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1 Basic Ethereum Fee Schema
Before explaining the user fee schema followed in the zkEVM, let us devote this section
to explain how the basic Ethereum fee schema works. Recall that the Gas is a unit that
accounts the resources used when processing a transaction. At the time of sending a
transaction, users have to define two parameters that will determine the fee imposed on
them:

1. gasLimit: This parameter represents the upper limit of gas units that a user autho-
rizes for consumption during the transaction.

2. gasPrice: It refers to the amount of Wei a user is willing to pay per unit of gas
for the transaction execution. Trying to be more concrete, there exists a dynamic
market interaction between users and network nodes. In Ethereum ecosystem, if
a user desires to expedite the processing of their transaction, they must adjust
the gasPrice accordingly. Essentially, a higher gasPrice becomes an incentive for
network nodes to prioritize the associated transaction.

At the start of the transaction processing, the following amount of Wei is sub-
tracted from the source account balance:

gasLimit · gasPrice.

Then, when the processing of the transaction is finished, if gasUsed > gasLimit, the
transaction is reverted. Otherwise, the amount of Wei associated with the unused gas
is refunded. The refunded amount of Wei that is added back to the source account is
calculated as:

gasLimit · gasPrice − gasUsed · gasPrice.

For reasons that will arise at the last section of this document, it is important to
observe that when the transaction is being processed, the balance of the source account
during transaction processing differs from its state at the time of sending the transaction.
More specifically, if the BALANCE opcode is invoked during the transaction processing, the
output will be

initialBalance − gasLimit · gasPrice,

where initialBalance represents the balance of the source account before the execution
of the transaction.

2 Generic User Fee Strategy of Layer 2 Solutions
In general, Layer 2 solutions adopt a fee strategy wherein the L2 gas price is a percentage
of the L1 gas price. This approach aligns with the goal of making transactions less costly
for the user. Using this approach, we can define L2GasPrice as follows:

L2GasPrice = L1GasPrice · L1GasPriceFactor.

where L1GasPrice denotes the network variable indicating the minimum gas price required
to sign a transaction, and 0 < L1GasPriceFactor < 1 defines the reduction factor. For
example, let us suppose that Layer 1 is accepting transactions having a signed gas price
of 20 GWei, so L1GasPrice = 20 and that L2 gas price is reduced a 96%. Then:

L1GasPrice = 20 GWei and L1GasPriceFactor = 0.04 (4% of L1 gasPrice)
therefore, L2GasPrice = 20 GWei · 0.04 = 0.8 GWei

You can check the current fees at https://l2fees.info. However, this is not as easy
as it may seem and there are additional aspects to consider:
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a) The gas price on L1 is subject to fluctuations over time (See Figure 1). How does the
zkEVM transaction processing mechanism account for these variations?

b) As we have said before, when initiating a transaction on Layer 1, increasing the gas
price can serve to prioritize transactions. How does the Layer 2 solution effectively
manage these priorities?

c) The Gas schema on Layer 1 may not necessarily align with the actual resources ex-
pended by the Layer 2 solution. How does the L2 solution address and reconcile any
discrepancies between the L1 gas schema and the real resource utilization on L2?

IntervalToRefreshGasPrices

5 sec

21 20 23 21 . . .  time2422

Figure 1: Observe that L1 gas prices, refreshed every 5 seconds (which can be changed modifying
a configuration parameter called IntervalToRefreshGasPrices) fluctuate over time.

In the following sections, we will thoroughly examine the significance of fees in Layer
2 and provide detailed answers to the previously mentioned questions.

We will now delve into the initial phase of the process (see Figure 2), which involves
the RPC component of zkEVM. This phase spans from the moment the user submits the
transaction, the price is estimated through a pre-execution of the transaction, to the final
decision of storing it in the Pool or rejecting it based on a set of conditions.

OOC
Not enough gas

transaction

estimation

pre-execution

store in PoolDB

batch

pre-execution

(sequence)

write batch in node's
StatedB and HashDB

batch

execution

(proof)

Proof 

OOC

rpc pool

Executor

Stateless check allows
easy horitzontal scaling

Figure 2: Illustration of the first phase in the zkEVM flow, involving the RPC component, from
user transaction submission to pre-execution to estimate optimal pricing and potential storage
in the Pool or rejection.

3 Gas Price Suggester
This section will be devoted to constructing a scheme for the user to send a transaction
to the zkEVM in such a way that their user experience is maximized. We will present
different attempts, each addressing a problem from the previous one.
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3.1 Naive Approach

Consider a scenario in which a user intends to send a transaction on Layer 2. However,
the user lacks information regarding the appropriate gas price he/she has to sign with its
transaction. Consequently, the user asks via RPC for a suggestion of the current gas price
to sign with, as shown in Figure 3. The suggested price will be L2GasPrice, which recall
that is computed the following way:

L2GasPrice = L1GasPrice · L1GasPriceFactor.

