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Abstract—As multi-proposer protocols push consensus
throughput, transaction execution has become the dominant
bottleneck in blockchains. Layer-1 blockchains parallelize
execution either pessimistically (Solana, Sui), requiring upfront
state-access declarations and serializing contended transactions,
or optimistically (Aptos, Sei, Monad), resolving dependencies
at run time but suffering cascading aborts under contention.
Both treat blocks in isolation, leaving inter-block parallelism
unexploited and most cores idle.

We introduce Omakase, a parallel execution framework that
combines pre-execution, inter-block conflict-graph integration,
and graph-aware Optimistic Concurrency Control (OCC). Repli-
cas use idle cores to pre-execute only the blocks they propose,
spreading proposer-side prediction work across concurrent pro-
posers. After building per-block conflict graphs and identifying
their hot resources, a greedy scheduler integrates graphs across
the blocks committed in a round, keeping an integration only
when a lightweight balance heuristic predicts a parallelism gain.
A graph-aware OCC executor then runs the integrated graph,
admitting transactions in dependency order, which eliminates
aborts when the predicted graph is exact and reduces re-
executions when it is not.

On 15,000 Ethereum mainnet blocks (∼2.4M transactions)
and synthetic workloads with configurable contention, Omakase
reaches a 2.47× speedup over sequential execution, well above
OCC and graph-aware baselines without inter-block integration.
Against the strongest alternative, which runs the whole round
as one optimistic window, Omakase matches mean throughput
but is markedly more stable under high contention, because
integration bounds how much optimistic work is in flight: this
is the congestion control of our title. Integration is not free, but
overlapping it with execution across rounds hides 94% of the
measured integration cost in the validator pipeline.

Index Terms—blockchain, parallel execution, optimistic con-
currency control, conflict graphs, congestion control

I. INTRODUCTION

Modern blockchains have made dramatic progress in scal-
ing consensus throughput. Multi-proposer protocols enable
concurrent block proposals and commit batches of blocks
per round. This architecture spans DAG-based protocols [1],
[2], [3], [4], [5], [6], [7], [8], [9] (e.g., Mysticeti [10],
Bullshark [3]), concurrent consensus instances [11], [12], [13],
[14], [15] (e.g., RCC [11]), and multi-proposer dissemination
layers [16], [2], [17]. However, once consensus delivers a
totally ordered batch of blocks, replicas must still execute the
transactions against a shared state. As consensus throughput

increases and latency drops, transaction execution has emerged
as the dominant bottleneck in end-to-end performance.

To address this bottleneck, high-performance Layer-1
blockchains adopt one of two parallel execution architectures.
The pessimistic approach forces transactions to declare state
accesses upfront, allowing the scheduler to safely partition
work across cores. Solana’s Sealevel [18], [19] requires
account-level declarations, while Sui’s Move runtime [20],
[21] relies on object-level granularity. Conversely, the opti-
mistic approach speculates and validates. Systems like Ap-
tos [22], Sei [23], and Monad [24] deploy Block-STM [25],
an Optimistic Concurrency Control (OCC) engine. Block-STM
executes transactions concurrently against a multi-versioned
state, relying on a sequential validator to abort and re-execute
transactions whose read sets are invalidated by earlier writers.

Both models present fundamental trade-offs. The pes-
simistic approach requires runtimes tailored for explicit state
declarations. This renders it incompatible with the Ethereum
Virtual Machine (EVM), where storage accesses depend on
runtime values and cannot be declared in advance. Further-
more, pessimistic execution imposes a restrictive program-
ming model; Sui, for instance, had to add dynamic objects
discovered at runtime, which the scheduler can only exe-
cute sequentially. The optimistic approach is more developer-
friendly by avoiding upfront declarations. However, while
OCC performs better under low contention, its throughput
degrades sharply under heavy contention due to frequent aborts
and re-executions.

Moreover, although these engines already exploit intra-
block parallelism, they still treat each block in isolation, leav-
ing inter-block parallelism untapped. Consequently, despite
validator hardware commonly having 16 or more cores, practi-
cal blockchain workloads limit parallel speedup to only a few
cores, leaving most CPU resources idle [26]. Multi-proposer
consensus protocols uniquely alter this landscape: because
each round commits a batch of blocks concurrently, they
naturally expose both intra-block and inter-block parallelism.
Crucially, in a multi-proposer setting, the computational cost
of pre-executing a block can be cleanly amortized across the
network proposers. §IV turns these observations into a design.

Building on these observations, we introduce Omakase,
a parallel execution framework that combines pre-execution,
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Fig. 1: A motivating example. Two blocks B1={T1, T2, T3} and B2={T4, T5, T6} are committed in one round; their per-block
conflict graphs are colour-coded by dependency chain, with T6 split blue/green to mark its inter-block conflict with T3. We
show four execution modes on a 3-CPU machine, with total time units labelled per panel.

inter-block conflict-graph integration, and a graph-aware OCC
engine. Replicas leverage idle cores to pre-execute only the
blocks they propose: before broadcasting a block, the proposer
executes it to predict state accesses and construct a conflict
graph. A gas-weighted simulation then reorders the block’s
transactions so that long dependency chains start early while
every predicted conflict keeps its block order, estimates the
resulting per-thread load, and identifies hot resources, whose
access span dictates the critical path. Upon committing a
batch of blocks in a round, a greedy scheduler selectively
integrates their conflict graphs, retaining an integration only
when a lightweight heuristic predicts a parallelism gain, and
re-simulates each integrated graph to fix its execution order.
Finally, rather than executing every transaction optimistically
as in Block-STM, our graph-aware OCC executor admits a
transaction only after the transactions it reads from, according
to the conflict graph, have executed. A sequential validation
phase then catches any dependency the graph missed.

The title names what integration buys. Running a whole
round as one optimistic window is like a network without
congestion control: fast while conflicts are rare, collapsing
when they are not, because every conflict between blocks
becomes a re-execution that can spread through the window.
Omakase bounds the window: it considers integrating a block
to a group only when its hot-resource set is disjoint from that
of the current integrated graph, and accepts the integration
only if the balance test passes, so the amount of optimistic
work in flight is decided from the graphs before execution,
not discovered through aborts during it. The price is some
average throughput; the return is a round time that stays close
to the typical one even on a bad round.

We implement Omakase on top of Pevm [27] and evaluate
it on 15,000 Ethereum mainnet blocks (about 2.4 M transac-
tions) and on synthetic workloads with configurable contention
(§VI). On real Ethereum Omakase executes a round 2.47×
faster than sequential execution, against 1.89× for Block-STM
and 1.66× for the same graph-aware engine run block by

block. Running the whole round as one optimistic window
is about as fast on average (2.40×) but much less steady: its
slowest round runs at 1.51× against 1.86× for Omakase. The
integration step costs more than it saves if a validator waits
for it, but overlapping it with the execution of the previous
round hides 94% of that cost, for a validator-side speedup of
2.23× against 1.91× for Block-STM.

Contributions. This paper makes the following contributions:
• A pre-execution + conflict-graph framework that exposes

both intra-block and inter-block parallelism.
• A gas-weighted simulation that reorders a block’s transac-

tions along their dependency chains, estimates per-thread
load, and identifies hot resources.

• A formulation of inter-block graph integration as a balance-
constrained scheduling problem, deciding which blocks’
conflict graphs to integrate in a round so as to maximize
thread utilization.

• A greedy heuristic for grouping conflict graphs using sim-
ulated load balance and hot-resource information.

• A congestion-control view of optimistic execution across
blocks: bounding the optimistic window keeps the round
time stable where one large window collapses under inter-
block conflict.

• An open-source implementation [28] on top of Pevm and an
evaluation on real and synthetic Ethereum workloads against
sequential execution, Block-STM, graph-aware OCC, Veg-
eta and the concatenated round, showing that Omakase
outperforms every per-block engine and matches the con-
catenated round’s throughput while remaining far more
stable under contention, together with an accounting of
what every stage costs and how overlapping integration with
execution hides most of the integration cost in the validator
pipeline.

