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Abstract
Addressing code vulnerabilities is crucial for001
software security and reliability. We present002
SYNTHFIX, an innovative framework for au-003
tomated code repair that combines Supervised004
Fine-Tuning (SFT) with Proximal Policy Opti-005
mization (PPO) in an iterative training regime.006
Inspired by optimization strategies from statis-007
tical algorithms, SYNTHFIX balances the rapid008
pattern recognition of SFT with the adaptive009
learning of PPO. By incorporating compiler in-010
sights, such as Abstract Syntax Trees (AST),011
Control Flow Graphs (CFG), and ESLint, SYN-012
THFIX enhances training dynamics, improv-013
ing scalability and adaptability. Evaluation014
on the FixJS dataset with over 30k JavaScript015
code pairs, demonstrates that SYNTHFIX out-016
performs existing methods, achieving up to017
7.78% improvement in CodeBLEU over SFT018
and 7.33% over PPO on the CodeT5 and Code-019
Gen models. SYNTHFIX further shows substan-020
tial gains in Exact Match, achieving up to 2.16x021
improvement. This innovative training architec-022
ture outperforms traditional models and shows023
potential for advancing other software engineer-024
ing tasks through feedback adjustments. The025
code for SYNTHFIX has been anonymized and026
can be found at https://github.com/027
iiiiiiii979/SynthFix028

1 Introduction029

In Software Engineering (SE), the automated re-030

pair of code vulnerabilities is essential for reducing031

extensive manual debugging efforts and enhancing032

system security and reliability. Traditional vulner-033

ability repair, often rule-based and manual, lacks034

scalability, leading to the adoption of AI methods.035

Yet, these AI approaches, relying heavily on neural036

networks and natural language processing (NLP),037

primarily capture superficial code patterns, often038

missing deeper structural and semantic complexi-039

ties crucial for effective repair (Mesbah et al., 2019;040

Jiang et al., 2018; An et al., 2018; Klieber et al.,041

2021).042

Supervised Fine-Tuning (SFT) is quick to learn 043

syntactic patterns but often fails to grasp the com- 044

plexities of code, limiting its ability to address in- 045

tricate vulnerabilities (Berabi et al., 2021; Huang 046

et al., 2023). On the other hand, Proximal Policy 047

Optimization (PPO) adopts a reinforcement learn- 048

ing strategy, enabling deeper analysis through itera- 049

tive feedback-driven refinements. However, PPO’s 050

effectiveness is constrained by its resource intensity 051

and slow convergence (Schulman et al., 2017). To 052

address these limitations, enhancing PPO with an 053

actor-critic architecture, which uses separate neural 054

network models to distinctly assess the current pol- 055

icy (actor) and optimize the value function (critic), 056

provides a more robust solution. 057

Inspired by iterative statistical models that refine 058

parameter estimates to optimize performance (Wu, 059

1983; Gupta et al., 2011), SYNTHFIX effectively 060

merges SFT with PPO in a hybrid framework 061

specifically designed for software repair challenges. 062

SFT sets the initial learning conditions, akin to an 063

"expectation" step, quickly assimilating common 064

coding patterns and addressing basic errors. PPO, 065

enhanced by our specialized actor-critic architec- 066

ture, acts as a "maximization" step, refining these 067

foundational insights into deeper, more complex 068

structural and logical aspects of code crucial for 069

intricate software vulnerabilities. 070

This blend not only overcomes the limitations 071

of each method when used alone—slow learning 072

curves of PPO and superficiality of SFT—but also 073

leverages their strengths to efficiently tackle so- 074

phisticated software engineering tasks. By inte- 075

grating compiler constructs like Abstract Syntax 076

Trees (AST), Control Flow Graphs (CFG), along- 077

side ESLint1, SYNTHFIX enhances the adaptability 078

and scalability of our PPO’s actor-critic architec- 079

ture, key for software repair where adaptability to 080

1ESLint is a widely used linting tool that helps in identify-
ing and reporting on patterns found in ECMAScript/JavaScript
code, thus aiding in maintaining code quality and consistency.
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various coding issues is essential.081

Moreover, SYNTHFIX demonstrates substantial082

improvements, achieving up to a 7.78% increase in083

CodeBLEU over SFT and 7.33% over PPO. SYN-084

THFIX further shows notable gains in Exact Match,085

achieving up to 2.16x improvement, highlighting086

its precision and reliability in generating correct087

patches. These results underscore the potential088

of the proposed integrated approach of SFT and089

PPO for advancing automated code repair. Modi-090

fying the feedback in our PPO’s critic model can091

inspire new methodologies, potentially setting new092

benchmarks in the field. Our contributions can be093

summarized as follows:094

• We introduce SYNTHFIX, a novel hybrid095

framework that integrates SFT with PPO for096

automated code vulnerability repair, leverag-097

ing the strengths of both techniques to achieve098

superior results.099

• We incorporate compiler constructs such as100

AST, CFG, and ESLint into the training pro-101

cess, improving the model’s ability to ad-102

dress complex structural and semantic issues103

in code.104

• Our evaluation on the FixJS dataset shows105

that SYNTHFIX outperforms existing meth-106

ods, with up to a 7.78% improvement in Code-107

BLEU and a 2.16x gain in Exact Match over108

traditional SFT and PPO approaches.109

• SYNTHFIX sets new standards in the field110

by achieving more accurate and reliable code111

patches, showcasing its potential to advance112

other software engineering tasks through adap-113

tive feedback adjustments.114

2 Approach115

In this section, we introduce SYNTHFIX, a hybrid116

training method that combines SFT with PPO. By117

integrating compiler insights like AST, CFG, and118

ESLint scores, SYNTHFIX aims to improve code re-119

pair accuracy and adaptability. The following sub-120

sections outline the framework, actor-critic mecha-121

nism, and hybrid training strategy.122

2.1 SYNTHFIX Framework123

In this section, we outline SYNTHFIX, a framework124

that advances beyond traditional training methods.125

Train by Feedbacks

Feedback
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Offline Training
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Figure 1: Overview of SYNTHFIX. This diagram shows
the online and offline training processes in SYNTHFIX,
highlighting how dynamic and static code repairs are
informed by compiler insights and feedback loops to
enhance model adaptability and effectiveness.

