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Introduction Scalability, scalability, scalability. 

Gone are the days when it was a concern for tomorrow. 

Without it, the open and user-owned internet made possible by 
blockchain technology is a distant reality.

Over the past two years, theoretical scalability limitations have given way 
to real life challenges - particularly within the largest layer-1 platform 
ecosystem: Ethereum. 

These challenges are easily seen through its exorbitantly high transaction 
fees. Individual transactions that used to cost a few cents now routinely 
cost tens or hundreds of dollars on Ethereum. Some users have 
stomached these high fees and continued to use the platform. Others 
have explored the “greener pastures” of alternative layer-1 blockchains 
that have lower transaction fees but distinct and, oftentimes, inferior 
security profiles.

Irrespective of the rise of these alternative layer-1 blockchains, one thing 
is certain: scaling solutions for Ethereum are needed today, badly. 

While scaling solutions come in different shapes and sizes, this report 
focuses on layer-2 scaling solutions and, in particular, rollups. They have 
been under development for several years, but are at an inflection point 
in terms of technological readiness and adoption. Dozens of different 
networks with diverse approaches to scaling have emerged. These 
different approaches come with tradeoffs that impact their relative 
security, performance, and user experience.

Having a framework for tracking the development of these layer-2 
networks will become increasingly important over the coming months 
and years. This report analyzes six projects in depth to create a blueprint 
for comparison. Layer-2 networks are poised to not only transform 
Ethereum’s technical architecture, but more broadly, alter the entire 
competitive landscape for general-purpose blockchains. 



Polygon Technology - Polygon  is a protocol and a framework for building 
and connecting Ethereum-compatible blockchain networks. Polygon 
offers a wide range of secure, fast, affordable and energy-efficient 
Ethereum scaling solutions for Web 3 developers. Its core component is 
Polygon SDK, a modular, flexible framework that supports building and 
connecting secured chains like ZK-Rollups, and standalone chains like 
Polygon PoS. More information about Polygon can be found here. 

The Block Crypto, Inc. - The Block is an information services company 
founded in 2018. Its research arm, The Block Research, produces research 
content covering the digital assets, fintech and financial services 
industries. 

The Block
Email: support@theblockcrypto.com
Twitter: @TheBlock__

The Block Research
Email: research@theblockcrypto.com
Twitter: @theblockres
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Understanding why layer-2 scaling solutions are needed is best achieved 
by analyzing the current state of Ethereum.

Suffice to say that 2021 was an eventful year for Ethereum. The market 
capitalization of its native asset, ETH, surpassed its prior all time high of 
~$125 billion and eclipsed $500 billion. Activity across just about every 
metric on the network hit a new all-time high. 

Ethereum Network Data
Ethereum’s layer-1 network can be quantitatively analyzed across 
three main metrics: (i) network usage, (ii) network capacity, and (iii) 
transaction fees. Collectively, these data provide a “look under the hood” 
of its network and provide useful context for assessing layer-2 scaling 
solutions.  

Network Usage

While there is no precise definition for a “user” in Ethereum’s data 
structure, daily active addresses approximate engagement. They 
measure how many unique addresses were involved (either as the 
originator or the destination) of at least one transaction in a given day. 
Throughout the span of 2021, there were an estimated ~600,000 active 
addresses on the network each day accounting for a 40% increase year 
over year. 

While there are a variety of transaction types on Ethereum (e.g., 
transferring ETH, trading ETH for another asset, minting a NFT, etc.) 
average daily transactions approximates how many unique operations 
the network performed in a given day. Throughout the span of 2021, ~1.3 
million transactions were performed on Ethereum each day accounting for 
a 35% increase year over year. 

Part 1: The Current State of Ethereum
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Ethereum’s primary use to date has been for issuing and transacting 
a wide variety of digital assets (e.g., stablecoins, ERC-20 tokens, etc.) 
- not just its native token, ETH. Total value settled approximates the 
aggregate value of these assets transferred on the network. In 2021, total 
value settled was ~$7.7 trillion which represented an increase of ~500% 
year over year. Interestingly, stablecoins accounted for an estimated $4.2 
trillion (54%) of this total value settled.  

For context, this settlement value rivals the total purchase volume 
facilitated by credit card networks such as Visa ($8.9 trillion in 2020) and 
Mastercard ($4.7 trillion in 2020). It far exceeds the total payment volume 
processed by fintech payment facilitators such as PayPal ($1.3 trillion in 
2021). Finally, it accounted for almost 1.0% of the total value settled by the 
Federal Reserve’s Fedwire settlement system ($991 trillion in 2021).

While these metrics are not perfect “apples to apples” comparisons 
(e.g., an ETH transfer from an exchange to a cold wallet is different from 
a consumer credit card purchase which is different from a large-scale 
interbank wire transfer), they are useful for gauging relative levels of 
adoption. Less than seven years after its inception, Ethereum is already 
facilitating decentralized financial interactions on par with some of the 
world’s leading financial institutions. 

Part 1: The Current State of Ethereum
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Total Value Locked In DeFi approximates the quantity of funds housed in 
Ethereum’s smart contracts to facilitate peer-to-peer financial services. 
Major components of this value locked include collateral assets for debt 
positions and funds pooled to provide liquidity for decentralized trading 
venues. Value locked on the Ethereum network surpassed $150 billion in 
2021 and increased ~750% year over year. 

Decentralized Exchanges such as Uniswap provide front ends 
which enable users to trade assets directly on Ethereum (i.e., on a 
permissionless basis) without the need for off-chain intermediaries. While 
volumes on decentralized exchanges (~$750 billion in 2021) still pale 
in comparison to volumes on traditional centralized crypto exchanges 
(Coinbase alone did ~$1.7 trillion of volume in 2021), they increased by a 
factor of ten in 2021.

NFT Marketplaces such as OpenSea allow users to buy and sell NFTs on 
a peer-to-peer basis. With the rise in popularity of NFTs, marketplaces 
have quickly become one of the largest consumers of Ethereum’s 
computational resources. While they have been around for ~4 years, 
marketplaces had a breakout year in 2021 - OpenSea alone processed 
~$13 billion worth of NFT trading volume. 

Part 1: The Current State of Ethereum
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Capacity

While new use cases have emerged and driven adoption of Ethereum’s 
technology, its computational resources are not unlimited. In fact, given 
the redundant nature of blockchain technology (i.e., every node needs to 
keep up with the state of the network), these computational resources are 
extremely constrained. Based on its current layer-1 architecture, Ethereum 
can only process ~15 transactions per second.

Gas Used Per Block measures how much computation was performed 
on Ethereum per block (i.e., every ~13 seconds). As evidenced by the 
table above, gas consumption has increased in tandem with Ethereum's 
increased usage. While total gas consumed per block can vary 
meaningfully day-to-day depending on network demand, approximately 
14.2 million gas was expended in each block in 2021.

Gas Limit Per Block refers to the protocol-defined limit of computation 
that can be performed per block. As evidenced by the chart above, the 
Ethereum development community has increased the gas limit per block 
over the past years to meet surging demand to execute transactions. 
While these increases have provided a small degree of scaling relief, 
they amount to “slapping a band-aid” on a major wound. Higher gas 
limits place higher computational requirements on hardware operators; a 
phenomenon that Ethereum is actively working to avoid to facilitate the 
widespread and decentralized operation of its network.

Part 1: The Current State of Ethereum

https://vitalik.ca/general/2021/05/23/scaling.html
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Network Utilization measures what percentage of available gas was 
actually used. Based on the calculations in the table above, this metric 
reached ~99% in 2021. Essentially, the network was “redlining” for an 
entire year. The chart below further demonstrates just how little capacity 
the network currently has. On any given day, just ten applications have 
accounted for 40% of Ethereum’s total processing power. 

Transaction Fees

In order to efficiently allocate this limited processing power, Ethereum’s 
fee market auctions it off to the highest bidders. Transaction fees 
can be thought of as the clearing price where this constrained supply 
of computational resources intersects surging demand to execute 
transactions. 

Part 1: The Current State of Ethereum
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The average fee per transaction on Ethereum increased from ~$1.5 
in 2020 to as high as $21.1 in 2021. Depending on the nature of the 
transactions in question, fees on individual transactions can vary 
substantially  -  the transaction fee for making an NFT sale on OpenSea is 
routinely ~10 times higher than the fee for transferring ETH. Accordingly, 
many individual transactions have cost in the hundreds of dollars. 

One of the core tenets of the Ethereum vision is that it should be a global 
platform available for anyone to use. Under its current layer-1 architecture, 
scaling challenges are preventing it from realizing this vision. Many users 
have simply been unable to interact with the platform given its high 
transaction fees.

Part 1: The Current State of Ethereum

https://dune.xyz/queries/419316/801346
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Aggregate Transaction Fees represent the total amount users spent 
across all of their individual transactions. In 2021, this metric neared $10 
billion and increased by a factor of 15. While high individual transaction 
fees are clearly a challenge for the network, high aggregate transaction 
fees are a healthy sign. They indicate that users value the products 
and services built on Ethereum. These transaction fees can be used 
to organically reward network participation and reduce reliance on 
inflationary supply schedules through fee burning which redistributes 
transaction fee revenues to ETH holders. 

Ethereum Technical Roadmap
Several technical initiatives are underway to overcome these scalability 
challenges. They can be divided into near-term (layer-2 scaling) and 
medium to long-term Initiatives (sharding).

Layer-2 Scaling Solutions

Layer-2 scaling solutions are providing additional processing power by 
introducing a “divide and conquer” multi-chain model for the Ethereum 
network. Under this new framework, transactions are executed on layer-2 
blockchains (which have higher processing power in aggregate than 
Ethereum layer-1) and later finalized on the Ethereum layer-1 blockchain. 
These scaling solutions will be discussed at length in the later section of 
this report. 

Additionally, several Ethereum Improvement Proposals (EIPs) are 
optimizing its core layer-1 platform for use by these layer-2 networks. They 
include EIP 4488, which is slated to reduce the cost for posting layer-2 
transactions onto Ethereum by a factor of ~5x, and EIP 4844 which will 
introduce a new transaction format in preparation for data sharding which 
could deliver fee reductions for rollups in the range of ~100x. 

Data Sharding

As part of Ethereum’s multi-year technical roadmap, its core layer-1 
framework is also transitioning from a single-chain architecture to a multi-

Part 1: The Current State of Ethereum

https://eips.ethereum.org/EIPS/eip-1559
https://eips.ethereum.org/EIPS/eip-4488
https://eips.ethereum.org/EIPS/eip-4844
https://twitter.com/optimismPBC/status/1499830652249821184
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chain architecture. Ethereum’s network is slated to consist of a Beacon 
Chain (launched in December 2020), which serves as the network's 
“conductor” and coordinates its activity, and 64 Shard Chains that will run 
in parallel. 

According to estimates from the Ethereum Foundation, Shard Chains are 
expected to be launched as data availability layers (i.e. destinations for 
layer-2 networks to post their data) in 2023. It remains to be seen whether 
the actual execution of transactions will take place on these shard chains 
or whether transactions will be executed solely on layer-2 networks. 

