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Decentralized Finance

Blockchains with smart contracts like Ethereum have Trading Volume on Blockchains (Monthly)
iIntroduced a new era of programmable finance
protocols known as Decentralized Finance (DeFi).

» DeFi applications such as Decentralized
Exchanges (DEXs) have surged in popularity in
recent years, reaching monthly trading volumes of
$372b USD in November 2024. ' 2001 " 2022 " 2003 " 2004

Trading Volume Dominance by Blockchain (Monthly)

= The increasing popularity of DeFi applications on ; — —

Ethereum resulted in rising transaction fees.

This led to the development of alternative smart
contract blockchains and Ethereum rollups.

= Consequently, the DeFi ecosystem is now spread e @Sy 2ases
across multiple chains. ST S
®BSC 9.49 % @® Optimism 1.36 %
Arbitrum 9.03 % Others 5.9 %
Polygon 2.39 %

Source: DeFilLlama
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https://defillama.com/

Maximal Extractable Value

With the rise of DeFi and increasing economic activity MEV-Boost Payments per Block
iIn blockchain networks, Maximal Extractable Value

o o . —*—Median MEV-Boost Payment
(MEV) has become increasingly important: . - v o |

= MEV refers to the maximal value that can be
extracted during block production by inserting,
reordering, or excluding transactions in blocks.

= Since September 2022, an estimate of the
Realized Extractable Value (REV) on Ethereum is
589,720 ETH, equivalent to $2,321,993,014 USD.

REV on Ethereum (in ETH)

= The majority of MEV activity is attributed to
arbitrage.

Source:
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https://mevboost.pics/

Cross-chain Rebalancing Arbitrage TUM

Blockchain A Blockchain B % Silver Token
Eﬁ_@_@ ﬁa_@'_@ % Gold Token
Initial Exchange Rate Exchange Rate
Portfolio 100 % 5 Gold 200 % 1 905 -Goid
Silver Silver

Arbitrage 100 % — % 200 200 % — % 105
Final 200 105
Portfolio

AGold Token = 0 ASilver Token = +5
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Research Questions

What is the current state of research on cross-domain MEV, particularly cross-domain
arbitrage?

RQ 1

opportunities?

{ What methodology can robustly identify cross-chain rebalancing arbitrage

pportunities?

What is the potential maximal value, and the actual value extracted through cross-
chain rebalancing arbitrage between Ethereum and Polygon, who are the searchers

[ What methodology can robustly quantify exploited cross-chain rebalancing arbitrage }
0
involved, and what is the profitability of this strategy? }
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Arbitrage Opportunity Analysis TUM

Token Selection Trading Activity

» Long-tail assets that are exclusively traded on
DEXs, as well as popular assets that are traded
on both DEXs and Centralized Exchanges (CEXSs),
are considered.

Pair Trades Volume %Ethereum Volume

GENE-WETH 23,408  $23,894,265.48 77.87%

= Hypothesis: Assets that are traded on CEXs are BANANA-WETH 15971  $13,013,190.53 63.67%
arbitraged predominantly via CEXs because of WMATIC-WETH 1,336,794 $1,914,504,949.21 19.34%
improved liquidity and fee structures. USDC-WETH 1,461,405 $47,929,155,995.1 99.22%

Table: Trading Activity of the considered liquidity pools
from 01.10.2023 till 31.03.2024.
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Arbitrage Opportunity Analysis TUM

Possible Arbitrage Paths

Determine Profitable Arbitrage Path

= Retrieve exchange rates from the liquidity pools Q ethereum Cp p0|ygon

on Ethereum and Polygon: EEJ* and EE%
Path 1

Eth

= Compute the net gain factor: EEJ* x EE2! = Eifl

Ecs

( Eth

Gold, lf Pol >1

Eth

Silver, lf Pol <1

=  Start Asset Ethereum = <

\

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon © sebis 10



Arbitrage Opportunity Analysis

Binary Search: Optimal Input and Revenue

Determine Optimal Token Input Amount

= Conflict of objectives:

= The higher the number of tokens inputted, the
higher the potential arbitrage revenue.

= The higher the number of tokens inputted, the
worse the execution price will be.

= Binary Search is conducted to determine the
optimal number of input tokens.

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon

Lower
Boundary

to $30

Simulated Revenue: $0.21

Lower
Boundary

t $30

Simulated Revenue: $0.21

Lower
Boundary

tia $2,304

Simulated Revenue: $123.21

Middle

$150,015

Simulated Revenue: -$240.12

Higher
Boundary

$300,000

Simulated Revenue: -$1240.12

 —»

Middle

$75,023

Simulated Revenue: -$70.84

Middle

$2,306

Simulated Revenue: $123.34

Higher
Boundary

$150,015

Simulated Revenue: -$240.12

Higher
Boundary

$2,308

Simulated Revenue: $123.13
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Arbitrage Opportunity Analysis TUM

Multithreading

Opportunity Analysis

= Arbitrage revenue opportunities are computed for
each Ethereum block (every 12 seconds) from
October 1, 2023, to March 31, 2024.

