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ABSTRACT

The deployment of large language model (LLM)-powered agents for knowledge-
intensive and reasoning tasks is often prohibitively expensive, since processing
large volumes of evidence incurs massive token costs. Existing techniques such
as prompt compression and model routing attempt to reduce token usage, but
they often compromise accuracy or fail to capture the fine-grained structure of
reasoning tasks. In this work, we introduce E-Agent, a cost-effective framework
that leverages the pricing asymmetry of LLMs to significantly reduce monetary cost
without sacrificing performance. E-Agent adopts an executor—verifier paradigm:
multiple small, locally deployed models act as executors to generate candidate
answers, which are then verified by a powerful cloud-based model. This design
shifts token consumption from expensive outputs to relatively cheaper inputs. The
framework further supports specialized workflows for both retrieval-augmented
generation (RAG) and non-RAG tasks, and employs structured outputs to minimize
candidate answer length. Experiments on GSM8K, ALFWorld, HotpotQA, and
StrategyQA demonstrate that E-Agent reduces token usage by 10%—-50% compared
with strong baselines, while maintaining or even improving accuracy.

1 INTRODUCTION

The rapid advancement of large language models (LLMs) (Nam et al.} [2024} |Ge et al., [2023} |An
et al., |2024) has driven the evolution of intelligent agents, yielding notable progress in question
answering (Gao et al., 2025)), reasoning (Yao et al.| [2023a), planning (Wang et al.| |2025), and
interactive applications (Xu et al. [2024). With the growing scale of models, from hundreds of
billions to over one trillion parameters, the cost of deploying LLM-powered agents is unlikely to
decrease in the foreseeable future. This imposes high financial overhead on ordinary users who rely
on agents for knowledge-intensive and reasoning tasks. Such tasks include multi-turn analytical
dialogues (Deshpande et al., [2025), cross-document reasoning (Yuan et al., [2024), and retrieval-
augmented generation (Wu et al., 2024b)), all of which require agents to ingest and reason over
large volumes of domain-specific evidence. Agents must consume massive numbers of tokens to
accomplish these tasks, thereby incurring prohibitively high monetary costs.

To reduce token usage in LLM-based tasks, prior work has proposed techniques such as prompt com-
pression (Liskavets et al., 2025)), context truncation (An et al.} 2024]), retrieval optimization (Salemi
et al., [2024), and model routing (Hu et al., [2024). Prompt compression often removes salient cues that
are later needed for multi-step reasoning, and it provides no guarantee of result accuracy. Contextual
truncation breaks cross-turn dependencies and often forces the model to re-derive context, which
paradoxically increases total token usage over long interactions. Retrieval optimization improves evi-
dence quality but frequently increases input length by adding passages, and it does not control when
or how the model should stop generating. Model routing selects a model for the whole query or turn,
which is coarse relative to the fine-grained structure of reasoning; it ignores selective re-execution
and fails to track token usage across subtasks. As a result, prior methods struggle to reliably reduce
token consumption without undermining result accuracy.

In this work, we propose E-Agent, a cost-effective and accurate agentic framework for knowledge-
intensive and reasoning tasks. Our core design is motivated by the widely observed pricing asymmetry
of LLMs: current providers charge more for output tokens than for input tokens, because the prefilling
stage can more effectively utilize the underlying hardware than the autoregressive decoding stage.
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Figure 1: Overview of the Cost-Efficient Agentic framework. User queries are processed by multiple
local-based small language model executors (with or without retrieval), transformed into structured
outputs, and aggregated. A cloud-based large language model then validates and refines results,
yielding concise final answers with reduced output tokens.

Based on this observation, we employ an executor—verifier paradigm in our framework. Multiple
small, locally deployed models act as executors responsible for generating candidate answers to a
given query. These candidates are then fed to a powerful but costly cloud model for verification. We
design distinct workflows for retrieval-augmented generation (RAG) (Arslan et al., |[2024) tasks and
non-RAG tasks. With this framework, we effectively turn expensive output tokens into relatively
cheaper input tokens, thereby reducing monetary cost. Although small models are less capable than a
cloud model, we find that they exhibit expertise in various tasks. To compensate for the degraded
accuracy of any single executor, we deploy multiple executors to simultaneously generate candidate
answers. To further reduce token consumption, we enforce structured outputs instead of free-form
ones from local models. This not only decreases the length of candidate answers but also improves
the quality of prompts sent to the verifier, easing its reasoning process.

Experiments on GSM8K, ALFWorld, HotpotQA, and StrategyQA show that E-Agent reduces token
usage by 10%—-50% compared with strong baselines, while maintaining or improving accuracy
and runtime. Ablations confirm that both small-model collaboration and structured outputs are
indispensable, jointly enabling a superior balance of cost-efficiency and reliability.

The main contributions of this paper are as follows:

1. By leveraging the pricing asymmetry of commercial LLMs, we propose E-Agent, which follows
an Executor—Verifier paradigm for knowledge-intensive and reasoning tasks.

2. E-Agent further reduces token consumption and helps preserve result accuracy by employing
multiple executors and structured outputs.

3. We demonstrate the effectiveness of our framework on GSM8K, ALFWorld, HotpotQA, and
StrategyQA, reducing token consumption by 10%—50% compared with strong baselines while
maintaining or improving accuracy.

2 RELATED WORK

Existing studies on reducing token usage can be broadly categorized into three directions: LLM
system optimization, model collaboration, and token or cost optimization.

LLM system optimization. Prompting methods like CoT (Wei et al., 2022), Self-Consistency (Wang
et al., 2023), and Least-to-Most (Zhou et al., |2023) strengthen reasoning but expand token usage
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Table 1: Quoted input and output token prices per million tokens and their output-to-input ratios. All
prices are taken from official provider documentation as of September 17, 2025, and may vary by
region or service tier.

Model Currency Input per MTok Output per MTok Out/Input
Doubao-Seed-1.6-thinking CNY 0.8t02.4 8.0 to 24 10x
DeepSeek-R1 CNY 4 12 3x
Qwen3-max-preview CNY 6to 15 24 to 60 4x
GPT-5 USD 1.25 10.0 8x
Gemini 2.5 Pro USD 1.25t02.5 10to 15 8x to 6x
Claude Sonnet 4 USD 3 15 5x

through longer outputs or multiple generations. ReAct (Yao et al.,[2023b)) mitigates this by shifting
part of the reasoning to tool calls. Retrieval-augmented generation (RAG) (Lewis et al., [2020)
boosts factuality with retrieved passages via components such as DPR (Karpukhin et al., [2020) and
REALM (Guu et al., |2020), though often at the cost of longer contexts.

Model collaboration. Multi-agent systems such as CAMEL (Li et al.}[2023), AutoGen (Wu et al.,
20244a), HuggingGPT (Shen et al.}[2023), and ChatDev (Qian et al., 2024) improve robustness by
distributing tasks across agents or tools, but usually manage tokens with heuristics. Cost-aware routing
instead allocates queries between strong and cheap models, as in Frugal GPT (Chen et al., 2024) and
RouteLLM (Ong et al., 2024])), while sparse MoE architectures like Switch Transformer (Fedus et al.|
2022) save computation by activating only a subset of experts.