As depicted in Figure 1, our training process be- 126

gins with static repair using SFT, as shown in Fig- 127

ure 2(b). This phase establishes basic code recog- 128

nition and repair abilities. 129

The process then progresses to dynamic repair 130

with PPO, detailed in Figure 2(a), which enhances 131

these abilities into deeper repair skills using an 132

actor-critic architecture. This dual-phase approach 133

ensures thorough learning and effective vulnerabil- 134

ity repair. 135

These two repairs cycle in a certain ratio, typi- 136

cally setting the one of smaller proportion as one 137

epoch in a cycle. For example, in a 5:5 ratio, one 138

SFT is followed by one PPO in a cycle; for a 7:3 ra- 139

tio, two SFTs are followed by one PPO to complete 140

one cycle, repeating three times with an additional 141

SFT to adjust accordingly. 142

Figure 1 also highlights the critic component 143

of our model, depicted in Figure 2(c), where the 144

critic model pre-trained offline optimizes the re- 145

ward model based on compiler feedback from AST, 146

CFG, and ESLint scores. This comprehensive train- 147

ing strategy not only refines the repairs but also 148

ensures high adaptability and precision, setting a 149

new standard in automated code repair, further dis- 150

cussed in Subsection 2.4. 151

2.2 Actor-Critic Mechanism 152

Central to our approach is the actor-critic mech- 153

anism (Bahdanau et al., 2016; Grondman et al., 154

2012), depicted in Figure 2(c), which is crucial 155

during the PPO training phase. The actor model 156

proposes repair actions at, while the critic model 157

evaluates these actions based on AST, CFG, and 158

ESLint scores, generating a reward signal rt. 159

The interaction is governed by the following 160

equations: 161
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(a) PPO Training(Dynamic Repair)

(b) SFT Training(Static Repair)

Actor Model(Fixer)

             Critic Model

Training Data
(Buggy Code)

Training Data
(Fixed Code)

Generated Code

Compute Loss

CFG

CFGAST AST

AST Reward
(Semantic Match)

CFG Reward
(Syntactic Match)

Reference Model

ESLint Score
(External System)

KL Penalty Reward

Compiler Feedback

ValuePPO Loss

(c) Critic Model(Offline Training)

Backpropagation Forwardpropagation

Training Data
(Buggy Code)

Figure 2: Detailed Workflow of SYNTHFIX. This diagram delineates the interactive processes among the dynamic
and static repair training phases and the offline critic model training within SYNTHFIX. (a) PPO Training (Dynamic
Repair) uses a reference model to guide the actor model through reward feedback enhanced by compiler metrics
(AST and CFG rewards) and ESLint scores, facilitating syntactic and semantic improvements in generated code. (b)
SFT Training (Static Repair) focuses on optimizing code fixes using static data to reduce bugs effectively. (c) The
Critic Model (Offline Training) pre-trained on fixed and buggy code evaluates the actor’s output using compiler
insights, ensuring that the learning is grounded in both code quality metrics and practical functionality.

ϕ(t+1) = argmax
ϕ

Et

[
min

(
rt(ϕ)Ât, clip(rt(ϕ),

1− ϵ, 1 + ϵ)Ât

)]
(1)162

where rt(ϕ) =
πϕ(at|st)

πϕold (at|st)
is the probability ratio,163

and ϵ is the clipping parameter.164

The value network is updated as:165

V (t+1) = argmin
V

Et

[
(V (st)−Rt)

2
]

(2)166

Here, Rt is the cumulative reward. The actor167

uses rt to refine its policy, improving code repair168

effectiveness over time.169

2.3 Hybrid Training Methodology170

The training protocol of SYNTHFIX combines su-171

pervised learning from static datasets with dynamic,172

interactive learning via PPO, as depicted in Fig-173

ure 2(a) and Figure 2(b). Initially, SFT trains the174

model on common code repair patterns, serving175

as an “expectation” step where the model learns176

to recognize and respond to prevalent issues. This177

foundational phase sets up a robust base of cod-178

ing knowledge, akin to preparing the model with179

a comprehensive understanding of typical coding180

errors and their solutions.181

Transitioning to PPO, the “maximization” step182

of the Expectation-Maximization (EM) algorithm,183

the model refines this knowledge through real-184

time interactions and feedback, focusing on com-185

plex, less common problems that require deeper186

insight. This phase dynamically enhances the 187

model’s decision-making processes and deepens 188

its understanding of intricate code structures and 189

semantics, enabling a sophisticated response to di- 190

verse and challenging coding scenarios. 191

PPO is a policy gradient method for reinforce- 192

ment learning that alternates between sampling 193

data through interaction with the environment and 194

optimizing a surrogate objective function using 195

stochastic gradient descent. The key advantage 196

of PPO over other policy gradient methods is its 197

ability to keep updates within a specified range, 198

preventing large, destabilizing updates. This is 199

achieved by using a clipping function in the objec- 200

tive, defined as: 201

LPPO(ϕ) = Et

[
min

(
rt(ϕ)Ât, clip(rt(ϕ),

1− ϵ, 1 + ϵ)Ât

)]
(3) 202

where rt(ϕ) =
πϕ(at|st)

