
Automated Discovery and Offloading of Acceleratable Code in Datacenters

1 Problem Statement
Modern datacenter applications adopt a microservice archi-
tecture that decomposes monolithic logic into independently
deployable services, improving modularity and manageability,
and has been widely adopted across many major IT compa-
nies [2,5,6,20,25–27]. However, this design incurs significant
overhead from auxiliary “glue” operations, known as data-
center tax, such as (de)serialization for standardized data ex-
change [4] and (de)encryption for security, which collectively
account for a large fraction of CPU cycles [11, 22, 23]. To
mitigate this cost, specialized hardware accelerators have been
developed for these operations [1,3,12,13,17], and are increas-
ingly integrated into modern systems. For example, recent
Intel Sapphire Rapids processors incorporate multiple on-die
accelerators [10, 29], with similar designs adopted by cloud
providers [21], enabling reduced tail latency and improved
energy efficiency when effectively utilized.

However, despite the growing presence of on-chip acceler-
ators in modern datacenters, they remain significantly under-
utilized. Programming accelerators requires deep expertise,
invasive code refactoring, and familiarity with specialized
programming models. Even more challenging is achieving
efficient use, where numerous runtime factors (e.g. data size,
arithmetic intensity) determine whether offloading provides
the expected performance benefit. Collectively, these factors
introduce substantial complexity, making it difficult for large
codebases to integrate accelerators while preserving correct-
ness and meeting performance goals.

Hardware vendors mitigate this complexity by providing
high-level interfaces that abstract accelerator-specific details
via libraries or shim layers [7, 8]. However, these abstractions
are brittle: independent evolution of applications and libraries
leads to versioning conflicts, and their static nature prevents
runtime decisions on when offloading is beneficial. Moreover,
applications often use multiple libraries, and naively compos-
ing vendor-accelerated components can introduce contention
and interference, adding cross-component resource manage-
ment burdens for developers.

As a result, datacenter applications continue to execute on
CPU paths, leaving on-chip accelerators largely idle [14]. This
leads to higher infrastructure costs, lost potential performance
and efficiency, and inflated carbon footprint.

2 Proposed Solution
With the recent advances in AI, particularly in agentic code
generation, a natural question is whether AI systems can
bridge the gap in on-chip accelerator adoption. While promis-
ing, on-chip accelerators introduce challenges that fundamen-
tally differ from conventional code optimization tasks.

2.1 Challenges in AI-Driven Accelerator Enablement
First, there is high diversity in the set of accelerators, each with
distinct programming models, kernel drivers, and deployment
constraints. Unlike CPU optimizations that operate within a

unified ISA and runtime abstraction, accelerator usage requires
reasoning across user-space libraries, kernel sub-systems, and
device-specific configurations (e.g., virtual- or physical- func-
tion deployment, IOMMU). This diversity complicates the
design of a unified AI-driven solution.

Second, the benefit of offloading to an accelerator is highly
sensitive to runtime parameters such as data size and layout,
batching, and concurrency-level. Figure 1 shows the tradeoff
of offloading a memcpy operation to a data streaming accel-
erator (DSA [16]). We see that DSA outperforms CPU only
beyond certain data sizes (e.g. 2MB), due to fixed offload
overheads that dominate benefits from the accelerator.
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Figure 1: Throughput of memcpy on CPU vs DSA across input sizes.

Performance is not solely a function of input size. In many
cases, achieving speedup requires restructuring software, for
example, transitioning from synchronous to asynchronous ex-
ecution models. To illustrate, we use FFmpeg PNG encoding
as a running example. In this pipeline, each frame is passed to
the encoder, which performs header construction and metadata
formatting, followed by compression of the image data. Fig-
ure 2 shows performance when offloading compression to the
QAT accelerator [9] under different software design models.
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Figure 2: FFmpeg performance when offloading compression to
QAT normalized to CPU

Following the original software structure yields a naïve syn-
chronous per-frame offload that underperforms CPU execution
due to blocking semantics and limited batching, resulting in
a 1.48× slowdown. In contrast, asynchronous designs that
expose concurrency improve throughput by 67.7%, reaching
within 0.1% of CPU performance, and when coupled with
further optimizations (batch sizing, polling intervals, stateful
compression) achieve up to 1.89× speedup over CPU-only im-
plementations. Overall, accelerator effectiveness depends on a
multi-dimensional design space rather than simple heuristics.