User

RPC

Figure 3: The user asks RPC for the suggested gas price.

Now that the user knows a suggestion for the gas price he/she has to include, the user
sends the desired L2 transaction with a choice of gas price that we will call signed gas
price, denoted as GasPriceSigned. Observe that this choice can be equal to, greater
than, or lower than the suggested price, each resulting in distinct scenarios: either the
acceptance or rejection of the transaction, as illustrated in Figure 4. We will delve on this
later on.

User

RPC

Accept/Reject

tx,

Figure 4: The user sends a transaction with the decided GasPriceSigned to RPC, a decision is
taken on whether to accept or reject it.

In case the GasPriceSigned decided by the user is less than the current L2GasPrice,
the transaction is automatically rejected and not included into the pool. This error is
named ErrGasPrice.

3.2 Decision Interval Approach

Problematic The previous framework has a limitation as there is a time gap between
asking for a suggested gas price and sending the transaction in which the gas price can
fluctuate. This fact leads the unwanted situation depicted in Figure 5:
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Figure 5: The user asks for a suggested price, the current suggested gas price is of 20 GWei and
decides to sign 20 GWei, but when he sends the transaction the suggested gas price has increased
to 30 GWei and the transaction is rejected.

In Figure 5 we can observe that although the user has sent a gas price according to
the suggested price, after the time lapse between one step and the other, the price has
increased and the transaction is rejected.

Solution The solution is to give a user some period of time in order to make the choice
and sending the transaction. More specifically, we give a margin of 5 minutes (controlled
by the MinAllowedGasPriceInterval parameter). The MinL2GasPrice is defined as the
minumum suggested gas price of 5 minutes before sending the transaction refreshed every
5 seconds (controlled by the IntervalToRefreshGasPrices parameter). If the signed gas
price does not strictly exceed MinL2GasPrice,

GasPriceSigned > L2MinGasPrice,

we automatically reject the transaction, since it will not be possible to cover costs. Figure
6 depicts an example on how MinL2GasPrice is computed, which in this precise case is
18 GWei.

MinAllowedGasPriceInterval (e.g. 5min)

22 20 23 21 . . . . . .18 19 2123 21

. . .

L1GasPrices

SignedGasPrice > 18 Gwei * L1GasPriceFactor

Figure 6: Timeline displaying the current L1GasPrice and its associated suggested gas price.
In this case MinL2GasPrice=18.

This previous parameters can be configured in the Polygon zkEVM node configuration
files. More specifically, it can be configures in the [Pool] section of the configuration
TOML, which can be found here.

1 [Pool]
2 ...
3 DefaultMinGasPriceAllowed = 0
4 MinAllowedGasPriceInterval = "5m"
5 PollMinAllowedGasPriceInterval = "1s"
6 IntervalToRefreshGasPrices = "5s"
7 ...
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3.3 Final Approach
Problematic However, in the previous design, the zkEVM endpoint responsible for of-
fering a gas price suggestion to the user, known as L2 Gas Price Suggester, faces a
significant problem design. The price of posting transactional data to L1 is charged to
the zkEVM network to the full L1 price. Therefore, if we propose a gas price using
L1GasPriceFactor, representing the measure of computational reduction in L2, there is
a risk of running out of Wei reserves for posting data to L1.

Solution In order to solve the previous situation, we will recommend a slightly higher
percentage of the gas price to the user, employing a SuggesterFactor of 0.15 ≈ 4 ·
L1GasPriceFactor:

GasPriceSuggested = L1GasPrice · SuggestedFactor.

3.4 Numerical Example: L2MinGasPrice

In Figure 7 we can observe that when the user queries the suggested gas price through the
RPC, the network responds the current suggested gas price computed as 0.15 · 19 = 2.85,
where 19 is the current L1 gas price, updated every 5 seconds. Observe that, using the
naive approach, the user should have signed for a gas price strictly higher than 3.15, since
the L1 gas price at the moment of sending the transaction is 21. However, using the final
approach, at the time of sending the transaction, the RPC will accept the transaction as
long as GasPriceSigned is strictly higher than the minimum suggested gas price from the 5
minutes interval (highlighted in bold in the figure), which in this instance is 19·0.15 = 2.85.
In order to get his transaction accepted, the user sets the gas price of the transaction to
GasPriceSigned = 3.3 > 2.85 = L2MinGasPrice. The user has signed at a higher gas
price than the suggested to ensure that the transaction is executed and maybe prioritize
it among others.