πϕold (at|st)
is the probability ratio 203

between the new policy πϕ and the old policy πϕold , 204

Ât is the advantage function, and ϵ is a hyperparam- 205

eter for clipping. This clipping mechanism ensures 206

that policy updates remain stable by limiting the 207

extent of each update. 208

To complement this, the value network, which 209

estimates the expected return for a given state, is 210

updated by minimizing the following loss function: 211

Lvalue(V ) = Et

[
(V (st)−Rt)

2
]

(4) 212

3



In this equation, V (st) represents the estimated213

value of the state st, and Rt denotes the cumulative214

reward. By minimizing this loss, the critic model215

provides a more accurate evaluation of the actions216

suggested by the actor model, thereby guiding the217

policy refinement in the PPO phase.218

The EM-like algorithm alternates between the219

SFT and PPO phases, iteratively refining the220

model’s parameters θ, ϕ, and V to enhance both221

semantic and structural understanding. The process222

can be summarized in the following steps:223

1. Initialize the model parameters θ, policy pa-224

rameters ϕ, and value parameters V .225

2. Expectation Step (SFT):226

θ(t+1) = argmax
θ

N∑
i=1

log p(xi|θ) (5)227

In this step, the model is trained on a static228

dataset to predict fixed code from buggy code,229

with the parameters θ updated to maximize230

the likelihood of correct predictions.231

3. Critic Evaluation and Feedback:232

V (t+1) = argmin
V

Et

[
(V (ŷSFT

i )−Rt)
2
]
(6)233

Here, the critic model evaluates the output234

ŷSFT
i from the SFT phase based on its struc-235

tural and semantic accuracy, providing a feed-236

back signal Rt to guide further training.237

4. Maximization Step (PPO):238

ϕ(t+1) = argmax
ϕ

Et

[
min

(
rt(ϕ)Ât,239

clip(rt(ϕ), 1− ϵ, 1 + ϵ)Ât

)]
(7)240

The actor model then uses this feedback to241

adjust its policy ϕ, aiming to generate more242

effective code repairs.243

5. Repeat steps 2 to 4 until convergence is244

achieved, ensuring a thorough refinement of245

the model parameters.246

In practice, for each data point xi, the process247

begins with the SFT phase, establishing a baseline248

repair. The output from this phase, ŷSFT
i , is then249

evaluated by the critic model, which generates a250

feedback signal Rt. The PPO phase follows, where251

the actor model proposes a new repair ai based on252

this feedback, and the critic model reassesses the 253

repair. Through this iterative process, the model 254

gradually improves its ability to perform robust and 255

effective code repairs, leveraging the strengths of 256

both static and dynamic learning methodologies. 257

2.4 Training the Critic Model 258

The critic model (D’Oro and Jaśkowski, 2020) in 259

SYNTHFIX, illustrated in Figure 2(c), harnesses 260

ASTs and CFGs to enhance code repair by ensuring 261

both structural and behavioral correctness. ASTs 262

capture the code’s syntax and structure, ensuring 263

alignment with language specifications and high- 264

lighting syntactic inaccuracies. CFGs complement 265

this by capturing the execution paths within the 266

code, validating the logical sequence of operations 267

to maintain functional integrity. 268

The integration of ASTs and CFGs allows for 269

a nuanced assessment that encompasses both the 270

static aspects of code, such as its structure and 271

syntax, and its dynamic behavior, including exe- 272

cution flow. This thorough evaluation ensures that 273

repairs are not only syntactically correct but also 274

functionally sound, leading to reliable and effective 275

solutions. 276

Moreover, the model uses ESLint to enforce cod- 277

ing standards, where rule violations adjust the train- 278

ing rewards, thus promoting code that is not only 279

correct but also clean and maintainable. 280

Compiler-informed rewards are specifically cal- 281

culated based on: - AST Reward: Based on how 282

closely the repaired code’s AST aligns with that of 283

the original, assessing structural and syntactic cor- 284

rectness. - CFG Reward: Focused on the integrity 285

of control flows, ensuring that functional behaviors 286

are preserved in the repaired code. 287

This integration of AST, CFG, and ESLint into 288

the critic model’s framework ensures a comprehen- 289

sive evaluation of repairs, advancing the precision 290

and efficacy of automated code repair processes. 291

The training algorithm, as outlined in Al- 292

gorithm 1, exemplifies the structured approach 293

adopted by SYNTHFIX to achieve this precision. 294

By iteratively alternating between SFT and PPO, 295

the model effectively balances the learning of static 296

and dynamic code repair tasks. The Critic Evalua- 297

tion phase serves as the linchpin, providing contin- 298

uous feedback informed by syntactic and semantic 299

metrics. This hybrid training process, characterized 300

by its systematic refinement of model parameters, 301

culminates in a robust framework capable of ad- 302

dressing complex code vulnerabilities with high 303
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Algorithm 1 SYNTHFIX Hybrid Training
Require: Model parameters θ, policy parameters ϕ, value

parameters V
Ensure: Convergence of model parameters
1: while not converged do
2: SFT Phase:
3: Train model on static dataset to predict fixed code from

buggy code
4: Update θ to maximize the likelihood of predicted code

5: Obtain baseline repair ŷSFT
i

6: Critic Evaluation:
7: Evaluate ŷSFT

i using AST, CFG, and ESLint metrics
8: Generate feedback signal Rt

9: PPO Phase:
10: Actor model proposes repair ai based on ŷSFT

i and
feedback Rt

11: Critic model evaluates the proposed repair
12: Update ϕ using PPO objective function to refine policy
13: Iteration of Hybrid Training:
14: Alternate between SFT and PPO phases according to