“The Merge”

Irrespective of these scaling initiatives, Ethereum is in the process of 
transitioning from proof-of-work to proof-of-stake consensus over the 
coming months in a process called “the merge”. While “the merge” will 
fundamentally alter how Ethereum achieves decentralization (i.e., security) 
and drastically reduce its energy consumption by over 99%, it is not 
expected to have any meaningful impact on enhancing its scalability.

Part 1: The Current State of Ethereum

https://ethereum.org/en/upgrades/merge/
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What does all of this mean?

In the near to medium term, the task of scaling Ethereum rests in the 
hands of its layer-2 ecosystem. The processing power of the base 
Ethereum layer-1 network is not expected to increase meaningfully over 
the near to medium term.

"The Ethereum ecosystem is likely to be all-in on rollups (plus some 
plasma and channels) as a scaling strategy for the near and mid-
term future." - Vitalik Buterin, Co-Founder of Ethereum (posted on 
ethereum-magicians.org October 2020)

Part 1: The Current State of Ethereum
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Scaling General-Purpose Networks

Getting a globally distributed base of computers to agree on many things 
quickly and with a high degree of confidence is no small feat.

“There are a couple of things that, once solved, will bring Ethereum 
to the masses … The UX, security … and scalability. The security and 
UX were kind of clear how to fix. We could just apply principles from 
the Web 2 world … But scalability was very technological. It felt like 
a fundamental problem that could not easily be solved unless we 
had some breakthrough.” - Alex Gluchowski, Co-Founder and CEO at 
Matter Labs (Epicenter Podcast, June 2021)

Hence, the task of scaling general-purpose blockchains is being attacked 
from different angles that bring different tradeoffs. At a macro level, these 
approaches can be broken down into constructing alternative layer-1 
networks (i.e., starting from scratch) or working to scale the Ethereum 
network (i.e., building other networks around its core protocol). 

Alternative Layer-1 Networks

Ethereum “started from scratch” by forming its own network to expand 
Bitcoin’s use case beyond payments to any general purpose application. 
Likewise, dozens of alternative layer-1 platforms have “started from 
scratch” by forming their own networks in an effort to enhance the 
scalability of the general-purpose platform that Ethereum pioneered. 

Some of them are multi-chain networks comprised of many individual 
sovereign blockchains that have their own respective security profiles 
(e.g., Cosmos). Other are multi-chain networks that span many 
blockchains but share the security of one overarching network (e.g., Near, 
Polkadot). Finally, others are single-chain networks comprised of one 
chain and one security framework (e.g., Algorand, BNB Chain, Solana). 

While a full comparison with layer-1 platforms is beyond the scope of this 
report, please refer to The Block’s Layer-1 Platforms: A Framework for 
Comparison for a comprehensive overview of these different platforms. 

Part 2: Scaling Solution Basics

https://www.tbstat.com/wp/uploads/2021/08/20210811_Layer1Platforms_TheBlockResearch.pdf
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Scaling Ethereum

Rather than “start from scratch”, many development organizations have 
decided to build networks around Ethereum’s established security profile.

Approximately seven years after the launch of Ethereum, different classes 
of blockchain applications (i.e., payments, DeFi, NFTs, gaming, etc.) have 
emerged. Different classes of users spanning institutions and hobbyists/
retail users have also emerged. Accordingly, the advent of a “one size fits 
all” scaling solution seems unlikely. Different applications and users will 
require different levels of security and performance.  

“We think of [scaling Ethereum] as a whole spectrum. On the left 
extreme of the spectrum are fully sovereign chains with simple 
bridges to Ethereum … in the middle you will find something like 
Polygon PoS … it checkpoints to Ethereum but that checkpoint contains 
less information [than a layer-2] … On the right extreme you will find 
the pure layer-2s [rollups] which are actually putting both their data 
and the dispute resolution related to the data on Ethereum” - Sandeep 
Nailwal, Co-Founder at Polygon Technology (Bankless Podcast, 
November 2021)

Part 2: Scaling Solution Basics
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Sidechains 
How do Sidechains work?

Sidechains interact with layer-1 platforms in two primary ways: (i) they 
provide a mechanism for “bridging” assets from layer-1 networks to 
their respective sidechains, and (ii) they periodically post snapshots of 
their state roots (i.e., highly compressed summaries of all of the account 
balances of their networks) to layer-1 networks. 

Bridges and Checkpoints

In order to get assets from a layer-1 network to a sidechain, users need 
to send their funds to smart contracts on layer-1. Once these assets are 
locked in these layer-1 smart contracts, they are then re-issued on the 
sidechain and can be used in all sidechain applications and benefit from 
sidechain’s enhanced scalability.

In order for funds to be bridged back to the underlying layer-1, the layer-1 
smart contract needs assurances that the bridged assets on the sidechain 
do still indeed exist on the sidechain. Enter checkpoints.

While sidechains house their transaction data directly on their respective 
blockchains, checkpoints (i.e. snapshots of sidechain account balances) 
are used to verify that these assets exist on the sidechain and facilitate 
withdrawals of assets back to the layer-1. 

Benefits of sidechains

By providing access to many of the same applications as layer-1 
platforms at much lower transaction fees, sidechains have rapidly gained 
widespread adoption. Many have already seen usage levels on par with or, 
in some cases, exceeding that of Ethereum and other alternative layer-1 
platforms. 

Polygon’s PoS chain is the most widely adopted sidechain seen to date. It 
has an estimated ~7,000 applications built or being built on it and ~$9.5 
billion worth of assets on its platform. It has routinely processed upwards 

Part 2: Scaling Solution Basics
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of 5 million transactions per day - which exceeds the one to two million 
executed on Ethereum layer-1. 

Part 2: Scaling Solution BasicsPart 2: Scaling Solution Basics



Layer-2 Scaling Solutions:
A Framework for Comparison

22

COMMISSIONED BY2022

Research

Additionally, transaction fees on Polygon’s PoS chain have historically 
ranged from fractions of one cent to just under one dollar - orders of 
magnitude lower than those present on Ethereum.  

Similar to Polygon’s PoS chain, Ronin, which powers the Axie Infinity 
blockchain-based video game is a permissioned sidechain that has 
processed upwards of 5 million transactions on certain days. Given the 
scalability bottlenecks present on Ethereum layer-1, accommodating 
Axie Infinity’s large user base (estimated at over 1 million daily active 
users) would simply not have been possible on Ethereum layer-1. Hence, 
the game’s development organization, Sky Mavis, launched Ronin out of 
necessity. 

Risks of Sidechains

While sidechains periodically checkpoint to layer-1 networks, transactions 
executed on sidechains are not verified by Ethereum. The state of a 
sidechain is advanced according to its consensus mechanism without 
Ethereum affirming that these state transitions were indeed valid. 
Accordingly, similar to alternative layer-1 platforms, sidechains are 
exposed to heightened centralization and reliability risks (relative to 
Ethereum).  

Centralization Risks

Generally speaking, the more decentralized that decision making 
power is within a  blockchain network, the more immune it is to the 
risks of downtime or transaction reversals (i.e., secure). Tracking the 
number of nodes which directly participate in executing and finalizing 
transactions (i.e., validators) is one simple way of gauging relative levels 
of decentralization. 

Compared to Ethereum and many alternative layer-1 platforms, sidechains 
have far fewer validator nodes. Accordingly, they are at heightened risk of 
transaction reversals or network downtime as only a few entities would 
need to collude (or be forced to collude by an external actor) to stall these 
networks or subvert them for their own benefit. 

Part 2: Scaling Solution BasicsPart 2: Scaling Solution Basics
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For example, Ronin operates on a Proof of Authority (PoA) consensus 
model that employs just 9 validators who are authenticated by a 
centralized entity and tasked with securing its network. Further 
increasing this centralization risk is the fact that Sky Mavis, the 
development organization behind Axie Infinity, runs multiple of them. 
Similarly, Polygon’s PoS chain has 100 validators (at the time of 
writing) that participate in consensus. In contrast, an estimated 70,000 
validators are currently staking on Ethereum’s Beacon chain and slated 
to participate in its PoS consensus following “the merge”. 

Centralization risks have historically been a major source of 
misappropriation of funds on blockchain networks. In March 2022, five out 
of Ronin’s nine validators (four of which were operated by Sky Mavis) had 
their private keys hacked. Once the attacker was in control of the private 
keys, they were capable of draining the funds in Ronin’s bridge contract 
and ultimately exploited it for $600 million worth of ETH and USDC (at the 
time of the attack).

While consensus node counts are a useful starting point for quantifying 
centralization risks, examining the distribution of decision making 
power amongst these entities (i.e. staked token ownership in PoS and 
hash power distribution in PoW), while beyond the scope of this report, 
would provide the most comprehensive overview of relative levels of 
decentralization and, by extension, blockchain security.  

Reliability Concerns

Polygon’s PoS chain routinely experiences chain reorganizations during 
which previously confirmed transactions are “dropped” from the history 
of the blockchain. While reogranizations routinely happen on layer-1 
blockchains such as Ethereum, they are typically negligible in size and 
have little to no impact on users. In contrast, reorganizations on Polygon’s 
PoS chain have gone back hundreds of blocks; thus eroding confidence in 
the security and irreversibility of transactions executed on its PoS chain.  

In addition to these centralization risks, sidechain users rely on these 
independent validator sets to process deposits and withdrawals from 

Part 2: Scaling Solution Basics

https://explorer.roninchain.com/validators
https://wallet.polygon.technology/staking/
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layer-1. In the event that a sidechain network goes offline, users would not 
only be incapable of executing transactions on the sidechain, but would 
also temporarily be unable to withdraw their assets to the layer-1. Similar 
to how alternative layer-1 platforms such as Solana have experienced 
significant downtime during periods of high network demand, sidechains 
have gone offline. In March 2022, the Polygon PoS sidechain went offline 
for ~8 hours due to a bug that was introduced via an upgrade of Bor, the 
block production layer of Polygon. 

Nonetheless, it is worth noting that sidechains come with different 
security guarantees depending on their individual circumstances. For 
example, Polygon’s PoS chain is sometimes referred to as a "commit 
chain" as its validator set is permissionless (i.e., theoretically anyone can 
participate in its consensus) and stake is managed at Ethereum layer-1 
(i.e., if validators were to act maliciously, their stake on layer-1 could be 
slashed and the community could eventually fork the contract to return 
misappropriated funds). In contrast, the Ronin sidechain is operated by a 
permissioned set of validators and relies on reputation rather than explicit 
financial incentives to maintain liveness and prevent fraud. 

In summary, sidechains are clearly delivering scalability gains and 
have become an attractive alternative to Ethereum layer-1 for many 
users. But what if there was a way to achieve similar scalability gains 
while introducing far fewer additional risk factors? Enter layer-2 scaling 
solutions.  

Layer-2 Scaling
Starting With Layer-1

Pinpointing which services a layer-1 platform like Ethereum provides is, 
ironically, a good starting point for assessing layer-2 scaling solutions. 
Layer-1 networks provide three main services: (i) distributed consensus, 
(ii) data availability, and (iii) transaction execution. 