21 22 18 19 22 21 21 24 23 22 21 20 21 18...

time

user asks to RPC

3.15 3.3 2.7 2.85 3.3 3.15 3.5 3.6 3.45 3.3 3.15 3 3.15 2.7

5s

5 min

send L2 tx

Figure 7: The user asks for a GasPriceSuggested = 2.85 and decides to set SignedGasPrice =
3.3 to ensure that the transaction is executed.

4 Dealing with L1/L2 Cost Discrepancies
4.1 Cost Discrepancies Challenges
As we have said before, in Ethereum, gas accounts for the resources used by a transaction.
In particular, it takes into account two elements in particular: the data availability,
that is, the transactions bytes and the processing resources, like CPU, Memory and
Storage. A notable challenge arises when certain operations consume low gas in Layer 1
but represent a major cost in Layer 2. In other words, the reduction factor expressed in
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the L1-L2 gas price relationship

L2GasPrice = L1GasPrice · L1GasPriceFactor

may not be constant among all the computational resources, introducing a problem.
L2 execution costs are variable, depending on the state of the transaction and typically

offer a smaller cost per gas. However, the costs associated with data availability are fixed
once the transaction is known, and they are directly proportional to L1 data availability
costs. Consequently, in our pricing schema, L2 transactions with high data availability
costs and small execution costs are a significant challenge. This presents another pricing
misalignment issue we need to face.

4.2 Possible Solutions
Recall that the Ethereum fee in L1 is computed as

gasUsed · gasPrice,

giving us two ways of solving the misalignment problem between costs in L1 and L2:

(A) Arbitrum Approach. Increase gasUsed. This approach involves modifying
the gas schema to elevate the Gas costs associated with data availability. While this
strategy is relatively straightforward to implement and comprehend, it comes with
a notable implication: it changes the Ethereum protocol. An L1 Ethereum
transaction may execute different when compared to the same transaction executed
in L2.

(B) Effective Gas Price Approach. Increase gasPrice. If we aim to avoid mod-
ifying the gas, the alternative is to increase the gas price to cover the costs. Unlike
the previous approach, this doesn’t alter the Ethereum specifications. However, de-
termining a fair gas price becomes a complex task. Moreover, we have to take into
account that L2 users should be able to prioritize its transactions also increasing gas
price, as they are used to. This is actually our approach.

4.3 Effective Gas Price Approach
We will now develop how the Effective Gas Price Approach works. First, the user
signs a relatively high gas price at the time of sending the L2 transaction. Later on, by pre-
executing the sent transaction, the sequencer establishes a fair gas price according to the
amount of resources used. To do so, the sequencer provides an EffectivePercentage,
which represents the portion of the total charged to the user. In other words, this per-
centage will be used in order to compute the factor of the signed transaction’s signed gas
price which should be refunded to the user.

To calculate the EffectivePercentage, one option is to consider the pricing resources
based on the number of consumed counters within our proving system. However, un-
derstanding this metric can be challenging for users because stating the efficiency through
counters is not intuitive at the time of prioritizing their transactions. As we want to
prioritize a positive user experience, we will consider an alternative where gas is used
for calculations, as it is more user-friendly. So, our primary objective is to compute
EffectivePercentage exclusively using gas, allowing users to prioritize their transactions
through the use of gas price without the need for intricate counter-based considerations.
The effective percentage is computes as follows:

EffectivePercentage = GasPriceFinal
GasPriceSigned

.
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Observe that, by modifying GasPriceFinal, which is the gas price charged at the end of
the whole processing by the sequencer, we can modify the amount of Wei that we will
charge to the user in order to process the sent transaction.

To send this percentage, the sequencer provides a single byte EffectivePercentageByte
∈ {0, 1, . . . , 255}, which is computed from the EffectivePercentage:

EffectivePercentageByte = (EffectivePercentage · 256) − 1.

As having EffectivePercentage implies having EffectivePercentageByte, and vice
versa, we will abuse of notation and use them interchangeably as EffectivePercentage.
For example, setting an EffectivePercentageByte of 255(= 0xFF) would mean that the
EffectivePercentage = 1 so user would pay the totality of the gas price signed when
sending the transaction:

GasPriceFinal = GasPriceSigned.

In contrast, setting EffectivePercentageByte to 127 would mean that

EffectivePercentage = 0.5

so it will reduce the gas price signed by the user to the half:

GasPriceFinal = GasPriceSigned
2

.

This implies that the user will be refunded half of the price he initially signed for. Observe
that, in this schema, users must trust the sequencer.

