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DPE boosts performance, but leaves correctness assumed

- Existing DPE: determinism by design, correctness argued informally

* Yunhao et al. Ordered Consensus. OSDI’26, OSDI’20. 4

DPE has been explored in DB, blockchains, and datacenter 
microservices (Bohm, Caracal, Block-STM, DORADD, etc.)

- Bug impact: replica divergence, lost reproducibility, exploitable order 

violations*
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Our work focuses on verifying DPE at the runtime system level. Recent advances in systems verification 
tools (Verus, Dafny, etc.) make this practical.
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Kernel: Atmosphere (SOSP25)
Memory management: CortenMM (SOSP25)
Cluster controller: Anvil (OSDI24, SOSP26)
Storage: PoWER (OSDI25)
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C2: Different design choices/implementation mechanisms
- Pessimistic: schedule-then-execute
- Optimistic: execute-then-validate (abort/retry)

- Can we prove determinism without ever enumerating a schedule?

- Can we have unified primitive/abstraction to reuse the verification 
machinery?



DeterV Insights

8



DeterV Insights

8

- Insight 1 (local reasoning): Localize by objects, then compose
- Intuition: each object has a dependency chain for exec
- Avoid considering numerous interleavings (C1) and support disjoint states 

reasoning



DeterV Insights

8

- Insight 1 (local reasoning): Localize by objects, then compose
- Intuition: each object has a dependency chain for exec
- Avoid considering numerous interleavings (C1) and support disjoint states 

reasoning

T1(x)

T2(y)

T3(x)



DeterV Insights

8

- Insight 1 (local reasoning): Localize by objects, then compose
- Intuition: each object has a dependency chain for exec
- Avoid considering numerous interleavings (C1) and support disjoint states 

reasoning

T1(x)

T2(y)

T3(x)

T1

T3

T2

x y



DeterV Insights

8

- Insight 1 (local reasoning): Localize by objects, then compose
- Intuition: each object has a dependency chain for exec
- Avoid considering numerous interleavings (C1) and support disjoint states 

reasoning

- Insight 2 (unified interface): Determinism is enforced at one effect boundary
- Both runtime families produces visible effects at a commit point.

T1(x)

T2(y)

T3(x)

T1

T3

T2

x y



DeterV Insights

8

- Insight 1 (local reasoning): Localize by objects, then compose
- Intuition: each object has a dependency chain for exec
- Avoid considering numerous interleavings (C1) and support disjoint states 

reasoning

- Insight 2 (unified interface): Determinism is enforced at one effect boundary
- Both runtime families produces visible effects at a commit point.
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let res = task.run();
commit_effect(res, state);



DeterV Overview

A verified DPE runtime in Verus
Build atop an unverified DPE system

9

Localize
each object follows its 

own version order 
(Insight 1)

Enforce
Check that order at 

one commit boundary
 (Insight 2)

Compose
layered refinement that 

composes local reasoning 
into the global one



An Unverified DPE Runtime

10

A Rust impl inspired by DORADD (PPoPP’25); and used in Remora (VLDB’26)



An Unverified DPE Runtime

- Single dispatcher thread
- consumes incoming log
- resolves dependencies

- Worker threadpool
- async/await via dependencies

10

A Rust impl inspired by DORADD (PPoPP’25); and used in Remora (VLDB’26)



An Unverified DPE Runtime

- Single dispatcher thread
- consumes incoming log
- resolves dependencies

- Worker threadpool
- async/await via dependencies

10

A Rust impl inspired by DORADD (PPoPP’25); and used in Remora (VLDB’26)



An Unverified DPE Runtime

- Single dispatcher thread
- consumes incoming log
- resolves dependencies

- Worker threadpool
- async/await via dependencies

10

A Rust impl inspired by DORADD (PPoPP’25); and used in Remora (VLDB’26)



An Unverified DPE Runtime

- Single dispatcher thread
- consumes incoming log
- resolves dependencies

- Worker threadpool
- async/await via dependencies

10

A Rust impl inspired by DORADD (PPoPP’25); and used in Remora (VLDB’26)



Verification Focus

- Target: final state determinism
- A reference spec model: sequential_exec
- DPE(log) ≡ sequential_exec(log)
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DeterV Design

A verified DPE runtime in Verus
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- Each object walks its version sequence, rather than reasoning about the huge 
global schedule space
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Implemented as Authoritative Resource 
Algebra from Iris (POPL’15)
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Global State Machine Layer

Concurrent Runtime Layer 

1. Sharded ghost tokens from GSM

(via commit_effects)

Map<ObjID, Version>

threads execute concurrently; 
commit_effects is where shared state changes

“Forget the schedule”; keep only each obj’s 
committed version.

Sequential Spec Layer

2. Inductive refinement

sequential_exec(log) pointwise equality indicates the final state 
equivalence
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- No latency penalty, less than 20% throughput 
drop due to the heavier signal impl
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