Threads RPC Endpoints (=10)

G Blockchain
Opportunity Q

= Further metrics like Required Capital and Return Analysis Algorithm

on Initial Capital (ROIC) are computed. Q @4__.@

= A major challenge we faced was the rate limits . e
iImposed by RPC node providers - Multithreading.
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Arbitrage Quantification

Ethereum Transaction

® Transaction Hash:
(® Status:
® Block:

® Timestamp:

% Transaction Action:

0x5270851¢cd1663070ef186ce5d02150bdef7553d86a44913536ee44d4a6689237

@ Success

@ 19265877 2142675 Block Confirmations

® 299 days ago [Feb-20-2024 02:15:35 AM UTC)

Swap|848.346778452855805696 3286481)IO BANANA or11.307431461563537344 $5,085.60)p WETHJon @& 1tinch

® From:

0xcA74F404E0C7bfA35B13B511097df966D5a65597

® Interacted With (To):

0x1111111254EEB25477B68fb85Ed929f73A960582 (Aggregation Router V5) (]

Polygon Transaction

|® Transaction Hash:
I® status:
I® Block:

I® Timestamp:

% Transaction Action:

I® From:

@ Interacted With (To):

0x6c5b0a0200939bb09ed8b7287002c7eb6c6a644752ae523b9ed81b4157b0c249d

@ Success

53729021 11786683 Block Confirmations

©® 299 days ago IFeb—20—2024 02:15:29 AM UTC)

3wa33,892.95)|@ WETHIFor 847.500766273986517129|($286.76)| €D BANANAIOn @ QuickSwap
OxcA74F404E0C7bfA35813B511097df966D5a65597

0xa5E0829CaCEd8fFDD4De3c43696c57F7D7A678ff (QuickSwap: Router) (L) @
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Relevant Markers

» The asset sold on Ethereum
matches the asset bought on
Polygon and vice versa.

= The number of tokens sold on
Ethereum matches the number of
tokens bought on Polygon.

= Time difference of 6 seconds
between the execution of both txs.

» The address that signs the
transaction is the same on both
chains.

Sources: Etherscan, Polyvgonscan
© sebis 13



https://etherscan.io/tx/0x5270851cd1663070ef186ce5d02150bdef7553d86a44913536ee44d4a6689237
https://polygonscan.com/tx/0x6c5b0a0200939bb09ed8b7287002c7e6c6a644752ae523b9ed81b4157b0c249d

Arbitrage Quantification TUM

. Dune

1. The time difference between the execution of both
transactions must be less than 60 seconds. \ll

Fetch all transactions for the
i ) considered token.

2. The asset sold on Ethereum matches the asset
bought on Polygon and vice versa.

"Q“ Match these transactions

3. The number of tokens bought on Ethereum does Rt according to the heuristics.
not differ more than 3% from the number of
tokens sold on Polygon or vice versa.

4. Either the address that signs the transaction is the Retrieve relevant metrics for
same for both transactions, or the receiving e the detected arbitrages.

address is identical for both txs (smart contract).
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Limitations

Opportunity Analysis

Arbitrage Quantification

» The opportunity analysis is conducted for each = On-chain transactions for the assets MATIC and
Ethereum block (every 12 seconds) and thus might USDC could only be retrieved for specific dates.
not include short-term opportunity fluctuations. This limits the analysis to these days.

= Because of the upper boundary of the Binary » The selected heuristics are mostly trade-offs to
search, computed revenue opportunities might be exclude unrelated activities. It cannot be ensured
capped (only relevant for CEX pairs). that all arbitrage transactions are included.

» The opportunity computation is limited to the most
liquid liquidity pools for each token pair.

- Most of the limitations are caused by the rate limits of blockchain data providers (Dune, RPC node providers).

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon © sehis 15
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Arbitrage Opportunity Analysis

Profit Metrics

Pair MAV | %Volume Max Profit [Avg Profit | Avg Profit Margin
GENE-WETH $170,830.40 071%  $6,419.76 $42.85 65.26%
BANANA-WETH | $92,764.20 0.71%  $9,259.26 $28.60 61.14%
WMATIC-WETH | $26,031.88 <0.01%  $4,982.08 $518.81 78.57%
USDC-WETH $16,710.15 <0.01%  $2,577.34 $136.95 64.39%

Table: Profit metrics for arbitrage opportunities between Ethereum and
Polygon with profits larger than $10 from 01.10.2023 till 31.03.2024.

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon

Main Insights

= There is an empirical maximal arbitrage value
(MAV) of $306,336.63 USD for the analyzed pairs.

» The maximal value extractable by arbitrage is
higher for the pairs that are only traded on DEXSs.

= |f they occur, the profit opportunities for the CEX-
traded pairs are higher on average.