5 Introducing BreakEvenGasPrice
As service providers, our primary goal is to avoid accepting transactions that result
in financial losses. To attain this objective, we will determine the BreakEvenGasPrice,
representing the lowest gas price at which we do not incur losses. As explained before,
we will split the computation in two to take into account differently costs associated with
data availability and costs associated with processing resources.

5.1 Costs Associated with Data Availability
Costs associated with Data Availability will be computed as

DataCost · L1GasPrice,

where DataCost is the cost in Gas for data in L1.
In the Ethereum ecosystem, the cost of data varies depending on whether it involves

zero bytes or non-zero bytes. In particular, non-zero bytes cost 16 Gas meanwhile
zero bytes 4 Gas. Also recall that, when computing non-zero bytes cost we should
take into account some constant data always appearing in a transaction and are not
included in the RLP: the signature, consisting on 65 bytes and the previously defined
EffectivePercentageByte, which consists in a single byte. This results in a total of 66
constantly present bytes.

Taking all in consideration, DataCost can be computed as:

DataCost = (TxConstBytes + TxNonZeroBytes) · NonZeroByteGasCost︸ ︷︷ ︸
Non Zero Bytes

+ TxZeroBytes · ZeroByteGasCost︸ ︷︷ ︸
Zero Bytes

where TxZeroBytes (respectively TxNonZeroBytes) represents the count of zero bytes
(respectively non-zero bytes) in the raw transaction sent by the user.
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5.2 Computational Costs
The cost associated with transaction execution will be denoted as ExecutionCost and
it is measured in gas. Observe that, in contrast to data availability costs, to compute
computational costs we will need to execute the transaction. Then,

GasUsed = DataCost + ExecutionCost.

Since we also have to pay for data in L2, the total fee that L2 will receive is computed as
follows

GasUsed · L2GasPrice,

where recall that we can obtain L2GasPrice by multiplying L1GasPrice by chosen factor
less than 1

L2GasPrice = L1GasPrice · L1GasPriceFactor.

In particular, we will choose a factor of 0.04.

5.3 Total Price of the Transaction
Combining both data and computational costs, we will refer to it as TotalTxPrice:

TotalTxPrice = DataCost · L1GasPrice︸ ︷︷ ︸
Data availability cost

+ GasUsed · L1GasPrice · L1GasPriceFactor︸ ︷︷ ︸
Computational cost

To establish the gas price at which the total transaction cost is covered we can compute
BreakEvenGasPrice as the following ratio:

BreakEvenGasPrice = TotalTxPrice
GasUsed

.

Additionally, we incorporate a factor NetProfit ≥ 1 that allows us to achieve a slight
profit margin:

BreakEvenGasPrice = TotalTxPrice
GasUsed

· NetProfit.

We could now conclude that if

SignedGasPrice > BreakEvenGasPrice

it is supposed to be financially safe to accept the transaction. But at this point the fol-
lowing problem arises: in the RPC component, we’re only pre-executing the transaction,
meaning we’re using an incorrect state root. Consequently, the GasUsed is only an ap-
proximation. This implies that we need to multiply the result by a chosen factor before
comparing it to the signed price. This ensures that the costs are covered in case more gas
is ultimately required to execute the transaction. This factor is named BreakEvenFactor.
Now we can conclude that if:

SignedGasPrice > BreakEvenGasPrice · BreakEvenFactor

it is safe to accept the transaction.
Observe that we still need to introduce gas price prioritization, which will be covered

later on.
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5.4 Numerical Example: Computing BreakEvenGasPrice

Recall the example proposed before, where the GasPriceSuggested provided by RPC
was 2.85 GWei/Gas but the user ended up by setting GasPriceSigned to 3.3. Figure 8
depicts the current situation.

21 22 18 19 22 21 21 24 23 22 21 20 21 18...

time

user asks to RPC

3.15 3.3 2.7 2.85 3.3 3.15 3.5 3.6 3.45 3.3 3.15 3 3.15 2.7

5s

5 min

send L2 tx

Figure 8: Timeline displaying the current L1GasPrice and its associated suggested gas price.

Suppose the user sends a transaction having: 200 non-zero bytes, including the con-
stant ones and 100 zero bytes. Moreover, at the time of pre-executing the transaction,
which is done without getting an OOC error, 60, 000 Gas is consumed. Recall that, since
we are using a wrong state root, this gas is only an estimation. Hence, following the
formulas previously explained, the total transaction cost is of

TotalTxPrice = DataCost · L1GasPrice + GasUsed · L1GasPrice · L1GasPriceFactor ⇒
TotalTxPrice = (200 · 16 + 100 · 4) · 21 + 60, 000 · 21 · 0.04 = 126, 000 GWei.