Token and cost optimization. Another line of work explicitly controls tokens and budgets. LLMLin-
gua (Jiang et al.| 2023)) and LLMLingua-2 (Pan et al., 2024)) compress prompts via token selection,
while MemPrompt (Madaan et al.,|2022) and MemGPT (Packer et al.,|2023) offload history to external
memory to prevent context growth. Architectural advances such as Reformer (Kitaev et al., |2020),
Longformer (Beltagy et al.,[2020), BigBird (Zaheer et al., [2020), and FlashAttention-2 (Dao} [2024),
along with streaming methods like Streamingl.LLM (Xiao et al., 2024) and RingAttention (Liu et al.,
2023)), further improve long-context efficiency.

In summary, prior efforts improve prompting, retrieval, memory, and collaboration, but remain
fragmented and cost-unaware. Our work complements these by proposing the Cost-Efficient Agentic
framework, which unifies task workflows and explicitly exploits input—output price asymmetry to
reduce cost usage while preserving accuracy.

3 SysteEm DESIGN

3.1 PriciNG AsyMMETRY OF CLoUD MODELS

The current cloud-based large language model providers charge users differently for input tokens
and output tokens. The input tokens are substantially cheaper than the output ones. As shown in
Table[I] this gap is consistent across major providers: instance, Doubao-Seed-1.6-thinking shows
a tenfold difference between input and output tokens, and GPT-5 maintains an 8x disparity. This
imbalance stems from different computation patterns of prefilling (for input tokens) and decoding
(for output tokens) stages, The prefilling stage computes attentions scores of input tokens in a highly
parallel manner that utilizes GPUs effectively, while the autoregressive decoding stage must proceed
sequentially, making each generated token more expensive (Zhong et al.,|2024)). Formally, the total
monetary cost of a task can be expressed as

Cost = pinTin + PourTours  Where poys > pin. (1)

pin and py,; are prices charged by providers for each input and output tokens, and 7;, and 7,
are token numbers consumed in the task. Such a pricing gap suggests us a cost-effective agentic
framework towards knowledge-intensive and reasoning tasks: we can employ free local models to
generate candidate answers, and use powerful cloud models for validation.


https://www.volcengine.com/docs/82379/1544106
https://api-docs.deepseek.com/zh-cn/quick_start/pricing
https://help.aliyun.com/zh/model-studio/models
https://openai.com/zh-Hans-CN/api/pricing/
https://ai.google.dev/gemini-api/docs/pricing?hl=zh-cn
https://docs.claude.com/zh-CN/docs/about-claude/pricing
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Table 2: This summary of model strengths and weaknesses is derived from official provider documen-
tation and publicly reported benchmark results.

Model Strengths Weaknesses
Phi-4-mini- simple reasoning, formatting, multi-hop reasoning
reasoning and information extraction and complex logical chains
DeepSeek-R1- Lightweight, strong reasoning ability, weaker on complex coding tasks,
Distill-Qwen-7B and resource-efficient factual QA, and safety robustness
Meta-Llama-3-8B- general-purpose reasoning fine-grained reasoning
Instruct and instruction following and highly specialized tasks
Qwen3-32B-AWQ deep semantic understanding, structured generative flexibility

outputs, and retrieval-heavy tasks and cross-domain generalization

3.2 AN EXEcUTOR-VERIFIER AGENTIC FRAMEWORK

With the pricing asymmetry, we propose a cost-effective agentic framework for knowledge-intensive
and reasoning tasks, following an Executor—Verifier paradigm. In this framework, we deploy n
small local models m?,i € [1,n], which are less capable but free, serving as executors. The executors
are responsible for generating candidate answers to input tasks. These candidate answers are then
verified by a powerful but costly cloud model m,. Ideally, the cloud model completes the task by

generating only a few tokens to indicate the selection of candidate answers.

Figure [I] provides an overview of our agentic framework. We divide knowledge-intensive and
reasoning tasks into two distinct workflows: one requiring retrieval-augmented generation (RAG) and
one without RAG. Specifically, given a query ¢ in a RAG task, we first retrieve k supporting textual
segments s, j € [1,k] from a vector database. The query, combined with the retrieved segments, is
then sent to the executors to generate candidate answers as

k

Aizmg(q,Us,-), iell,n]. 2)

J=1

The answers are then sent to the cloud model for verification as

k

mAﬁ=mm{Um{jyx 3)

i=1 j=1

where V is the verification result and A" is a corrected answer. If the proper answer appears in the
candidates, V indicates its number and A* has no content. If none of candidate answers are proper,
the cloud model summarizes supporting segments itself and outputs the corrected answer A*.

For non-RAG tasks, we directly input the query ¢ to local models for generating candidate answers

Ai=mi(q.|_JAp, ielln), @
i=1
where (Ji_| A} are wrong answers from the previous round, and at the first round there is no content.
The answers generated by local models are pipelined to the cloud model for verification

V = me(q, UA,»). 5
i=1

V also indicates which candidate answer is correct if the verification passes. However, if the
verification fails, we re-feed the ¢ to local models as well as the wrong answers as shown in
Equation[d] The local models are expected to generate higher-quality answers with this reflection
workflow (Renze & Guven), 2024)).
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Figure 2: (a)Structured compression. (b)Structured evidence. (c)CDF of token ratios between
unstructured and structured outputs. Structured settings include output with reasoning and output
without reasoning. Results are obtained using the Qwen3-32B-AWQ model on 1000 randomly sampled
QA pairs from the GSM8K dataset, with statistics computed solely over output tokens.

3.3 LocaL MopEL EXPERTISE

The small models deployed locally are inevitably not as capable as cloud models from providers. A
key challenge of our framework, therefore, is whether local models can generate qualified answers
without the massive parameters of cloud models. We observe that although small pre-trained models
are not as powerful or versatile as cloud models, they often exhibit strengths in specific tasks. For
example, Qwen3-32B-AWQ) is reliable for generating structured outputs, while Llama-3-8B-Instruct
performs well on reasoning tasks. Table [2| summarizes the strengths and weaknesses of the local
models we deploy in this work.

To address this limitation, we employ a multi-executor design, in which the same query is fed to n
local models for generating candidate answers, as described in Equations [2]and[d] As long as one
executor generates a correct answer, the cloud model can verify it, as shown in Equations[3]and 5]

3.4 STRUCTURED OUTPUTS

For knowledge-intensive and reasoning tasks, generating free-form responses often leads to verbose
and redundant outputs. This increases not only the monetary cost but also the difficulty of the
subsequent verification stage using cloud models. To address this, we enforce local models to
generate only structured outputs in JSON/Schema format. With structured outputs, we find that
substantially fewer tokens are generated by local models, while answer quality is largely preserved.
This greatly reduces the number of input tokens billed by the cloud model. Figure 2(a)] shows an
example of a free-form response vs. a structured response. We randomly sample 1,000 queries and
compare the output length with and without structured outputs. The cumulative distribution function
(CDF) of the compression ratio is shown in Figure The results show that without reasoning,
75% of responses are compressed by at least 2x and 31% by at least 3x. Even with reasoning, 37%
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of responses are still compressed by at least 2X. Another advantage of structured outputs is that they
form explicit relations between statements and evidence. Figure 2(b)|illustrates an answer with its
evidence sources explicitly attached, which facilitates the verification process of cloud models. By
enforcing structured outputs, we not only reduce monetary cost but also improve the accuracy of
cloud-based verification.

