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Chapter One



What is MEV?










💡 Definition

Maximal Extractable Value (MEV) refers to the maximum value that can be extracted from transaction inclusion, ordering, and exclusion within a block. MEV is an emergent behavior of permissionless blockchains that support complex, expressive smart contracts — particularly in DeFi environments. It’s the surplus profit available by manipulating block composition beyond normal transaction fees and rewards.



🔍 Key Insight

MEV is not a bug — it’s a structural consequence of transparent mempools, programmable state transitions, and unordered transaction flows. It is value that exists because actors are incentivized to optimize for their own profit.



🔁 How MEV Emerges

Imagine a DEX with large, pending trades in the mempool. If you can see those trades before they’re finalized, you can place your own buy or sell orders ahead (front-running), or in between them (sandwiching), to extract profit. That’s MEV.



💥 Examples of MEV in Action


		DEX Arbitrage: Buying from one DEX and instantly selling on another with a better price.

		Sandwich Attacks: Inserting a buy before and a sell after a large user trade.

		Liquidation Sniping: Racing to liquidate an undercollateralized loan before other actors.

		Backrunning: Executing a trade immediately after another to benefit from price movement.





📊 MEV vs Normal Validator Rewards

Validators (or miners pre-Merge) can extract MEV directly, but most of it is now found and submitted by independent actors known as searchers.



🧪 Why It Matters



MEV is central to:


		The economics of validators

		The behavior of searchers

		Gas price volatility

		Fairness and ethics in DeFi





Understanding MEV is the key to understanding how blockchains really work under pressure — and how users, builders, and protocols can protect themselves.



🧠 Core Takeaways


		MEV is profit from transaction ordering — above normal gas or rewards

		It affects everything from DEX trades to lending markets

		It’s a constant battle between searchers and other searchers, not just users and validators





⛏️ Miner Extractable Value in Proof-of-Work



In Ethereum’s original Proof-of-Work (PoW) system, miners controlled transaction ordering. Since they were responsible for proposing blocks, they had full discretion over the order of transactions. MEV in this context was known as Miner Extractable Value, and it was limited primarily by the miner’s technical sophistication and their access to mempool data.



Miners could:


		Reorder transactions

		Include their own transactions first

		Exclude competing transactions



This power created incentives for miners to extract value by participating in arbitrage, liquidations, or front-running — sometimes directly, sometimes via partnerships with off-chain bots.



🔁 The Merge: Ethereum’s Transition to Proof-of-Stake



In September 2022, Ethereum transitioned from PoW to Proof-of-Stake (PoS), in an upgrade known as The Merge. This replaced miners with validators, who now take turns proposing blocks based on their staked ETH.



The core idea remains: the block proposer has the ability to choose and order transactions. However, in practice, PoS introduced a new ecosystem of actors and a more structured MEV pipeline.



🧱 Validators and the Modern MEV Supply Chain



Under PoS, validators are selected to propose blocks based on the amount of ETH they’ve staked. But not all validators have the infrastructure or knowledge to identify profitable MEV opportunities. This gave rise to new roles:


		Searchers: Independent actors who scan the mempool and construct profitable bundles

		Builders: Entities that collect bundles from searchers and assemble full blocks

		Relays: Middlemen who connect builders with validators, often used to enforce censorship resistance or protocol rules





This system is often referred to as Proposer-Builder Separation (PBS), and it formalizes the MEV flow in PoS:

Searchers → Builders → Relays → Validators



🧠 Implications of the Transition


		MEV extraction is now more specialized: Searchers compete to find the most profitable bundles.

		Validators outsource MEV: They earn rewards from builders without doing MEV search themselves.

		Transparency and fairness tradeoffs: Private relays (e.g. Flashbots) help protect users, but also create centralization concerns.



🪙 What Stayed the Same?


		Block proposers (miners or validators) still control transaction ordering

		MEV still exists because of DeFi composability and open mempools

		The battle for profit still favors those with the fastest, most efficient infrastructure





🧠 Core Takeaways


		MEV began as Miner Extractable Value in PoW

		Ethereum’s move to PoS shifted the MEV landscape but didn’t remove the incentives

		Proposer-Builder Separation (PBS) defines today’s MEV supply chain














Chapter 2: 

From Miners to Validators — The Evolution of MEV








Ethereum didn’t always operate the way it does today. In its early days, the network ran under a Proof-of-Work consensus mechanism. Miners were the heart of the protocol, consuming energy to solve cryptographic puzzles in order to produce the next block. But alongside block production came power — the power to control what transactions were included and in what order. That power birthed the original concept of MEV: Miner Extractable Value.



In the Proof-of-Work era, miners had total discretion. They could choose to prioritize transactions with higher fees, reorder trades to favor themselves, or even censor competing activity. Some ran sophisticated bots to detect arbitrage opportunities between DEXs, inserting their own transactions to capture profit. Others partnered with off-chain searchers who would pay them for guaranteed block inclusion. The mempool was a hunting ground, and the miner was both gatekeeper and participant.



But everything changed in 2022 with Ethereum’s historic upgrade: The Merge. The network transitioned from Proof-of-Work to Proof-of-Stake. Instead of miners, validators would now take turns producing blocks, selected based on the amount of ETH they had staked. The environmental cost dropped overnight. The architecture of MEV, however, only grew more complex.



Validators inherited the same block production powers as miners, but most lacked the infrastructure to identify and extract MEV. This gave rise to a new supply chain of MEV professionals. Independent actors known as searchers began scanning the mempool with real-time bots. When they detected a profitable opportunity, they would package multiple transactions into what’s called a bundle. These bundles would then be submitted to specialized block builders — entities whose sole job is to construct the most valuable blocks possible.