II. BACKGROUND AND RELATED WORK

Parallel execution is a widely explored topic in database
research [29], [30], [31], [32] and, more recently, in



blockchains [33]. However, in the blockchain context the result
of execution must be deterministic to guarantee that all valida-
tors converge on the same state, otherwise safety is violated.
This narrows the relevant database literature to deterministic
parallel execution systems such as Calvin and Bohm [34], [35],
[36], [37], [38], [39]. These engines, however, assume each
transaction’s read and write set is known before execution.
This assumption does not hold for blockchain workloads such
as EVM workloads: under the EVM, storage accesses depend
on runtime state, so read/write sets cannot be fully known in
advance and can at best be predicted.

Moreover, blockchain workloads are characterized by high
contention and write-heavy access patterns [26]. This has mo-
tivated a body of blockchain-native work. BlockSTM [25], de-
ployed in production by Aptos [22], Sei [23], and Monad [24],
is the most prominent example, executing transactions fully
optimistically and resolving conflicts at runtime via a multi-
version data store. Optimistic approaches, however, underper-
form under contention: because dependencies are unknown,
transactions are executed optimistically and then validated
in index order, so a transaction that read a value a lower-
indexed transaction later overwrites is aborted and re-executed.
Under heavy contention these aborts cascade, and at the limit
throughput can fall below sequential execution.

To avoid the re-execution overhead that optimistic ap-
proaches incur under contention, a range of systems expose
conflict information ahead of execution. One approach places
this burden on the client: Solana [18] and Sui [40] mandate
that each transaction declares all state it will read or write.
These declarations are enforced as correctness conditions
rather than treated as estimates, so a transaction that touches
an undeclared location fails, while one that over-declares its
footprint needlessly constrains the scheduler.

A different approach shifts hint generation to the block pro-
poser [41], [42], [43], [44] where the leader executes transac-
tions at block creation time to estimate the dependencies they
will have during run-time. This is often done on the critical
path of consensus [41], which results in deterministic hints but
caps the throughput to the pre-execution speed. To avoid this, a
recent approach [45] removes the dependency on the proposer
altogether by having each node independently infer conflict
sets through static analysis of EVM and MoveVM bytecode
before execution begins. Nevertheless, this analysis also needs
to run on the critical path which significantly constrains the
execution speed-up.

Multi-proposer consensus protocols [10], [13], [14], in
which several nodes concurrently produce blocks each round,
have grown in prominence, yet parallel execution has rarely
been studied in this setting. Vegeta [46] is the closest ex-
isting approach aimed at improving execution throughput in
blockchains with multiple concurrent proposers. It proposes to
spread the pre-execution workload across concurrent leaders
to relieve the single-proposer bottleneck. Even so, multiple
proposers in Vegeta serve only to pipeline hint generation for
what ultimately becomes one block. Thunderbolt [47] pre-
executes transactions before ordering: a transaction whose

pre-executed read set fails validation causes its block to be
discarded. We reimplement Vegeta and compare against it in
§VI-B; Thunderbolt’s block-discarding failure model has no
counterpart in our setting, where every committed transaction
must execute, so we position it analytically only.

However, the parallelism that naturally arises from execut-
ing transactions across independently proposed blocks simul-
taneously is still left unexploited. Omakase pursues precisely
this opportunity: by treating concurrently proposed blocks as
independent execution streams whose non-conflicting transac-
tions can proceed in parallel, we maximize execution paral-
lelism.

Work such as Anthemius [48] that filter block content to
maximize throughput is orthogonal and would further increase
the cross-block parallelism potential that Omakase can lever-
age.

III. SYSTEM MODEL

We consider a multi-proposer blockchain with N processes
p1, . . . , pN , of which up to f may be Byzantine [49]. The
consensus protocol Π is a black box: the proposers input
blocks B1, . . . , BN and Π outputs the same ordered sequence
of blocks at every correct process. Every correct process
then executes the committed transactions, which must be
deterministic so that all processes reach the same state; as
in Ethereum, Aptos and Sui [50], [22], [51], execution cost
is measured in gas. Unlike prior work [48], [52], [53], we
require neither clients nor the system to declare transaction
dependencies or gas upfront.

Transactions, resources, and gas. A transaction Ti is a
deterministic program. Run against a state σ, it reads a set
Ri(σ) of resources (storage slots and account state), writes
a set Wi(σ), and consumes gas gi(σ). The sets are state-
dependent and therefore cannot be known before execution;
Omakase predicts them by pre-executing the block and treats
the resulting conflict graph only as a scheduling hint (§V-A).
Two transactions conflict on a resource when both access it
and at least one writes it.

Concurrent execution. An incarnation (i, c) is the c-th ex-
ecution attempt of Ti; a new incarnation starts whenever the
previous one fails validation. In a concurrent execution of a
round T1, . . . , Tn on k threads, incarnations run in parallel
against a multi-version state: an incarnation of Ti reads each
resource from the highest-indexed writer below i (or the pre-
round state) and writes versions tagged (i, c). Validation then
re-reads, in index order, every resource that Ti’s latest incarna-
tion read; if any value has since been overwritten by a lower-
indexed transaction, Ti is re-executed (§V-F). The execution
commits once every transaction has passed validation.

Serializability. The committed state must equal that of exe-
cuting T1, . . . , Tn one by one in a single fixed order, which
Omakase derives deterministically from the round (§V-B,
§V-E), so every correct replica converges on the same state.
The order keeps every predicted conflict as the blocks have it
(§V-B).
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Fig. 2: End-to-end architecture of Omakase. Layer 1: each
of the N proposers pre-executes the block it proposes, builds
its conflict graph, simulates it on k threads to reorder the
transactions, estimate per-thread gas and identify hot re-
sources, and broadcasts all of this with the block. Layer 2:
consensus commits a round of blocks. Layer 3: every replica
greedily integrates the committed graphs and re-simulates each
integrated graph. Layer 4: each integrated block runs on the
graph-aware OCC engine, whose sequential validation catches
mispredictions.

IV. SYSTEM OVERVIEW

Omakase runs at every replica and slots into a multi-
proposer consensus protocol at two points: when a replica
proposes a block, and when a round of consensus commits
a batch of blocks. It targets two opportunities that current
engines leave unused. Within a block, OCC discovers conflicts
by aborting; a conflict graph predicted before execution lets the
engine schedule around most of them instead. Across blocks,
engines execute one block at a time even when consecutive
blocks touch disjoint hot resources; the same predicted graphs
make it possible to integrate such blocks and run their trans-
actions side by side.

Two observations make this practical.

1) Prediction is affordable. With balanced proposal rates and
comparable block costs, each replica performs proposer-
side prediction work for approximately 1/N of the com-
mitted blocks. This amortizes computational work across
proposers.

2) The conflict graphs carry enough information to decide
integration. A block’s graph, annotated with predicted gas,
summarizes its dependencies: graphs of different blocks
can be integrated without executing anything, their hot
resources tell which pairs would only lengthen the criti-
cal path, and a single-threaded simulation that walks the
integrated graph on k threads estimates per-thread load at
a fraction of execution cost. Together, these summaries

support a lightweight heuristic that selects integrations
expected to improve worker utilization.

Figure 2 shows how the two stages realize them.

Per-block stage (before consensus). When a replica is about
to broadcast a block, it pre-executes the block’s transactions
against the latest committed state to predict each transaction’s
read set, write set and gas. From these predictions it builds
the block’s conflict graph, whose nodes are transactions and
whose edges record every conflict on a shared resource: a read
after a write, two writes, or a write after a read (§V-A). A
single-threaded scheduler then simulates parallel execution on
k threads to reorder the transactions, keeping every predicted
conflicting pair in block order, to estimate per-thread load
(§V-B), and to identify hot resources, whose access span
dominates (§V-C). The graph, the reordered transaction list,
the per-thread load and the hot-resource set are broadcast with
the block, so the whole stage is paid once, by the proposer.

Per-round stage (after consensus commits). When a round
commits a batch of blocks, every replica already holds each
block’s conflict graph and hot-resource set. A greedy scheduler
considers a block for integration to a group only when its
hot-resource set is disjoint from that of the group’s current
integrated graph, and accepts the integration only if a balance
test passes (§V-D, §V-E). Each integrated graph is re-simulated
to fix the execution order of its transactions, exactly as a single
block is (§V-B), and then executed by a graph-aware OCC
engine that runs transactions in parallel against a multi-version
state and admits a transaction only after the transactions
it reads from have executed. Then a validation phase in
transaction-index order catches every misprediction (§V-F).
Groups are executed one after another, so a conflict between
two groups never goes through validation.