4  EXPERIMENTS

This section presents the experimental setup, including datasets, implementation details, and baseline
configuration, followed by empirical results that evaluate the proposed framework.

4.1 DATASETS

To assess performance across varying levels of reasoning difficulty, we evaluate on four benchmarks
spanning arithmetic problem solving, interactive environments, and open-domain question answering.
These datasets jointly cover explicit multi-step reasoning and implicit strategy-based inference:
GSMSK (Cobbe et al.,2021) for grade school math problems requiring numerical reasoning, ALF-
World (Shridhar et al.l [2021) for embodied agents in text-based environments, HotpotQA (Yang
et al.|2018)) for multi-hop reasoning across Wikipedia, and StrategyQA (Geva et al.| [2021) for yes/no
questions requiring implicit strategies such as temporal or causal inference. Detailed dataset statistics
are provided in Section

4.2  IMPLEMENTATION

To reflect the large—small collaboration design, we adopt a two tier model setup. For high capability
models, we use Doubao-Seed-1.6-thinking-250715 and DeepSeek-R1-0528, which act as planners
and validators in complex reasoning tasks. For low capability models, we deploy meta-llama/Meta-
Llama-3-8B-Instruct, Qwen/Qwen3-32B-AWQ, and microsoft/Phi-4-mini-reasoning locally via
vLLM (Kwon et al.}|[2023) and Sglang (Zheng et al.| [2024), assigning them to subtask execution
and result compression. Since the low-capability models are deployed locally, their runtime cost is
mainly electricity. To bound this factor, we estimate the upper limit assuming three NVIDIA RTX
3090 GPUs operate continuously for one hour per task. With a typical power draw of 350W per GPU
and an average electricity price of 0.54 CNY/kWh, the cost is below 0.57 CNY per task. In practice,
GPUs do not sustain peak power throughout execution, and task completion usually requires far less
than one hour in Table[3] so the actual cost is substantially lower. This value is negligible relative to
commercial API charges, and we therefore omit local inference cost in aggregate accounting without
affecting the validity of comparisons.

Unless otherwise specified, all experiments adopt fixed decoding parameters with temperature set to
0.7, top-p to 0.9, and a maximum generation length of 8192 tokens. Implementations are based on
LangChain, AutoGen/and executed on a server equipped with an Intel Xeon Platinum 8352V CPU
at 2.10 GHz and 1024 GB of memory.

4.3 BASELINES
Input Only prompting (I0): A single pass baseline that requests only the final answer. It minimizes
token cost but fails on multi step reasoning and interactive tasks.

Chain of Thought (CoT) (Wei et al.,[2022): Produces stepwise rationales before the answer, boosting
compositional reasoning at the expense of longer outputs.

ReAct (Yao et al.||2023b)): Interleaves reasoning and actions for interpretability and flexibility, but
token usage grows with accumulated histories.

MAReAct (Liu et al.,[2024): Summarizes past interactions into distilled facts, cutting context length
while preserving state.

SuRe (Kim et al., [2024): Compresses retrieved documents into summaries, reducing input tokens
while keeping essential evidence.


https://www.volcengine.com/docs/82379/1544106
https://api-docs.deepseek.com/zh-cn/quick_start/pricing
https://huggingface.co/meta-llama/Meta-Llama-3-8B-Instruct
https://huggingface.co/meta-llama/Meta-Llama-3-8B-Instruct
https://huggingface.co/Qwen/Qwen3-32B-AWQ
https://huggingface.co/microsoft/Phi-4-mini-reasoning
https://github.com/langchain-ai/langchain
https://github.com/microsoft/autogen
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Method GSMSK ALFWorld HotpotQA StrategyQA
In Out Total Acc In Out Total Acc In Out Total Acc In Out Total Acc
(a) Doubao-Seed-1.6-thinking-250715
10 1.02 0.25 2.8178.19] 3.06 0.46 6.1361.24| 3.18 1.0210.7163.25| 0.55 0.23 2.2871.54
15.53,150.51% 11.99, | 51.76% 15.34, 1 36.42% 12.35,131.24%
CoT 2.38 0.36 4.78 81.32| 6.26 0.53 9.2562.34| 4.58 1.2413.5965.32| 0.94 0.28 2.9971.62
1240, | 15.92% 10.89, | 27.17% 13.27, 1 19.29% 12.27,112.60%
ReAct 391 0.56 7.6083.56| 9.94 0.8915.0763.02| 5.99 1.8519.5966.14| 1.19 0.47 4.7173.87
10.16, 10.21, 15.53, 10.02,
5.78 0.51 8.7183.69(11.23 0.84 15.7063.56| 8.28 1.8721.5967.32| 1.43 0.54 5.4673.46
MAReAct
10.03, , 1245, 1043,
SuRe 6.21 0.53 9.2081.53|13.10 0.9317.9262.36/13.69 1.9326.39 66.25| 1.52 0.57 5.78 73.67
12.19, 10.87, 12.34, 10.22,
E-Agent 4.02 0.31 5.69 83.72(10.68 0.5212.70 63.23{11.25 0.98 16.84 68.59| 1.25 0.31 3.48 73.89
(b) DeepSeek-R1-0528
10 1.03 0.26 7.2478.23| 3.01 0.4717.6860.14| 3.28 0.98 24.88 62.58| 0.63 0.24 5.4070.13
14.66, | 65.12% 12.88, | 59.70% 12.78, 1 39.07% 13.99, | 42.30%
CoT 2.34 0.3513.5680.12| 6.45 0.5232.0462.89| 4.26 1.2131.5663.85| 0.92 0.32 7.5270.69
12.77, ] 34.68% 10.13, 1 26.98% 1 1.51, 1 22.72% 1343, 19.65%
ReAct 4.25 0.5323.3681.78| 9.87 0.9450.76 62.78| 6.02 1.7545.08 64.25| 1.26 0.5311.4072.86
1111, 10.24, 1111, 11.26,
6.12 0.5430.96 82.34|11.25 0.8655.3262.98| 8.01 1.6351.6064.36| 1.92 0.59 14.76 73.69
MAReAct
10.55, 10.04, 1 1.00, 10.43,
SuRe 5.99 0.5330.3282.67|12.98 0.9162.8461.69|11.36 1.8267.28 65.13| 2.04 0.64 17.2073.87
10.22, 11.33, 10.23, 10.25,
E-Agent 4.35 0.28 20.76 82.89| 9.71 0.4243.88 63.02| 7.27 0.98 40.84 65.36| 1.08 0.42 9.36 74.12

Table 3: Input (In) and Output (Out) denote token usage (in millions) and Total (Total) denotes the
overall cost (in RMB). Accuracy (Acc) is also reported. The first arrow indicates the change in
accuracy relative to our method, while the second arrow indicates the change in total cost relative to
our method. Values highlighted in | indicate improvements, and values in | indicate degradations.
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Figure 3: End-to-end runtime of different methods on GSM8K, ALFWorld, HotpotQA, and Strate-
gyQA using Doubao-Seed-1.6-thinking and DeepSeek-R1. The reported time is measured from task
loading to final answer generation, including all orchestration and model invocation steps.