the predefined ratio (e.g., 5:5 or 7:3)
15: Repeat the cycle to further refine model parameters θ

and ϕ
16: end while

accuracy.304

3 Experimental Design305

In this section, we outline the experimental setup306

used to evaluate SYNTHFIX’s performance on307

automated code repair. We utilized the FixJS308

dataset, which includes over 30k JavaScript func-309

tion pairs, and conducted experiments on two mod-310

els, CodeGen-NL 350M and CodeT5, to demon-311

strate the framework’s robustness across different312

architectures. The following subsections detail our313

evaluation criteria and research questions that guide314

the experimental analysis.315

3.1 Experimental Setup316

We use the FixJS dataset (Csuvik and Vidács,317

2022), containing over 30,000 JavaScript function318

pairs from two million bug-fix commits, which319

is ideal for studying Automated Program Repair320

(APR) in JavaScript. The dataset is divided into321

training, validation, and testing in an 8:1:1 ratio.322

Our experiments were conducted on a workstation323

with dual NVIDIA A6000 GPUs.324

We evaluated our framework using two mod-325

els: the CodeGen-NL 350M model (Nijkamp et al.,326

2022), known for its proficiency with programming327

languages and diverse coding datasets, and the328

CodeT5 model (Wang et al., 2021), which serves as329

a strong benchmark in code generation and repair330

tasks. By comparing results across both models, we331

aim to demonstrate the robustness and adaptability332

ofSYNTHFIX across different architectures.333

3.2 Evaluation Criteria 334

CodeBLEU (Ren et al., 2020), used to assess 335

our framework, combines traditional N-gram as- 336

sessments with syntactic and dataflow evaluations. 337

The overall CodeBLEU score is computed as a 338

weighted average of the following metrics, align- 339

ing with standard practices: 340

• N-gram Match Score: Measures lexical sim- 341

ilarity to the original code in the dataset. 342

• Weighted N-gram Match Score: Adjusts the 343

importance of specific code elements based 344

on their criticality. 345

• Syntax Match Score: Evaluates structural 346

integrity through AST comparisons. 347

• Dataflow Match Score: Assesses logical in- 348

tegrity and functional correctness. 349

In addition to CodeBLEU, we also use Exact 350

Match as a key evaluation metric. Exact Match 351

measures the percentage of generated patches that 352

are identical to the ground truth patches, serving 353

as a robust indicator of the model’s precision in 354

code repair. This metric is crucial for assessing the 355

effectiveness of SYNTHFIX in generating correct 356

and reliable patches. 357

These metrics are calculated to compare the code 358

generated by our model against the ground truth 359

provided in the FixJS dataset, ensuring a rigorous 360

and comparable evaluation with established bench- 361

marks in automated code repair. 362

3.3 Research Questions 363

The uniformity of training duration and resource 364

allocation is critical for a balanced experimental 365

design. SFT sessions last approximately 1 hour 366

and 22 minutes, while PPO sessions are about 1 367

hour and 41 minutes. This consistency allows us 368

to implement equivalent epoch settings across both 369

training methods, ensuring a fair comparison. 370

With a consistent experimental setup, we orga- 371

nized our experiments to systematically answer the 372

following research questions: 373

• RQ1: How does the hybrid training approach, 374

integrating SFT and PPO, compare against 375

using SFT or PPO exclusively in terms of effi- 376

cacy in code vulnerability repair? 377

• RQ2: What is the optimal balance between 378

SFT and PPO epochs that maximizes repair 379

performance? 380
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• RQ3: How does the SYNTHFIX frame-381

work perform in a real-world application sce-382

nario for code repair, specifically focusing on383

JavaScript vulnerabilities?384

• RQ4: What are the contributions of different385

components (AST, CFG, ESLint) in the re-386

ward model to the overall effectiveness of the387

PPO training?388

4 Results389

In this section, we present the outcomes of our ex-390

periments to evaluate the effectiveness of SYNTH-391

FIX in repairing code vulnerabilities. We compare392

various training paradigms, optimize the balance393

between SFT and PPO epochs, and analyze the per-394

formance through case studies and ablation tests.395

These results highlight the strengths of our hybrid396

approach in achieving superior code repair accu-397

racy and robustness.398

4.1 RQ1: Analysis of Training Paradigms399

Table 1 presents a detailed performance com-400

parison of different training paradigms used for401

JavaScript code repair, evaluated on both CodeT5402

and CodeGen-NL 350M models. Each method is403

analyzed based on improvements over the SFT (Su-404

pervised Fine-Tuning) approach, which serves as405

a baseline for measuring the efficacy of more ad-406

vanced training configurations.407

The SFT-only approach demonstrates significant408

gains across most metrics, particularly in the N-409

gram and CodeBLEU scores, showcasing its effi-410

ciency in rapidly acquiring syntactic patterns. How-411

ever, the PPO-only model, while slightly lagging412

in terms of quick pattern recognition, shows better413

performance in Syntax and Dataflow Match scores,414

emphasizing its ability to improve the deeper struc-415

tural integrity of the code.416

The hybrid SFT-PPO model, SYNTHFIX, which417

strategically intersperses three epochs of PPO with418

seven epochs of SFT, achieves the highest overall419

performance. For instance, on the CodeGen-NL420

350M model, SYNTHFIX improves the CodeBLEU421

score by 2.97% over the SFT approach and by422

2.56% over the PPO approach. On the CodeT5423

model, SYNTHFIX yields even more significant424

improvements, with an increase of 7.78% in Code-425

BLEU over SFT and 7.33% over PPO. This indi-426

cates that the combined approach effectively lever-427

ages the strengths of both SFT’s quick learning and428

PPO’s deep structural analysis, resulting in superior429

code repair outcomes.430

4.2 RQ2: Optimizing the SFT-PPO Epoch 431
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Figure 3: CodeBLEU similarity scores for CodeGen
and CodeT5 across different SFT-PPO ratios. The 7:3
ratio shows optimal performance.
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Figure 4: Trends in Syntax and Dataflow match scores
for CodeGen and CodeT5 across different SFT-PPO
ratios.