Part 2: Scaling Solution Basics
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Layer-2 scaling solutions provide one main service: transaction execution. 
They offload this task from their respective layer-1 platforms to their own 
respective chains to achieve scalability gains. Rollups, which are the most 
popular class of layer-2 scaling solutions, continue to rely on underlying 
layer-1 platforms for data availability - such that data relating to the 
state of the layer-2 network is made available by entities running layer-1 
blockchain software. 

Part 2: Scaling Solution Basics
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Other classes of layer-2 scaling solutions, namely Plasma and Validium, 
also offload data availability from the underlying layer-1 platforms and 
employ their own schema to ensure the security of data (and by extension 
user funds) off chain. 

Rollups vs Sidechains

The dividing line between layer-2 scaling solutions and sidechains resides 
in how their bridge smart contracts function. 

With sidechains, bridge contracts make a critical assumption - they 
assume that transactions executed on the sidechain are valid (per the 
rules of the sidechain). Accordingly, users need to trust that sidechain 
validators (i) will not collude or be subverted such that their funds could 
be drained from the sidechain bridge smart contract and (ii) are up and 
running to execute transactions on and withdrawals from the sidechain. 

With layer-2 networks, bridge smart contracts do not make this 
assumption. They have the ability to verify that transactions executed on 
layer-2 are valid per the rules of Ethereum - not the layer-2 that executed 
them. Validation is operationalized by proving systems (i.e., fraud proofs 
and validity proofs) which will be discussed in detail later in this section. 
Accordingly, layer-2 users are far less exposed to the centralization risks 
and reliability risks presented by the independent validator sets that 
sidechains have. 

Segmenting the Layer-2 Landscape

The layer-2 landscape can be broadly broken into two major classes of 
networks: 

(i) “The old” - technologies that have been deployed in production 
for several years, yet seen limited adoption to date. Examples include 
Channels and Plasma. 

(ii) “The new” - technologies that were recently deployed, and are seeing 
signs of early product market fit. Examples include Optimistic Rollups, 
ZK-Rollups, and Validium.
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Gauging Relative Levels of Adoption

Total Value Locked (TVL) is one metric that can be used to gauge relative 
levels of adoption. It represents the quantity of assets that have been 
ported from layer-1 networks over to layer-2 networks through bridges. 

Optimistic Rollups and ZK-Rollups have seen ~$7 billion of assets 
move onto their networks over the past ~6 months thus demonstrating 
strong trends of early adoption. Channels and Plasma have not seen 
any meaningful increase in TVL over the past ~12 months. Accordingly, 
this section of the report provides a brief overview of older technologies 
with relatively lower levels of adoption (Channels, Plasma), but focuses 
primarily on newer technologies poised to see increased adoption 
(Optimistic Rollups, ZK-Rollups, Validium).
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Channels

How do channels work?

With payment channels, two or more parties that often transact with each 
other create a multisignature (multisig) contract and deposit an agreed 
amount of funds into it. Once the funds have been locked in this contract, 
value transfers between parties are facilitated by recording signed 
transfers of the pooled funds (off-chain) rather than the blockchain tokens 
themselves (on-chain); thus providing scalability gains and driving down 
the cost of making transactions. 

Channels are typically capable of being closed once one party sends a 
closing transaction to the multisig. Following this transaction, users will 
receive their updated share of funds from the multisig wallet based on the 
transaction history.

Benefits of channels

By taking transaction execution off-chain, channels have proven 
successful in enhancing the scalability of layer-1 networks. For example, 
Bitcoin’s Lightning Network has driven down the cost of a transaction on 
Bitcoin (which has ranged from ~$1 to ~$60 over the past 12 months) to 
less than one-one-hundredth of a cent according to research conducted 
by Coinshares, a digital asset management firm.

Drawbacks of channels

By requiring users to deposit funds into multisig contracts to initiate 
transfers, channels require upfront capital investment from their users. 
Additionally, channels have to be manually initiated and transactions 
between arbitrary users are not enabled by default. Users of state 
channels need to keep records (or delegate the responsibility of keeping 
records) of their transactions in order to prevent fraud in the event that 
one party terminates the channel while another party is not monitoring 
the channel. Finally, while efforts to expand channels to  generalized 
use cases have emerged, their use cases have been primarily limited to  
payments historically. 
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What is the current state of channel adoption?

Bitcoin’s Lightning Network is the most prominent channel-based scaling 
solution. Despite having been under research and development since 
2015, it has seen limited adoption to date. Its spending capacity (i.e., the 
total amount deposited into multisig contracts) currently totals just ~$150 
million.  Similarly, the Raiden Network, which is structured similarly to 
Bitcoin’s Lightning Network but is built on Ethereum, has seen little to no 
adoption. Alternative layer-1 platform Cardano is currently developing a 
state channel-based layer-2 scaling solution, Hydra, which is expected to 
launch in 2022 according to IOHK, the development arm of Cardano. 

Plasma

How does plasma work?

Plasma leverages smart contracts to enable the creation of “child chains” 
which are essentially smaller copies of the Ethereum blockchain that sit 
in a hierarchy of chains. Each chain has its own fraud proof mechanism 
(which will be discussed in the next section) that allows users to turn to 
the main chain if node operators are dishonest. After being introduced in 
2017, several different variations of the Plasma framework were introduced 
and it was widely regarded as the de-facto scaling solution through much 
of 2018.

Benefits of Plasma

Plasma has exit mechanisms whereby users are able to withdraw assets 
to the main chain even if the central operator is malicious. That means if 
users pay attention, they will always have the upper-hand over a Plasma 
operator and keep their tokens safe. Additionally, by taking execution off-
chain, Plasma solutions were expected to provide throughput gains in the 
thousands of transactions per second. 

Drawbacks of Plasma

In Plasma, users are required to monitor and verify all transactions 

Part 2: Scaling Solution Basics

https://www.theblockcrypto.com/data/on-chain-metrics/bitcoin/lightning-networks-capacity-daily
https://www.theblockcrypto.com/data/on-chain-metrics/bitcoin/lightning-networks-capacity-daily
https://summit.cardano.org/sessions/hydra-the-multi-headed-scalability-protocol
https://medium.com/bitrates-news/plasma-implementations-minimal-viable-plasma-plasma-cash-plasma-debit-b7370a34ad76


Layer-2 Scaling Solutions:
A Framework for Comparison

30

COMMISSIONED BY2022

Research

on the child chains to detect malicious behavior by the operator 
and subsequently exit the chain. This monitoring requirement added 
significant overhead to participating in the Plasma chain and made every 
participant a node on that Plasma instance who is only storing data for 
their transactions. Additionally, Plasma chains have 7-14 day withdrawal 
times (typical of fraud proof-based scaling solutions) and do not support 
general-purpose computation (due to challenges with constructing 
efficient exits from the Plasma chain).  

What is the current level of adoption of Plasma solutions?

While Plasma generated much excitement in the Ethereum community, 
its aforementioned drawbacks have stifled adoption. One of the most 
prominent early Plasma scaling solutions, OMG Network, has since 
been overtaken by Boba Network which is based on Optimistic Rollups. 
Likewise, Plasma Group, which was one of the leading organizations 
spearheading Plasma research, switched its focus to developing 
Optimistic Rollups in January 2020 and formed a new organization, 
Optimism PBC.  

Rollups

While often surrounded by technical jargon, rollups can be analogized to 
bar tabs. 

Imagine if each customer in a packed bar had to 
settle up with the bartender after each drink. On 
the Ethereum network today, that is essentially 
what is happening. It is congested and every 
user settles each of their individual transactions 
directly on the layer-1 blockchain.

Now imagine if customers could combine all of their transactions into 
massive tabs and collectively settle up after the span of several minutes 
or hours. This is how rollups work. They will execute transactions on their 
own respective blockchains and post their related data (i.e., bar tabs) to 
the Ethereum layer-1 blockchain where it is settled. 
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What are the benefits of rollups?

By posting transaction and state update data onto layer-1 and leveraging 
layer-1 networks for dispute resolution, rollups maximize their inheritance 
of Ethereum’s underlying security. Additionally, in contrast to earlier 
application-specific iterations of layer-2 scaling, they have rapidly 
launched general purpose networks. Many rollups are already capable 
of handling all of the types of transactions which can be executed on 
Ethereum layer-1 and some can already handle more complex transactions 
than possible on Ethereum layer-1. 

How do rollups enhance scalability?

Rollups increase transaction throughput and drive down transaction fees 
by (i) compressing transaction data and (ii) amortizing the cost of layer-1 
transactions across batches of transactions.  

Compressing transaction data

In its single-chain state, Ethereum’s (layer-1) target computation capacity 
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is ~15 million gas per block. This translates to approximately 60,000 bytes 
of data per block which results in ~15 transactions per second (depending 
on the complexity of individual transactions).

Layer-2 networks reduce the data footprint of individual transactions by 
compressing their transaction data before posting it to layer-1. Based on 
Ethereum Co-Founder Vitalik Buterin’s analysis, rollups can decrease 
the data footprint of an individual transaction by ~90%. In a world where 
data capacity on Ethereum layer-1 is and will continue to be constrained 
for the near to medium-term, rollups get users more “bang for the buck” 
out of this blockspace and expand the aggregate processing power of the 
network by orders of magnitude. 

Amortizing the cost of layer-1 transactions across batches

By maintaining their respective “tabs”, rollups amortize the cost of 
settling transactions on layer-1 over batches of transactions. As of today, 
posting data to layer-1 platforms remains the largest cost driver of layer-2 
transaction fees (accounts for 75% - 90% of the all-in cost of Optimistic 
Rollup transactions). As batch sizes grow, this cost of posting data is 
spread over a wider base of transactions and thus drives down the cost of 
individual transactions. 

Additionally, in the case of ZK-Rollups, the upfront costs of generating 
and verifying validity proofs is material. Depending on the proof type 
employed, it can cost between 500,000 and 5,000,000 gas to verify 
validity proofs on layer-1. Assuming an ETH price of $3,000 and a gas 
price of 100 gwei, this translates to a cost of $150 to $1,500 per proof. 
The more transactions included in each batch, the more that this cost is 
spread out and the larger the cost savings on a per transaction basis. 

What are the drawbacks of rollups?

Rollup transaction fees are still relatively high (historically $0.05 to $1.00) 
compared to competing alternative layer-1 networks (many have fees 
in the fractions of a cent). Additionally, they typically place additional 
burdens on users by requiring them to bridge assets from layer-1 and wait 
(several hours to ~1 week) to withdraw assets from layer-2.
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What is the current state of adoption of rollups?

Rollups are by far the most widely adopted layer-2 scaling solution to 
date. Upwards of $7 billion worth of assets have been ported to these 
networks just a few months after their launch. Several of them are well 
underway with building out full suites of applications and tooling to 
rapidly onboard users. 

Optimistic vs ZK-Rollups

Given their accelerating adoption, this section provides a deeper look 
at the differences between Optimistic and ZK-Rollups. While they both 
rely on layer-1 networks for consensus and data availability, they have 
several meaningful differences which impact their developer and user 
experiences. 

Dispute Resolution

Fraud Proofs 

In Optimistic Rollups, batches of transaction data posted to Ethereum 
are presumed to be valid (optimistic) but can be disputed. Theoretically 
anyone can dispute them by submitting a fraud proof to prove that a batch 
contained invalid state transitions. In the event of a successful fraud proof 
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submission, the state of the layer-2 network would be modified such that 
invalid transactions would be rolled back.