© sebis 17



Arbitrage Opportunity Analysis TUM

Duration Metrics Main Insights

» The duration of arbitrage profit opportunities is
significantly longer for the assets that are not listed

on CEXs.
Pair Avg Duration | |%Profit Blocks | |Avg Required Capital | Avg ROIC ) . )
GENE-WETH 3:52 min 7.68% $3,577.23 090% The pe rC_e_”taQe (_)f b_I(_)CkS Wlth arbitrage profit
BANANA-WETH 2:40 min 2.78% $2,277.36 1.16% opportunities is significantly higher for the assets
WMATIC-WETH 0:47 min 0.03% $97,516.23 0.29% that are not listed on CEXs.
USDC-WETH 0:21 min 0.02% $55,350.78 0.16%

Table: Duration metrics for arbitrage opportunities between Ethereum i o e e g
and Polygon with profits larger than $10 from 01.10.2023 till 31.03.2024.  ® The average required capital is significantly lower

for the DEX-only token pairs.

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon © sehis 18



Arbitrage Quantification Analysis

Pair Total Profits Max Profit Avg Profit Avg Profit Margin
GENE-WETH $16,970.28 $788.45 $58.72 75.69%
BANANA-WETH $29,781.35  $1,281.75 $67.38 74.14%

Table: Profit metrics for detected arbitrages between Ethereum and
Polygon with profits larger than $10 from 01.10.2023 till 31.03.2024.

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon

TUTI

Profit Metrics Main Insights

The algorithm detected 289 cross-chain
rebalancing arbitrages for the GENE-WETH pair
and 442 for the BANANA-WETH pair.

In more than 95% of the detected arbitrages, the
profit was realized in WETH.

The average execution time of 9 seconds
demonstrates a major advantage of the rebalancing
strategy compared to strategies involving bridges.

© sebis 19



Connecting Opportunity Analysis and Arbitrage Quantification TUM

Case Study: (Exploited) Arbitrage Opportunities Sequence of Events

EOR e iy I 1. An entity swaps 10.97 ETH for BANANA on
6000 ] Ethereum (and gets sandwich-attacked). This
destabilizes the pool reserves.
g 2. The instability leads to a searcher executing an
g 4000 ] atomic arbitrage on Ethereum.
20001 | 3. Following these events, there is a significant price
discrepancy between the analyzed BANANA-
. L [™] WETH liquidity pools on Ethereum and Polygon.

Time

Figure: Quantified arbitrage profits and arbitrage profit opportunities for BANANA-
WETH between Ethereum and Polygon on 20.02.2024 from 02:13:47 to 02:17:35.

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon © sehis 20



Case Study: Cross-Chain Rebalancing Arbitrage TUM

Ethereum Transaction

® Transaction Hash: 0x5270851cd1663070ef186ce5d02150bdef7553d86a44913536ee44d4a6689237 Rel evan t M et I‘I cS
(® Status: @ Success
® Block: @ 19265877 2142675 Block Confirmations Required Cap]tal =~ $ 6 745
® Timestamp: ® 299 days ago (Feb-20-2024 02:15:35 AM UTC)
AWETH ~ +0.3074
4 Transaction Action: Swap 848.346778452855805696 (5286.81) @) BANANA for{1.307431461563537344)($5,085.60) & WETH on & Tinch ABANANA ~ —0.846
® From: 0xcA74F404E0C7bfA35B13B511097df966D5a65597
Revenue =~ $894.22
@ Interacted With (To): 0x1111111254EEB25477B68fb85Ed929f73A960582 (Aggregation Router V5) (L) @ PrOflt ~ $8 82.27
i ROIC =~ 13.089
Polygon Transaction /0
|® Transaction Hash: 0x6c5b0a0200939bb09ed8b7287002c7e6¢c6a644752ae523b9ed81b4157b0c249d
I® Status: @ Success
I® Block: 53729021 11786683 Block Confirmations
I® Timestamp: ® 299 days ago (Feb-20-2024 02:15:29 AM UTC)
% Transaction Action: Swa33,892.95) € WETH For 847.500766273986517129 ($286.76) ) BANANA On @ QuickSwap
I® From: 0xcA74F404E0C7bfA35B13B511097df966D5a65597
(@ Interacted With (To): 0xa5E0829CaCEd8fFDD4De3c43696c57F7D7A678ff (QuickSwap: Router) (L) @

Sources: Etherscan, Polyvgonscan

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon © sebis


https://etherscan.io/tx/0x5270851cd1663070ef186ce5d02150bdef7553d86a44913536ee44d4a6689237
https://polygonscan.com/tx/0x6c5b0a0200939bb09ed8b7287002c7e6c6a644752ae523b9ed81b4157b0c249d
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Conclusion TUm

Key Results Future Work

= Successfully developed and implemented robust Expanding the analysis to encompass a broader
methodologies that quantify opportunities as well range of asset pairs and additional blockchain
as exploited opportunities (RQ2 & RQ3). networks.

= There is a significant difference between long-tail More frequent computation of opportunities, e.g.,
assets and CEX-listed assets for metrics like every Polygon block (every 2 seconds).
opportunity duration and extractable value.

» [nvestigate the impact of emerging cross-chain
= |n periods of high volatility, the realized profits did interoperability protocols, such as advancements in
not fully match the profit opportunities. cross-chain bridge technologies.

241216 Thomas Wagner Quantifying Cross-Chain Rebalancing Arbitrage between Ethereum and Polygon © sehis 23
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