Figure 3 compares the impact of various SFT- 433

PPO training ratios on CodeGen and CodeT5 mod- 434

els. The 7:3 ratio achieves the highest Code- 435

BLEU scores, 69.61% for CodeGen and 47.28% 436

for CodeT5, effectively combining SFT for strong 437

initial learning with PPO for targeted optimiza- 438

tion. This balance is crucial for establishing a solid 439

foundation while allowing for refinement through 440

feedback-driven adjustments. 441

Figure 4 highlights trends in Syntax and 442

Dataflow match scores across different SFT-PPO 443

ratios. The 7:3 ratio also maintains the highest 444

dataflow match scores, 77.95% for CodeGen and 445

34.67% for CodeT5, indicating well-preserved log- 446
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Table 1: Performance Comparison of Different Training Paradigms. The training configuration for SYNTHFIX
strategically distributed the epochs to ensure a balanced approach, interspersing three epochs of PPO evenly with
seven epochs of SFT across the total training sessions.

Training Method CodeBLEU (%) N-gram (%) Weighted N-gram (%) Syntax (%) Dataflow (%) Exact Match (%)

CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5

Baseline 50.26 30.84 49.26 33.74 50.69 26.17 54.95 39.86 46.14 23.58 7.03 3.85
SFT (10 epochs) 67.60 43.87 67.43 59.19 67.98 44.62 60.04 40.73 74.97 30.94 29.12 18.24
PPO (10 epochs) 67.87 44.05 67.03 57.51 67.55 42.73 60.97 42.39 75.92 33.56 18.36 11.02

SYNTHFIX (10 epochs) 69.61 47.28 68.96 60.74 69.49 48.23 62.03 45.49 77.95 34.67 32.97 23.84
Improvement over SFT (%) (+2.97) (+7.78) (+2.26) (+2.62) (+2.22) (+8.09) (+3.32) (+11.68) (+3.97) (+12.04) (+13.23) (+30.73)
Improvement over PPO (%) (+2.56) (+7.33) (+2.88) (+5.61) (+2.87) (+12.88) (+1.74) (+7.31) (+2.67) (+3.31) (+79.59) (+116.31)

Table 2: Exact Match Score Comparison Across Differ-
ent SFT-PPO Training Ratios for CodeT5 and CodeGen
Models.

Training Method CodeGen Exact Match (%) CodeT5 Exact Match (%)

SFT+PPO (9+1) 30.72 20.03
SFT+PPO (7+3) 32.97 23.84
SFT+PPO (5+5) 29.37 22.76
SFT+PPO (3+7) 28.11 20.38
SFT+PPO (1+9) 26.93 17.94

ical flow and functionality. Although higher PPO447

ratios improve syntax match scores, they may re-448

duce semantic coherence, emphasizing the impor-449

tance of finding the right balance between syntactic450

accuracy and overall code quality.451

Table 2 confirms these results, with the 7:3 con-452

figuration achieving the best Exact Match scores453

for both models. This further supports the idea that454

a strategic mix of SFT and PPO epochs can effec-455

tively balance rapid pattern recognition with de-456

tailed structural refinement, making it the most ef-457

fective approach for complex software repair tasks.458

Overall, the 7:3 SFT-PPO mix proves most ef-459

fective for CodeGen and CodeT5, ensuring both460

syntactic and functional integrity without compro-461

mising one for the other.462

4.3 RQ3: Case Study463

Figure 5 presents a case study of repairing a464

JavaScript function using the PPO, SFT approaches,465

and their combination in SYNTHFIX (SFT+PPO),466

all trained with the same computational resources467

on the CodeGen-NL 350M model. The original468

code snippet contains a syntax error in the con-469

ditional statement. Specifically, the condition "if470

(arr[i] =! null)" is syntactically incorrect and leads471

to compilation failure.472

The Dynamic Repair (PPO) method corrects the473

syntax by replacing "=!" with "!=", resulting in a474

syntactically valid code. However, the fix does not475

fully address potential logical issues, as the strict476

inequality "!==" would be a more robust choice in477

JavaScript.478

The Static Repair (SFT) method, on the other479

function calculateSum(arr) {
let sum = 0;
for (let i = 0; i < arr.length; i++) {

if (arr[i] =! null) {
sum += arr[i];

}
}
return sum;

}

Buggy Code（Javascript）

function calculateSum(arr) {
let sum = 0;
for (let i = 0; i < arr.length; i++) {

if (arr[i] != null) {
sum += arr[i];

}
}
return sum;

}

function calculateSum(arr) {
let sum = 0;
for (let i = 0; i < arr.length; i++) {

if (arr[i] == null) {
sum += arr[i];

}
}
return sum;

}

Dynamic Repair（PPO） Static Repair（SFT）

function calculateSum(arr) {
let sum = 0;
for (let i = 0; i < arr.length; i++) {

if (arr[i] !== null) {
sum += arr[i];

}
}
return sum;

}

SythFix（SFT+PPO）

Partial Fix Logical Error

Full Fix

Figure 5: Case study example for JavaScript code repair.
The erroneous snippets are highlighted in red.