4.4 AccUuracY—TOKEN TRADE-OFF

Table El and Figure |§| present accuracy, token usage (In, Out, Total), and runtime across four reasoning
benchmarks with Doubao-Seed-1.6-thinking and DeepSeek-R1.

Compared with interaction-heavy baselines (ReAct, MAReAct, SuRe), E-Agent cuts total token usage
by 15-50 percent while matching or surpassing accuracy. On StrategyQA with DeepSeek-R1, SuRe
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Method GSMSK ALFWorld HotpotQA StrategyQA
(a) Doubao-Seed-1.6-thinking-250715
Meta 82.23 62.01 67.26 71.71
Qwen3 83.52 63.04 68.39 73.57
microsoft 83.45 62.99 68.48 73.41
Meta+Qwen3 83.55 62.93 68.33 73.67
Meta+microsoft 83.49 63.12 68.32 73.68
Qwen3+microsoft 83.48 63.04 68.40 73.62
Meta+Qwen3+microsoft 83.72 63.23 68.59 73.89
(b) DeepSeek-R1-0528
Meta 81.79 60.24 64.16 72.89
Qwen3 82.55 62.34 65.25 73.98
microsoft 82.56 63.02 65.30 73.92
Meta+Qwen3 82.68 63.56 65.03 73.87
Meta+microsoft 82.81 62.36 65.19 73.97
Qwen3+microsoft 82.60 62.36 65.24 73.89
Meta+Qwen3+microsoft 82.89 63.02 65.36 74.12

Table 4: Ablation study on small-model choices under Doubao-Seed-1.6-thinking-250715 and
DeepSeek-R1-0528 across four benchmarks. Meta, Qwen3, and microsoft denote meta-llama/Meta-
Llama-3-8B-Instruct, Qwen/Qwen3-32B-AWQ, and microsoft/Phi-4-mini-reasoning, respectively.
Due to space limitations, full model names are not shown in the table.

consumes 17.20M tokens versus 9.36M for E-Agent, yet accuracy is lower (73.87% vs. 74.12%). On
HotpotQA, E-Agent reduces cost by 10-20 percent relative to ReAct and MAReAct while delivering
the best accuracy (68.59% with Doubao, 65.36% with DeepSeek). Runtime is also improved, with
5-9 minute savings over ReAct and SuRe.

Against minimalist baselines (IO, CoT), E-Agent uses more tokens due to orchestration but consis-
tently improves accuracy. For example, GSMS8K accuracy rises from 78.19% (10) to 83.72% with
Doubao, and HotpotQA improves by 1.5 points over CoT with DeepSeek. IO and CoT are faster but
less reliable, whereas E-Agent balances runtime with stronger accuracy.

Overall, E-Agent is more efficient than interaction-heavy pipelines and more accurate than minimalist
baselines, with the greatest gains on multi-step reasoning and evidence integration tasks.

4.5 ImpAcT OF SMALL MODEL SELECTION ON PERFORMANCE

Table [ analyzes the influence of small model choices within the framework. In single model
settings, Meta-Llama-3-8B-Instruct (Meta), Qwen3-32B-AWQ (Qwen3), and Phi-4-mini-reasoning
(Microsoft) yield broadly comparable results when paired with a high capability cloud-base model,
indicating that each model reliably handles localized execution tasks. Qwen3 achieves the strongest
accuracy, especially on HotpotQA and StrategyQA, which we attribute to its stronger base reasoning
and comprehension that reduce intermediate errors in multi hop and implicit inference.

Beyond individual models, pairing two small models generally improves performance over single
model usage, reflecting the benefit of diversity. Different models contribute complementary strengths,
including factual precision, arithmetic robustness, and linguistic fluency, which together support more
reliable execution of decomposed subtasks. The Meta+Qwen3 and Meta+Microsoft configurations
are particularly effective and surpass their constituents in most cases.

The best results arise when all three small models are used jointly. Under both Doubao-Seed-1.6-
thinking-250715 and DeepSeek-R1-0528 planners, the Meta+Qwen3+Microsoft configuration attains
the highest accuracy across all benchmarks, with the largest gains on HotpotQA and StrategyQA
where complex reasoning and evidence integration are required. These findings show that heteroge-
neous small model ensembles provide robustness and better generalization across diverse reasoning
tasks, while no single small model is strictly necessary for strong end to end performance.
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Method GSMSK ALFWorld HotpotQA StrategyQA

Total Acc Time Total Acc Time Total Acc Time Total Acc Time
(a) Doubao-Seed-1.6-thinking-250715

all cloud large model 8.73 84.01 24.76| 15.12 63.41 29.31| 20.62 68.71 48.76| 5.81 73.97 35.73
w/o Structured Ouput  6.32 83.73 23.41| 12.93 63.70 26.73| 17.11 68.55 44.61| 3.62 73.92 3291
E-Agent 5.69 83.72 19.87| 12.70 63.23 24.64| 16.84 68.59 42.72| 3.48 73.89 30.33
(b) DeepSeek-RI1-0528
all cloud large model 27.18 82.96 30.07| 50.91 63.43 35.71| 48.64 66.05 54.73| 14.56 74.72 4591
w/o Structured Ouput 25.42 82.83 28.03| 45.81 63.11 32.93| 44.86 65.47 48.74| 10.67 74.27 42.74
E-Agent 20.76 82.89 25.39| 43.88 63.02 29.62| 40.84 65.36 49.95| 9.36 74.12 40.71

Table 5: Total denotes the overall cost (in RMB), Acc is the accuracy, and Time is the runtime in
minutes.

4.6  ABLATION STUDY: PERFORMANCE OF DIFFERENT COMPONENTS

In this ablation study, we compare two configurations that remove individual components against
E-Agent. Overall, E-Agent consistently achieves the lowest total cost across all three benchmarks,
while maintaining comparable or even higher accuracy and significantly reducing runtime in Table 5}

Among the components, relying solely on the cloud large model leads to the most substantial cost
increase. For example, on DeepSeek-R1-0528, removing collaboration raises the total cost on
GSMBS8K from 20.76 to 27.18, and on HotpotQA from 40.84 to 48.64. This highlights that small
models can effectively substitute large models in certain stages, thereby reducing token consumption.