Observe that 21 appearing in the substitution is the L1GasPrice at the time of sending
the transaction.

Now, we are able to compute the BreakEvenGasPrice as

BreakEvenGasPrice = TotalTxPrice
GasUsed

= 126, 000 GWei
60, 000 Gas

· 1, 2 = 2.52 GWei/Gas.

We have introduced a NetProfit value of 1.2, indicating a target of a 20% gain in this
process. At a first glance, we might conclude acceptance since GasPriceSigned = 3.3 >
2.52 but, recall that this is only an estimation, gas consumed with the correct state root
can differ. To avoid this issue, we introduce a BreakEvenFactor of 30% to account for
estimation uncertainties:

GasPriceSigned = 3.3 > 3.276 = 2.52 · 1.3 = BreakEvenGasPrice · BreakEvenFactor.

Consequently, we decide to accept the transaction.

5.5 Numerical Example: Importance of BreakEvenFactor

Imagine we disable the BreakEvenFactor setting it to 1. Our original transaction’s pre-
execution consumed 60, 000 Gas

GasUsedRPC = 60, 000.

However, imagine that the correct execution at the time of sequencing consumes
35, 000 Gas. If we recompute BreakEvenGasPrice using this updated used gas, we get
3.6GWei/Gas, which is way higher than the original one. That means that, we should
have charged the user with a higher gas price in order to cover the whole transaction cost,
which now is of 105, 000 GWei.
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But, since we are accepting all the transactions signing more than 2.85 of gas price,
we do not have margin to increase more. In the worst case we are loosing

105, 000 − 35, 000 · 2.85 = 5, 250 GWei.

Introducing BreakEvenFactor we are limiting the accepted transactions to the ones
having

GasPriceSigned ≥ 3.27,

in order to compensate such losses.
In this case, we have the flexibility to avoid losses and adjust both user and our benefits

since
105, 000 − 35, 000 · 3.27 < 0.

Final Note In the example, even though we assumed that the decrease in BreakEvenGasPrice
is a result of executing with a correct state root, it can also decrease significantly due to
a substantial reduction in L1GasPrice.

6 EffectiveGasPrice: Introducing Priority
Prioritization of transactions in Ethereum is determined by GasPriceSigned: transac-
tions signed at a higher price will be given priority. To implement this, consider that
users are only aware of two gas price values: the one signed with the transaction, called
GasPriceSigned and the current GasPriceSuggested, which is the one that provides the
RPC.

It is important to note that this part of the process is not computed in the RPC but
in the Sequencer, so it possible that the suggested gas price at this moment differs from
the suggested one when user sent the transaction.

At the time of sequencing a transaction, we should prioritize ones among the others,
depending basically on both GasPriceSigned and current GasPriceSuggested. In the
case that GasPriceSigned > GasPriceSuggested, we establish a priority ratio as follows:

PriorityRatio = GasPriceSigned
GasPriceSuggested

− 1.

If GasPriceSigned ≤ GasPriceSuggested, the user has chosen not to prioritize its
transaction, and maybe we can reject the transaction due to low gas price. In this case,
we establish a priority ratio to be 0.

Finally, the EffectiveGasPrice will be computed as:

EffectiveGasPrice = BreakEvenGasPrice · (1 + PriorityRatio).

6.1 Numerical Example: Priority
Let’s see it with an example. Recall that, in the previous example, we were signing a gas
price of 3.3 at the time of sending the transaction. Suppose that, at the time of sequencing
a transaction, the suggested gas price is 3:

GasPriceSigned = 3.3, GasPriceSuggested = 3.

The difference between both is taken into account in the priority ratio:

PriorityRatio = 3.3
3

− 1 = 0.1.

Henceforth, the estimated EffectiveGasPrice (that is, the one using the RPC gas usage
estimations) will be

EffectiveGasPrice = 2.52 · (1 + 0.1) = 2.772 GWei/Gas.
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7 User Fees Flows
In this section, we will delve into the economic process that starts when a user wants
to send some transaction to the L2 network. Our discussion will be split into two parts:
firstly, the transaction flow done by the RPC until it is dispatched by the user, concluding
when it is stored in the Pool. Secondly, we will examine the sequence transaction flow
managed by the Sequencer, ending in some execution.

7.1 RPC Flow
The RPC is the zkEVM component that, in a high level, handles the acceptance or
rejection of incoming transactions and saves the approved transactions in the Pool. In
Figure 9, the transaction progression within the RPC component is shown, starting from
the moment a user is willing to send a transaction to the network to the point where it
becomes either stored in the Pool or rejected. Let’s examine the Figure 9 in detail.