hand, introduces a logical error by using the equal- 480

ity operator "==" instead of correcting the syntax 481

with the appropriate operator. This results in a 482

condition that incorrectly processes "null" values, 483

leading to unintended behavior. 484

In contrast, SYNTHFIX (SFT+PPO) effectively 485

combines the strengths of both methods, correct- 486

ing the syntax and preserving the intended logic of 487

the original code by using the strict equality opera- 488

tor "!==". This ensures that the generated code is 489

both compilable and logically consistent with the 490

original intent. 491

This case study demonstrates the effectiveness 492

of SYNTHFIX in handling complex code repairs, 493

where both syntax and logical correctness are crit- 494

ical. By leveraging compiler-level feedback and 495

combining dynamic and static approaches, SYN- 496

THFIX provides a more reliable solution for au- 497

tomated code repair, ensuring that the final code 498

is both functional and adheres to best practices in 499

software development. 500

4.4 RQ4: Ablation Study of Reward Model 501

Continuing from the optimal SFT-PPO mix identi- 502

fied in RQ2, this ablation study, detailed in Table 503
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Table 3: Performance of Different Reward Model Configurations in Ablation Study. This table reflects the impact of
including or excluding scores (AST, CFG, ESLint) on training outcomes.

Training Method CodeBLEU (%) N-gram (%) Weighted N-gram (%) Syntax (%) Dataflow (%) Exact Match (%)

CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5 CodeGen CodeT5

Using all three scores 69.61 47.28 68.96 60.74 69.49 48.23 62.03 45.49 77.95 34.67 32.97 23.84
Excluding AST 67.10 45.54 66.17 58.34 67.22 46.65 60.09 44.08 74.91 33.29 30.15 21.80
Excluding CFG 66.92 45.39 66.35 58.50 66.87 46.40 60.01 44.00 74.43 33.06 30.04 21.77
Excluding ESLint 65.32 44.32 61.47 54.21 66.13 45.92 59.27 43.50 74.40 33.03 29.91 21.66
Excluding AST and CFG 64.97 44.07 63.79 56.27 65.06 45.20 58.79 43.18 72.22 32.08 28.14 20.38
Excluding AST and ESLint 64.59 43.76 61.59 54.23 65.74 45.68 58.93 43.30 72.08 32.02 28.64 20.76
Excluding CFG and ESLint 64.03 43.39 61.75 54.40 65.12 45.11 57.47 42.23 71.76 31.85 27.19 19.70

3, assesses the impact of omitting AST, CFG, and504

ESLint components.505

Excluding CFG and ESLint scores particularly506

affects performance, with substantial reductions507

in CodeBLEU and dataflow scores, emphasizing508

their crucial roles in structural and semantic accu-509

racy. This streamlined analysis reinforces the need510

for a comprehensive approach in neural models511

for effective code repair, ensuring deep semantic512

understanding alongside syntactic precision.513

5 Related Work514

This section reviews advancements in machine515

learning applied to code vulnerability repair, focus-516

ing on the integration of SFT, PPO, and compiler517

technologies within our framework, SYNTHFIX.518

Neural Code Repair: Advancements in AI, par-519

ticularly with large language models (LLMs) and520

code language models (CLMs), have substantially521

improved tasks like code synthesis, bug detection,522

and vulnerability repair through SFT (Yin and Neu-523

big, 2017; Hayati et al., 2018; Parisotto et al., 2016;524

Habib and Pradel, 2019; Li et al., 2019; Gupta525

et al., 2019; Allamanis et al., 2021; Ziems and Wu,526

2021; Thapa et al., 2022; Gupta et al., 2020). These527

models are often adapted to specific coding tasks528

using domain-specific datasets, enhancing their un-529

derstanding and rectification capabilities (Xia and530

Zhang, 2022; Shi et al., 2023; Jiang et al., 2023).531

However, traditional approaches sometimes sim-532

plify code repair to mere content generation, miss-533

ing deeper semantic and structural intricacies (Be-534

rabi et al., 2021; Huang et al., 2023). SYNTHFIX535

addresses these limitations by enriching SFT with536

compiler-level insights, thus improving both syn-537

tactic and semantic repair accuracy.538

Reinforcement Learning in Software Develop-539

ment: While PPO is extensively used across vari-540

ous domains for adaptability and iterative learning,541

its application in code repair is less explored (Le542

et al., 2022; Shojaee et al., 2023). Reinforcement543

Learning (RL) has proven effective in managing544

dynamic adjustments based on feedback, essential 545

in unpredictable environments like code optimiza- 546

tion and software testing (Bagherzadeh et al., 2021; 547

Wang et al., 2022). SYNTHFIX capitalizes on these 548

attributes, applying PPO to enhance the adaptabil- 549

ity and iterative improvement in vulnerability re- 550

pair. 551

Compiler-Informed Insights in Code Repair: 552

Compiler intermediate representations such as AST 553

and CFG have been pivotal in advancing code vul- 554

nerability repair, aiding in software defect predic- 555

tion and complex repair tasks (Shi et al., 2020; 556

Wu et al., 2022; Mesbah et al., 2019; Jiang et al., 557

2018; An et al., 2018; Klieber et al., 2021; Chen 558

et al., 2002; Mandal et al., 2018; Jiang et al., 2006). 559

These insights help in understanding code depen- 560

dencies and flows, crucial for addressing intricate 561

vulnerabilities. In SYNTHFIX, these intermediate 562

representations are seamlessly integrated with PPO, 563

enhancing the model’s learning efficacy and repair 564

precision. 565

6 Conclusion 566

We presented SYNTHFIX, a hybrid neural-compiler 567

framework that substantially enhances automated 568

code vulnerability repair by integrating SFT and 569

PPO. Our results demonstrate that SYNTHFIX out- 570

performs traditional SFT or PPO methods, effec- 571

tively combining syntactic learning with dynamic, 572

feedback-driven adjustments. 573

The incorporation of compiler intermediate rep- 574

resentations like AST and CFG within SYNTHFIX 575

not only improves semantic robustness and struc- 576

tural integrity but also sets new benchmarks for 577

reliability in software systems. 578

Future efforts will explore refining this integra- 579

tion and expanding its application to broader pro- 580

gramming contexts, underscoring SYNTHFIX’s po- 581

tential to influence further advancements in auto- 582

mated code repair. 583
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7 Limitations584