Why balanced integrations? Integration is constrained by
the replica’s hardware along two dimensions. The single-core
execution speed bounds the gas-weighted depth of a conflict
graph: each chain of dependent transactions must execute
sequentially, though not necessarily on the same core, so its
gas is a lower bound on execution time. The core count k
bounds the width: how many chains can proceed side by side.
An integration is therefore expected to pay off only when
the integrated graphs fill the cores that are idle otherwise,
without making the critical path that a single core must execute
longer. This is the congestion control of our title: the optimistic
window should grow only when it fills idle cores.

V. THE OMAKASE FRAMEWORK

A. Pre-Execution & Conflict Graph Construction

When proposing a block, a replica pre-executes its trans-
actions to predict each one’s read set, write set and gas
(Algorithm 1, Line 6)1, and builds the block’s conflict graph
by inserting the transactions in the order they appear in the
block (Line 5). Fig. 3 traces this and the two algorithms of
§V-B on one block of 6 transactions.

1We assume that no transaction fails due to nonce mismatch.
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Fig. 3: Algorithms 1–3 and the hot-resource test on a six-transaction block, with k=2 worker threads. (a) Predicted accesses,
the conflict graph and the per-resource maps. (b) v.Path, the longest path starting from each transaction node v, with the
critical path highlighted. (c) In block order the critical path starts at offset 2 and runs alone (TotalGas = (6, 2)); Algorithm 3
starts it first (TotalGas = (4, 4)) and yields L. (d) Access spans in gas offsets: with τhot=0.75, e exceeds τhot ·MeanGas = 3
and is hot. The TotalGas = (4, 4) gives this conflict graph CV = 0.

The graph records every conflict between two transactions
of the block. Each node is a transaction annotated with:
• Read set, write set, gas: the predicted accesses and cost.

The read set covers storage slots and account state (balance,
nonce, code) alike, excluding only the block beneficiary.

• Parents and children: an edge u → v means that u
precedes v in the block and the two conflict on a resource: v
reads what u wrote (RAW), overwrites it (WAW), or writes
what u read (WAR); u is a parent of v and v a child of u.

For each resource r the construction maintains:
• Tail: the latest writer of r. A new reader of r depends only

on the tail, since an edge to the last writer subsumes all
earlier accesses (Lines 9–12); a new writer of r depends
on the tail (WAW, Line 14) and becomes the tail (Lines 13–
17).

• Tail readers: the readers of r since its last write. They are
the WAR parents of r’s next writer, which clears the set
(Line 16).

• Heads: the transactions that access r before its first write
within the block, that is, r’s entry points with no incoming
dependency on r. They are where another block’s tail
attaches to this graph when graphs are integrated (§V-E).
The graph is a scheduling hint, not the serialization mech-

anism. It may be imprecise because a transaction’s accesses
depend on the state it executes against: pre-execution runs the
block against the state at proposal time, whereas the committed
execution runs it after the preceding transactions of the round,
including those of other blocks. If the state has changed, the
transaction may touch resources its prediction did not include.
Correctness never depends on the graph being exact (§V-F).

B. Reordering Transactions via Simulation

Consider the block of Fig. 3 on k = 2 threads. Scheduled
in the order the transactions appear (Fig. 3c, top), the two
independent transactions go first, and the chain T3 → T4 →
T5 → T6 starts only at offset 2 and then runs alone for four
units while the other thread idles: the threads carry 6 and 2 gas
and the block takes 6 units. Starting the chain first (bottom)
lets T1 and T2 fill the other thread: 4 and 4 gas, done at 4.

Algorithm 1: Pre-execution and Conflict Graph Construction

Input: Ordered block transactions T = ⟨tx1, . . . , txn⟩
Output: Conflict graph G = (V,E); per-resource maps Head, Tail,

TailReaders
1 G← (∅, ∅)
2 Head← ∅ // resource 7→ head nodes (default ∅)
3 Tail← ∅ // resource 7→ last writer (default ⊥)
4 TailReaders← ∅ // resource 7→ readers since its

last write

5 for i← 1 to n do
6 (Ri,Wi, gi)← SEQEXECPREDICT(txi) // seq.

pre-exec of txi: predict R,W, gas
7 vi ← ADDNODE(G, txi); vi.R← Ri; vi.W ←Wi;

vi.gas← gi
8 P ← ∅ // parents of vi

// Reads: RAW edge from the last writer,
else a new head

9 foreach r ∈ Ri do
10 if Tail[r] ̸= ⊥ then P ← P ∪ {Tail[r]}
11 else Head[r]← Head[r] ∪ {vi}
12 TailReaders[r]← TailReaders[r] ∪ {vi}

// Writes: WAW edge from the last writer,
WAR edges from its readers

13 foreach r ∈Wi do
14 if Tail[r] ̸= ⊥ then P ← P ∪ {Tail[r]}
15 else Head[r]← Head[r] ∪ {vi}
16 P ← P ∪ TailReaders[r]
17 Tail[r]← vi; TailReaders[r]← ∅

18 foreach u ∈ P \ {vi} do
19 E ← E ∪ {(u, vi)}; u.Children← u.Children ∪ {vi};

vi.Parents← vi.Parents ∪ {u}

20 return (G,Head,Tail,TailReaders)

Omakase reorders the block’s transactions by simulating their
parallel execution on k threads (Algorithm 2), scheduling the
transaction with the most expensive remaining chain first to
shorten the critical path.

Concretely, it first computes for every node the cost of
the most expensive path starting there (Lines 1–6): gas is
attached to nodes, so a path’s cost is the sum of the gas of
the transactions on it, and a node’s value is its own gas plus
the maximum value of its children, computed by depth-first
search with memoization (Fig. 3b: T3 has 4, and T2 has 3



Algorithm 2: TxnReorder

Input: Conflict graph G = (V,E); number of threads k
Output: Reordered list of transaction nodes L
// (1) Compute longest gas-weighted path from

each node (DFS + memoization)
1 foreach v ∈ V do
2 v.RemParents← | v.Parents |
3 v.Path← ⊥
4 foreach v ∈ V do
5 if v.Path = ⊥ then
6 DFSPATH(v)

// (2) Initialize max-heap keyed by v.Path with
all nodes without parents

7 H ← MAXHEAP()
8 foreach v ∈ V do
9 if v.RemParents = 0 then

10 PUSH(H, v, key = v.Path)

// (3) Simulate k-thread execution and output
the reordered list

11 (L,TotalGas)← SIMREORDER(G,H, k)
12 return (L,TotalGas)

through its WAR edge to T6).
It then runs the simulation (Line 11, Algorithm 3; Fig. 3c,

bottom): transactions whose parents have all been scheduled
are pushed into a max-heap keyed by path cost (Lines 7–10),
initially T3, T2 and T1. Then an idle simulated thread takes the
top of the heap and advances by that transaction’s gas (Algo-
rithm 3, Lines 7–12), and a transaction joins the reordered list
L when its simulated thread finishes it (Lines 18–21), giving
L = ⟨T3, T4, T2, T5, T6, T1⟩ in Fig. 3.

What the new order preserves. L becomes the order in
which the block’s transactions are serialized (§III). Since every
predicted conflict is an edge, L, a topological order of the
graph, keeps each such pair as the block has it. Validation
(§V-F) then guarantees that the committed state is that of
executing the transactions one by one in L order. The graph
does not change with the order, only the transaction indices
do; the schedule the simulation computed, with its per-thread
gas and gas offsets, therefore describes the reordered block
and feeds §V-C and §V-D.

C. Identifying Hot Resources

Two conflict graphs should not be integrated when their
transactions contend on the same resource for much of the
block: the conflicting chains cannot run in parallel, so inte-
gration would only lengthen the critical path. We therefore
identify, in each graph, the resources that stay in active use
for a large part of the block. Execution exposes no wall-clock
time at proposal time, so “in use” is measured in gas, the
deterministic cost of each transaction: the simulation of §V-B
tracks a gas offset per thread (Offset[t] in Algorithm 3), and
records for every transaction the offset of its thread when the
transaction is assigned (Line 11).