Ask for L2 

Send transaction 

RPC

1

2

no OOC

OOC

Pre-execute
transaction and obtain

Reject transaction

Compute 

No

Yes

Yes

Add transaction to
the pool

Yes

No

No

Figure 9: Flow of a transaction within the RPC component. As a result of this flow, a
transaction can be either included in the Pool for future sequencing or rejected from the network.

1. First of all, the users asks to the RPC for the current GasPriceSuggested, which
recall is a factor of the current L1 GasPrice. More concretely,

GasPriceSuggested = L1GasPrice · SuggestedFactor,

where SuggestedFactor (which is currently of 0.15) satisfies

SuggestedFactor > L1GasPriceFactor

in order to be able to cover data availability costs. Observe that the suggested gas
price varies over time as L1GasPrice also does.

2. Now, the user sends the transaction selecting a GasPriceSigned, the same as in L1.
Observe that, from asking for a suggested gas price to sending the transaction has
passed some unbounded period of time, where the L1 Gas Price could have increased.
Henceforth, rejecting a transaction if GasPriceSigned < GasPriceSuggested does
not offer a good user experience. In contrast, we give a margin of 5 minutes (con-
trolled by the MinAllowedGasPriceInterval parameter). If the signed gas price
does not strictly exceed MinL2GasPrice, which is the minumum suggested gas price
of 5 minutes before sending the transaction refreshed every 5 seconds (controlled by
the IntervalToRefreshGasPrices parameter),

GasPriceSigned > L2MinGasPrice,

we automatically reject the transaction, since it will not be possible to cover costs.
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3. If the transaction was not rejected in the previous step, the RPC uses a cloud
executor in order to pre-execute the transaction. Observe that this pre-execution
is only an estimated execution since the used state root is not the correct one, as
the transaction has not been sequenced yet. Recall that once a transaction is added
into the Pool, it is mandatory that it is eventually sequenced. Due to this fact, the
purpose of this is to filter transactions according and estimate a fair gas price in an
early processing stage, to avoid future losses. As a result of this pre-execution it is
obtained and estimated amount of used Gas, which will be called GasUsedRPC. If
by pre-executing the transaction we run out of counters, we immediately reject the
transaction.

4. If the transaction was not reverted due to OOC error, we compute the current
break even gas price, which we will call BreakEvenGasPriceRPC. Recall that it
depends on the current L1GasPrice, the transaction size, the GasUsed RPC and a
parameter NetProfit that is present in order to include the network’s profit for the
whole transaction’s processing.

5. Now, we have two different paths:

• If the gas price signed by the user at the time of sending the transaction is higher
than the BreakEvenGasPriceRPC, increased by a factor BreakEvenFactor ≥ 1
(and currently set at 1.3) used to protect the network against bad Gas usage
estimations in the RPC

GasPriceSigned > BreakEvenGasPriceRPC · BreakEvenFactor

then the transaction is immediately accepted and stored in the pool.
• Otherwise, if

GasPriceSigned ≤ BreakEvenGasPriceRPC · BreakEvenFactor

we are in dangerous zone because we may be facing losings due high data
availability costs or to fluctuation between future computations, so we should
reject the transaction. However, we are currently not directly rejecting trans-
actions in this case.

6. In the later case, we check if the gas price signed with the transaction exceeds the
current suggested gas price:

GasPriceSigned ≥ GasPriceSuggested.

In this case, we take the risk of possible losses, sponsoring the difference if necessary
and we introduce the transaction into the Pool. However, if GasPriceSigned <
GasPriceSuggested we assume that is highly probable that we face losing and we
immediately reject the transaction.

Final Considerations It is important to remark that, as we have said before, once a
transaction is included into the pool, we should actually sequence it, that is, we should
include it into a block. Hence, if something goes bad in later steps and the gas consumption
deviates significantly from the initial estimate, we risk incurring losses with no means to
rectify the situation. On the contrary, if the process goes as estimated and the consumed
gas is similar to the estimated one, we can reward the user by modifying the previously
introduced effectivePercentage. Additionally, its important to observe that, among
all the transactions stored in the Pool, the ones prioritized at the time of sequencing
are the ones with higher effectiveGasPrice, due to the prioritization introduced with
ratioPriority. Observe that effectiveGasPrice is not computed in the RPC but in
the Sequencer, so it possible that the suggested gas price at this moment differs from
the suggested one when user sent the transaction.
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7.2 Numerical Example: RPC Flow
Let us continue the numerical example that has been carried during the whole document.
In Figure 10 we represent, at the top of the timeline, the current L1GasPrice and, at the
bottom, the associated GasPriceSuggested = 0.15 · L1GasPrice.