While SYNTHFIX has demonstrated promising re-585

sults in automated code vulnerability repair, several586

limitations remain that warrant attention.587

7.1 Epoch-Level Transitions588

Currently, the transitions between SFT and PPO589

phases are implemented at the epoch level. Al-590

though this method has shown effectiveness, it may591

overlook the potential benefits of finer-grained con-592

trol. Transitioning at the batch level could allow593

for more dynamic adjustments during training, po-594

tentially enhancing the overall performance and595

convergence speed of the model.596

7.2 Lack of Mixture of Experts (MoE)597

The current version of SYNTHFIX does not lever-598

age a MoE framework, which could provide a more599

specialized approach to different aspects of code600

repair. By integrating RL and NLP as separate601

experts, each trained to handle distinct types of vul-602

nerabilities, the framework may more effectively603

address the diverse challenges presented by various604

code structures and patterns.605

7.3 Absence of Rigorous Mathematical606

Justification607

Although SYNTHFIX employs an EM-like algo-608

rithm, the underlying mathematical justification is609

not as rigorously developed as it could be. A more610

formal mathematical explanation using EM princi-611

ples would help in better understanding and poten-612

tially improving the model’s ability to generalize613

across different codebases and types of vulnerabili-614

ties.615

In conclusion, while SYNTHFIX provides a ro-616

bust framework for automated code repair, these617

limitations should be addressed to further improve618

its performance and applicability.619
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to learn a useful critic? model-based action-gradient- 653
estimator policy optimization. Advances in Neural 654
Information Processing Systems, 33:313–324. 655

Ivo Grondman, Lucian Busoniu, Gabriel AD Lopes, 656
and Robert Babuska. 2012. A survey of actor-critic 657
reinforcement learning: Standard and natural pol- 658
icy gradients. IEEE Transactions on Systems, Man, 659
and Cybernetics, part C (applications and reviews), 660
42(6):1291–1307. 661

Kavi Gupta, Peter Ebert Christensen, Xinyun Chen, and 662
Dawn Song. 2020. Synthesize, execute and debug: 663
Learning to repair for neural program synthesis. Ad- 664
vances in Neural Information Processing Systems, 665
33:17685–17695. 666

Maya R Gupta, Yihua Chen, et al. 2011. Theory and 667
use of the em algorithm. Foundations and Trends® 668
in Signal Processing, 4(3):223–296. 669

Rahul Gupta, Aditya Kanade, and Shirish She- 670
vade. 2019. Neural attribution for semantic bug- 671
localization in student programs. Advances in Neural 672
Information Processing Systems, 32. 673

Andrew Habib and Michael Pradel. 2019. Neural bug 674
finding: A study of opportunities and challenges. 675
arXiv preprint arXiv:1906.00307. 676

Shirley Anugrah Hayati, Raphael Olivier, Pravalika Av- 677
varu, Pengcheng Yin, Anthony Tomasic, and Graham 678
Neubig. 2018. Retrieval-based neural code genera- 679
tion. arXiv preprint arXiv:1808.10025. 680

Kai Huang, Xiangxin Meng, Jian Zhang, Yang Liu, 681
Wenjie Wang, Shuhao Li, and Yuqing Zhang. 2023. 682
An empirical study on fine-tuning large language 683

9



models of code for automated program repair. In684
2023 38th IEEE/ACM International Conference on685
Automated Software Engineering (ASE), pages 1162–686
1174. IEEE.687

Jiajun Jiang, Yingfei Xiong, Hongyu Zhang, Qing Gao,688
and Xiangqun Chen. 2018. Shaping program repair689
space with existing patches and similar code. In690
Proceedings of the 27th ACM SIGSOFT international691
symposium on software testing and analysis, pages692
298–309.693

Nan Jiang, Kevin Liu, Thibaud Lutellier, and Lin Tan.694
2023. Impact of code language models on automated695
program repair. In 2023 IEEE/ACM 45th Interna-696
tional Conference on Software Engineering (ICSE),697
pages 1430–1442. IEEE.698

Shujuan Jiang, Shengwu Zhou, Yuqin Shi, and Yuan-699
peng Jiang. 2006. Improving the preciseness of de-700
pendence analysis using exception analysis. In 2006701
15th International Conference on Computing, pages702
277–282. IEEE.703

William Klieber, Ruben Martins, Ryan Steele, Matt704
Churilla, Mike McCall, and David Svoboda. 2021.705
Automated code repair to ensure spatial memory706
safety. In 2021 IEEE/ACM International Workshop707
on Automated Program Repair (APR), pages 23–30.708
IEEE.709

Hung Le, Yue Wang, Akhilesh Deepak Gotmare, Silvio710
Savarese, and Steven Chu Hong Hoi. 2022. Coderl:711
Mastering code generation through pretrained models712
and deep reinforcement learning. Advances in Neural713
Information Processing Systems, 35:21314–21328.714

Yi Li, Shaohua Wang, Tien N Nguyen, and Son715
Van Nguyen. 2019. Improving bug detection716
via context-based code representation learning and717
attention-based neural networks. Proceedings of the718
ACM on Programming Languages, 3(OOPSLA):1–719
30.720