The removal of Structured Output results in moderate increases in both cost and runtime. For instance,
on Doubao-Seed-1.6-thinking-250715, GSM8K runtime rises from 19.87 minutes to 23.41 minutes,
and HotpotQA from 42.72 minutes to 44.61 minutes. This demonstrates that structured outputs play
a key role in suppressing token usage at the output layer, which in turn improves overall efficiency
and runtime performance.

These results collectively indicate that both components, collaborative execution with small models
and structured outputs, are indispensable: the former curbs reliance on costly cloud decoding, while
the latter minimizes output length and accelerates inference. Their combined effect enables E-Agent
to achieve a superior position on the quality—cost tradeoff curve, demonstrating the necessity of
integrating both mechanisms for practical efficiency.

5 CoONCLUSION

In this work, we introduced the Cost-Efficient Agentic framework for knowledge-intensive and
reasoning tasks under asymmetric pricing. By shifting computation to the inexpensive input side
and constraining expensive outputs to short, verifiable conclusions, E-Agent directly addresses the
economic inefficiencies of current LLM usage. The framework unifies retrieval-augmented and
non-retrieval workflows, systematically integrates multiple small models through executor parallelism
and verifier aggregation, and enforces structured outputs to compress redundancy while preserving
verifiability. Extensive experiments across diverse benchmarks confirm that E-Agent achieves sub-
stantial token savings without sacrificing accuracy, consistently outperforming competitive baselines
on the quality—cost tradeoff. These findings highlight that explicitly modeling pricing asymmetry is
not only practical but also essential for building sustainable, scalable, and reliable research agents.

Limitations and Future Work. Our study is limited to text-only settings with static pricing, leaving
multimodal toolchains, dynamic pricing, and preference adaptation for future work. Promising
directions include extending orchestration to balance cost, latency, and risk; generalizing structured
memory to multimodal or executable forms such as code, SQL, or graphs; expanding validation with
uncertainty-aware sampling and selective rollbacks; and evaluating long-term cost—quality—latency
trade-offs under real-world traffic. We aim to establish cost as a first-class design principle for
next-generation LLM agents.



Under review as a conference paper at ICLR 2026

REFERENCES

Shengnan An, Zexiong Ma, Zeqi Lin, Nanning Zheng, Jian-Guang Lou, and Weizhu Chen. Make
your LLM fully utilize the context. 2024.

Muhammad Arslan, Hussam Ghanem, Saba Munawar, and Christophe Cruz. A survey on rag with
1lms. Procedia computer science, 246:3781-3790, 2024.

1z Beltagy, Matthew E. Peters, and Arman Cohan. Longformer: The long-document transformer.
CoRR, abs/2004.05150, 2020.

Lingjiao Chen, Matei Zaharia, and James Zou. Frugalgpt: How to use large language models while
reducing cost and improving performance. Trans. Mach. Learn. Res., 2024, 2024.

Karl Cobbe, Vineet Kosaraju, Mohammad Bavarian, Mark Chen, Heewoo Jun, Lukasz Kaiser,
Matthias Plappert, Jerry Tworek, Jacob Hilton, Reiichiro Nakano, Christopher Hesse, and John
Schulman. Training verifiers to solve math word problems. CoRR, abs/2110.14168, 2021.

Tri Dao. Flashattention-2: Faster attention with better parallelism and work partitioning. 2024.

Kaustubh Deshpande, Ved Sirdeshmukh, Johannes Baptist Mols, Lifeng Jin, Ed-Yeremai Hernandez-
Cardona, Dean Lee, Jeremy Kritz, Willow E. Primack, Summer Yue, and Chen Xing. Multichal-
lenge: A realistic multi-turn conversation evaluation benchmark challenging to frontier llms. In
Wanxiang Che, Joyce Nabende, Ekaterina Shutova, and Mohammad Taher Pilehvar (eds.), Findings
of the Association for Computational Linguistics, ACL 2025, Vienna, Austria, July 27 - August 1,
2025, pp. 18632-18702. Association for Computational Linguistics, 2025.

William Fedus, Barret Zoph, and Noam Shazeer. Switch transformers: Scaling to trillion parameter
models with simple and efficient sparsity. J. Mach. Learn. Res., 23:120:1-120:39, 2022.

Jiangi Gao, Jian Cao, Ranran Bu, Nengjun Zhu, Wei Guan, and Hang Yu. Promoting knowledge
base question answering by directing 1lms to generate task-relevant logical forms. In Toby Walsh,
Julie Shah, and Zico Kolter (eds.), AAAI-25, Sponsored by the Association for the Advancement of
Artificial Intelligence, February 25 - March 4, 2025, Philadelphia, PA, USA, pp. 23914-23922.
AAAI Press, 2025. doi: 10.1609/AAAIL.V39122.34564.

Yingqiang Ge, Wenyue Hua, Kai Mei, Jianchao Ji, Juntao Tan, Shuyuan Xu, Zelong Li, and Yongfeng
Zhang. Openagi: When LLM meets domain experts. 2023.

Mor Geva, Daniel Khashabi, Elad Segal, Tushar Khot, Dan Roth, and Jonathan Berant. Did aristotle
use a laptop? A question answering benchmark with implicit reasoning strategies. Trans. Assoc.
Comput. Linguistics, 9:346-361, 2021. doi: 10.1162/TACL\_A\_00370.

Kelvin Guu, Kenton Lee, Zora Tung, Panupong Pasupat, and Ming-Wei Chang. Retrieval augmented
language model pre-training. In Proceedings of the 37th International Conference on Machine
Learning, ICML 2020, 13-18 July 2020, Virtual Event, volume 119 of Proceedings of Machine
Learning Research, pp. 3929-3938. PMLR, 2020.

Qitian Jason Hu, Jacob Bieker, Xiuyu Li, Nan Jiang, Benjamin Keigwin, Gaurav Ranganath, Kurt
Keutzer, and Shriyash Kaustubh Upadhyay. Routerbench: A benchmark for multi-llm routing
system. CoRR, abs/2403.12031, 2024. doi: 10.48550/ARXIV.2403.12031.

Huiqgiang Jiang, Qianhui Wu, Chin-Yew Lin, Yuqing Yang, and Lili Qiu. LImlingua: Compressing
prompts for accelerated inference of large language models. In Houda Bouamor, Juan Pino, and
Kalika Bali (eds.), Proceedings of the 2023 Conference on Empirical Methods in Natural Language
Processing, EMNLP 2023, Singapore, December 6-10, 2023, pp. 13358-13376. Association for
Computational Linguistics, 2023. doi: 10.18653/V1/2023.EMNLP-MAIN.825.

Vladimir Karpukhin, Barlas Oguz, Sewon Min, Patrick Lewis, Ledell Wu, Sergey Edunov, Dangqi
Chen, and Wen-tau Yih. Dense passage retrieval for open-domain question answering. In Bonnie
Webber, Trevor Cohn, Yulan He, and Yang Liu (eds.), Proceedings of the 2020 Conference on
Empirical Methods in Natural Language Processing, EMNLP 2020, Online, November 16-20,
2020, pp. 6769-6781. Association for Computational Linguistics, 2020. doi: 10.18653/V1/2020.
EMNLP-MAIN.550.