21 22 20 19 22 21 21 24 23 22 21 20 21 18...

time

user asks to RPC

3.15 3.3 3 2.85 3.3 3.15 3.5 3.6 3.45 3.3 3.15 3 3.15 2.7

5s

5 min

send L2 tx

Figure 10: Timeline displaying the current L1GasPrice and its associated suggested gas price.

1. At the time marked with the left arrow, the user queries the RPC for the suggested
gas price when L1GasPrice is 19, and receives a as response the value of 2.85 GWei/-
Gas:

GasPriceSuggested = 0.15 · 19 = 2.85 GWei/Gas.

2. Let us suppose that the users sends a transaction signed with a gas price of 3

GasPriceSigned = 3.

Observe that the signed gas price is strictly lower than the current suggested gas
price, which is 3.15 = 21 · 0.15. However, recall that at this precise step we are
allowing all the transactions with a signed gas price exceeding the minimum sug-
gested gas price 5 minutes before sending the transaction refreshed every 5 seconds.
Henceforth, since

GasPriceSigned = 3 > 2.85 = L2MinGasPrice,

we accept the transaction at this point.

3. At this point, the RPC asks for a pre-execution, getting an estimation for the gas
used, computed with a state root that will differ from the one used when sequencing
the transaction. In this case, we get a gas used estimation of

GasUsedRPC = 60, 000 Gas,

without running out of counters.

4. Since we have not run out of counters, we compute BreakEvenGasPriceRPC suppos-
ing same transaction sizes as before and getting

BreakEvenGasPriceRPC = 2.52 GWei/Gas.

5. Notice that, in this particular scenario, despite having

GasPriceSigned < BreakEvenGasPriceRPC,

the introduction of the BreakEvenFactor (which acts as a protective measure as
previously discussed) results in the next check failure:

GasPriceSigned < 3.276 = 2.52 · 1.3 = BreakEvenGasPrice · BreakEvenFactor.
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6. However, recall that but we are currently sponsoring and accepting all transactions
as long as

GasPriceSigned = 3 ≥ 2.85 = GasPriceSuggested,

which is the current case. Henceforth, we accept the transaction and store it into
the Pool even though we are risking a financial loss.

7.3 Sequencer Flow
The Sequencer is the zkEVM component that is responsible for fetching transactions
from the Pool and assembling some of them into a batch. The sequencer submits a
sequence of batches to the L1 which will be then proved by the Aggregator. In Figure 11,
the transaction progression within the Sequencer component is shown, starting from the
moment that a transaction is fetched from the Pool until it is executed by the Executor.
Let’s examine the Figure 11 in detail.

Execute transaction using the current
state and the computed   and

obtain  
No

Yes Compute a New 

No

Yes

No

TX doesn't have them

Check  and
 Opcodes

End
(Executed with  )

Sequence a transaction from the pool

Compute an Estimated

with the  and  the current

Yes

Execute the
transaction

using

Execute the
transaction

using

TX has them

Figure 11: Flow of a transaction within the Sequencer component. Observe that we can not
reject transactions at this point, so all of them should be included in the L1 State.

1. The Sequencer takes from the Pool the transaction having higher gas price and
computes the estimated EffectiveGasPrice (which we will call EEGP) using the
GasUsedRPC obtained in the RPC pre-execution using a previous state root (which
has now changed) and the current L1GasPrice (which also may differ from the one
used when sending the transaction to the RPC)

2. At this point, we have two options:

• If GasPriceSigned ≤ EEGP, even with only an estimated effective gas price,
there is a significant risk of loss. In such cases, we opt not to further adjust
the gas price in order to reduce the number of executions needed to do so.
Henceforth, the user is charged the full GasPriceSigned, so the Executor
will execute the transaction using it, concluding the sequencing process.

• Conversely, if GasPriceSigned > EEGP, there is a potential room for further
adjustment for the gas price that will be charged to the user.

3. In the previous case, it is necessary to compute a more precise effective gas price
based on the accurate amount of gas, denoted as GasUsedNew, obtained during the
transaction’s execution using the correct state root at the sequencing time (which
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was not known earlier for straightforward reasons). Henceforth, the Executor exe-
cutes the transaction using EEGP, obtaining GasUsedNew which the sequencer utilizes
to compute a new effective gas price referred to as NEGP.

4. We have to paths:

• If the percentage deviation between EEGP and NEGP is higher than a fixed devi-
ation parameter FinalDeviationPct (which is 10 in the actual configuration),
that is

|NEGP − EEGP|
EEGP

· 100 < FinalDeviationParameter,

indicates that there is minimal distinction between charging the user with NEGP
compared to EEGP. Therefore, despite potential (but quite small) losses to the
network or the user, we end up the flow just to avoid re-executions and save
execution resources and we charge the user with EEGP.