Definition 1 (Resource Access Span). For each transaction tx,
let gstart

tx = tx.start be the gas offset recorded by Algorithm 3,

Algorithm 3: SIMREORDER: Single-Thread Simulation of k Parallel
Threads

Input: Graph G = (V,E); max-heap H; number of threads k
Output: Reordered list L; per-thread total execution time TotalGas

1 L ← [ ]
2 for t← 1 to k do
3 Offset[t]← 0 // gas offset when t is free
4 Assigned[t]← ⊥ // assigned node
5 TotalGas[t]← 0 // total gas executed by thread

t

6 while |L| < |V | do
// Assign ready nodes to idle threads

(smallest idle thread id)
7 while ∃t : Assigned[t] = ⊥ ∧ ¬EMPTY(H) do
8 t0 ← min{t | Assigned[t] = ⊥}
9 v ← POPMAX(H)

10 Assigned[t0]← v
11 v.start← Offset[t0] // gas offset at which v

begins
12 Offset[t0]← Offset[t0] + v.gas

// Select earliest finishing active thread
13 t⋆ ← argmint: Assigned[t] ̸=⊥ Offset[t]
14 gmin ← Offset[t⋆]

// Synchronize idle threads
15 for t← 1 to k do
16 if Assigned[t] = ⊥ then
17 Offset[t]← gmin

// Mark node as executed
18 v⋆ ← Assigned[t⋆]
19 Assigned[t⋆]← ⊥
20 TotalGas[t⋆]← TotalGas[t⋆] + v⋆.gas // accumulate

execution cost
21 APPEND(L, v⋆)

// Release children
22 foreach c ∈ v⋆.Children do
23 c.RemParents← c.RemParents− 1
24 if c.RemParents = 0 then
25 PUSH(H, c, key = c.Path)

26 return (L,TotalGas)

and gend
tx = gstart

tx +gas(tx). For a resource r, let Tr be the set
of transactions that access r, and define

• gfirst,start
r = mintx∈Tr g

start
tx , the gas offset at which the first

access to r begins,
• glast,end

r = maxtx∈Tr
gend
tx , the gas offset at which the last

access to r ends.
The difference glast,end

r − gfirst,start
r is the r.span of resource r.

Let MeanGas be the average total gas of the k simulated
threads. A resource is hot if r.span > MeanGas · τhot, where
τhot is a configurable threshold. Fig. 3(d) applies the test to
the example block with τhot=0.75: e, accessed at both ends
of the block, has span 4 against a threshold of 3 and is hot,
while the other resources have span 2 and are not hot.

D. Identifying Balanced Conflict Graphs

A conflict graph whose dependency chains leave simulated
threads idle is a candidate for integration, because its idle
capacity can absorb another graph’s dependency chains. An
integration is worthwhile only if it fills that capacity instead
of making the critical path relatively longer.



In Fig. 3(c), block order gives the two threads 6 and 2
gas in total: the dependency chain occupies one thread while
the other is idle for four units, and that idle capacity is
exactly what another graph’s dependency chains could fill.
The reordered schedule gives them 4 and 4: nothing is idle, so
integrating more would only make the critical path relatively
longer.

We therefore measure balance by the coefficient of variation
of the per-thread gas: with TotalGas[t] the gas of thread t, µ
and σ its mean and standard deviation over the k threads, and
CV = σ/µ, TotalGas = (6, 2) gives CV = 0.5 and (4, 4)
gives CV = 0.

Definition 2. Given a simulation with k threads and a
threshold τCV, a conflict graph is (k, τCV)-balanced if and
only if CV ≤ τCV.

An integration of graphs G1, . . . , Gm (§V-E) is judged
against its parts: it must be at least as balanced as they were
on average.

Definition 3. An integrated conflict graph G of G1, . . . , Gm

is a (k, τCV)-balanced integration if and only if

CVG ≤ CVbase =

m∑
i=1

wi CVGi
, wi =

µi∑m
j=1 µj

.

This condition compares the dispersion of simulated per-
thread gas loads. We use it as a proxy for the utilization benefit
of integration.

E. Integrating Conflict Graphs

Integration decides which of a round’s graphs to integrate
into one group and how to integrate them. A greedy pass over
the graphs (Algorithm 4) makes the first decision with the
balance test of §V-D and the hot resources of §V-C; a pairwise
integration (Algorithm 5) performs the second.

Choosing the groups. Algorithm 4 sorts the graphs by de-
scending CV (Line 1), seeds a group with the highest-CV
graph (Line 4), and tries the remaining graphs from the
lowest CV upward (Line 6). For each candidate block B, the
integrator compares Hot(B) with Hot(G), where G is the
current integrated graph, and rejects the candidate when these
sets intersect. Otherwise it tentatively integrates B into G,
simulates the result, and applies the balance test (Lines 7–
8). For an accepted integration, the simulated hot-resource set
becomes Hot(G) for the next decision. The traversal stops
as soon as the group is itself balanced (Line 11), or when the
group reaches a cap of 10 blocks, a safeguard that rarely binds
(§VI-A). The integrated graphs leave the list (Line 13) and the
procedure repeats until every graph is grouped. The test uses
the integrated graph at the time of each decision. Because its
hot-resource set is recomputed after integration, it does not
guarantee pairwise disjointness among the original per-block
hot-resource sets in the final group.

Why this greedy. The highest-CV graph seeds a group be-
cause it has the most idle capacity to fill; low-CV candidates

Algorithm 4: GREEDYBALANCEDINTEGRATION

Input: A set of conflict graphs {G1, G2, . . . , Gm}
Output: A list of integrated graphs O

1 Sort the graphs in descending order of CV and store them in a list L
2 O ← [ ]
3 while L ̸= ∅ do
4 G← L[1] // Initialize with highest-CV graph
5 S ← {L[1]} // Graphs integrated into G
6 for i← |L| to 2 do
7 if BALANCEDINTEGRATION(G,L[i]) then
8 G← INTEGRATE(G,L[i])
9 S ← S ∪ {L[i]}

10 if BALANCEDGRAPH(G) then
11 break

12 Append G to O
13 Remove all graphs in S from L

14 return O

come first because they consist of many short chains that slot
into idle threads. A candidate that shares a hot resource with
the current integrated graph is never integrated, since their
chains on that resource would run one after the other anyway.
An integration is kept only if the group is at least as balanced
as its parts (CVG ≤ CVbase). Once the group is balanced
(CVG ≤ τCV) integration stops: adding more is expected to
bring little further gain while widening the optimistic window
and risking more re-executions.

Fig. 4 runs the greedy on a three-block round.

Integrating two graphs. Integrating G2 into G1 treats G2’s
block as if it followed G1’s: every cross-block conflict be-
comes an edge from the G1 transaction to the G2 transaction,
and pairs that do not conflict get no edge and may run in
parallel. The per-resource maps make this a local operation:
for a resource r, only G1’s last writer and the readers since that
write can conflict with G2, and only G2’s heads (its accessors
before its first write of r) and that first writer can conflict with
G1. In Fig. 4, integrating B2 after B1 adds the single edge
T1 → T6: T1 is G1’s last writer of y and T6 is G2’s only
accessor of it.

Algorithm 5 connects exactly those pairs, resource by
resource (Line 3): G1’s tail to every head of r in G2, a RAW
edge to each reader before G2’s first write and a WAW edge
to that writer (Lines 5–6), and G1’s tail readers to G2’s first
writer (WAR, Line 11). The maps are then integrated so that
G can be integrated further: the heads of r stay G1’s where
G1 wrote r and gain G2’s otherwise (Line 8); the tail and tail
readers become G2’s where G2 wrote r (Line 13), and G2’s
readers join G1’s tail readers otherwise (Line 15).

Finally the integrated graph is simulated once more, exactly
as a single block’s graph is (§V-B, Line 17). The simulation
recomputes the transaction order, CV and hot resources in the
integrated graph.