10



Under review as a conference paper at ICLR 2026

Jaehyung Kim, Jaehyun Nam, Sangwoo Mo, Jongjin Park, Sang-Woo Lee, Minjoon Seo, Jung-Woo
Ha, and Jinwoo Shin. Sure: Summarizing retrievals using answer candidates for open-domain QA
of llms. In The Twelfth International Conference on Learning Representations, ICLR 2024, Vienna,
Austria, May 7-11, 2024. OpenReview.net, 2024.

Nikita Kitaev, Lukasz Kaiser, and Anselm Levskaya. Reformer: The efficient transformer. 2020.

Woosuk Kwon, Zhuohan Li, Siyuan Zhuang, Ying Sheng, Lianmin Zheng, Cody Hao Yu, Joseph
Gonzalez, Hao Zhang, and Ion Stoica. Efficient memory management for large language model
serving with pagedattention. In Jason Flinn, Margo I. Seltzer, Peter Druschel, Antoine Kaufmann,
and Jonathan Mace (eds.), Proceedings of the 29th Symposium on Operating Systems Principles,
SOSP 2023, Koblenz, Germany, October 23-26, 2023, pp. 611-626. ACM, 2023. doi: 10.1145/
3600006.3613165.

Patrick Lewis, Ethan Perez, Aleksandra Piktus, Fabio Petroni, Vladimir Karpukhin, Naman Goyal,
Heinrich Kiittler, Mike Lewis, Wen-tau Yih, Tim Rocktischel, Sebastian Riedel, and Douwe
Kiela. Retrieval-augmented generation for knowledge-intensive NLP tasks. In Hugo Larochelle,
Marc’ Aurelio Ranzato, Raia Hadsell, Maria-Florina Balcan, and Hsuan-Tien Lin (eds.), Advances
in Neural Information Processing Systems 33: Annual Conference on Neural Information Process-
ing Systems 2020, NeurIPS 2020, December 6-12, 2020, virtual, 2020.

Guohao Li, Hasan Hammoud, Hani Itani, Dmitrii Khizbullin, and Bernard Ghanem. CAMEL.:
communicative agents for “mind” exploration of large language model society. In Alice Oh, Tristan
Naumann, Amir Globerson, Kate Saenko, Moritz Hardt, and Sergey Levine (eds.), Advances in

Neural Information Processing Systems 36: Annual Conference on Neural Information Processing
Systems 2023, NeurIPS 2023, New Orleans, LA, USA, December 10 - 16, 2023, 2023.

Barys Liskavets, Maxim Ushakov, Shuvendu Roy, Mark Klibanov, Ali Etemad, and Shane K. Luke.
Prompt compression with context-aware sentence encoding for fast and improved LLM inference.
In Toby Walsh, Julie Shah, and Zico Kolter (eds.), AAAI-25, Sponsored by the Association for the
Advancement of Artificial Intelligence, February 25 - March 4, 2025, Philadelphia, PA, USA, pp.
24595-24604. AAAI Press, 2025. doi: 10.1609/AAAI.V39123.34639.

Hao Liu, Matei Zaharia, and Pieter Abbeel. Ring attention with blockwise transformers for near-
infinite context. CoRR, abs/2310.01889, 2023. doi: 10.48550/ARXIV.2310.01889.

Na Liu, Liangyu Chen, Xiaoyu Tian, Wei Zou, Kaijiang Chen, and Ming Cui. From LLM to
conversational agent: A memory enhanced architecture with fine-tuning of large language models.
CoRR, abs/2401.02777, 2024.

Aman Madaan, Niket Tandon, Peter Clark, and Yiming Yang. Memory-assisted prompt editing to
improve GPT-3 after deployment. In Yoav Goldberg, Zornitsa Kozareva, and Yue Zhang (eds.), Pro-
ceedings of the 2022 Conference on Empirical Methods in Natural Language Processing, EMNLP
2022, Abu Dhabi, United Arab Emirates, December 7-11, 2022, pp. 2833-2861. Association for
Computational Linguistics, 2022. doi: 10.18653/V1/2022. EMNLP-MAIN.183.

Daye Nam, Andrew Macvean, Vincent J. Hellendoorn, Bogdan Vasilescu, and Brad A. Myers. Using
an LLM to help with code understanding. In Proceedings of the 46th IEEE/ACM International
Conference on Software Engineering, ICSE 2024, Lisbon, Portugal, April 14-20, 2024, pp. 97:1—
97:13. ACM, 2024. doi: 10.1145/3597503.3639187.

Isaac Ong, Amjad Almahairi, Vincent Wu, Wei-Lin Chiang, Tianhao Wu, Joseph E Gonzalez,
M Waleed Kadous, and Ion Stoica. Routellm: An open-source framework for cost-effective llm
routing. LMSYS Org, 2024.

Charles Packer, Vivian Fang, Shishir G. Patil, Kevin Lin, Sarah Wooders, and Joseph E. Gonzalez.
Memgpt: Towards llms as operating systems. CoRR, abs/2310.08560, 2023. doi: 10.48550/ARXIV.
2310.08560.

Zhuoshi Pan, Qianhui Wu, Huigiang Jiang, Menglin Xia, Xufang Luo, Jue Zhang, Qingwei Lin, Victor

Riihle, Yuqing Yang, Chin-Yew Lin, H. Vicky Zhao, Lili Qiu, and Dongmei Zhang. Llmlingua-2:
Data distillation for efficient and faithful task-agnostic prompt compression. In Lun-Wei Ku, Andre

11



Under review as a conference paper at ICLR 2026

Martins, and Vivek Srikumar (eds.), Findings of the Association for Computational Linguistics,
ACL 2024, Bangkok, Thailand and virtual meeting, August 11-16, 2024, pp. 963-981. Association
for Computational Linguistics, 2024. doi: 10.18653/V1/2024. FINDINGS-ACL.57.

Chen Qian, Wei Liu, Hongzhang Liu, Nuo Chen, Yufan Dang, Jiahao Li, Cheng Yang, Weize Chen,
Yusheng Su, Xin Cong, Juyuan Xu, Dahai Li, Zhiyuan Liu, and Maosong Sun. Chatdev: Commu-
nicative agents for software development. In Lun-Wei Ku, Andre Martins, and Vivek Srikumar
(eds.), Proceedings of the 62nd Annual Meeting of the Association for Computational Linguistics
(Volume 1: Long Papers), ACL 2024, Bangkok, Thailand, August 11-16, 2024, pp. 15174-15186.
Association for Computational Linguistics, 2024. doi: 10.18653/V1/2024. ACL-LONG.810.

Matthew Renze and Erhan Guven. Self-reflection in LLM agents: Effects on problem-solving
performance. CoRR, abs/2405.06682, 2024.