The security of fraud proof-based systems is predicated on the idea that 
there is at least “one honest actor” required for the network to properly 
function. Theoretically speaking, as long as this one honest entity is 
monitoring layer-2 transactions and submitting fraud proofs to dispute 
invalid transactions, users can be assured that no fraud occurred on 
the layer-2. In the future, layer-2 verifiers will be financially incentivized 
to submit fraud proofs and thus obtain rewards in the form of collateral 
posted by sequencers that post the transaction data.

Validity Proofs

ZK-Rollups proactively prove (with sufficient probability) that there was 
no fraud conducted in  transaction batches by performing validity proofs 
which are submitted to the layer-1 in conjunction with the state updates or 
transaction data. 

Validity proof-based networks require significant computational resources 
to cryptographically verify the integrity of their related transaction 
batches. But importantly, verifying proofs requires far fewer computational 
resources than actually generating the proofs and can easily be 
performed. Verification is operationalized by smart contracts on layer-1.

Transaction Batches

Optimistic Rollups post all of the compressed data related to their 
transaction histories to layer-1. Using this data, the entire transaction 
history of an Optimistic Rollup can be replayed on layer-1 to settle any 
disputes related to the data. Today, most Optimistic Rollups post batches 
to layer-1 every several minutes. 

ZK-Rollups typically post state differentials (i.e., changes in account 
balances of any entities which were involved in a transaction during the 
batch time period) and validity proofs to the layer-1. In cases where these 
batches only include changes in state (rather than all transaction data), 
they cannot be used to replay the entire history of transactions. 
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For example, assume Alice, Bob, and Charlie each have 5 ETH. Before 
the next batch is posted on Ethereum, Alice transfers 2 ETH to Bob. 
Bob then transfers 2 ETH to Charlie. The ZK-Rollup data batch would 
only include state differentials (i.e., Alice’s balance decreased by 2 ETH, 
Charlie’s balance increased by 2 ETH). However, it would not include 
intermediary transitions (i.e., as Bob’s account balance did not change 
the related intermediary transactions would not be included).

Today, ZK-Rollups post their data batches and validity proofs to layer-1 
after the span of several hours (such that the fixed cost of generating 
and verifying proofs is spread across a sufficiently large number of 
transactions).

EVM Compatibility

What is the EVM?

The Ethereum Virtual Machine (“EVM”) sits at the center of the 
Ethereum ecosystem. As the network’s execution engine, it dictates how 
applications are coded, how they interact with one another, and what 
tools users need to interact with these applications. 

Many alternative layer-1 platforms and sidechains (Avalanche, Binance 
Smart Chain, Polygon PoS Chain, etc.) have bootstrapped their ecosystem 
growth by making their platforms compatible with the EVM. With EVM 
compatibility, applications which were initially deployed on Ethereum 
layer-1 can easily be “copy and pasted” to these new alternative networks. 
Additionally, users can easily access these applications through their 
existing Ethereum wallet software. 

Layer-2 EVM Compatibility

A similar trend is taking place in the layer-2 development space.              
To varying degrees, Optimistic Rollups have all made their networks 
compatible with the EVM to rapidly build out their application and           
user bases. 

On the other hand, given that ZK-Rollups employ technologically complex 
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validity proofs to verify transactions, EVM compatibility remains an 
ongoing work in progress. Historically, validity proof-based networks 
have only supported application specific use cases (payments, NFT mint 
and trade, etc.). But over the past ~3 months support for general purpose 
computation and EVM compatibility has been deployed in production. 
Some ZK-Rollup development organizations are designing their own EVM-
compatible virtual machines. Other development organizations have opted 
to create their own execution environments and smart contract languages 
which are optimized for ZK-verification and not natively compatible with 
the EVM.

Withdrawal Time

For Optimistic Rollups, withdrawals from layer-2 to the layer-1 typically 
take one week to allow for sufficient time for fraud proofs to be submitted. 

For ZK-Rollups, withdrawals from layer-2 to layer-1 are typically processed 
within the course of several hours. In a production environment, time 
to withdrawal will depend on how frequently batches are posted to the 
layer-1 and how long proofs take to be verified on the layer-1. Following 
both of these occurrences, funds are eligible for withdrawal. 

However, several projects are working on providing liquidity to both 
Optimistic Rollup and ZK-Rollup users. Examples of these bridging 
protocols include Connext and Hop. They allow users to rapidly withdraw 
funds from layer-2 (in exchange for a small fee). 

Validium

How does Validium Work?

Similar to ZK-Rollups, Validium networks employ validity proofs. However, 
they only post state roots (i.e. highly compressed versions of the state 
of their respective chains) and do not post all state differentials or 
transaction data to layer-1. 

Validium solutions employ a data availability committee (DAC) which is a 
group of entities who are incentivized (either through reputation-based 
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schemes or explicit financial incentives) to be reliable data providers 
for the transactions that occur on their respective networks. In order to 
advance the state of a Validium-based network, a quorum of the DAC 
needs to attest to the validity of state updates. 

What are some of the drawbacks with Validium?

Since transaction data is not published to the layer-1, users must trust 
these DACs to make data available when it is needed. In the event that the 
DAC withholds (or is forced to withhold) data from its users, user funds on 
layer-2 would be frozen. 

What are some of the benefits of Validium?

Since state differential data is not published to layer-1, Validium-based 
networks are anticipated to be even more cost effective than Optimistic 
and ZK-Rollups over the long-term. Starkware’s Validium solution has 
processed up to ~18,000 transactions (payment) per second in a testnet 
environment.

What is the current state of adoption of Validium?

StarkWare’s Validium solution (StarkEx) has been one of the most 
prominent layer-2 scaling solutions employed to date. As discussed in 
the following section, it ’s being employed by three projects (DeversiFi, 
Immutable X, and Sorare). Likewise, Matter Labs is currently developing 
its Validium-based network, zkPorter.

Operationalizing Layer-2: Sequencers, Provers, and Verifiers

Compared to layer-1 platforms, layer-2 scaling solutions introduce three 
new entities that are involved in processing and finalizing transactions: (i) 
sequencers, (ii) provers, and (iii) verifiers. 

Sequencers are nodes that receive user transactions, order them, and 
execute them. Given the early stages of the layer-2 ecosystem, layer-2 
development organizations are (in many cases) operating the sequencers 
of their respective networks.
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Provers are nodes that generate validity 
proofs in ZK-based systems.  In today’s 
architecture, proving is being performed by 
layer-2 development organizations. 

Verifiers are nodes that attest to the validity 
of transactions processed on layer-1 but do not post new blocks of 
transactions. In the case of Optimistic Rollups, verification is performed 
by observers of the layer-2 network who submit fraud proofs in the event 
that they were to discover invalid transactions occurring on the layer-2. In 
the case of ZK-Rollups this verification is performed by layer-1 nodes that 
execute the smart contracts which validate proofs.

Transaction Ordering and MEV

As the sole sequencers in today’s layer-2 networks, development 
organizations can theoretically arbitrarily re-order and, in some cases, 
exclude transactions submitted to them. Hence, they are capable of 
extracting a profit referred to as miner extractable value (MEV) at the 
expense of their users. Under current implementations, layer-2 users 
have no option but to trust that these development organizations are not 
abusing this exorbitant privilege to their detriment.  

Accordingly, a major goal for these development organizations over the 
near to medium term is to democratize participation in their networks 
and decentralize sequencing. Not only will this reduce the risk that one 
entity could censor user transactions, but it is also expected to reduce the 
likelihood of layer-2 network downtime.

While MEV mitigation is an active area of research on layer-1 networks, 
layer-2 networks will also be forced to develop a stance on it. For example, 
Optimism is working to reduce the latency of transactions on its network 
such that there is a smaller window during which transactions could 
be reordered. Additionally, Optimism is experimenting with encrypting 
transactions that are entering the pending transaction queue such that 
block proposers are unable to determine the content of transactions and 
hence have diminished ability to extract value. 
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“There is lots of bad MEV to minimize. But some MEV will always 
remain. What you need to do is be explicit about who is extracting 
it and be able to redistribute it”  - Ben Jones, Co-Founder and Chief 
Scientist at Optimism PBC (The Block Interview, January 2021)

What Happens When a Centralized Sequencer Goes Down?

The Ethereum layer-1 blockchain is operated by thousands of nodes that 
participate in a competitive process to produce blocks. In the event that 
one block proposing node goes down, thousands of others are ready to fill 
in and begin proposing blocks to keep the network live. 

As layer-2 rollups currently rely on one sequencer, if this one entity is 
incapable of producing blocks for any reason, transactions will not be 
executed. This network downtime can have serious negative impacts 
on users depending on their individual circumstances. In the case of 
alternative layer-1 downtime, it has incurred significant financial costs 
on users. Recent downtime on major layer-2 network Arbitrum has also 
highlighted the prevalence of these liveness risks that exist on rollups as 
well.

Unlike alternative layer-1 networks and sidechains (which rely on their own 
consensus mechanisms), rollups provide their users some assurances in 
these instances of sequencer downtime through “escape hatches”. Thanks 
to the fact that transactions are verified on layer-1 and their related data 
is posted onto layer-1, users can force transactions (and withdrawals from 
the layer-2) on the layer-1 network through the bridge contract - despite 
the fact that a sequencer may be down.

“A broken rollup is like a broken escalator; 
it just turns into stairs.” - David Hoffman, 
Co-Host at Bankless Podcast (Bankless 
Newsletter, October 2021) 

Although the flavors of escape hatch design are different across rollups, 
they are generally activated when layer-1 bridge smart contracts do 
not get a response from layer-2 sequencers. Once the layer-1 platform 
is under the impression that the layer-2 is offline, it can take over and 
execute transactions and withdrawals from the layer-2.
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Layer-2 scaling solutions have been in development and production for 
several years. Dozens of networks with different use cases and scaling 
approaches have emerged. 

This report analyzes the scaling solutions of six layer-2 development 
organizations to provide a framework for comparison. Networks in scope 
include Arbitrum One, Boba, Optimistic Ethereum, Polygon Hermez/
Miden/Nightfall/Zero, StarkNet/StarkEx, and zkSync. 

The selection of individual projects focuses on projects with relatively 
high levels of developer and community engagement and diverse 
approaches to scaling which makes them a useful sample set for drawing 
conclusions about the broader industry. 
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This section gives an overview of each of these projects, evaluates their 
technical design, analyzes their blockchain and ecosystem data, and 
outlines what role native tokens are expected to play in the operation of 
these networks. 

Project Overview
While there is no formal executive management team for a layer-2 
network, select individuals and organizations play a critical role in their 
operation. These organizations and individuals have significant influence 
over major technical design and business development decisions -  
especially in the early stages of many layer-2 networks. 

Offchain Labs, Inc. (Arbitrum)

The seeds for the Arbitrum network were planted as early as 2015 by 
researchers at Princeton University. 