F. Graph-Aware OCC Engine

To enable parallel execution, we deploy a graph-aware OCC
engine (Algorithm 6), a variant of Block-STM that follows
the conflict graph during execution. Transaction indices are



(a) Three blocks: TotalGas per thread, CV, hot resources

T1 T2 T3
h h

2 2 3

B1: TotalGas = (7, 0)
CV = 1.0, hot {h}

T4 T5

T6

x

3 3

1

B2: TotalGas = (6, 1)
CV = 0.71, hot {x}

y, added by Alg. 5

T7 T8 T9
h

4 3 2

B3: TotalGas = (7, 2)
CV = 0.56, hot {h}

gas beside each node; red: hot h, blue: hot x, green: y (T1 writes h and y)

(b) Algorithm 4

sort by CV B1 (1.0), B2 (0.71), B3 (0.56)
seed G B1, hot {h}
try B3 shares h with G: skip
try B2 hot {x} ∩ {h} = ∅;

CVG=0 ≤ CVbase=0.88: merge
re-simulate G (7, 7), MeanGas=7, no hot left

CVG ≤ τCV : stop
output {B1, B2}, then {B3}

(c) Resulting groups, simulated

{B1, B2}: 7 units, TotalGas = (7, 7)
L = ⟨T1, T4, T2, T5, T3, T6⟩

thr 1

thr 2

T1 T2 T3

T4 T5 T6

{B3}: 7 units, TotalGas = (7, 2)
L = ⟨T9, T7, T8⟩

thr 1

thr 2

T7 T8

T9

0 2 4 6

adding B3 would not shorten this:
its chain on h would follow T3 (14
units) while widening the window.

Fig. 4: Integration of a three-block round (k=2, τhot=1.5, τCV=0.5). (a) Per-block simulation: B1 and B3 each has a hot
resource h, B2 has a hot resource x. (b) The greedy integration starts with B1, skips B3 because it shares the hot resource h,
and integrates B2, whose hot resource differs. Algorithm 5 adds the dashed edge T1 → T6. (c) The two groups take 14 units
in sequence against 20 for the three blocks alone; adding B3 to the group would serialize both chains on h and gain nothing.

Algorithm 5: INTEGRATEGRAPHSANDREORDER: Integrate G1

and G2 and Reorder Transactions
Input: G1 = (V1, E1), G2 = (V2, E2), each with its maps Head,

Tail, TailReaders (a resource a graph never touched reads as
∅, ⊥, ∅); number of threads k

Output: Reordered list of transactions L
1 V ← V1 ∪ V2; E ← E1 ∪ E2

2 (Head,Tail,TailReaders)← (G1.Head, G1.Tail, G1.TailReaders)

// Connect every cross-graph conflict on each
resource G2 accesses

3 foreach r accessed in G2 do
4 if Tail[r] ̸= ⊥ then

// G1 wrote r: RAW edges to G2’s readers
before its first write, WAW edge to
that writer

5 foreach v ∈ G2.Head[r] do
6 ADDEDGE(E, Tail[r], v)

7 else
8 Head[r]← Head[r] ∪ G2.Head[r]

9 if G2.Tail[r] ̸= ⊥ then
// G2 wrote r: WAR edges from G1’s

readers since its last write to G2’s
first writer

10 w ← the node of G2.Head[r] that writes r
11 foreach u ∈ TailReaders[r] do ADDEDGE(E, u, w)
12 Tail[r]← G2.Tail[r]
13 TailReaders[r]← G2.TailReaders[r]
14 else
15 TailReaders[r]← TailReaders[r] ∪ G2.TailReaders[r]

// After integration, reorder transactions
using the transaction reordering algorithm

16 G←
(
(V,E),Head,Tail,TailReaders

)
17 (L,TotalGas)← TXNREORDER(G, k)
18 return (L,TotalGas)

positions in the order fixed by the simulation (§V-B, §V-E),
so multi-version reads and validation follow the fixed order.
Transactions are executed in parallel, and the graph decides
when a transaction becomes eligible.

Correctness rests on sequential validation, not on the graph.
Because the predicted read and write sets may be inaccurate,
each executed transaction is validated in increasing index or-
der: validation re-reads every resource the transaction observed
from the multi-version state, and if a lower-indexed transaction
has since written it, the read is invalid and the transaction is

re-executed as a new incarnation (Line 9). Every re-execution,
and every incarnation that writes a resource its predecessor
did not, puts all higher-indexed transactions back into the
validation queue (Lines 9 and 16), so no transaction commits
having read a version that a lower-indexed transaction later
changed. Validation is prioritized over execution.

We maintain an execution task pool ETask, which contains
transactions whose RAW parents have all executed and that are
ready for execution (Line 1). After a transaction is executed,
a corresponding validation task is created and added to the
validation task pool VTask (Line 13). At the same time, any
child transactions whose dependencies have now been satisfied
are inserted into ETask (Line 14). When selecting tasks from
ETask and VTask, we prioritize tasks with lower transaction
indices (Line 6).

The key difference from Block-STM is how ETask is
maintained: Block-STM starts with every transaction in it,
whereas our engine admits only transactions whose RAW
parents in G have all executed (Line 1). Only RAW parents
are waited for: sequential validation makes the other two kinds
of edge unnecessary at execution time. A write by a higher-
indexed transaction is never visible to a lower-indexed reader,
whose reads resolve to versions below its own index (Line 4).
If two writers write different values, the one with higher index
wins. And when a re-execution happens, the transaction and all
transactions with higher indices should be validated again. A
missing RAW parent, by contrast, means a read that validation
will fail, so admitting a transaction before its RAW parents
have executed should not be allowed.

VI. EVALUATION

Our evaluation answers four questions.

1) How much faster does Omakase execute a round than
single-block parallel execution engines, and than the inter-
block baselines that execute the whole round as one opti-
mistic window (§VI-B)?

2) Under which conflict pattern and parameters does integra-
tion pay off (§VI-C)?

3) Why does it work, in terms of aborts (§VI-D)?



Algorithm 6: PAREXECOCCDG: Parallel Execution with OCC +
Conflict Graph

Input: Transaction list L = ⟨tx1, . . . , txn⟩; conflict graph G;
number of threads k

Output: Final execution results for all transactions
1 ETask← {txi | txi has no unexecuted RAW parents in G}

// ready-to-execute
2 VTask← ∅ // executed but not validated
3 for i← 1 to n do Inc[i]← 0
// Multi-version state used by EXECUTE

4 READ(txi, r) returns the version of r written by the highest-indexed
txj with j < i, or the pre-round value; WRITE(txi, r, v) creates
version (i, Inc[i])

5 while ETask ̸= ∅ ∨ VTask ̸= ∅ do
6 (kind, i)← PICKTASK(VTask,ETask) // validation

before execution; lowest index first
7 if kind = VALIDATE then
8 if ¬VALIDATE(txi, Inc[i]) then
9 Inc[i]← Inc[i] + 1; ETask← ETask ∪ {i}

// abort and re-execute
10 for j ← i+ 1 to n do
11 if j /∈ ETask then VTask← VTask ∪ {j}

12 else
13 (R,W )← EXECUTE(txi, Inc[i]); VTask← VTask∪{i}
14 foreach j ∈ txi.Children do
15 if RAWPARENTSEXECUTED(j) then

ETask← ETask ∪ {j}
16 if WRITESNEWRESOURCE(i, W ) then
17 for j ← i+ 1 to n do
18 if j /∈ ETask then VTask← VTask ∪ {j}

4) And what does each stage cost, including the stages that
single-block engines do not have, and how much of that
cost can a validator’s pipeline hide (§VI-E)?

A. Methodology

Implementation. Omakase is about 6,500 lines of Rust on
top of pevm [27], an open-source Block-STM-style parallel
EVM executor. On top of it, we implement conflict-graph
construction, the reordering simulation, the greedy integrator
and the graph-aware OCC engine.

Testbed. One Amazon EC2 c4.8xlarge instance: two Intel
Xeon E5-2666 v3 sockets (18 cores, 36 hardware threads,
2.9 GHz), 58 GiB of DRAM, Ubuntu 24.04.