Furthermore, datacenter applications are typically com-
posed of multiple interacting services, each with distinct per-
formance objectives. For example, throughput-oriented ser-
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Figure 3: Overview of AccelAgent agentic framework

vices may benefit from large batching, while latency sensitive
services may required fine-grained offloading. Therefore, op-
timizing accelerator usage within a single component is insuf-
ficient: independently optimized components may interfere
when composed, leading to contention for shared accelerator
resources, overall degrading application-wide performance.

Lastly, on-chip accelerator programming is limited by lack
of public knowledge, sparse documentation, and immature
tooling ecosystems. Unlike CPUs and GPUs, there is a gap in
standardized training data that captures performance pitfalls
or optimization strategies. This lack of structured knowledge
presents a key challenge for AI-based approaches.

2.2 Overview of AccelAgent Framework
We propose AccelAgent, an agentic framework that automates
the enabling of on-chip accelerators in datacenter applications.
Figure 3 provides an overview of the system. AccelAgent de-
composes the problem into four stages: (1) a developer facing
specification interface, (2) identification of acceleratable code
regions, (3) generation of candidate implementations, and (4)
cross-service alignment and orchestration.
Developer Interface. AccelAgent exposes a DSL-like in-
terface that allows developers to specify target accelerators
and performance objectives (e.g. latency, throughput) for dif-
ferent services. As shown in 1 , these specifications are
provided alongside the application codebase. This abstraction
enables developers to express intent without requiring detailed
knowledge of accelerator programming models, while still
constraining the search space to relevant optimization targets.
Identifier. The Identifier Agent ( 2 ) performs multi-pass
analysis over the codebase to identify acceleratable regions
for a target device. It detects code segments whose semantics
match known accelerator capabilities (e.g. compression, en-
cryption, data movement) and annotates them with mapping
reasoning and implementation considerations. This process
is augmented with external knowledge ( 3 ), including ven-
dor documentation, usage examples, and pattern/anti-pattern
snippets. Importantly, the agent distinguishes between se-
mantically acceleratable regions and those that are practically
beneficial to offload, filtering out cases where factors such as
control flow divergence negate performance gains.
Code Generation. The CodeGen Agent ( 4 ) transforms an-
notated regions into accelerator-enabled implementations by
exploring a structured design space via a multi-objective can-
didate tree ( 5 ). Each leaf in the tree represents a candidate
optimized for a specific objective (e.g. throughput-oriented

asynchronous execution). The agent may perform multiple
passes to further optimize a candidate for the same objective,
as shown in the orange highlight. Nodes can also be merged
(blue highlight) to form parent candidates that combine multi-
ple objectives. To ensure correctness and performance, each
candidate is evaluated before further generation using compiler
and profiler sub-agents ( 6 ). The whole process is guided by
domain-specific resources, including programmer guides and
sample accelerator code.
Orchestration. While the CodeGen Agent optimizes individ-
ual regions or services, the Orchestration Agent ( 7 ) coordi-
nates accelerator usage across services. Given candidate trees
for multiple services, the agent must resolve conflicting objec-
tives. For example, a throughput-optimized batching strategy
in one service may introduce latency violations for another.
To address this, the agent defines a composed performance
objective based on user-input. The agent then selects subtrees
(yellow highlight) from each service that align with the global
objective, even if they differ from locally optimal candidates.
Then it performs a merge-join over candidate paths across ser-
vices to identify candidate combinations that optimize overall
application performance while reducing the search space.

Finally, the Orchestration Agent creates a cross-service exe-
cution plan, including work offloading and resource manage-
ment policies to mitigate cross-component contention. This is
validated via compiler and profiler sub-agents to ensure cor-
rectness and performance guarantees, even under composition.

3 Proposed Evaluation and Related Work
Evaluation. We will evaluate AccelAgent along two main
axes. First, we will measure the accuracy of the Identifer
agent using a curated set of benchmarks with both acceler-
atable regions and semantically-acceleratable but practically
degrading regions. Second, we will evaluate end-to-end per-
formance across applications from diverse domains, with a
focus on datacenter applications (e.g. DCPerf [24]), capturing
performance gains across increasing software complexity.
Related Work. Our work relates to prior efforts in automated
CPU and GPU code optimization, including systems such as
KernelEvolve [18] and ECO [19]. However, as previously de-
scribed, on-chip accelerators introduce a new set of challenges,
which our system specifically addresses. Additionally, there
are hand-engineered accelerator integration works [15, 28].
AccelAgent does not attempt to find novel applications of
the accelerators, but rather enable a large-scale adoption of
on-chip accelerators in modern applications.
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