One Tool Is Enough: Reinforcement Learning of LLLM Agents for
Repository-Level Code Navigation
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1. Motivation

e LLM agents have proved strong ability on real-world software engineering (SWE)
tasks, but most methods are training—free or distillation-based. Training an agent
without a stronger teacher model requires attention.

e Reinforcement learning has emerged as a powerful method for agentic training.
However previous studys have shown that RL can not be applied without distillation.

e We change the tool set of the coding agent, and demontrate that this design is
efficient of RL agentic training.



Tool Design

e We propose RepoNavigator, which has only one tool.

e Jump: jumping to the definition of a given symbol. This operation is normal in
modern coding IDEs (VScode, Pycharm, etc)
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Figure 1: Illustration of an LLLM navigating through a code
repository. The LLM 1s equipped with a single yet powerful
tool: jump, implemented via a language server.



Overview

A4 Tssue @ RepoNavigator

Description Query Rollout
»5» separability_matrix(m.Pix2Sky_TAN() & cm) e

‘z‘j Trajectories —> RL Training

[ True, True, False, False],

array([[ True, True, False, False], 9
=4

[False, False, True, True], J astropy/modeling/tests/test_separable.py | astropy/modeling/separable.py
[False, False, True, True]]) !d T ble( 2 - m
Suddenly the inputs and outputs are no longer separable? e __separable(compound_moael, result). ; i
(" assert_allclose(is_separable(compound_model), result[0]) def —.;::::c‘ftle:;r'nms:;}'n BitoutSEiatt: riokt)
This feels like a bug to me, but I might be missing assert_allclose(separability_matrix(compound_model), if isil:'ns-m_nce{}:ef s Ko deI}F:' i
it balii L] cleft = _coord_matrix(left, 'left’, noutp)

/‘t Jump else:
E i P — Q cleft = np.zeros((noutp, left.shape[1]))
ntry Point : cleft[: left.shape[0], : left.shape[1]] = left
0 ; : ".J astropy/modeling/separable.py if isinstance(right, i'ﬁode.l):
File path: astropy/modeling/tests/test_separable.py crichik = coortl_matrixsight, Fight' tp)
Class: None J ght = _ _matrix(right, 'right’, noutp

Function: test_separable def separability_matrix(transform): else:

cright = np.zeros((noutp, right.shape[1]))

;;’:[;nmbia_ma'rr'ix = _separable(transform) cright[-right shape[0]:, -right.shape[1]:] = 1

— return np.hstack([cleft, cright])
Language Server q Jump >

< _ ] Jump /" TJump

: _ N\ |
) Raw Repo é‘E—&,Absfr‘act Syntax Tree /" @ v : @

astropy/modeling/separable py e

astropy/modeling/separable.py

|57
: % p,-g;t,u“i Symbol Table | Code def _separable(transform): f" Jump |_operators = {g:ﬂcs.::;:r"llll-: f::; ‘;-;Er
N ————J | Code B - _arith_oper, - _arith_oper,
E_l/> _operators[transform.op](sepleft, sepright) = "® _arith_oper, /" _arith_oper, "**"
- @ @ 42 Definition Searcher @ _arith_oper}




3. GRPO Training
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4.

—xXperiments

Function-level File-level
Agent Pipeline Model i i
| Recall Precision Sample-F1  loU | Recall Precision Sample-F1  loU
Owen2.5-7B
Agentless Training-free | 12.82 6.94 8.05 573 | 3941 13.15 18.89 12.35
CoSIL Training-free | 8.64 3.33 4.58 287 | 26064 8.47 12.11 7.70
LocAgent Training-free | 1.01 0.02 0.65 040 | 12.16 0.17 10.81 8.93
LocAgent Distillation | 13.76 1.61 2.66 148 | 3744 5.11 8.39 5.00
RepoSearcher  Training-free | 1.07 0.93 0.97 0.86 | 4.91 1.64 2.30 1.63
RepoNavigator  Training-free | 9.84 14.65 10.67 9.20 | 3050 37.24 31.86 28.82
RepoNavigator GRPO 12.33 21.26 14.29 12.02 | 36.36 48.13 39.74 36.36
Qwen2.5-14B
Agentless Training-free | 10.49 6.75 7.41 528 | 4142 13.42 19.02 12.37
CoSIL Training-free | 10.73 4.67 5.96 3.94 | 3431 9.97 14.81 9.30
LocAgent Training-free | 6.22 0.13 3.65 265 | 1558 0.21 11.69 9.53
RepoSearcher  Training-free | 2.79 1.38 1.69 1.14 | 17.37 5.17 7.60 4.84
RepoNavigator Training-free | 14.36 19.74 15.27 12.00 | 43.57 54.52 46.06 41.07
RepoNavigator GRPO 16.05 25.25 18.06 14.58 | 46.85 58.64 49.72 45.14
Qwen2.5-32B
Agentless Training-free | 11.08 7.31 7.98 5.80 | 43.07 13.89 20.07 13.11
CoSIL Training-free | 14.03 6.00 7.67 492 | 48.87 14.03 20.95 13.27
LocAgent Training-free | 8.72 0.17 4.30 290 | 2573 0.38 19.77 16.50
RepoSearcher  Training-free | 2.52 246 231 1.75 9.00 2.52 3.81 241
RepoNavigator Training-free | 13.96 20.25 15.36 12.87 | 50.24 63.24 53.48 48.50
RepoNavigator GRPO 18.13 29.44 20.72 17.16 | 5349  68.69 57.57 52.44