Baselines. All engines share one code base, one revm and
one in-memory state backend, and every hint-based engine
consumes the access sets of the same sequential pre-execution,
so no baseline receives better hints than Omakase.
• Sequential: single-threaded revm.
• Block-STM: each block executed with pevm’s optimistic

multi-version engine.
• Graph-aware OCC: each block executed with the engine of

§V-F on the block’s own conflict graph.
• Concatenated Block-STM and concatenated graph OCC: all

blocks of a round integrated, in order, into one block and
run with unmodified Block-STM, or with the graph-aware
engine on a conflict graph built over the whole round. These
are the trivial inter-block baselines: the largest possible opti-
mistic window, no reordering and no hot-resource isolation.

mapping(bytes32 => uint256) public state;

function execute(bytes32[] calldata reads,
bytes32[] calldata writes,
uint256 target) external {

uint256 count = 0;
while (count < target) {
for (uint i = 0; i < reads.length

&& count < target; i++) {
state[reads[i]]; count++; // load

}
for (uint i = 0; i < writes.length

&& count < target; i++) {
state[writes[i]] += 1; count++; // increment

}
}

}

Fig. 5: The simulator contract behind the synthetic and arti-
ficial workloads. A transaction is one call to execute: the
two key lists fix which slots it touches and target fixes how
much work it does.

TABLE I: Default configuration.

Parameter Default

Workers k (all engines) 8
Hot-resource threshold τhot 1.5
Balance threshold τCV 0.5
Max blocks per group 10
Number of rounds 100 blocks; 150 rounds

• Vegeta [46], following its paper’s Algorithms 1–3: trans-
actions are re-sequenced so that the longest per-key depen-
dency chains run first, then partitioned along the speculative
dependency DAG into batches whose transactions run in
parallel against the state at the start of the batch. A transac-
tion whose actual access set differs from the speculated one
is executed sequentially at the end. It has no multi-version
store and is intra-block only.

• Omakase: the per-block graphs integrated into groups
(§V-E), each group executed with the graph-aware OCC
engine.

Workloads.
• Real Ethereum: 15,000 mainnet blocks in three contigu-

ous 5,000-block segments, 16,774,645–16,779,644 (March
2023), 18,581,726–18,586,725 (November 2023) and
19,557,289–19,562,288 (April 2024), about 2.4 M transac-
tions in all. For every block an archive node supplies the
header, the full transaction objects and the prestate value of
every account and storage slot the block touches.
EVM execution is state-dependent: a transaction scheduled
ahead of one it followed on mainnet observes a different
state, may branch to other keys, and causes aborts that are
artifacts of replay rather than of scheduling. To avoid fee
failures, account balances are raised so that no reordering
fails a fee check. To avoid nonce failures, the engines that
reorder renumber each sender’s nonces in the executed order.
For the same reason this is the workload in which hints are
imperfect: pre-execution records each transaction’s access
sets in mainnet order, and a transaction executed in another
order can touch keys its hint did not predict. The next two
workloads are not subject to these effects.

• Synthetic: a synthetic version of the real blocks that keeps
their conflict topology and execution-time distribution but is



TABLE II: Comparison between engines. Throughput, speedup, per-block latency, and re-executions

Real Ethereum Synthetic

Engine tx/s speedup p50 ms p99 ms re-exec/tx tx/s speedup p50 ms p99 ms re-exec/tx

Sequential 17,322 1.00× 8.91 15.00 – 12,097 1.00× 12.50 22.77 –
Block-STM 32,823 1.89× 4.58 9.76 0.55 24,381 2.02× 6.06 17.04 0.73
Concatenated Block-STM 41,523 2.40× 3.67 8.45 0.88 34,186 2.83× 4.41 13.17 1.16
Concatenated graph OCC 37,501 2.17× 4.05 8.55 0.55 36,181 2.99× 4.18 12.97 0
Graph-aware OCC 28,805 1.66× 5.35 10.45 0.27 25,156 2.08× 5.86 16.80 0
Vegeta 22,966 1.33× 6.81 12.26 – 16,558 1.37× 9.13 20.04 –
Omakase 42,757 2.47× 3.73 5.50 0.31 27,627 2.28× 5.36 15.19 0

insensitive to order, in the manner of [26]. We performed
a one-time sequential replay of every block against its
prestate, recording each transaction’s read set and write set
(one key for each storage slot or account balance), its wall-
clock execution time, and its sender.
One simulator contract (Fig. 5) holds a single
mapping(bytes32 => uint256) and exposes
one function, execute(reads, writes, target),
that cycles over the two key lists, one load per read key
and one increment per write key, until exactly target
storage accesses have been performed. In order to make
the execution time match those of the real Ethereum
transactions, each synthetic transaction calls this function
with the recorded key lists and target = ⌊texec/TSLOAD⌋,
where TSLOAD ≈ 0.48µs is the measured cost of one
storage access on our testbed.
Each distinct sender is mapped to one fresh pre-funded
account that is reused across all blocks, which can preserve
nonce chains across blocks. The keys a transaction touches
are fixed by its calldata, so hints are exact.

• Artificial: the same simulator contract with generated access
sets whose conflict is controlled by two parameters, ρintra
for conflict inside a block and ρinter for conflict across
blocks, so that §VI-C can vary conflict patterns while
everything else is fixed. Every transaction writes three cold
keys drawn uniformly from a pool of 10,000, and every
block is assigned one hot key from a set {h1, . . . , hH}.
Because every write is an increment, the transactions that
write the same hot key form a serial chain, and the two
parameters set the shape of that chain:
– ρintra controls intra-block conflict: the first ρintra percent

of a block’s transactions also write the block’s hot key,
and the block is then shuffled so that they are spread
across it. It sets how many transactions of one block
chain on the same key.

– ρinter controls inter-block conflict: consecutive blocks
are taken in groups of H−1+ρinter; the first ρinter
blocks of a group all use h1 and the remaining H−1
blocks use h2, . . . , hH , one each. It sets how many
consecutive blocks chain on the same key.

The cold keys add only a random, unstructured background
of conflicts; per-transaction work is fixed at 100 storage
accesses and every transaction has a fresh sender, so the
conflict structure is the only variable.

Defaults and metrics. Table I lists the configuration every
experiment uses unless the text states otherwise. The worker
count is the one at which every engine peaks on this machine
(§VI-B); the cap on group size rarely binds, since groups
average 4.2 blocks on real Ethereum and 1.3 on the synthetic
workload. Speedup is over single-threaded sequential revm on
the same blocks, re-measured alongside each parallel run, and
covers the execution phase only; §VI-E charges the preparatory
stages. On real Ethereum the 15 rounds in which the Block-
STM engine abandoned an optimistic window and re-executed
it sequentially (an implementation fallback) are excluded from
every statistic, leaving 135 rounds.

B. Execution Speedup

This subsection answers the first question, how much faster
Omakase executes a round than the per-block engines and the
concatenated round; Table II measures every engine of §VI-A
in one run over the same rounds.

Comparing with per-block engines. Three of the engines in
Table II execute one block at a time. On real Ethereum, Block-
STM reaches 1.89× speedup. Graph-aware OCC reaches only
1.66×, although it has a conflict graph that Block-STM lacks.
The graph is a prediction made by pre-executing the block,
and a transaction that actually runs can touch keys it did not
touch then, or skip keys it did. A missing edge costs a re-
execution, and a spurious edge makes a transaction wait for a
parent it does not need. Vegeta is the slowest at 1.33× because
it runs one batch in parallel and waits for all of it to finish
before starting the next. Thus, in Vegeta, a block with long
dependency chains needs many batches, and at the end of each
batch most workers sit idle. Omakase uses the same imperfect
graphs as graph-aware OCC, but reaches 2.47×, 31% more
than Block-STM and faster than it on 127 of the 135 rounds,
and its slow blocks are faster too: the p99 per-block latency
is 5.50 ms against 9.76 ms for Block-STM. The difference is
that Omakase schedules multiple blocks together, so workers
always have more independent transactions to pick from than
one block contains.

On the synthetic workload the hints are exact. Block-STM
reaches 2.02×, graph-aware OCC 2.08×, Vegeta 1.37× and
Omakase 2.28×. With exact hints graph-aware OCC never
re-executes a transaction. Block-STM, however, still aborts
and retries on its own (0.73 re-executions per transaction).
Omakase again adds the inter-block parallelism that no per-
block engine provides.



