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Abstract—Large language models (LLMs) can generate and
modify high-level synthesis (HLS) code, but their proposals may
fail functional checks or violate timing and resource constraints.
We present LLM4HLS-Agent, an autonomous controller that
accounts for the model calls, tokens and synthesis-tool runs these
proposals consume, under a shared execution budget. Before each
proposal, the controller checks the remaining model allowance
and validation runs. Verified candidates are assessed against
timing and resource limits, while violations from promising but
infeasible candidates guide further source changes. The controller
retains verified designs, so budget exhaustion stops exploration
without discarding an established result. Using Vitis HLS 2025.2
targeting the Alveo US5C, we evaluated 20 generation, repair and
optimization tasks with three models. The controller returned
verified designs in 54 of 60 runs; optimization runs could return
an unchanged baseline. In a BICG case study, feedback from
a faster but resource-infeasible candidate guided recovery to a
verified design with 61.8% lower HLS-estimated latency than
the baseline while satisfying all configured timing and resource
limits, within five model calls. These results demonstrate verified
repair and optimization under explicit execution limits, without
requiring an optimal budget allocation.

Index Terms—high-level synthesis, large language models,
budgeted search, autonomous repair, FPGA

I. INTRODUCTION

LLM-driven HLS tools already combine repair with opti-
mization [1], steer exploration by measured bottlenecks [2],
and are judged by synthesis and resource use [3]. Running
such a loop unattended needs its cost stated explicitly: one
cost limit shared by repair and optimization, a rule for what
may still be attempted as the search comes near the limit, and
a defined result when the limit is reached.

Our contribution is a controller that accounts for search cost
explicitly while preserving verified designs. The code is open
source. !

II. BUDGET-CONSTRAINED CONTROLLER

Fig. 1 shows the controller. A task fixes the source, a
protected testbench, the top function, the target (part, clock,
frequency floor and resource limits), the model, and the
configured limits: a maximum number of model calls, an
optional total-token cap, and caps on the number of C
simulation (CSim), synthesis and C/RTL co-simulation runs. All
model calls and validation runs count toward these limits, and
a ledger records each. Before every model call the controller
checks what remains: at least one model call and, for the tool
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runs the next candidate will need, one CSim run, one synthesis
run and, if the task requires it, one co-simulation run. The
token cap is checked only for remaining capacity, not for the
size of the next response, so the final response may exceed it;
the run then stops, that proposal is discarded before validation,
and the last verified design is preserved and returned.

Our approach has two parts. In part A, CSim, synthesis and
co-simulation run in order. When a stage fails, the model is
asked for a fix guided by that stage’s output, and validation
restarts from CSim, because one repair can reveal a hidden
fault. The source that passes every stage becomes the verified
baseline, and its Vitis reports are read for the main bottleneck
and its source cause. If no source passes every stage before the
limits are reached, the run ends with no design and is reported
as failed. Part B then follows a fixed schedule of at most five
optimization attempts, each one proposal and its validation,
possibly with more than one model call if the proposal fails
the static checks: three explore diagnosis-chosen strategies, one
refines the best candidate so far, and one recovers or falls back.
Five is the schedule length, not a tuned value; a task’s limits can
shorten it but not extend it. Every proposal passes static checks
(unsafe edits, duplicates, no change) before CSim, synthesis
and, when required, co-simulation, because the model’s own
account of its edit is not evidence. A verified candidate within
the resource limits enters a Pareto set; one over them is never
selected, but its measured violations are returned to the model
in the recovery attempt with the instruction to keep the gain
and cut those resources.

The search ends when the five attempts are used or when
the check above fails. Selection is lexicographic among fully
verified designs: frequency requirement met, then resource
limits met, then lower HLS-estimated latency, then lower
resource cost. The baseline competes under the same rule,
so with no feasible candidate the best verified design by that
order is returned, as the exact verified source rather than the
model’s latest output.