“We thought scaling had become a problem [in 2017] ... What we 
actually saw was a blip compared to what we see today. But it was 
very clear to me that scaling solutions were necessary … Back then 
people didn’t really believe scaling would be the issue that it is now this 
quickly.”  - Steven Goldfeder, CEO at Offchain Labs (Zero Knowledge 
Podcast, May 2021)
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The Arbitrum network was first formally specified in 2018  - the same 
year in which its development organization, Offchain Labs was founded. 
Offchain Labs deployed its mainnet, Arbitrum One, in May 2021 and has 
since cultivated one of the largest layer-2 ecosystems. It  has the highest 
amount of total value locked (~$4 billion) of any layer-2 scaling solution 
and has nearly 100 dApps already live on its platform. 

The network’s self-proclaimed “secret sauce” is its interactive fraud 
proofs which are discussed in the following section of this report and 
drive much of its overarching design. The next major iteration of Arbitrum, 
Arbitrum Nitro, is expected to deliver significant performance gains and 
was deployed on testnet in April 2022. 

Key Historical Events

• Aug-18: Detailed vision of Arbitrum published for first time
• Oct-20: Arbitrum rollup deployed on Ethereum’s testnet
• May-21: Arbitrum One deployed on mainnet
• Sep-21: Arbitrum TVL crosses $1 billion for the first time
• Jan-22: Arbitrum sequencer goes offline for ~7 hours due to                  
 hardware failure
• Apr-22: Arbitrum Nitro launched in testnet

Upcoming Events

• Arbitrum Nitro mainnet launch
• Decentralized sequencing
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Enya Inc. (Boba)

Boba Network has its origins when development company Enya.ai took 
over a Plasma-based scaling solution called OmiseGo (OMG). Boba 
Network launched as an augmented fork of Optimism’s virtual machine, 
which has allowed it to go to market quickly and rapidly introduce 
incentives to bootstrap ecosystem growth. 

Boba’s internal bridging protocol allows users to withdraw assets from 
layer-2 without relying on third party bridging solutions to overcome 
the lengthy withdrawal period that comes with Optimistic Rollups. 
Additionally, Boba is one of the only layer-2 networks which has launched 
a native token, BOBA, which was airdropped to OMG token holders in 
November 2021 and can currently be staked on the network.

In the first quarter of 2022, Boba launched its ‘Turing Hybrid Compute’ 
which is a mix of on-chain and off-chain computation which will allow 
smart contracts to add more complex algorithms and integrate Web3 
applications with existing legacy Web2 technologies. 

“[With Boba’s hybrid compute] you can write smart contracts that call 
a Twitter API; if you want to, for example, reward users for performing 
certain actions on Twitter, and automate that whole verification and 
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rewarding process”  - Alan Chiu, Founder & CEO at Boba Network 
(Coindesk, April 2022)

Key Historical Events

• Nov-21: Snapshot of OMG token holders taken for Boba Network’s  
 token, BOBA and tokens airdropped to OMG holders
• Nov-21: Boba Network’s TVL peaks at $1.4 billion 
• Dec-21: Boba DAO went live
• Jan-22: Boba Network announced incentives for developers in the  
 form of performance based WAGMI options
• Mar-22: Hybrid compute launched in production

Upcoming Events

• Decentralized sequencing

Optimism PBC (Optimistic Ethereum)

Former Plasma Group researchers formed a new company, Optimism 
PBC, at the end of 2019, as part of a strategic shift in focus from Plasma 
to Optimistic Rollups. As one of the earliest movers in the space, 
Optimism was quick to market and saw leading Ethereum applications 
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such as Uniswap deploy on its network shortly after launch and has since 
onboarded dozens of other leading projects. 

From the top-down, the Optimism team has been laser focused on 
replicating the Ethereum development environment as closely as possible. 
Its Optimistic Virtual Machine (OVM) runs as an instance of Geth, the 
most popular implementation of Ethereum layer-1 client software. This 
makes contracts “EVM equivalent”, allowing them to be easily deployed to 
layer-2. 

“We see a future where the blockchain ecosystem has a lot of 
EVM deployments in various contexts across a wide spectrum 
of applications. What Optimistic Ethereum is doing is trying to 
replicate the magic of Ethereum layer-1 on layer-2 … For a good user 
experience, you first need a good developer experience” - Karl Floersch, 
Chief Technology Officer at Optimism PBC (Chainlinked Podcast, 
November 2021)

Optimism’s virtual machine has been adopted and modified by other 
layer-2 solutions such as Boba Network and Metis Andromeda. 

Key Historical Events

• Jun-19: Optimism introduces optimistic rollup design
• Sep-20: Testnet for optimistic rollup launched
• Jan-21: Soft launch of Optimistic Ethereum where few projects could  
 deploy on mainnet
• Aug-21: Optimistic Ethereum launches on mainnet with whitelist
• Oct-21: Optimism announces EVM equivalence 
• Dec-21: Whitelist for projects removed and Optimism open for   
 all projects
• Mar 22: Cannon interactive fraud proving bug bounty launched

Upcoming Events

• Decentralized Sequencing
• Launch of Optimism: Bedrock a multi-client architecture employing  
 Cannon fraud proofs
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Polygon Technology (Polygon Hermez, Miden, 
Zero, Nightfall)

Polygon, formerly known as Matic Network, launched in 2017 as one of 
Ethereum’s most prominent sidechain scaling solutions. Following its 
rebranding from Matic to Polygon in early 2021, the organization has 
taken a multifaceted approach focused on (i) attacking Ethereum scaling 
from many angles (ZK-Rollups, Optimistic Rollups, Sidechains) and (ii) 
pioneering value add products and services for its platform including Data 
Availability Solutions, Decentralized Identity Solutions, and an NFT and 
gaming arm, Polygon Studios. This report focuses solely on Polygon’s 
layer-2 scaling solutions.

Polygon formally detailed its layer-2 strategy in August 2021 in 
conjunction with a $1 billion allocation to funding zero knowledge 
development.

“We consider ZK cryptography the single most important strategic 
resource for blockchain scaling and infrastructure development, and 
we have a clear goal of becoming the leading force and contributor in 
this field for years to come.” - Mihailo Bjelic, Co-Founder at Polygon 
Technology (Polygon Press Release, August 2021)
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Following the announcement, Polygon has since incubated four separate 
zero knowledge scaling solutions under its framework: Polygon Hermez, 
Polygon Miden, Polygon Nightfall, and Polygon Zero.

Polygon Hermez - Hermez launched on the Ethereum mainnet in 
March 2021 as a ZK-Rollup payments protocol but has since focused its 
development efforts on creating an EVM compatible ZK-Rollup, Polygon 
Hermez 2.0. Polygon acquired Hermez for $250 million in August 2021.  

Polygon Miden - Miden is developing a STARK based EVM compatible 
ZK-Rollup. Miden was added to Polygon’s solution suite in November 2021 
when its VM prototype was released. 

Polygon Nightfall -  Polygon Nightfall is a privacy focused rollup 
built with both Optimistic and ZK-Rollup technology. The project is 
a collaboration between Polygon and Ernst and Young which was 
announced in September 2021. 

Polygon Zero - Polygon acquired MIr Protocol (a recursive proof system 
for SNARKs)  for $400 million in December 2021 before rebranding it to 
Polygon Zero. Polygon Zero is currently developing an EVM-compatible 
virtual machine. 

Interestingly, all of Polygon’s incubated solutions are taking different 
approaches to layer-2 scaling. These differences exist in the the proof 
system used (i.e., STARKs, SNARKs), how the virtual machines are 
designed (i.e., degree of EVM compatibility), and how the network is 
architected (incentives, sequencer decentralization plans, etc.). 

Key Historical Events

• Jun-19: Matic launches alpha mainnet that allowed developers to    
 build and test their full end to end applications
• Jun-20: Matic network mainnet goes live with staking and delegation
• Feb-21: Matic rebrands to Polygon
• Aug-21: Polygon announces strategic focus on ZK scaling technology  
 and dedicates $1 billion in treasury funds to ZK development
• Aug-21: Polygon acquires ZK-Rollup protocol Hermez Network
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• Nov-21: Polygon announces Polygon Miden
• Dec-21: Critical vulnerability in Polygon PoS smart contracts   
 discovered revealing that ~$24 billion of value was at risk. Malicious  
 hacker obtains $1.6 million MATIC tokens before vulnerability is   
 remediated.
• Dec-21: Polygon acquires Mir Protocol (later rebranded to Polygon  
 Zero)
• Dec-21: Polygon Nightfall launches on testnet

Upcoming Events

• Mainnet launch of Polygon Hermez zkEVM
• Testnet launch of Polygon Miden and Polygon Zero

StarkWare Industries Ltd. (StarkNet, StarkEx)

StarkWare was founded in 2018 by Eli Ben-Sasson, Alessandro Chiesa, 
Michael Riabzev, and Uri Kolodny. The company’s President, Eli Ben-
Sasson, and three researchers first introduced STARKs in a research 
paper - “Scalable, transparent, and post-quantum secure computational 
integrity “ published in March 2018. Since the company was founded, 
it has been pushing the pace of innovation and real world use of its 
ZK-based technology through its two products:
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• StarkEx which is a permissioned scaling service provided by   
 StarkWare that allows its clients to scale their respective blockchain  
 applications. It functions in both ZK-Rollup mode and as a Validium,  
 and has scaled specific use cases such as decentralized exchanges  
 and NFT platforms. 
• StarkNet which is a permissionless ZK-Rollup designed for general  
 purpose applications. 

Current projects which are running on StarkEx include DeversiFi (a 
decentralized spot cryptocurrency exchange), dYdX (a decentralized 
derivatives cryptocurrency exchange), ImmutableX (a platform for creating 
and exchanging NFTs), and Sorare (a fantasy soccer game employing 
NFTs). At the time of writing, StarkNet had ~100 projects building in its 
ecosystem. 

In particular, dYdX has emerged as an early success story of the scaling 
advantages afforded by ZK-Rollups. Following its transition from 
Ethereum layer-1 to StarkEx in April 2021, dYdX has undergone exponential 
growth and processed notional monthly volume surpassing $100 billion - a 
development which would have likely been impossible had it been forced 
to effect all of these transactions directly on layer-1.
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In the future, StarkWare will launch a Volition model for StarkNet 
under which every account will have a choice to store data on-chain 
or off-chain (i.e., in ZK-Rollup mode or in Validium mode). Additionally, 
StarkWare announced plans to employ StarkNet as a general purpose 
data availability layer for its StarkEx solutions. Its StarkEx solutions are 
slated to be ported to “layer-3” and will post their related data to StarkNet 
layer-2 and realize additional efficiency gains through recursive proving.

Key Historical Events

• Apr-21: dYdX, DeversiFi, and Immutable launched using StarkWare’s  
 StarkEx
• Jun-21: StarkNet released on Ethereum testnet 
• Jul-21: Sorare launches NFTs with StarkEx
• Aug-21: Cairo whitepaper is released
• Aug-21: Warp EVM to Cairo transpiler PoC released for ERC-20 tokens
• Nov-21: StarkNet alpha launched on Ethereum mainnet  

Upcoming Events

• StarkNet to port StarkEx solutions to Layer-3
• Decentralized Sequencing

Matter Labs (zkSync)
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Founded in December 2018 by Alex Gluchowski and Alexandr Vlasov, 
Matter Labs has been pushing the pace of EVM compatible ZK-Rollups. It 
has two major offerings:

• zkSync - a ZK-Rollup that facilitates transfer of ETH, ERC-20 tokens, 
swaps, and NFTs. zkSync is slated to support general purpose 
functions in the near future as upon its zkEVM being launched in a 
mainnet environment

• zkPorter - a data availability system that is under development and 
will enable users the option to store their transaction data off-chain 
(i.e., Validium mode) 

In contrast to other development organizations which have been silent on 
their plans to launch a token, Matter Labs has publicly stated that it will 
be launching a native token. Although it is unclear when this token launch 
will occur, it is apparent that the token will be used in conjunction with 
zkPorter. 

