infrastructure requirements compared to coordinated

MPC-TLS deployment

e Sufficient Security: The network assumption of direct attestor-to-source connec-

tion is reasonable for institutional oracle providers

e Scalability: Better suited for high-frequency price feed updates required in emerg-

ing market contexts

In the Sereel implementation, oracle data for tokenized assets is verified through the

following process:

Oracle Attestation = ZKP(TLSsource—proxy, Data, Time, KDF Consistency) (43)

where ZKP represents a zero-knowledge proof that the data was received through a
valid TLS connection from the authoritative source, with cryptographic verification of
key derivation and AES encryption consistency across all message blocks.

This approach enables Sereel to connect directly to authoritative price sources such
as the Rwanda Stock Exchange API, central bank interest rate databases, and major
financial data providers while maintaining cryptographic guarantees of data integrity
and minimizing operational costs—critical factors for sustainable oracle operations in

emerging markets.
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3.2 Native Bridging

Our stablecoins and ERC3643 tokens are natively bridgeable to multiple chains thanks
to VIA Labs’ token bridge [VIA Labs, 2024]. Institutions can select a blockchain they
want to provide their vault’s liquidity on. If an institution wants to work on a chain that

we do not support, we have the facilities to add it in reasonable time.

3.3 Sereel Dashboard

Wallet management and tokenization are nontrivial tasks that require careful manage-
ment of keys and regular asset auditing. Large institutions often have in-house blockchain
teams that develop custom solutions for these challenges. However, most African institu-
tions not only lack the access to talent for this, but also the time and resources required
to maintain them.

The Sereel Dashboard is all an institution needs to participate in the Sereel Protocol.
We house a multi-signature wallet that is controlled by stakeholders’ hardware wallets
(passkeys or yubikeys). These multi-sig wallets maximize the security of the assets by
requiring multiple approvals before any transaction is made. The Dashboard also provides
a user-friendly tokenization engine that connects with trust account interfaces (typically
APIs) that verify asset backing in real time.

Institutions can custody and tokenize on the Sereel Dashboard, then ultimately create
a vault and provide liquidity. The product is designed to be intuitive, without extensive

knowledge of blockchain or decentralized finance necessary.

4 Empirical Validation and Performance Analysis

4.1 Cross-Module Synergy Verification

Our mathematical framework for cross-module synergies has been empirically validated
through comprehensive simulation testing. Figure 4 quantifies the synergistic effects

between AMM, lending, and options modules, demonstrating measurable yield enhance-
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Figure 4: Cross-Module Synergy Contributions. The bar chart shows synergy yields in
basis points for each module interaction: AMM-Options synergy from improved liquid-
ity provision, AMM-Lending synergy from LP token collateral utilization, and Options-
Lending synergy from delta-hedging efficiency. Total synergy contributions validate the
180-300 basis point enhancement claimed in our capital efficiency model.
ments beyond individual module performance.

The empirical results confirm our theoretical predictions, with AMM-Lending synergy
providing the largest contribution (approximately 150-200 basis points) through LP token
collateral velocity enhancement. The AMM-Options synergy, while negative in sign due

to spread compression benefits, contributes positively to overall returns by improving

options market efficiency.

4.2 Correlation Matrix Dynamics

The correlation matrix implementation demonstrates the protocol’s ability to adapt to
changing market conditions. Figure 5 shows both base correlations under normal market
conditions and stressed correlations during crisis scenarios.

The stress-adjusted correlation matrix validates our cascade prevention mechanisms.
When correlations exceed 0.8 (our circuit breaker threshold), the protocol implements

module isolation procedures to prevent systemic failures across the integrated vault struc-
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Figure 5: Cross-Module Correlation Matrix Under Stress. The heatmap displays correla-
tion coefficients between AMM, Lending, and Options modules. During stress scenarios,
correlations increase toward dangerous levels (approaching 1.0), triggering circuit breaker
mechanisms to prevent cascade failures. The mathematical framework properly captures
the increased systemic risk during market turbulence.

ture.

5 Conclusion

The Sereel Protocol represents a paradigm shift in how capital markets can leverage
blockchain technology to overcome traditional limitations. By creating unified vaults
that simultaneously serve multiple functions, we unlock unprecedented yield opportunities

while maintaining regulatory compliance and reducing systemic risk.
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A Appendix

A.1 Simulation Result Summaries
A.1.1 Risk-Return Profile Analysis

The risk-return characteristics of Sereel vaults demonstrate superior performance com-
pared to traditional single-purpose deployments. Figure 6 illustrates the relationship
between portfolio losses and yields across various market scenarios.

The analysis reveals that Sereel’s integrated approach maintains positive yields even
during moderate portfolio stress, validating the resilience of the multi-purpose capital

deployment strategy in emerging market conditions.

A.1.2 Systemic Risk Event Analysis

Comprehensive stress testing reveals the frequency and impact of various systemic risk
events. Figure 7 quantifies the probability of different failure modes across the simulation
framework.

The systemic risk analysis demonstrates that correlation breakdown events occur in
approximately 5% of simulations, while compound failures (multiple simultaneous risk
events) remain below 0.5%, confirming the robustness of the cascade prevention mecha-

nisms.
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A.1.3 Risk Component Decomposition

The comprehensive risk framework identifies and quantifies different sources of portfolio
risk. Figure 8 provides a detailed analysis of risk contributions from various sources.
The risk decomposition analysis confirms that market risk dominates the risk pro-
file at 32.8%, consistent with emerging market volatility characteristics. The relatively
low operational risk (cascade potential) validates the effectiveness of the protocol’s risk

management architecture.
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A.2 Figures

Risk-Return Profile
(Red = Correlation Breakdown)

3 1 = Mean Yield @ o o 8 Da
o u* ‘ 1.0
2 -
0.8
1 -
= 0 - - 0.6
ke
2 i i
< =1 o 0.4
] o)
=& - 0.2
-3
— 0.0
—4

-5 0 5 10 15 20 25 30
Portfolio Loss (%)

Figure 6: Risk-Return Profile Across Market Scenarios. The scatter plot shows portfolio
loss percentage versus annualized yield across 10,000 simulations. Red points indicate
correlation breakdown scenarios. The blue line represents the efficient frontier, demon-
strating that higher yields are achievable even during moderate stress periods through
the multi-module vault architecture.

35



Systemic Risk Event
Frequencies (%)

5 4.93%
4 -
9
> 31
(@]
=
]
3
g2
LL
1 p
0 0.00% 0.00%
Correlation Cascade Compound
Breakdown Events Failures

Figure 7: Systemic Risk Event Frequencies. The bar chart shows the percentage oc-
currence of correlation breakdown events, cascade failures, and compound risk scenarios
across 10,000 Monte Carlo simulations. The low frequency of compound failures (si-
multaneous correlation breakdown and cascade events) validates the effectiveness of the
protocol’s risk management framework.
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Figure 8: Risk Component Breakdown Analysis. The chart decomposes total portfolio
risk into market risk (price volatility), liquidity risk (depth constraints), correlation risk
(module interdependence), and operational risk (cascade potential). The 32.8% market
risk component reflects the higher volatility environment typical of emerging market
assets.
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