Because validators only care about maximizing rewards, they often outsource the block-building process. Relays emerged to connect builders with validators. These relays serve as trusted intermediaries, forwarding the most profitable blocks to whichever validator is proposing the next one.

The end result was a modular, layered MEV pipeline: searchers at the bottom, builders in the middle, validators at the top. This structure is now known as Proposer-Builder Separation, or PBS. It was never part of Ethereum’s original plan — it emerged as a market solution to the inefficiencies of PoS MEV extraction.



The PBS model has benefits. It allows specialization, reduces validator complexity, and creates open markets for block production. But it also creates new risks: centralization among builders, opaque relay behavior, and increasing barriers to entry for searchers without the fastest infrastructure.



Still, the fundamental dynamic hasn’t changed. Whoever controls block content controls MEV. In PoW it was the miner. In PoS, it’s the validator — aided by builders, fueled by searchers. The power to reorder is the power to extract. And that power still defines the economics of Ethereum today.









Chapter 3: 

Who Controls Transaction Ordering in PoS?








At the heart of Ethereum’s block production lies a fundamental power: the ability to decide what goes into a block, and in what order. This seemingly simple responsibility — selecting and sequencing transactions — drives one of the most competitive and lucrative layers of the blockchain economy. Whoever controls ordering controls opportunity. And in the post-Merge world, that role belongs not to miners, but to validators.



Every 12 seconds, a validator is selected at random from a pool of stakers to propose the next block. That validator, in theory, can fill the block however they wish. They can select transactions from the public mempool, prioritize their own, or work with third parties who offer prebuilt blocks in exchange for a share of the profits.



This process isn’t just mechanical — it’s strategic. The contents and ordering of a block can mean thousands, sometimes millions, of dollars in arbitrage, liquidation fees, or slippage exploitation.



But the validator rarely acts alone. Over time, Ethereum has evolved a complex hierarchy around block building. Validators began outsourcing this task to more sophisticated entities — block builders — who specialized in constructing high-value blocks using bundled transactions submitted by searchers. These searchers run bots that scan the mempool for opportunities, then assemble their bundles into profitable sequences. The builder selects the best combinations and packages them into a block. That block is then handed off to the validator, often via a relay like Flashbots, which acts as the gatekeeper between builders and proposers.



This architecture — known as proposer-builder separation (PBS) — wasn’t part of Ethereum’s original design. It emerged organically, then was embraced by the community to help decentralize MEV extraction. Rather than letting validators race to become the best searchers, PBS allows specialization. Validators validate. Builders build. Searchers search.

The result is a high-frequency, highly competitive supply chain where power is distributed — but not equally. Builders and relays now hold enormous influence. If a relay censors a block, it disappears. If a builder prefers one searcher over another, it shapes the future of that searcher’s revenue. If a validator chooses only certain relays, it creates a market of inclusion preferences.



In theory, validators still have the final say. In practice, the economics push them to choose the most profitable block available. That usually means choosing the best-paying builder, who is in turn fed by the fastest, smartest searchers. Ordering becomes not a function of protocol rules, but of off-chain coordination and latency races.

Transaction ordering in proof-of-stake Ethereum isn’t deterministic. It’s a marketplace. And that marketplace is governed by hardware, bandwidth, incentive design, and a constantly shifting field of actors vying to be first.

To understand who controls ordering in Ethereum, you have to understand who builds blocks — and who builds the incentives behind them.










Chapter 4: 

Ethereum Core Concepts for MEV








Ethereum isn’t just a blockchain — it’s a programmable financial engine. And to understand how MEV arises from this engine, we need to understand what it’s made of.



Every transaction on Ethereum modifies global state. That could mean moving tokens, interacting with a smart contract, minting NFTs, or initiating a flash loan. But under the hood, all of these are variations of the same structure: calldata, gas, execution, and state transition.

When you send a transaction, you’re not sending tokens. You’re submitting instructions — calldata — that tell the Ethereum Virtual Machine what to do. Those instructions have a cost, paid in gas. And the amount of gas they consume depends on how complex the operation is: reading storage, writing new data, looping over arrays, etc.



Gas is what prevents spam and abuse, but it’s also what introduces economic constraints. MEV actors must compete not just on logic but on cost-efficiency. When a searcher identifies an arbitrage opportunity, it only matters if they can fit it into a transaction that is profitable after gas is paid.



That’s where the art of MEV begins: manipulating calldata, compressing logic, using low-gas opcodes, and avoiding expensive writes. It’s not enough to be right — you have to be fast, small, and cheap.



But MEV doesn’t come from Ethereum’s engine alone. It comes from composability. From the fact that all DeFi protocols live on the same ledger, share the same execution model, and speak the same language. A token swap on Uniswap can be instantly paired with a flash loan on Aave, a vault withdrawal on Yearn, and a liquidation on Compound — all in one atomic transaction. No other system in the world allows that kind of economic stitching.



This composability is what creates MEV. Not just the existence of value, but the ability to extract it. The permissionless, combinatorial nature of Ethereum is both its strength and its vulnerability.



To understand MEV is to understand Ethereum itself: its transaction model, its gas market, its block structure, and its incredible capacity for modular execution. The game is played at the opcode level — but the incentives are shaped by protocol design.



That’s why every new contract matters. Every vault, pool, bridge, or peg adds a new surface for MEV. Adds a new route, a new edge, a new profit path. This is the terrain that searchers map every block, every second, across every shard and rollup.



You don’t just need to know how Ethereum works. You need to know how to weaponize it.
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