TABLE III: Influence of the number of blocks per round.

Blocks per round B 20 50 100

Block-STM 1.83 1.86 1.89
Concatenated Block-STM 2.31 2.32 2.40
Omakase 2.19 2.32 2.47

Comparing with the concatenated round. The strongest
baseline is also the simplest: treat the 100 blocks of a round
as one big block and run Block-STM on it. This spreads every
fixed per-block cost over the round and gives the optimistic
engine the largest possible pool of transactions. It is Omakase
with no limit on group size and no hot-resource test, and
Omakase does not beat it everywhere.

The concatenated round wins in two situations. First, when
the hints are exact. On the synthetic workload no graph-aware
OCC engine ever re-executes a transaction, and graph-aware
OCC run over the concatenated round reaches 2.99× speedup
against 2.28× speedup for Omakase. On the artificial work-
load it is the best engine at every conflict level (§VI-C).
Second, when the number of blocks per round is small. Over
the real Ethereum workload it leads at 20 blocks per round,
2.31× against 2.19×, ties at 50 and loses at 100 (Table III). A
20-block window already can fully utilize the eight workers,
so round size changes little for the concatenated window. For
Omakase it changes how many balanced integrations the
integrator can find, since it only integrates blocks that pass
the hot-resource and balance tests, where we observed that
the blocks per group grow from 2.9 blocks on average at 20
blocks per round to 4.2 at 100.

Omakase wins where one large optimistic window be-
comes fragile, which happens on the real Ethereum workload
for two reasons. First, the hints are imperfect, so conflicts
between transactions are discovered only at validation time.
In the concatenated round, a transaction that reads a key
written by an earlier block of the round can run before that
write is done. Then it fails validation and re-executes, and
each re-execution can invalidate the transactions that read its
results. Based on our measurements, this happens 0.88 times
per transaction, 61% more than for Block-STM running block
by block, which does not validate across blocks. Omakase
integrates only blocks that pass the hot-resource and balance
tests into one group and executes groups one after another, so
a conflict between two groups does not need validation. Inside
a group, the integrated graph holds a transaction back until its
RAW parents have been executed. It turns out to re-execute
0.31 times per transaction and runs 3% faster (2.47× against
2.40×) than the concatenated round with block-STM. Giving
the concatenated round a conflict graph does not fix this. It
cuts the re-executions by a third but has a lower speedup of
2.17×, because over a 15,000-transaction group the predicted
edges make too many transactions wait. Second, Omakase
performs more stably across rounds. Its p99 per-block latency
is 5.50 ms against 8.45 ms for the concatenated round (p90
4.35 ms against 5.40 ms). The slow rounds are the ones with
many conflicts between blocks. In one large window every

TABLE IV: Per-round speedup with real-Ethereum workloads.

speedup over sequential, per round

Engine slowest round slowest tenth slowest round/median

Block-STM 1.36 1.63 0.69
Concatenated Block-STM 1.51 1.93 0.61
Concatenated graph OCC 1.43 1.92 0.67
Graph-aware OCC 1.27 1.47 0.74
Vegeta 0.84 1.24 0.63
Omakase 1.86 2.09 0.81

TABLE V: The five rounds on which the concatenated round
is slowest: speedup over sequential and re-executions per
transaction.

Block-STM Concatenated Omakase

Round starting block speedup re-exec speedup re-exec speedup re-exec

18,582,826 1.36 0.54 1.51 0.90 3.11 0.33
18,583,826 1.37 0.72 1.59 1.22 2.70 0.36
18,586,026 1.54 0.55 1.69 1.15 2.90 0.39
18,586,226 1.61 0.64 1.73 1.06 2.46 0.41
18,582,026 1.51 0.67 1.78 1.18 2.60 0.44

such conflict adds re-executions that can spread through the
whole window, so a highly conflicted round takes much longer
than a typical one. Omakase’s groups are small, and each
block is integrated only if it shares no hot resource with the
integrated graph, which limits the impact of a bad block to its
own group.

What each design buys. When the hints are exact, the
concatenated round has the higher average throughput. What
Omakase buys instead is a per-round execution time that
stays stable no matter how conflicted the round is, and that
is what congestion control in our title means. An optimistic
window with no size limit is fast on average but slower on a
round with many conflicts between blocks.

Table IV looks at the 135 real-Ethereum rounds one by
one. The concatenated round’s slowest round runs at 1.51×
speedup against 1.86× for Omakase, and the slowest tenth
of its rounds run at 1.93× or less, against 2.09×. Its slow
rounds are also further below its typical ones: its slowest round
reaches 61% of its median round’s speedup, against 81% for
Omakase.

Table V lists the five rounds on which the concatenated
round is slowest: it runs at 1.51–1.78× with 0.9–1.2 re-
executions per transaction, Block-STM is no better, and
Omakase runs at 2.5–3.1× with 0.3–0.4 re-executions. The
reason is that Omakase fixes its groups before execution, and
admits a block to a group only if it shares no hot resource
with the group as integrated so far, so a round with many
conflicts between blocks gets smaller groups instead of more
re-executions. A validator must execute every round before the
next, so the slow rounds determine its pace. Omakase gives
up some average throughput for a stable per-round time.

C. When Does Integration Pay Off?

This subsection answers the second question: under which
conflict pattern and parameter settings integration pays off.
The artificial workload of §VI-A allows us to customize
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the conflict pattern. We sweep ρinter ∈ {2, 4, 6, 8} and
ρintra ∈ {10, 20, 30, 40}% over 100 rounds of 50 blocks
of 100 transactions, with a hot set of H=5 keys and the
default Omakase parameters. Block-STM and graph-aware
OCC execute each block on its own, so their speedup depends
on ρintra alone.

Intra-block conflict (ρintra). Figure 6 shows that conflict
inside a block is what hurts most. When 10% of a block’s
transactions write the hot key, the two per-block engines reach
5.2×; when 40% do, only 2.1×, since those transactions
must run one after another. Up to 20% Omakase is no
faster: each block alone keeps all eight workers busy, so the
balance test sees no gain from integration. From 30% on a
single block runs out of independent transactions, Omakase
integrates blocks, and the groups win back most of the loss:
4.25× against 2.7× at 30%, and 3.44× against 2.1× at 40%
(ρinter=2).

Inter-block conflict (ρinter). Conflict between blocks only
matters once blocks are integrated, and then it eats into the
gain: at ρintra=40%, Omakase falls from 3.44× when two
blocks in a row share hot key h1 to 2.75× when eight do: a
round of 50 blocks runs as 22 groups at ρinter=2 and 32 at
ρinter=8, which reduces the inter-block parallelism available
within each group.

Why the concatenated round wins here. The concatenated
round is the fastest engine in Figure 6. On the artificial
workload the hints are exact, so concatenated graph OCC
never re-executes a transaction, and one window of 5,000
transactions offers more parallelism than Omakase’s 20∼30
integrate groups per round. However, we still do not consider it
the better design: §VI-B showed that with the imprecise hints
of real Ethereum, conflicting blocks congest a large window
with re-executions (0.88 per transaction) and its slowest round
falls to 1.51× against 1.86× for Omakase. Also, even in
Figure 6, its advantage gets smaller as conflict grows, to 2.93×
and 2.99× against 2.75× at (ρinter, ρintra)=(8, 40%). As we
can observe, Omakase is more resilient against the increasing
inter-block conflict.

Hot-resource threshold (τhot). Figure 7 measures the influ-
ence of both thresholds in Omakase. For the hot-resource
threshold, speedup rises from 2.25× at τhot=0.5 to 2.43× at

TABLE VI: Abort accounting per transaction on real Ethereum
workloads. Cascade = validation failure caused by a lower-
indexed transaction’s re-execution. From another block: vali-
dation failures whose invalidating writer is in a different block
of the same group.

validation failures from another block

Engine re-exec all cascade all cascade

Block-STM 0.545 0.183 0.135 – –
Concatenated Block-STM 0.877 0.208 0.193 – –
Concatenated graph OCC 0.545 0.294 0.224 0.088 0.073
Graph-aware OCC 0.268 0.123 0.080 0 0
Omakase 0.309 0.151 0.101 0.082 0.056

τhot=1.0, and then stays flat up to τhot=5.0 (2.47×). A low
threshold labels too many keys as hot, so the integrator refuses
integrations that would have improved parallelism and leaves
a 100-block round in 68 groups when τhot=0.5 instead of 24
when τhot=1.5. We then set τhot=1.5 by default.

