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Solver-Informed Reinforcement Learning
We introduce the first reasoning model for mathematical modeling: SIRL-Qwen2.5-7B.

1. Reasoning Paradigm: Reasoning → Modeling → Code generation.

2. Data Synthesis: Utilizes seed data + a precisely designed synthesis framework for model 
distillation, enabling access to high-quality reinforcement learning training data.

3. Training Framework: Based on Reinforcement Learning with Verifiable Reward (RLVR). We 
propose a novel agent function design bridging DeepSeek-GRPO and ByteDance-DAPO 
approaches.

Solver-Informed Reinforcement Learning

What Are Large Reasoning Models?
Large Reasoning Models (LRMs) are AI models with extensive parameters and advanced logical reasoning 

capabilities.

Beyond Human-Level Performance

Mathematical proofs · Code generation · STEM 

competitions

High-Value Application Scenarios

Medical diagnosis · Industrial optimization · Scientific 

research · Complex decision systems
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Reasoning Paradigm: System Prompt

The system prompt guides the LLM through a sequential process: first asking it to analyze the problem, 

then to formulate a mathematical model, and finally to output the corresponding solver codes.
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Reasoning Paradigm: Generated Response

Figure: 'think' and 'model' segments Figure: 'code' segment
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Reasoning Paradigm: Generated Response
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⚫ "LLM as a judge" validates the generated problems.

⚫ An iterative reflection and refinement process is employed to address execution issues.

⚫ Multiple LLM roles (10 roles) per problem for self-consistency.

Data Synthesis: Overall Framework
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Data Synthesis: Instance-Enhanced Self-Consistency

⚫ Instance-Enhanced Self-Consistency (I-ESC): Incorporates structural metadata from 

generated LP files (e.g., objective value, direction, binary/integer variable counts) to enforce 

consensus. 

⚫ Complexity Expansion: Systematically enhances the dataset's coverage of complex and 

challenging  problems.
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SIRL: Training framework overall



© 2025 Cardinal Operations PowerPoint Business Theme. All Rights Reserved. 9

1. 字体
微软雅黑（CN）
Arial(EN)

2. 字号
标题：20，加粗
副标题：16，加粗
正文标题：16，18

正文文本：12，14

注释：9

3. 内容
标题：关键洞察或建议
正文：文字简介，观点鲜
明，排版清晰，多借助图
形及图片表达逻辑

4. 配色建议

主色系列1

主色系列2

主色系列3

搭配颜色系列1

搭配颜色系列2

搭配颜色系列3

字体颜色1

字体颜色2

字体颜色3

Surrogate Function Design: Partial KL

Three distinct surrogate function designs:

1. Full KL: the standard approach applying full KL-divergence regularization 
against the reference policy: PPO, Reinforce++;

2. Without KL: an approach omitting KL-divergence regularization, which is 
popular in RLVR training for mathematical problems: DAPO;

3. Partial KL: our novel design that applies the KL penalty selectively 
to the mathematical formulation and code segments.

Par tia l KL employs selective KL regularization, serving a dual purpose:

1. Exploration: KL regularization is omitted for early reasoning steps (z1, . . . , 
zm−2), promoting exploration and the identification of diverse problem 
structures.

2. Stability: For critical modeling zm−1 and code generation zm segments, 
KL regularization ensures well-structured output and prevents policy 
collapse, facilitating stable, reward-driven improvement.
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Surrogate Function Design: Partial KL
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1. Stage-1 focuses on building fundamental skills for standard 
optimization problem formulation and solving.

2. Stage-2 aims to address more complex problems by using a bonus 
reward Rbonus based on the generated mathematical model to 
encourage advanced modeling techniques (e.g., Big-M, nonlinear).

Reward Design: Two-Stage, Rule-Based Mechanism
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Main Results

1. Our SIRL-7B Our SIRL-7B model consistently and significantly outperforms all other 7B and 14B offline 
learning models.

2. Furthermore, our 32B model surpasses the Macro Average of much larger models, including the 671B 
Deepseek-V3.1 and leading reasoning models like DeepSeek-R1 and OpenAI-o3.

Table: Performance comparison of models on benchmarks.
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Surrogate Function Design: Ablation Study

Table: Ablation study on different surrogate function designs.

This table reports both pass@1 accuracy and execution rate (ER), which measures the 
percentage of generated solutions that successfully compile and return a valid result.

Full KL: the standard approach applying full KL-divergence regularization against the reference 
policy;

Without KL: an approach omitting KL-divergence regularization, which is popular in RLVR 
training for mathematical problems such as AIME;

Partial KL: our novel design that applies the KL penalty selectively to the mathematical 
formulation and code segments.
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Case Study: Execution Error Under Without KL Strategy

1. Omitting the KL divergence in the 
code component leads to 
execution errors.

2. The response from the Without KL 
model attempts to enforce that 
decision variables are greater than 
zero, but the implemented code 
is non-functional since ’>’ not 
supported between instances of 
’Var’ and ’int’.
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Two-Stage Reward Mechanism: Ablation Study

Table: Performance results of the ablation study on reward design.

1. Stage-1 reward yielded strong performance on NL4OPT, indicating effective 
learning of fundamental optimization skills.

2. While stage-2 reward optimized OptMATH via advanced strategies, it negatively 
impacted simpler NL4OPT performance.

3. The combined two-stage reward successfully balanced learning objectives, 
outperforming single-stage rewards across most tasks by resolving inherent 
trade-offs.
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Github https://github.com/Cardinal-Operations/SIRL

Huggingface https://huggingface.co/chenyitian-shanshu/SIRL 

Modelscope https://modelscope.cn/models/oneday88/SIRL-7B 

SIRL: Summary

1. Contribution/Novelty: We introduce the first domain-specific reasoning model for

optimization modeling, establishing the initial application of RLVR (Reinforcement

Learning with Variable Reasoning) for LLMs in this domain.

2. Performance: Our 32B model achieves a higher Macro Average than much larger 

models, surpassing the 671B Deepseek-V3.1 and leading reasoning models (e.g., 

DeepSeek-R1, OpenAI-o3).

3. Technical Innovation : We propose a Partial KL-based surrogate function design for 

LLMs in optimization modeling, significantly boosting both confidence and accuracy 

across optimization tasks.
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Q&A
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