Function-level File-level
Agent Pipeline Model | ot | Saiaih
| Recall Precision Sample-F1  loU | Recall Precision Sample-F1  loU
closed-source Models

RepoSearcher  Claude3.7-Sonnet | 66.80 19.90 28.30 17.89 | 89.71 21.04 33.15 20.67
RepoNavigator  Claude3.7-Sonnet | 31.03 34.43 31.72 30.22 | 7226 75.95 73.01 71.37
RepoNavigalor GPT3-chat 3042 34.56 3LAT 29.67 | 58.17 61.87 58.88 57.33
RepoNavigator  Claude4.5-Sonnet | 43.97 45.76 43.62 41.31 | 80.68 81.92 79.94 77.49

Qwen2.5-7B
Agentless Training-free 2492 12.93 15.31 11.74 | 63.01 19.32 27.82 18.85
CoSIL Training-free 29.30 8.98 12.90 8.07 | 70.12 17.90 27.39 17.42
LocAgent Training-free 17.62 11.71 12.71 10.31 | 60.96 34.88 40.67 33.33
Orcal.oca Training-free 27.70 20.29 21.70 17.92 | 48.04 48.65 47.36 45.77
RepoSearcher Training-lree 7.86 8.08 7.48 6.85 | 48.61 2115 27.36 20.39
RepoSearcher  Distillation+GRPO | 63.26 19.24 2737 17.59 | 84.11 19.97 3l.64 19.57
RepoNavigalor Training-lree 15.89 17.46 16.19 15.46 | 42.36 43.23 42,12 40.97
RepoNavigator GRPO 26.69 30.34 2749 26.43 | 50.62 53.83 51.63 50.62

Owen2.5-14B
Agentless Training-lree 25.20 14.30 16.14 12.28 | 75.65 19.76 29.88 19.30
CoSIL Training-free 48.61 13.40 19.81 12.12 | 78.35 18.10 28.79 17.72
LocAgent Training-free 35.62 13.32 17.71 1232 | 71.42 31.66 40.77 30.64
OrcalLoca Training-free 2992 20.98 22.77 18.92 | 52.17 52.15 50.93 48.72
RepoScarcher Training-free 26.13 11.96 14.35 10,60 | 74.77 18.80 28.79 18.15
RepoNavigator Training-free 2796  25.77 25.58 23.00 | 59.00  56.68 56.39 53.74
RepoNavigator GRPO 31.02 30.08 29.23 26.84 | 61.60 58.97 58.90 56.36

Owen2.5-328
Ageniless Training-lree 40.79 24.07 27.33 22.08 | 78.93 25.60 35.38 24.96
CoSIL Training-lree 55.38 14.85 2211 13.52 | 83.50 19.34 30.77 18.93
LocAgent Training-lree 46.79 16.29 2148 14.18 | 79.39 34.18 44.18 33.24
OrcaLoca Training-lree 39.14 25.59 28.72 22.89 | 59.57 59.51 58.11 55.62
RepoScarcher Training-free 18.83 19.05 18.10 16.79 | 66.60 39.81 45.81 37.93
RepoSearcher  Distillation+GRPO | 69.50 20.29 29.11 18.23 | 89.33 20.27 32.93 20.35
RepoNavigator Training-free 28.11 28.19 27.12 25.16 | 63.05 62.75 61.67 59.28
RepoNavigator GRPO 33.71 37.19 34.09 32.30 | 67.29 70.76 67.75 65.75




Role of Tool Reward
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Influence on issue resolution

Table 3: Downstream influence: We use Qwen2.5-14B-
Instruct on SWE-bench_Verified to evaluate issue resolution.

Agent Pipeline Func-IoU(%) Resolved(%)

Agentless 12.28 10.12
LocAgent 12.32 13.01
RepoSearcher 10.60 12.47
RepoNavigator 23.00 14.74

RepoNavigator+RL 26.84 15.03




5. Hint: Building Fewer and More Capable Tools

e Nowadays agents have multiple tools, and the genarally have great effects.

e However, if a task can be finished with fewer tools, excessive tools will only impede
the performance.

e Excessive tools are noices that may lead the agent astray.

e In SWE tasks, using one “Jump” tool is enough
Table 4: We change the tool set of RepoNavigator and
present the function-level loU (%) on Qwen2.5-7B-Instruct.
From the table, we demonstrate that excessive tools do not
boost RepoNavigator’s performance.

Jump GetClass GetFunc GetStruc | IoU
v v v v 13.71
v v v X 21.44
v X X v 24.00
v X X X 24.28




Thank you!