• On the contrary, if the percentage deviation equals or exceeds the deviation
parameter

|NEGP − EEGP|
EEGP

· 100 ≥ FinalDeviationParameter,

there is a big difference between executions and we may better adjust gas price
to potential (and quite big) losses to the network or the user.

5. In the later case, two options arise:

• If the gas price signed is less or equal than the accurate effective gas price
computed with the correct state root

GasPriceSigned ≤ NEGP,

the network suffers again a risk of loss. Henceforth, the user is charged the
full GasPriceSigned, so the Executor will execute the transaction using it,
concluding the sequencing process.

• Otherwise, if
GasPriceSigned > NEGP,

means that we have margin to adjust the gas price that is charged to the user.
However, in order to save executions and end up the adjustment process in this
iteration, we will conclude the flow using a trick explained in the next point.

6. In the later case, we check if the transaction processing includes the two opcodes
that use the gas price:

- The GASPRICE opcode.
- The BALANCE opcode from the source address.

We have two cases:

• If the transaction contains the aforementioned opcodes, we impose a penalty on
the user for security reasons. In such cases, we simply proceed with executing
the transaction using the entire GasPriceSigned to minimize potential losses
and conclude the flow, as mentioned earlier. This precaution is employed to
mitigate potential vulnerabilities in deployed Smart Contracts, that arise from
creating a specific condition based on the gas price, for example, to manipulate
execution costs.

• If the transaction does not make use of the gas price-related opcodes, the
Executor executes the transaction with the more adjusted gas price up to this
point which is NEGP and end up the sequencing process.
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7.4 Numerical Example: Sequencer Flow
Let us continue the numerical example that has been carried during the whole docu-
ment. In Figure 10 we represent, at the top of the timeline, the current L1GasPrice
and, at the bottom, the associated GasPriceSuggested = 0.15 · L1GasPrice at the
time of sequencing the transaction. Recall that in Section 7.2 we end up computing
the BreakEvenGasPriceRPC of 2.52 GWei/Gas.

21 22 22 20
time

transaction is being sequenced

3.15 3.3 3.3 3

Figure 12: Timeline displaying the current L1GasPrice and its associated suggested gas price
at the time of sequencing the transaction.

1. Imagine that the user signed a gas price of 3.3 GWei/Gas. As illustrated in Figure
12, the network recommends a gas price of 3 at the sequencing moment, equivalent
to an L1 gas price of 20. This results in an EEGP of

EEGP = 2.722 GWei/Gas,

where the 10% increase attributed to the prioritization carried out by PriorityRatio
set at 0.1.

2. Since the signed gas price is bigger than the estimated effective gas price

GasPriceSigned = 3.3 > 2.772 = EEGP,

we execute the transaction using the current (and correct) state and the com-
puted EEGP in order to obtain an accurate measure of the Gas used, which we
call GasUsedNew. Suppose that, in this case, we obtain

GasUsedNew = 95, 000 Gas,

which is bigger than the estimated gas of 60, 000 at the RPC pre-execution.

3. By using GasUsedNew, we can compute and adjusted effective gas price called NEGP
as follows:

TxCostNew = (200 · 16 + 100 · 4) · 20 + 95, 000 · 20 · 0.04 = 148, 000 GWei,

BreakEvenGasPriceNew = 148, 000
95, 000

· 1.2 = 1.869 GWei/Gas,

NEGP = 1.869 · 1.1 = 2.056 GWei/Gas.

Observe that the transaction cost is way higher than the estimated one of 126, 000
even when the L1 Gas Price has decreased from 21 to 20 due to a huge increase in
Gas.

4. Observe that there is a significative deviation between both effective gas prices:

|NEGP − EEGP|
EEGP

· 100 = 25.82 > 10.
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This deviation penalizes the user a lot since

GasPriceSigned = 3.3 > 2.52 = EEGP ≫ 2.056 = NEGP,

so we try to charge NEGP to the user to further adjust the gas price.

5. In this case, suppose that the transaction does not have neither GASPRICE nor
BALANCE (from the source address) opcodes, so we will execute the transaction with

GasPriceFinal = NEGP = 2.056 GWei/Gas.

Observe that GasUsedFinal should be the same as GasUsedNew = 95, 000. We can
now compute EffectivePercentage and EffectivePercentageByte as follows:

EffectivePercentage = GasPriceFinal
GasPriceSigned

= 2.056
3.3

= 0.623.

EffectivePercentageByte = EffectivePercentage · 256 − 1 = 148.

Observe that the user has been charged with the 62.3% of the gas price he/she
signed at the time of sending the transaction.
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