Key Historical Events

• Jun-20: zkSync 1.0 for scalable payments went live on mainnet 
• Apr-21: zkPorter data availability solution announced
• May-21: zkSync 2.0 alpha went live on testnet  
• Oct-21: UniSync, a port of Uniswap launched on zkSync 2.0 testnet
• Feb-22: zkSync’s general-purpose zkEVM goes live on testnet

Upcoming Events

• zkEVM mainnet launch and support for validity proofs
• zkSync native token and zkPorter launch
• Decentralized sequencing launch

Development Organization Fundraising

While layer-2 scaling solutions are slated to be operated by decentralized 
communities, they are developed by centralized organizations. These 
organizations tap the capital markets through a combination of equity 
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financing (selling ownership stake in their organizations) and token sales 
(selling the native tokens of their respective blockchain networks) to 
support the development of platform technology and the growth of their 
respective ecosystems. 

While the related valuations of these organizations are not generally made 
public, StarkWare’s November 2021 fundraise valued the company at 
$2 billion. According to Calcalist, an Israeli technology media company, 
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StarkWare is in the process of raising an additional $100 million at a 
valuation of $6 billion. Additionally, Optimism PBC’s March 2022 fundraise 
valued the organization at $1.7 billion and Boba Network’s April 2022 
fundraise was conducted at a $1.5 billion valuation. 

As displayed in the “Native Tokens'' section of this report, secondary 
market prices of native tokens determine the valuation of these 
organizations’ related public blockchain networks. Boba’s native token 
(BOBA), and Polygon’s native token (MATIC) had market capitalizations of 
$225 million ($707 million fully diluted) and $11.4 billion ($16.6 billion fully 
diluted), respectively as of March 31, 2021.

Technical Design

Purpose

While Ethereum and the majority alternative layer-1 platforms are general 
purpose in nature, some layer-2 scaling are application specific. Networks 
employing Optimistic Rollups launched with support for general purpose 
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applications. However, executing general purpose applications in 
ZK-Rollup environments has required technological innovation and many 
networks are still in the process of designing and deploying their virtual 
machines.

Scaling Approach

The scaling approaches outlined in the table above function similarly to 
how they were explained in Section 2 of this report. However, several 
networks are introducing hybrid Volition models which give users the 
capability to effect transactions in ZK-Rollup mode (on chain data) or 
Validium mode (off chain data). StarkWare’s volition model will manage 
data location at transaction level - users can decide whether they would 
like their transaction data on-chain or off-chain on a per transaction basis. 
On the other hand, zkSync’s volition model will manage data location 
at the account level - accounts will be dedicated as either ZK-Rollup or 
Validum (i.e., zkPorter) accounts. 

Dispute Resolution

Layer-2 dispute resolution mechanisms generally resemble the principles 
outline in Section 2 of this report, but come with subtle differences. 

Interactive vs Non-Interactive Proving (Fraud Proofs)

Arbitrum’s development organization, Offchain Labs, pioneered the 
concept of interactive fraud proofs. With interactive proving, any disputes 
about the history of transactions executed on an Optimistic Rollup are 
dissected to arrive at single state change contention. While this realizes 
layer-1 cost savings in the event that there are actually disputes that need 
to be resolved, it also it also drives how its virtual machine is designed.  

While Optimism originally launched with non-interactive fraud proofs 
(simpler design and removes need for parties to coordinate), its fraud 
proofs under Cannon are slated to employ interactive proving. 
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SNARKs vs STARKs (Validity Proofs)

What is Zero Knowledge Technology?

Zero-knowledge (“ZK”) technologies were first conceived in the mid 
1980s and applied to blockchain technology in ~2016 with the emergence 
of zCash; a privacy focused payments network. ZK proofs are a privacy 
preserving protocol - they enable one party to prove to another party that 
they know something without revealing exactly what they know. 

In the context of layer-2 scaling solutions, ZK proofs are used to enhance 
scalability. Although the creation of a proof and the execution of its related 
transactions may be computationally intensive, verification of proofs 
remains computationally light. Accordingly, the process of confirming 
the truth of transaction history, which is akin to consensus on layer-1 
platforms, can remain highly decentralized - even though the actual 
execution of transactions and generation of proofs may be centralized. 
While cryptographic proving systems come in several variations, the two 
most common proving systems in production today are ZK-SNARKs and 
ZK-STARKs. 

Zero-Knowledge Succinct Non-Interactive Argument of Knowledges 
(ZK-SNARKs) were first formally detailed in a research paper authored 
in 2012 and integrated into blockchain technology with the emergence of 
zCash. 

Zero-Knowledge Scalable Transparent Arguments of Knowledge 
(ZK-STARKS) were first formally detailed in a research paper in 2018. 
They were pioneered by StarkWare co-founders and have since been 
put into commercial production for all of its scaling technologies. The 
Ethereum Foundation has vocally supported research and development of 
STARKs and granted StarkWare $12 million in 2018.

Cryptographic proving systems are the “secret sauce” of ZK-based 
systems that enables them to enhance throughput (by centralizing the 
execution of transactions) and rely on cryptography to mathematically 
verify the integrity of said transaction execution. 
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“In a system that uses cryptographic proofs, you can have a situation 
where one big machine, with dedicated hardware that need not be 
trusted by anyone else, can process … [many] transactions and 
generate a very, very small proof that everyone can trust with perfect 
certainty.”  - Eli Ben-Sasson, Co-Founder and President of StarkWare 
(Real Vision Podcast, February 2022)

While the mathematical underpinning of these systems are highly 
complex, SNARKs and STARKs have several high level differences 
which are worth examining. In particular, how their proving and verifying 
systems scale, what their underlying cryptographic assumptions are, 
and whether or not they require a trusted set up are all important 
considerations for users of these technologies. 

Scalability: Proving and Verifying time

The scalability of proving systems is a function of how rapidly they can 
generate proofs and how quickly these proofs can be verified by third 
party actors. 

For high complexity computations (i.e., heavy transaction loads), STARKs 
have faster prover and verifier times and are thus said to be more 
scalable. For lower complexity operations, STARKs have quicker prover 
times, yet SNARKs have faster verifier times. While STARKs scale better, 
the raw size of their proofs are significantly larger than those of SNARKs 
(~500 times bigger from a raw data perspective). The cost of verifying 
STARK proofs on the layer-1 is sufficiently high such that provers typically 
wait until a sufficient number of transactions (e.g., 10,000) are in a batch 
before generating proofs. 

Cryptographic Assumptions

All cryptography is based on probabilistic assumptions. In the realm of 
ZK cryptography, the longer a system has not been successfully attacked, 
the higher is the likelihood that it will not be successfully attacked in the 
future.

SNARKs are dependent on knowledge of exponent cryptographic 
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assumptions from the 2000s, whereas STARKs are based on collision-
resistant hash functions from the 1970s. Given this divergence in 
cryptographic assumptions, STARKs are generally considered post-
quantum secure, whereas SNARKs are not.

Trusted Setup

ZK proof systems are designed to ensure that a prover and the verifier 
have objective agreements or disagreements. ZK-SNARKs require what is 
referred to as a “trusted set up” whereby a set of initial parameters that 
govern these agreements or disagreements are created, and at a later 
stage destroyed. 

While trusted set ups come in many different variations, users need to 
trust the entity/entities that created these parameters to destroy them 
rather than keep them for future illicit gains. On the other hand, STARKs 
are transparent and do not come with this added trust assumption.

The different flavors of SNARKS and STARKS

While the discussion of Zero Knowledge proofs in this section is specific 
to SNARKs and STARKs, several different variations of these proving 
systems are implemented by different networks with related impacts 
on performance. Additionally, SNARKs and STARKs are not mutually 
exclusive: Polygon Zero’s Plonky 2 proving algorithm combines elements 
of SNARKs (to support recursion and low layer-1 verification costs) and 
elements of STARKs (to generate fast proofs with no trusted setup) to 
realize scaling efficiencies. 

In summary, the deep mathematical assumptions behind validity-based 
proving systems impact their networks’ security and performance. While 
ZK-SNARKs were specified ~6 years prior to ZK-STARKs and have more 
robust libraries and tooling, ZK-STARKs have rapidly become popular for 
general-purpose implementations. A more comprehensive overview of 
these proving systems technologies can be found here.
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Execution Environments: EVM et al

Optimistic Rollups: Different Degrees of Compatibility

While Optimistic rollups are generally compatible with the EVM and 
support smart contracts written in Ethereum’s flagship smart contract 
language, Solidity, different networks come with differing degrees of 
compatibility. 

Optimism has been laser focused on replicating the Ethereum 
development environment as closely as possible. Its virtual machine is an 
instance of Ethereum client software (Geth) and applications written in 
Solidity can easily be ported over to its network. 
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On the otherhand, Arbitrum’s execution environment, Arbitrum Virtual 
Machine, would be considered “EVM compatible”. It is not a direct 
copy of Ethereum client software and requires developers to make 
modifications to their application code when porting applications from 
layer-1 to layer-2. However, this is a design feature and not a flaw. Through 
its interactive proving, Arbitrum allows for several tweaks to the EVM 
that enable its applications to have different features (higher gas limits 
per transaction, additional opcodes) that would not be feasible in a 1:1 
Ethereum compatible client. In the future, the network is transitioning to 
a WebAssembly (WASM) execution engine which, according to OffChain 
Labs, is expected to bring two advantages: (i) a 20x-50x increase in 
transaction execution speed, and (ii) a higher level of compatibility with 
the EVM (i.e., replaces the network’s custom-built EVM emulator with 
Geth). 

ZK-Rollups: Getting a General-Purpose Makeover

Despite the significant development effort required to make validity proof-
based networks general purpose, implementations are well ahead of 
where many thought they would be at this time. 

zkSync recently deployed its EVM-compatible version, zkSync 2.0, on the 
Ethereum testnet in February 2022. While this implementation of the VM 
still requires substantial development (it is currently in testnet and does 
not have support for validity proofs), it is a step forward in the evolution of 
EVM compatible zk-based chains. 

Additionally, Polygon Hermez is actively developing its OPCODE-
based Hermez zkEVM which is slated to provide a similar level of “EVM 
equivalence” as Optimism’s virtual machine, yet be amenable to validity 
proofs. Given this OPCODE-based approach, smart contracts deployed 
to Hermez zkEVM will not be required to be transpiled to another 
language and can directly benefit from the established tooling of the EVM 
ecosystem. 

StarkWare has pioneered its own smart contract language, Cairo, which is 
optimized for its StarkNet general purpose solution. Applications written 
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in Cairo are executed in its own virtual machine which is optimized for use 
in ZK-Proving systems and not compatible with the EVM. 