Balance threshold (τCV). The integrator stops integrating
once a group’s simulated load is balanced, i.e., with a coeffi-
cient of variation below τCV (§V-D). A low threshold keeps
integrating up to the cap, which we set to 16 groups per
round at 0.1, for 2.49× speedup. A high threshold, however,
declares groups balanced too early, with 97 groups per round
at τCV=2.0, so speedup falls to 2.12×, close to per-block
execution. We then set τCV=0.5 by default, which gives
2.47×.

Workers (k). Figure 7 (right) varies the worker thread count.
Every engine is fastest with 8 workers on this machine, and all
of them slow down when there are more than 8 workers. The
two Block-STM-based engines fall faster than the graph-aware
OCC engines. With more workers, more conflicting transac-
tions execute optimistically and concurrently, but are then re-
executed for validation failure. For example, the concatenated
round re-executes transactions 1.60 times per transaction at
k = 32 workers against 0.90 at k = 8. The three graph-
aware OCC engines fall more gently because the graph keeps
transactions from starting early. What remains is the cost of
coordinating more workers, which still makes the engines
slower.

D. Why Omakase Works: Fewer Aborts

This subsection answers the third question: why Omakase
works, in terms of aborts. Table VI counts, per transaction,
how often each engine re-executes a transaction and why, on
real Ethereum workloads.

Two kinds of abort. A transaction is re-executed either
because it failed validation or because, during execution, it
read the placeholder of a transaction still being re-executed,
or a nonce not yet in place, and gave up at once. Table VI
counts every execution after the first as a re-execution and only
the first kind as a validation failure. In optimistic execution
a transaction fails validation when it read a value that an
earlier transaction later changed. This happens in two ways.
In an ordinary abort the earlier transaction simply had not
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run when the later transaction read. In a cascade abort, the
earlier transaction had already run and was then re-executed.
A re-execution creates a new version of every key it writes,
and validation compares versions, not values, so a transaction
that was placed correctly after the first run still fails even if
the value did not change. Cascades are what the argument of
§IV is about: one re-execution can invalidate the transactions
that depend on it, and so on.

Cascades are the common case. As shown in Table VI, three
quarters of Block-STM’s validation failures are cascades, and
for the concatenated round with block-STM the share is 93%,
because putting a whole round in one optimistic window turns
conflicts between blocks into a concurrent execution that can
cascade.

The conflict graph removes most of them. A graph-aware
engine does not start a transaction until its RAW parents have
executed. Running block by block, graph-aware OCC has 41%
fewer cascades and 51% fewer re-executions than Block-STM.
Omakase puts several blocks in one group, which brings their
conflicts between blocks back into play, yet it still has 25%
fewer cascades and 43% fewer re-executions than Block-STM.

What is left. More than half of Omakase’s remaining
validation failures come from a writer in another block of
the same group (0.082 of 0.151 per transaction, Table VI),
and two thirds of those (0.056) are cascades: the reader was
placed after the writer’s first run, as it should be, but the
writer was later re-executed and its new version invalidated the
read. The graph orders first executions; it does not prevent a
later re-execution from invalidating dependent readers. Group
boundaries limit how far these cascades can propagate during
concurrent execution.

E. Stage Costs and Validator Pipeline Throughput

Stage costs. This subsection answers the fourth question:
what each stage of Omakase costs, and how much of that cost
a validator’s pipeline can hide by overlapping integration with
execution. Table VII gives the cost of each stage per block.
Pre-execution costs exactly one sequential run of the block.
Every engine that uses hints pays it, but each proposer pays for
only its own block, so with N proposers a validator’s share is
1/N of it. Building the graph and reordering the transactions
add another fifth of a sequential run. Integration is the one

TABLE VII: Cost of every stage per block (ms), as a fraction
of sequential execution, and the resulting speedups.

Real Ethereum Synthetic

Stage ms/block of seq. ms/block of seq.

Sequential execution (reference) 9.15 1.00 13.16 1.00

Pre-execute (proposer) 9.32 1.02 13.38 1.02
Build graph + intra-block reorder (proposer) 2.02 0.22 1.57 0.12
Integrate (validator) 2.91 0.32 1.18 0.09
Execute, Omakase (validator) 3.71 0.41 5.76 0.44

Execution only (Table II) 3.71 2.47× 5.76 2.28×
Validator: integrate + execute 6.62 1.38× 6.94 1.89×
Every stage on one node, N=100 proposers 6.73 1.36× 7.09 1.85×
Block-STM, no preparatory stage 4.83 1.89× 6.53 2.02×

TABLE VIII: Validator-side cost per block and speedup with
the integration of round r+1 on one spare thread while round
r executes.

ms/block speedup

Block-STM, block by block 5.03 1.91×
Omakase, execution only 4.09 2.34×
Omakase, integration only 3.31 –
Omakase, integrate then execute 7.40 1.30×
Omakase, integration overlapped with execution 4.29 2.23×

stage that only Omakase and concatenated round with graph-
OCC have, and every validator pays it. With state in memory
it is expensive, taking 2.91 ms per block on real Ethereum
workloads. A validator that integrates and then executes gets
1.38× speedup only, below Block-STM’s 1.89×. Adding 1/N
of the proposer stages gives the “every stage on one node”
row: with one block per proposer and N=100, a validator
pays 6.73 ms per block in all, a speedup of 1.36× on real
Ethereum and 1.85× on the synthetic workload.

Hide cost by overlapping integration. Those rows charge
integration and execution one after the other. A validator can
instead integrate round r+1 on a spare core while its workers
execute round r; Table VIII runs all 150 real rounds back
to back both ways. Overlapping integration with execution
raises the measured validator-side cost from 4.09 to 4.29 ms
per block; the 0.20 ms increment corresponds to hiding ap-
proximately 94% of the 3.31 ms standalone integration cost.
The resulting validator-side speedup is 2.23×, compared with
1.91× for Block-STM in the same run. These measurements
cover validator-side preparation and execution; they do not
measure transaction latency through proposal, dissemination,



and consensus.

VII. CONCLUSION

Multi-proposer consensus commits a batch of blocks every
round, but today’s parallel execution engines still run those
blocks one at a time, so most of the parallelism in a round,
and most of a validator’s cores, are idle. This paper presented
Omakase, which treats the batch as the unit of execution.
Each proposer pre-executes only its own block and ships
a conflict graph with it, so the cost of building conflict
graphs is spread across all proposers. At the validator, a
greedy integrator considers a block for addition to a group
only when its hot-resource set is disjoint from that of the
current integrated graph, and accepts the addition only if
the balance test passes. A graph-aware OCC engine executes
each integrated group, admitting a transaction only after its
predicted RAW parents have executed. This reduces aborts
caused by optimistic execution. Executing groups sequentially
confines cross-block cascades to the current group, although
re-executions can still trigger cascades within it.

On 15,000 Ethereum mainnet blocks, about 2.4 M transac-
tions, Omakase executes a round 2.47× faster than sequential
execution, against 1.89× for Block-STM and 1.66× for the
same engine run block by block. The concatenated round,
which treats the whole round as one optimistic window is
about as fast on average (2.40×) but far less stable. Its slowest
round runs at 1.51× against 1.86× for Omakase, and on the
five rounds that it runs the slowest, Omakase is 1.4 to 2
times faster. The integration step that Omakase adds costs
more than it saves if a validator waits for it, but overlapping
integration with execution across rounds hides 94% of the
measured integration cost in the validator pipeline.

In summary, Omakase exploits inter-block parallelism to
achieve higher throughput than existing engines, and keeps
stable performance when the inter-block conflicts are high.
With both properties above, Omakase achieves congestion
control in transaction execution for multi-proposer consensus.
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