Alireza Salemi, Surya Kallumadi, and Hamed Zamani. Optimization methods for personalizing
large language models through retrieval augmentation. In Grace Hui Yang, Hongning Wang, Sam
Han, Claudia Hauff, Guido Zuccon, and Yi Zhang (eds.), Proceedings of the 47th International
ACM SIGIR Conference on Research and Development in Information Retrieval, SIGIR 2024,
Washington DC, USA, July 14-18, 2024, pp. 752-762. ACM, 2024. doi: 10.1145/3626772.3657783.

Yongliang Shen, Kaitao Song, Xu Tan, Dongsheng Li, Weiming Lu, and Yueting Zhuang. Hugginggpt:
Solving Al tasks with chatgpt and its friends in hugging face. In Alice Oh, Tristan Naumann, Amir
Globerson, Kate Saenko, Moritz Hardt, and Sergey Levine (eds.), Advances in Neural Information
Processing Systems 36: Annual Conference on Neural Information Processing Systems 2023,
NeurIPS 2023, New Orleans, LA, USA, December 10 - 16, 2023, 2023.

Mohit Shridhar, Xingdi Yuan, Marc-Alexandre C6té, Yonatan Bisk, Adam Trischler, and Matthew J.
Hausknecht. Alfworld: Aligning text and embodied environments for interactive learning. 2021.

Xuezhi Wang, Jason Wei, Dale Schuurmans, Quoc V. Le, Ed H. Chi, Sharan Narang, Aakanksha
Chowdhery, and Denny Zhou. Self-consistency improves chain of thought reasoning in language
models. In The Eleventh International Conference on Learning Representations, ICLR 2023,
Kigali, Rwanda, May 1-5, 2023. OpenReview.net, 2023.

Zheng Wang, Shu Xian Teo, Jun Jie Chew, and Wei Shi. Instructrag: Leveraging retrieval-augmented
generation on instruction graphs for llm-based task planning. In Nicola Ferro, Maria Maistro,
Gabriella Pasi, Omar Alonso, Andrew Trotman, and Suzan Verberne (eds.), Proceedings of the
48th International ACM SIGIR Conference on Research and Development in Information Retrieval,
SIGIR 2025, Padua, Italy, July 13-18, 2025, pp. 1413-1422. ACM, 2025. doi: 10.1145/3726302.
37300009.

Jason Wei, Xuezhi Wang, Dale Schuurmans, Maarten Bosma, Brian Ichter, Fei Xia, Ed H. Chi,
Quoc V. Le, and Denny Zhou. Chain-of-thought prompting elicits reasoning in large language
models. In Sanmi Koyejo, S. Mohamed, A. Agarwal, Danielle Belgrave, K. Cho, and A. Oh (eds.),
Advances in Neural Information Processing Systems 35: Annual Conference on Neural Information
Processing Systems 2022, NeurlPS 2022, New Orleans, LA, USA, November 28 - December 9,
2022, 2022. ISBN 9781713871088.

Qingyun Wu, Gagan Bansal, Jieyu Zhang, Yiran Wu, Beibin Li, Erkang Zhu, Li Jiang, Xiaoyun Zhang,
Shaokun Zhang, Jiale Liu, et al. Autogen: Enabling next-gen 1lm applications via multi-agent
conversations. In First Conference on Language Modeling, 2024a.

Shirley Wu, Shiyu Zhao, Michihiro Yasunaga, Kexin Huang, Kaidi Cao, Qian Huang, Vassilis N.
Ioannidis, Karthik Subbian, James Y. Zou, and Jure Leskovec. Stark: Benchmarking LLM retrieval
on textual and relational knowledge bases. 2024b.

Guangxuan Xiao, Yuandong Tian, Beidi Chen, Song Han, and Mike Lewis. Efficient streaming
language models with attention sinks. 2024.

Shicheng Xu, Liang Pang, Huawei Shen, Xueqi Cheng, and Tat-Seng Chua. Search-in-the-chain:
Interactively enhancing large language models with search for knowledge-intensive tasks. In
Tat-Seng Chua, Chong-Wah Ngo, Ravi Kumar, Hady W. Lauw, and Roy Ka-Wei Lee (eds.),
Proceedings of the ACM on Web Conference 2024, WWW 2024, Singapore, May 13-17, 2024, pp.
1362-1373. ACM, 2024. doi: 10.1145/3589334.3645363.

12



Under review as a conference paper at ICLR 2026

Zhilin Yang, Peng Qi, Saizheng Zhang, Yoshua Bengio, William W. Cohen, Ruslan Salakhutdinov,
and Christopher D. Manning. Hotpotqa: A dataset for diverse, explainable multi-hop question an-
swering. In Ellen Riloff, David Chiang, Julia Hockenmaier, and Jun’ichi Tsujii (eds.), Proceedings
of the 2018 Conference on Empirical Methods in Natural Language Processing, Brussels, Belgium,
October 31 - November 4, 2018, pp. 2369-2380. Association for Computational Linguistics, 2018.
doi: 10.18653/V1/D18-1259.

Shunyu Yao, Jeffrey Zhao, Dian Yu, Nan Du, Izhak Shafran, Karthik R. Narasimhan, and Yuan Cao.
React: Synergizing reasoning and acting in language models. In The Eleventh International Confer-
ence on Learning Representations, ICLR 2023, Kigali, Rwanda, May 1-5, 2023. OpenReview.net,
2023a.

Shunyu Yao, Jeffrey Zhao, Dian Yu, Nan Du, Izhak Shafran, Karthik R. Narasimhan, and Yuan Cao.
React: Synergizing reasoning and acting in language models. In The Eleventh International Confer-
ence on Learning Representations, ICLR 2023, Kigali, Rwanda, May 1-5, 2023. OpenReview.net,
2023b.

Quan Yuan, Mehran Kazemi, Xin Xu, Isaac Noble, Vaiva Imbrasaite, and Deepak Ramachandran.
Tasklama: Probing the complex task understanding of language models. In Michael J. Wooldridge,
Jennifer G. Dy, and Sriraam Natarajan (eds.), Thirty-Eighth AAAI Conference on Artificial Intelli-
gence, AAAI 2024, Thirty-Sixth Conference on Innovative Applications of Artificial Intelligence,
IAAI 2024, Fourteenth Symposium on Educational Advances in Artificial Intelligence, EAAI
2014, February 20-27, 2024, Vancouver, Canada, pp. 19468-19476. AAAI Press, 2024. doi:
10.1609/AAALV38117.29918.

Manzil Zaheer, Guru Guruganesh, Kumar Avinava Dubey, Joshua Ainslie, Chris Alberti, Santiago
Ontafién, Philip Pham, Anirudh Ravula, Qifan Wang, Li Yang, and Amr Ahmed. Big bird:
Transformers for longer sequences. 2020.

Lianmin Zheng, Liangsheng Yin, Zhigiang Xie, Chuyue Sun, Jeff Huang, Cody Hao Yu, Shiyi Cao,
Christos Kozyrakis, Ion Stoica, Joseph E. Gonzalez, Clark W. Barrett, and Ying Sheng. Sglang:
Efficient execution of structured language model programs. 2024.