“Solidity contracts on layer-one were written under a very particular 
set of computational constraints … moving over with the same set 
of constraints that you’ve lived under on layer 1 makes very little 
sense. [dYdX] did not repeat, did not take their layer one logic and just 
translated it to Cairo. Instead, they started from a blank sheet of paper, 
and they said, “What is that application we would have built, starting 
fresh?” - Uri Kolodny, CEO at StarkWare (Delphi Podcast, October 
2021)

In order to give developers a fast avenue for deploying applications on 
StarkNet, Solidity smart contracts can be compiled into Cairo through a 
code transpiler, Warp. 

Throughput and Finality Considerations
The ultimate goal of layer-2 scaling solutions is to enhance the 
performance of their underlying networks. Blockchain performance is 
typically analyzed by examining throughput and finality.  

Throughput

Throughput defines how many transactions a network can process in 
a set amount of time - irrespective of how long it takes to finalize an 
individual transaction. It is measured in transactions per second (TPS).

Throughput on layer-1

Ethereum’s current throughput is ~15 TPS. Competing layer-1 networks 
such as Solana have achieved as high as ~60,000 TPS in testnet 
environments. However, recent network downtime and degraded 
performance caused by high demand on many alternative layer-1 
platforms have cast a shadow of doubt over their maximum throughput in 
a production environment.
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Throughput on layer-2

Under current implementations, it is estimated that Ethereum’s layer-2 
networks could collectively execute ~5,000 TPS on their respective 
networks (if Ethereum layer-1 was exclusively used for storing rollup 
data and excluding any performance gains attributable to EIPs). Rollups 
are expected to achieve their second scaling gain with the advent of 
increased data availability space on layer-1: data sharding will bring 
layer-2 throughput to an estimated ~100,000 TPS. 

Based on demand, layer-2 networks have demonstrated TPS in a similar 
range to Ethereum layer-1 in a live production environment today. For 
example, dYdX has routinely processed ~20 TPS in a live production 
environment - although they are expected to scale their TPS as network 
demand arises.

The Evolving TPS Discussion

Layer-2 scaling solutions pose new existential questions for how TPS is to 
be understood. 
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For a layer-1 network running a single chain architecture, all transactions 
executed on it are reflected in its TPS. One chain performed all of the 
related work from execution to settlement and all transactions should be 
included in its TPS. This makes sense. 

But if a layer-2 is executing transactions, and settling them onto a layer-
1, should these transactions be counted in the TPS for the layer-2? Should 
they be considered the TPS of the underlying layer-1? Could it be both? 

At this point in time, both appears to be the most appropriate answer. 
Layer-2 networks are capable of executing a certain number of 
transactions per second while layer-1 networks (and data availability 
networks) are capable of settling a certain amount of transactions per 
second. 

Alternative Data Availability Networks

Should one or few layer-2 networks gain widespread adoption, they will 
ultimately own their end-user relationships from start to finish. As user 
experiences improve, many users could (rightly or wrongly) be unaware 
of which layer-1 is being used for settlement. In the event one of these 
layer-2 networks decide to change which layer-1 that they are settling on, 
layer-1 usage and production TPS could be impacted. 

Several new layer-1 networks such as Celestia and Avail are being 
designed specifically to serve as data availability layers and vying for 
market share from Ethereum. While there are several reasons why it will 
not be trivial for an Ethereum layer-2 scaling solution to move to these 
networks, just because something is branded as an Ethereum layer-2 
network today does not guarantee that it could not explore settling 
transactions to an alternative layer-1. 

For example, StarkWare and Human Rights Foundation are co-sponsoring 
a Bitcoin/ZK-Rollup Research Fellowship to explore the prospect of using 
ZK technology as a scaling or privacy solution for Bitcoin. On a related 
note, StarkWare’s StarkEx applications are slated to move off of Ethereum 
layer-1 and use StarkNet's layer-2 as a data availability layer. However, its 
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StarkNet layer-2 solution will continue to settle transactions on Ethereum 
layer-1.

Finality

Finality defines how long users need to wait until there is a reasonable 
assurance that their transactions are irreversible. 

Depending on the consensus mechanisms of different networks, and the 
definition of what constitutes a “reasonable assurance” (in some cases  it 
is a function of the risk tolerance of individual users), time to finality can 
vary widely across layer-1 networks.

Analyzing finality for layer-2 scaling solutions requires pinpointing two 
separate metrics: (i) when finality is reached on the layer-2 such that 
assets transacted on the layer-2 can be used in other transactions within 
said layer-2 and (ii) when finality is reached on layer-1 such that layer-1 
has affirmed that layer-2 transactions were correctly executed and are 
irreversible per the rules of the layer-1. 

When is finality reached on layer-2?

Prior to finalization on layer-1, there is a “middle ground” period during 
which observers of layer-2 networks have assurances as to which 
transactions will be executed and in what order - even though the layer-1 
may have not finalized them. Today, transactions on layer-2 are confirmed 
as soon as the sequencer/prover confirms them - which can happen 
on a near instant basis across many networks. When sequencing is 
decentralized in the future, time to finality on layer-2 will be a function of 
how long it takes the majority of layer-2 nodes to reach consensus. 

When is finality reached on layer-1?

For Optimistic Rollups, finality on layer-1 is reached following the 
expiration of the ~7 day fraud proof dispute period. Nonetheless, several 
bridging protocols have emerged that allow layer-2 users to rapidly 
withdraw assets to layer-1 before the expiration of the 7-day dispute 
period. From the perspective of these users who bridge, time to finality is 
far shorter than the ~7 day dispute period. 
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For ZK Rollups, finality on layer-1 is reached when transaction data and 
validity proofs are verified by layer-1 smart contracts which typically 
occurs several hours after a transaction is executed. Factors impacting 
this time to finality include how often transaction data is posted to layer-
1, how long it takes to generate validity proofs, and how long it takes to 
verify validity proofs on layer-1. Similar to Optimistic Rollups, from the 
perspective of these users who use bridges, time to finality can be far 
shorter than the several hour period. 

What happens if a transaction is successfully challenged?

For Optimistic Rollups, if a transaction gets successfully challenged via 
a fraud proof, the aforementioned non-interactive and interactive fraud 
proofing mechanisms would be used to settle the dispute on the layer-
1. Following these dispute periods, the state of the blockchain would be 
modified such that incorrectly executed transactions would be rolled 
back. 

In the case of ZK-Rollups, fraudulent layer-2 transactions would be 
detected at the time the proof was submitted for validation to the layer-1 
contract. In the event that there were invalid state transitions, the 
transaction batch would be rejected by the layer-1 and its transactions will 
not receive layer-1 finality until they are included in a new proof which is 
verified by the layer-1 contract.

On-Chain and Ecosystem Data

On-Chain Data

While layer-2 ecosystems are still in their nascent stages, analyzing 
their blockchain data can provide insights into their relative levels of 
adoption and growth. This section provides comparative statistics across 
four metrics: (i) total value locked, (ii) daily active addresses, (iii) daily 
transactions, and (iv) average fees per transaction. Collectively, these 
metrics gauge relative user adoption and provide insights into user 
experience across these different networks.

Part 3: Framework for Layer-2 
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Data collection methodology - The Block Research requested the following 
metrics from each of the six layer-2 development organizations profiled in 
this report: (i) daily transaction counts, (ii) daily active addresses, and (iii) 
average fees per transaction. Any data provided by these organizations was 
included in the following section along with any publicly available data. 

Total Value Locked

Total Value Locked (TVL) approximates the total amount of funds that 
have been bridged from layer-1 networks to layer-2 networks. As displayed 
in the chart below, at ~$4 billion in TVL, Arbitrum has the most value 
locked out of all scaling solutions by a wide margin. 

Notably, the gross quantity of funds which have been ported from 
Ethereum to layer-2 solutions is still relatively small compared to the 
$30 billion that has been bridged from Ethereum to alternative layer-1 
networks. 

Part 3: Framework for Layer-2 
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Transaction Counts

Ethereum’s layer-1 has consistently been processing ~1.3 million 
transactions per day as its network has reached capacity. StarkWare’s 
StarkEx instances have collectively been processing ~100,000 to 
~1,000,000 transactions per day. Arbitrum and Optimistic Ethereum have 
both seen transaction counts in the range of ~10,000 to ~100,000 while 
Boba has seen ~1,000 to ~10,000 transactions per day. 

Active Addresses

Daily active addresses represent how many addresses were involved 
(either as the originator or the destination) of at least one transaction in a 
given day.  They serve as a proxy for user engagement.

Since their launch, Optimistic Ethereum and StarkEx have had daily active 
addresses in the range of ~1,000 to ~10,000 and ~10,000 to ~500,000, 
respectively - trailing Ethereum’s ~600,000 by a material margin.  
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Fee Per Transaction

Layer-2 scaling solutions are already delivering fee reductions on the 
order of ~75% - 95% compared to Ethereum layer-1 transactions. And 
during times of high network demand on Ethereum layer-1, these cost 
savings have been orders of magnitude larger. 

Despite the massive cost reductions that Layer-2 platforms generate 
when compared to Ethereum layer-1, they can still be seen as relatively 
expensive compared to alternative layer-1 platforms and sidechains which 
are capable of facilitating transactions for fractions of a penny. 

Nonetheless, layer-2 transaction fees are poised to continue dropping. 
The aforementioned layer-1 protocol changes (EIPs) are optimizing its 
network for rollups and expected to reduce the cost of posting transaction 
data to layer-1. Additionally, layer-2 development organizations have 
plenty of greenspace to fine tune their network’s technology to realize 
efficiencies to further drive down transaction fees.

Part 3: Framework for Layer-2 
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Ecosystem Data

While on-chain data provides a “look under the hood” of layer-2 networks, 
ecosystem data gauges relative ecosystem size.

Developer time is a relatively expensive resource. If networks have high 
levels of developer engagement, it is a positive sign that the community 
is confident in the prospects of the project and could be an indicator that 
the project will be shipping more features or improvements.  Discord is 
an online chat room primarily used by platform engineers and community 
participants to discuss protocol technology, coordinate network operator 
and user support, and make announcements. As displayed in the chart 
below most layer-2 development communities had 20,000 to 40,000 
discord members at the end of March 2022. 
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Social Media Following

Trends in community data are useful for estimating the relative size and 
growth of platform ecosystems. Social media followings approximate 
community size and growth over time. They also provide a quantitative 
estimate of the reach platform organizations have to promote ecosystem 
growth initiatives, disseminate educational materials, and make 
announcements across their respective ecosystems. 

Part 3: Framework for Layer-2 
Comparison



Layer-2 Scaling Solutions:
A Framework for Comparison

71

COMMISSIONED BY2022

Research

As displayed in the chart above, most layer-2 networks have twitter 
follower counts of ~100,000 to ~300,000 with Polygon being the outlier 
with ~1.3 million followers. 

Native Tokens
Tokens sit at the center of most blockchain-based ecosystems. When it 
comes to layer-1 platforms, they are typically used to secure the network 
through staking, pay transaction fees, pass-through fee revenues to 
network participants, and in some cases grant their holders governance 
rights. 