Avijit Mandal, Devina Mohan, Raoul Jetley, Sreeja Nair,721
and Meenakshi D’Souza. 2018. A generic static anal-722
ysis framework for domain-specific languages. In723
2018 IEEE 23rd International Conference on Emerg-724
ing Technologies and Factory Automation (ETFA),725
volume 1, pages 27–34. IEEE.726

Ali Mesbah, Andrew Rice, Emily Johnston, Nick Glo-727
rioso, and Edward Aftandilian. 2019. Deepdelta:728
learning to repair compilation errors. In Proceedings729
of the 2019 27th ACM Joint Meeting on European730
Software Engineering Conference and Symposium731
on the Foundations of Software Engineering, pages732
925–936.733

Erik Nijkamp, Bo Pang, Hiroaki Hayashi, Lifu Tu, Huan734
Wang, Yingbo Zhou, Silvio Savarese, and Caiming735
Xiong. 2022. Codegen: An open large language736
model for code with multi-turn program synthesis.737
arXiv preprint arXiv:2203.13474.738

Emilio Parisotto, Abdel-rahman Mohamed, Rishabh 739
Singh, Lihong Li, Dengyong Zhou, and Pushmeet 740
Kohli. 2016. Neuro-symbolic program synthesis. 741
arXiv preprint arXiv:1611.01855. 742

Shuo Ren, Daya Guo, Shuai Lu, Long Zhou, Shujie Liu, 743
Duyu Tang, Neel Sundaresan, Ming Zhou, Ambrosio 744
Blanco, and Shuai Ma. 2020. Codebleu: a method 745
for automatic evaluation of code synthesis. arXiv 746
preprint arXiv:2009.10297. 747

John Schulman, Filip Wolski, Prafulla Dhariwal, 748
Alec Radford, and Oleg Klimov. 2017. Proxi- 749
mal policy optimization algorithms. arXiv preprint 750
arXiv:1707.06347. 751

Ensheng Shi, Yanlin Wang, Hongyu Zhang, Lun Du, Shi 752
Han, Dongmei Zhang, and Hongbin Sun. 2023. To- 753
wards efficient fine-tuning of pre-trained code mod- 754
els: An experimental study and beyond. In Pro- 755
ceedings of the 32nd ACM SIGSOFT International 756
Symposium on Software Testing and Analysis, pages 757
39–51. 758

Ke Shi, Yang Lu, Jingfei Chang, and Zhen Wei. 2020. 759
Pathpair2vec: An ast path pair-based code represen- 760
tation method for defect prediction. Journal of Com- 761
puter Languages, 59:100979. 762

Parshin Shojaee, Aneesh Jain, Sindhu Tipirneni, and 763
Chandan K Reddy. 2023. Execution-based code gen- 764
eration using deep reinforcement learning. arXiv 765
preprint arXiv:2301.13816. 766

Chandra Thapa, Seung Ick Jang, Muhammad Ejaz 767
Ahmed, Seyit Camtepe, Josef Pieprzyk, and Surya 768
Nepal. 2022. Transformer-based language models 769
for software vulnerability detection. In Proceedings 770
of the 38th Annual Computer Security Applications 771
Conference, pages 481–496. 772

Huanting Wang, Zhanyong Tang, Cheng Zhang, Jiaqi 773
Zhao, Chris Cummins, Hugh Leather, and Zheng 774
Wang. 2022. Automating reinforcement learning 775
architecture design for code optimization. In Pro- 776
ceedings of the 31st ACM SIGPLAN International 777
Conference on Compiler Construction, pages 129– 778
143. 779

Yue Wang, Weishi Wang, Shafiq Joty, and Steven CH 780
Hoi. 2021. Codet5: Identifier-aware unified 781
pre-trained encoder-decoder models for code un- 782
derstanding and generation. arXiv preprint 783
arXiv:2109.00859. 784

Bingting Wu, Bin Liang, and Xiaofang Zhang. 2022. 785
Turn tree into graph: Automatic code review via 786
simplified ast driven graph convolutional network. 787
Knowledge-Based Systems, 252:109450. 788

CF Jeff Wu. 1983. On the convergence properties of 789
the em algorithm. The Annals of statistics, pages 790
95–103. 791

10



Chunqiu Steven Xia and Lingming Zhang. 2022. Less792
training, more repairing please: revisiting automated793
program repair via zero-shot learning. In Proceed-794
ings of the 30th ACM Joint European Software Engi-795
neering Conference and Symposium on the Founda-796
tions of Software Engineering, pages 959–971.797

Pengcheng Yin and Graham Neubig. 2017. A syntactic798
neural model for general-purpose code generation.799
arXiv preprint arXiv:1704.01696.800

Noah Ziems and Shaoen Wu. 2021. Security vulnera-801
bility detection using deep learning natural language802
processing. In IEEE INFOCOM 2021-IEEE Con-803
ference on Computer Communications Workshops804
(INFOCOM WKSHPS), pages 1–6. IEEE.805

11


	Introduction
	Approach
	SynthFix Framework
	Actor-Critic Mechanism
	Hybrid Training Methodology
	Training the Critic Model

	Experimental Design
	Experimental Setup
	Evaluation Criteria
	Research Questions

	Results
	RQ1: Analysis of Training Paradigms
	RQ2: Optimizing the SFT-PPO Epoch Mix
	RQ3: Case Study
	RQ4: Ablation Study of Reward Model

	Related Work
	Conclusion
	Limitations
	Epoch-Level Transitions
	Lack of Mixture of Experts (MoE)
	Absence of Rigorous Mathematical Justification