ITII. EVALUATION ACROSS TASKS AND MODELS

All runs use the FPT’26 Track A toolchain and target (Vitis
HLS 2025.2, Alveo U55C, 100MHz). A run is one execution
of the controller on one task with one model, under that task’s
budget. To evaluate the capabilities separately, we fixed the
execution mode for each task. The 14 generation and repair
tasks ended when a verified baseline was established. The six
optimization tasks required a valid starting design; sources that



A. Correctness and baseline establishment

all checks pass

Initial verification
CSim, synthesis, co-sim

*

failure

Task
source, tests, budget

re-test

Repair
classify, LLM fix

verified

Verified baseli ( Di
source hash + reports '[ bottleneck, source cause

optimize

limits reached, no verified design: fail

B. Budgeted optimization

measured feedback, incl. violations

4

Static checks
safety, duplicate, no-op

Plan attempt
explore, refine or recover

Generate (LLM)
if budget check passes

H H

Measure
latency, resources, cost

Tool validation
CSim, synthesis, co-sim

Select
constraints + Pareto

- -

o

t

budget remains: next attempt 4

else return verified result

Fig. 1. LLM4HLS-Agent. Part A establishes a verified baseline and a diagnosis; part B makes up to five optimization attempts and returns the verified result
when the limits are reached. The budget check at Generate requires a model call, the tool runs the next candidate needs, and token capacity.

TABLE I
TASKS, RUNS (ONE PER TASK PER MODEL) AND COMPLETED RUNS.

Task category Tasks Runs Completed
Specification-to-kernel generation 1 3 3
Synthesis repair 1 3 3
Functional and interface repair 10 30 27
Structural repair (stream deadlock) 2 6 6
Latency and resource optimization 6 18 15
All 20 60 54

failed initial validation were rejected without repair. Seventeen
tasks are ours (ATAX and GEMM from HLS-Eval [4]); three
are organizer-supplied Track A tasks, not redistributed. Each of
the 20 tasks was run once with each of three models (DeepSeek-
V4-Pro, Qwen3.5-122B-A10B, Qwen3.6-27B), giving 60 runs
over nine kernels (Table I). A run is complete when it ends
in a verified design; for optimization tasks that may be the
unchanged baseline, so the optimization row of Table I counts
completions, not improvements.

Every model completed the same 18 tasks; the six failed
runs are two tasks failing with all three models: an interface
repair task (a wrong top-function name) that no model repaired,
and the ATAX optimization task, whose supplied source failed
initial validation and was rejected rather than repaired.

IV. EXAMPLE: ONE RUN ON BICG

Table II follows one run with Qwen3.5-122B-A10B on BICG,
the PolyBench biconjugate-gradient kernel; italic rows are
relative to the verified baseline, the target clock is 10ns with
a 100 MHz minimum, and latencies and frequencies are HLS
estimates.

The run produced a Pareto candidate, verified and retained,
and an aggressive candidate, faster but over every resource
limit and therefore rejected. The recovery attempt then returned
the aggressive candidate’s measured violations to the model
and produced the selected design, verified within all resource
limits at an estimated 131.72 MHz. Under caps of five model
calls, five CSim runs and four synthesis runs, the run used
all five model calls, four CSim runs and four synthesis runs,

TABLE II
BICG oN THE U55C; LiMITS 34,964 LUT, 86,908 FF, 224 DSP.

Design Latency (ns) LUT FF DSP
Verified baseline (promoted) 7420.6 7,626 20,191 44
Pareto candidate (retained) —40.7% +47.5% +17.2% +100%
Aggressive candidate (rejected) 3269.8 75,596 130,326 442

vs. baseline —55.9% +891% +545% +905%
Recovered design (selected) 2831.8 24938 52,102 176

vs. baseline —61.8% +227% +158% +300%

totaling 14,925 tokens. Of the five model calls, two generated
the first candidate, the third performed recovery, and the final
two explored a second candidate that was not selected.

V. CONCLUSION

One controller with explicit shared limits and a retained
verified design completed 54 of 60 runs across three models;
BICG shows rejection, recovery and return within five model
calls. To make LLM4HLS-Agent useful for FPGA design au-
tomation, we plan to extend the approach to additional models
and benchmarks and explore further strategies, including formal
verification for safety-critical applications.
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