Of the six layer-2 networks discussed in the report, only Boba and 
Polygon currently have native tokens.

Today’s Tokens: BOBA, MATIC

Boba Network’s BOBA token was airdropped to OMG holders as the 
former took over Omisego, a plasma scaling solution for Ethereum. Its 
token is slated to be used as a governance token and will have voting 
power in the BOBA DAO. Additionally, stakers of the token will be 
rewarded with network transaction fees and new issuance of the BOBA 
token. 
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Polygon launched its MATIC token in late 2019 in conjunction with the 
launch of the Polygon PoS sidechain. While the MATIC token is used for 
staking, governance, and required to pay transaction fees on the Polygon 
PoS chain, it recently also became adopted as the native token of the 
Polygon Hermez. When Polygon acquired Hermez, it merged Hermez’s 
legacy token, HEZ, with MATIC. As Polygon’s layer-2 scaling solutions are 
deployed into production, the MATIC token will also be used as the native 
token across these different networks.  

Tomorrow’s Tokens

While many layer-2 development organizations have yet to issue native 
tokens, token launches are likely for several reasons. In particular, 
many development organizations have hinted at it when discussing 
decentralized sequencing and governance, competitive dynamics make it 
likely, and finally, tokens would give venture capital investors liquidity (if 
desired). 

Decentralized Sequencing 

By building networks secured by Ethereum, layer-2 development 
organizations have implicitly ascribed value to the decentralization and, by 
extension, the security provided by Ethereum. 

Given that development organizations are the sole sequencers on their 
networks today, they are mission-critical participants that pose a risk to 
the resilience of their platforms. Accordingly, token launches to facilitate 
broad network participation and de-risking of their networks appears 
likely. Documentation from Offchain Labs, Optimism PBC, and StarkWare, 
contain mentions of “staking”, “decentralized governance”, and “fully 
decentralized and permissionless network” which all imply (although 
they do not guarantee) that tokens will be issued by these development 
organizations to incentivize broad-based network participation.  

zkSync’s development organization, Matter Labs, has publicly stated that 
it plans to launch a native token although has yet to provide details on the 
launch date. The token will be used for staking mechanism on zkPorter’s 
data availability solution. 
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Similar to how block proposing validators in layer-1 networks “lock up” 
native tokens to participate in consensus, layer-2 networks will likely 
employ native tokens to facilitate block proposer selection and incentivize 
uptime. For Optimistic Rollups, native tokens are also expected to be 
posted as a bond (by sequencers) to explicitly incentivize verifiers to 
monitor the state of the network and explicitly disincentivize sequencers 
from posting incorrect transaction batches. 

Most alternative layer-1 networks require users to pay transaction fees 
in their own respective tokens (i.e., SOL for Solana, AVAX for Avalanche, 
etc.). However, it appears unlikely that layer-2 native tokens will be used 
for paying transaction fees as this would impose even higher burdens on 
their users to buy the layer-2 native token (in addition to having to bridge 
assets). 

Competitive Dynamics: Everyone Else is Doing it

Alternative layer-1 blockchains have bootstrapped a significant amount 
of their growth by implementing explicit financial rewards to incentivize 
developer and user adoption of their technology. In many instances, these 
financial incentives have been funded with native tokens held in their 
treasury.

Accordingly, networks that do not launch tokens are implicitly at a 
disadvantage to their competitors that do launch tokens and have dry 
powder to invest across their ecosystems. Vampire attacks, whereby 
one protocol (with a newly issued token) attempts to steal share from 
a competing protocol (without a token) by introducing explicit financial 
rewards, are the starkest example of how token incentives can alter the 
competitive landscape.

Giving Venture Capital Investors Liquidity

Layer-2 development organizations have raised significant funding from 
venture capital firms. Over the near to medium term, liquidity generation 
events (acquisitions, initial public offerings, etc.)  for development 
organizations appear unlikely. Accordingly, allocating liquid blockchain 
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tokens to venture capital investors and development organization 
employees would create accelerated paths to liquidity for these mission-
critical early supporters of layer-2 networks.

What risks come with token launches?

While token launches can clearly help development organizations achieve 
many of their goals, they do come with risk. The most obvious being 
regulatory risk.  

In the United States, the Securities and Exchange Commission (SEC) 
has yet to issue formal guidance as it relates to most blockchain-based 
tokens. Generally speaking, the market has been “reading the tea leaves” 
and trying to piece together the SEC’s stance based on its historical 
actions. However, there is wide consensus at the SEC that many digital 
assets qualify as investment securities. Accordingly, how tokens are 
distributed, how their tokenomic models are structured, and how quickly 
their networks can become “sufficiently decentralized” will all be critical 
considerations for these development organizations as they launch their 
tokens. 
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Challenges for Adoption
Despite their early success in providing scaling relief, layer-2 scaling 
solutions face several challenges to long-term adoption. Chief among 
these are (i) subpar user experience, (ii) lack of composability, and (iii) 
competitive from layer-1 networks and sidechains. 

Sub-Par User Experience

For now, layer-2 scaling solutions place additional burdens on users 
compared to most alternative layer-1 platforms. 

While some third party protocols have emerged and are already reducing 
withdrawal times for users, long withdrawal times persist at the core of 
both Optimistic Rollup and ZK-Rollup technologies. Time to withdrawal is 
considerably longer than what is typically required for layer-1 platforms 
and in many cases requires multiple transactions from users (i.e., a 
transaction to initiate the withdrawal on layer-2, and an additional 
transaction to claim the funds on layer-1 after the expiration of the 
withdrawal period).

Additionally, many layer-2 user experiences start with having to bridge 
assets. Bridging takes time and requires upfront spend from users to get 
their assets onto layer-2. Crypto exchanges such as Binance and FTX 
have begun offering withdrawals directly to layer-2 networks from their 
platforms (i.e., no need to bridge) and alleviated some of this friction. 
However, the introduction of a new layer will, for at least the near to 
medium term, require additional effort on the part of users to transport 
assets across networks. 

Lack of Composability

Composability allows anyone in a network to easily build on top of and 
around existing products and services to devise new use cases; use cases 
that many did not know were possible until they were invented. With 
composability, users can make complex transactions across different 
applications that all exist under one security framework, on one chain, 
and many times in one block.
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With layer-2 interoperability solutions in their nascent stages, executing 
transactions across applications that reside on different layer-2s and 
layer-1s will be challenging for users in the near to medium term. Building 
out comprehensive and composable application bases and tooling suites 
will take time - even if platforms are EVM-compatible. While EVM-
compatible ZK-Rollups are well under development, deploying these 
technologies in live production environments and having developers port 
their applications over will take substantial time.  

More broadly speaking, whether or not there will be convergence amongst 
one or a few layer-2s (which build out large and composable ecosystems) 
will be an important development going forward. For example, Uniswap, 
the leading decentralized exchange by volume, is now currently deployed 
on four separate chains: Ethereum layer-1, Polygon PoS, Artbitrum, and 
Optimistic Ethereum. While multiple deployments benefit users by giving 
them the option to access lower transaction fees on other networks, it 
also fragments liquidity and could turn out to be a net-negative for some 
users.  

Competition from Layer-1 Networks and Sidechains

While Ethereum layer-1 fees were elevated for the entire year of 2021, they 
are cyclical in nature. In periods of negative price action, activity on the 
network can die down and cause significant decreases in transaction fees. 
While these lapses in transaction fees will likely be temporary in nature, 
they could materially slow the migration of users from Ethereum’s layer-1 
network to its related layer-2 scaling solutions. 

While layer-2 networks are frequently contextualized in terms of 
cost savings compared to Ethereum, the market for general-purpose 
computation is already highly competitive due to the rise of alternative 
layer-1 plaftorms. Solana, Avalanche, and Terra already have hundreds 
of different projects building on top of and around their respective 
ecosystems and have a sizeable head-start in terms of user adoption 
compared to layer-2 networks.
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Catalysts for Adoption
Despite these challenges to adoption, there are several factors which 
make the adoption of layer-2 scaling solutions likely in the near to medium 
term. Chief among these are (i) new incentive programs and token 
launches, and (ii) continued investment in and improvement of layer-2 
technologies by their development organizations. 

Incentive Programs and Token Launches

Ethereum’s high transaction fees are an organic catalyst for increased 
layer-2 adoption. However, with the advent of layer-2 tokens, it is expected 
that development organizations will introduce explicit financial incentives 
to attract developers and users. 

Many competing layer-1 networks (Avalanche, Near, Solana, etc.) have 
launched massive investment funds to support application development 
and bootstrap ecosystem growth. While some of these programs have 
been funded by external investment firms, many of them were at least 
partially financed through allocations of native tokens. 

With the advent of layer-2 native tokens, all signs point to a similar 
dynamic playing out. Over the coming months and years, layer-2 projects 
are expected to have substantial dry powder to invest across their 
ecosystems and attract developers and users.
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Increased Investment into Layer-2 Technology

Layer-2 development organizations raised ~$500 million in venture 
funding in 2021 and have already raised ~$850 million since the start of 
2022. Many are likely increasing headcounts and investing in their core 
protocol technology which could accelerate their ecosystem growth.

Clearly, these development organizations are not going anywhere anytime 
soon. Even in the event that their protocol technology is not adopted as 
rapidly as many would think, they will still have significant funding to 
refine their network technology and invest in their ecosystems over the 
months and years to come. 

Conclusion
Given that layer-2 rollups provide users enhanced scalability and relatively 
strong security guarantees, they are poised to see increased adoption 
over the coming months and years. Despite having deployed their 
technology in just the past ~6 months, many rollups have demonstrated 
early product market fit and seen billions of dollars worth of assets move 
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over to their platforms. 

With the impending launch of layer-2 native tokens, many of these 
platforms will become investable for the general public for the first 
time over the coming months. Analyzing layer-2 networks requires a 
multidisciplinary approach that evaluates technical design, blockchain and 
ecosystem data, and a qualitative understanding of the key organizations 
and individuals developing them. The intersection of all of these factors 
as well as the tokenomic schema employed by these networks will all be 
critical considerations for investors. 

The race to attract and retain developers and users is well underway 
and poised to intensify. Given that Optimistic Rollups have already 
deployed EVM-compatible general-purpose virtual machines, they are 
well positioned to continue to support the rapid migration of applications 
and users to layer-2 networks. While ZK-Rollups are not EVM-compatible 
by default, they have made substantial strides towards compatibility or 
pioneered their own development frameworks and seen significant levels 
of traction and community support.

“While there are a lot of differences between optimistic and ZK rollups 
… I am quite confident that the future iterations of all of our systems 
are actually going to converge into very similar architectural designs 
and that is going to require a combination of ZK-Rollups and Optimistic 
Rollup technologies” - Karl Floersch, CTO at Optimism PBC (Twitter 
Spaces, January 2022)

While Optimistic and ZK-Rollups are often contrasted, all signs point 
to their development organizations refining their networks over time 
to provide user friendly, scalable, and secure networks - regardless of 
whether they rely on fraud proofs, validity proofs, or a combination of the 
both on the back-end. Over the coming months and years, all signs point 
to networks employing both Optimistic and ZK-Rollups seeing material 
adoption. 
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Appendix
YTD Price Performance of Layer-2 Tokens
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