Yinmin Zhong, Shengyu Liu, Junda Chen, Jianbo Hu, Yibo Zhu, Xuanzhe Liu, Xin Jin, and Hao
Zhang. {DistServe}: Disaggregating prefill and decoding for goodput-optimized large language
model serving. In /8th USENIX Symposium on Operating Systems Design and Implementation
(OSDI 24), pp. 193-210, 2024.

Denny Zhou, Nathanael Schirli, Le Hou, Jason Wei, Nathan Scales, Xuezhi Wang, Dale Schuurmans,
Claire Cui, Olivier Bousquet, Quoc V. Le, and Ed H. Chi. Least-to-most prompting enables
complex reasoning in large language models. In The Eleventh International Conference on
Learning Representations, ICLR 2023, Kigali, Rwanda, May 1-5, 2023. OpenReview.net, 2023.

APPENDIX

A EXPERIMENTAL DETAILS

A.1 DATASET

We conduct experiments on four widely used benchmarks that evaluate numerical reasoning, embodied
planning, multi-hop question answering, and commonsense reasoning.

GSMSK (Cobbe et al,[2021) contains approximately 8.5k grade school math word problems. Each
instance requires multi step numerical reasoning and is commonly solved through chain of thought
style decomposition, making it a standard benchmark for mathematical reasoning with LLMs.

ALFWorld (Shridhar et al.| [2021]) is a text based environment for embodied agents with thousands of
interactive tasks across six task types. Agents receive high level goals and interact through textual
observations and actions, testing planning and sequential reasoning in grounded simulations.
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Dataset Example

GSMSK Question: Natalia sold clips to 48 of her friends in April, and then she sold half as
many clips in May. How many clips did Natalia sell altogether in April and May?
Answer: 72.

ALFWorld Question: You are in the middle of a room. Looking quickly around you, you see

a drawer 2, a shelf 5, a drawer 1, a shelf 4, a sidetable 1, a drawer 5, a shelf 6, a
shelf 1, a shelf 9, a cabinet 2, a sofa 1, a cabinet 1, a shelf 3, a cabinet 3, a drawer
3, a shelf 11, a shelf 2, a shelf 10, a dresser 1, a shelf 12, a garbagecan 1, a
armchair 1, a cabinet 4, a shelf 7, a shelf 8, a safe 1, and a drawer 4.

Your task is to: put some vase in safe.

Actions: go to shelf 6; take vase 2 from shelf 6; go to safe 1; open safe 1; put vase
2 in/on safe 1.

HotpotQA Question: Which magazine was started first Arthur’s Magazine or First for
Women?
Answer: Arthur’s Magazine

StrategyQA Question: Would someone in Mumbai refer to Solanum melongena as an
eggplant?

Answer: False.

Table 6: Example instances from GSM8K, ALFWorld, HotpotQA, and StrategyQA.

HotpotQA (Yang et al., 2018)) comprises roughly 113k questions that emphasize multi hop reasoning
over Wikipedia. Each question is paired with supporting sentences, requiring retrieval and integration
of evidence across documents under distractor or full wiki settings.

StrategyQA (Geva et al., 2021) provides yes or no questions designed to test implicit multi step
reasoning. Solving these questions typically requires combining unstated facts and strategies such as
temporal or causal inference, challenging models to leverage background knowledge with hidden
reasoning chains.

To illustrate the data characteristics, Table@ shows an example instance from each dataset.

A.2 HYPERPARAMETERS

All experiments are conducted under consistent decoding settings unless otherwise specified. For
both LLM-L and LLM-S we set temperature to 0.7 and top-p to 0.9, with a maximum generation
length capped at 8192 tokens.

For locally deployed models, prefix caching and chunked prefill are enabled to reduce latency, while
remote code execution is trusted to ensure compatibility with model-specific implementations. When
supported, reasoning and structured output modes are activated; otherwise, models fall back to plain
text generation.

To further accelerate large-scale evaluation, we launch 128 concurrent processes for parallel infer-
ence across GPUs. These optimizations allow us to maintain stable throughput while preserving
reproducibility.

A.3 ENVIRONMENT SETUP

All experiments are conducted on a local server equipped with 3xNVIDIA RTX 3090 GPUs (24GB
memory each). The system runs driver version 575.51.03 with CUDA 12.9. Inference is managed
with vLLM v0.9.0.1 and Sglang (sglang[all] = 0.5.3rc0) for efficient scheduling.

A.4  CosTt ACCOUNTING

Token usage is tracked through raw input and output counts before compression or aggregation.
Prices are converted to RMB based on the official API billing rate of each provider at the time of
experimentation. For models with asymmetric pricing, costs are reported separately for input tokens,
output tokens, and total expenditure.
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B ETHICS STATEMENT

This work complies with the ICLR ethical guidelines. No human subjects or animal experiments
were involved in this research. All datasets used were obtained in accordance with the relevant usage
policies, ensuring no violation of privacy. No personally identifiable information was used, and no
experiments were conducted that could raise privacy or security concerns.

C REPRODUCIBILITY STATEMENT

All datasets used in this paper are publicly available: GSMS8K, HotpotQA, StrategyQA, and ALF-
World. For retrieval-augmented tasks, we construct a local ChromaDB vector store, where all
documents are pre-segmented into passages of 200 tokens with an overlap of 50 tokens. For the
ALFWorld environment, we adopt the official GitHub toolkit, and each task is executed with a
maximum of 50 steps. A task is considered successful if it is completed within this limit.

We use meta-llama/Meta-Llama-3-8B-Instruct, Qwen/Qwen3-32B-AWQ, and microsoft/Phi-4-mini-
reasoning as local executors, and Doubao-Seed-1.6-thinking-250715 and DeepSeek-R1-0528 as
cloud verifiers. Hyperparameters are fixed across experiments: temperature = 0.7, top-p = 0.9, and
maximum generation length = 8192 tokens. In multi-executor settings, we deploy n = 3 executors in
parallel unless otherwise noted.

All reported results are averaged over three runs with random seeds 0, 1, 2. Experiments are conducted
on a server equipped with 3x NVIDIA RTX 3090 GPUs, an Intel Xeon Platinum 8352V CPU @
2.10 GHz, and 1024 GB RAM. Cloud API calls are fully logged with token usage reports to enable
accurate cost analysis.

D THE Use oF LARGE LANGUAGE MODELS

Large language models (LLMs) were used to assist in drafting and polishing the manuscript. Specif-
ically, we employed an LLM to improve language, enhance readability, and ensure clarity across
different sections of the paper. The model supported tasks such as rewriting sentences, checking
grammar, and improving the overall fluency of the text.

It is important to note that the LLM was not involved in ideation, research methodology, or experi-
mental design. All research concepts, methods, and analyses were developed and conducted solely
by the authors. The contribution of the LLM was limited to improving the quality of the language
and did not extend to scientific content or data analysis.
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