
QiMeng-PerceptOS: Semantic-Aware Kernel Optimization for OS-
Intensive Workloads via Hardware-Software Alignment

Introduction
Optimizing OS kernels for certain workload is critical yet challenging due to 
over 15,000 compile-time options, 40–70 minute evaluation costs, and boot 
failure risks. Traditional methods fails. Existing LLM methods for optimization 
follow a static and heuristic open-loop paradigm, blind to dynamic runtime 
behaviors, causing a fundamental semantic mismatch.

Addressing these challenges, we propose QiMeng-PerceptOS, a closed-loop 
perception framework that aligns raw hardware-software telemetry with LLM 
reasoning through three collaborative modules. Experiments across diverse 
workloads show that it achieves significant performance breakthroughs by 
optimizing kernel configurations. 

1. Perception Module: Distills unstructured hardware-software telemetry into 
semantic fingerprints, aligning low-level telemetry with LLM reasoning.

The design of Qimeng-PerceptOS

Problem Formulation
Optimize linux configurations represented as a tree ( T = (N, E) ) for specitic 
workload:
- N : Nodes representing configuration options and directories.
- E : Relationships between nodes.
- k : application k with evaluation metric �� ( 2^N -> R)
- �� : optimal configuration achieving optimal performance.
- �0 : default configuration.
- H and �� : denote hardware and software information.

Our goal:  Find  ��* = A (�0, H, ��) , where ��(��*) = ���� ��(T).

In essence, this entails operating system kernel tuning for specific applications 
within the context of high-dimensional, high-cost, and high-risk tasks. 
 Alignment between the kernel configuration and the application is required.

Average search time and LLM cost per iteration for three runs in the global search 
module on the workstation
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Evaluation
We compare QiMeng-PerceptOS with defaults, LLM-Vanilla, and AutoOS across 3 
OS , 5 workloads, and 3 LLMs, with 13 search iterations and 2 posterior enhancement 
rounds under the same total budget as baselines.
Optimization results (throughput) across different environments compared to default.
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User input:  Please optimize Redis on Machine A for high throughput with the running command of “redis-benchmark -n ... –csv”.
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Ablation study of posterior enhancement module (PE) for Apache on Ubuntu workstation
(35% probability of gain across all test)

2. Global Search Module: Performs LLM-driven depth-first traversal over BHIT, 
exposing both local options and hierarchical subdirectory summaries (employs a 
cache-on-first-access strategy) to dynamically prune search space  and align 
high-dimensional configurations with LLM reasoning.

3. Posterior Enhancement Module: Batch-reaudits historically modified options 
by LLM  in elite memory M to synthesize trajectories, suppress hallucinations, 
and recover semantic mismatches between telemetry and configurations.


