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ABSTRACT

The potential of Large Language Model (LLM) as agents has been widely acknowl-
edged recently. Thus, there is an urgent need to quantitatively evaluate LLMs as
agents on challenging tasks in interactive environments. We present AGENTBENCH,
a multi-dimensional benchmark that consists of 8 distinct environments to assess
LLM-as-Agent’s reasoning and decision-making abilities. Our extensive test over
29 API-based and open-sourced (OSS) LLMs shows that, while top commercial
LLMs present a strong ability of acting as agents in complex environments, there
is a significant disparity in performance between them and many OSS competitors
that are no larger than 70B. We identify the typical reasons of failures in environ-
ments and LLMs, showing that poor long-term reasoning, decision-making, and
instruction following abilities are the main obstacles for developing usable LLM
agents. Improving instruction following and training on high quality multi-round
alignment data could improve agent performance. And different from existing
assumptions, training on code present ambivalent impacts on different agent tasks.
Datasets, environments, and an integrated evaluation package for AGENTBENCH

are released at https://github.com/THUDM/AgentBench.
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Figure 1: An overview of LLMs on AGENTBENCH. While LLMs begin to manifest their proficiency
in LLM-as-Agent, gaps between models and the distance toward practical usability are significant.

1 INTRODUCTION

Intelligent agents and autonomous entities (Searle, 1970; Maes, 1994; Wooldridge & Jennings, 1995)
that are capable of decision-making and action execution in particular environments have been key
concepts of artificial intelligence (Al) historically. Notwithstanding substantial advancements in deep
learning algorithms applied in both computer vision and natural language processing (NLP), their
potential for developing efficient and practically usable assisting agents remains largely unexplored.
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Figure 2:AGENTBENCH is the rst systematic benchmark to evaluate LLM-as-Agent on a wide array
of real-world challenges and 8 distinct environments. In total, 29 LLMs are examined in this edition.

The advent of Large Language Models (LLMs) (Brown et al., 2020; Chowdhery et al., 2022; Touvron
et al., 2023), such as GPT-4 (OpenAl, 2023), has brought plenty of new opportunities to this realm.
Through extensive alignment training (Ouyang et al., 2022; Wei et al., 2022a; Sanh et al., 2022), LLMs
have not only mastered traditional NLP tasks but also showcased an impressive ability to comprehend
human intent and execute instructions. This has spurred the development of various LLM-based
applications for autonomous goal completion (like AutoGPT (Richards, 2023), BabyAGI (Nakajima,
2023), AgentGPT (age, 2023)) as well as LLM agents situated in social and game contexts (Park
etal., 2023; Wang et al., 2023b; Zhu et al., 2023), sparking substantial public interest and discussions.

Despite these advancements, the lack of a systematic and standard benchmark to evaluate LLM-as-
Agent presents a critical challenge. Historically, text-based game environments (Osborne et al., 2022;
Coté et al., 2019; Hausknecht et al., 2020; Urbanek et al., 2019) have been employed for language
agent evaluation. But they often suffer from the limitation of closed, discrete action spaces, as well
as their primarily narrow focus on models' commonsense grounding. More recently, attempts on
embodied agents (Reed et al., 2022; Huang et al., 2022; Ahn et al., 2022; Li et al., 2022a) have
employed complicated multi-modal simulators based on games (Kttler et al., 2020; Fan et al., 2022),
GUI (Shi et al., 2017; Toyama et al., 2021), and indoor scenes (Shen et al., 2021; Srivastava et al.,
2022). However, these simulators, despite their complexity, do not accurately re ect the practical use
cases of LLMs, and their multi-modal nature creates a hurdle for the urgent evaluation of existing
text-only LLMs. Finally, most benchmarks now for agents focus on single environments and thus fail
to provide a comprehensive overview of LLMs across diverse application scenarios.

To address these challenges, we introddGENTBENCH, a multi-dimensional benchmark designed
to evaluate LLM-as-Agent across a spectrum of different environm@&®&NTBENCH encompasses
eight distinct environments (Cf. Figure 4, ve out of eight are created for the rst time), which could
be categorized into three types of groundings:

» Code: Operating System, Database, Knowledge Graph (Anonymous, 2023)
» Game: Digital Card Game, Lateral Thinking Puzzles, House-Holding (Shridhar et al., 2020b)
» Web: Web Shopping (Yao et al., 2022), Web Browsing (Deng et al., 2023)

All datasets, whether newly created or adapted from existing ones, are meticulously designed and
reformulated to simulate interactive environments where text-only LLMs can operate as autonomous
agents AGENTBENCH thus systematically evaluate an LLM's core abilities, including following in-
structions (Ouyang et al., 2022), coding (Chen et al., 2021), knowledge acquisition (Joshi et al., 2017;
Talmor et al., 2019), logical reasoning (Srivastava et al., 2023), and commonsense grounding (Shridhar
et al., 2020a). It serves as an ideal testbed for both LLM and agent evaluation.

In addition, we develop a uni ed evaluation toolkit for LLMs to operate on diverse customized agent
tasks, thus enabling a comprehensive benchmarking of the LLM-as-Agent ability of 29 different
LLMs on AGENTBENCH, including both API-based and OSS models. Our results reveal that top-tier
models like GPT-4 are capable of handling a wide array of real-world tasks, indicating the potential
for developing a potent, continuously learning agent. However, we also note a signi cant performance
gap between these top-tier models and their OSS competitors. Despite the recent success of OSS
LLMs and their competitive scores on several benchmarks (Li et al., 2023; Chen et al., 2021; Cobbe
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Table 1:AGENTBENCH evaluates 29 API-based or OSS LLMs on LLM-as-Agent challenges. Models
annotated with * are evaluated after task weights are computed.

Model #Size Form Ver.  Creator Model #Size Form Ver. Creator
gpt-4 (OpenAl, 2023) N/A api 0613 dolly-12b  (Conover et al., 2023) 12B oper v2 Databricks
gpt-3.5-turbo (OpenAl, 2022) N/A api 0613 OpenAl llama2-70b  (Touvron et al., 2023) 70B oper chat
text-davinci-003 (Ouyang et al., 2022) N/A api - llama2-13b  (Touvron et al., 2023) 13B oper chat Meta
text-davinci-002 (Ouyang et al., 2022) N/A api = llama2-7b  (Touvron etal., 2023) 7B oper chat

claude-3 * (Anthropic, 2024) N/A api opus guanaco-65b (Dettmers et al., 202: 65B oper - Meta
claude-2  (Anthropic, 2023b) N/A  api * Anthropic guanaco-33b (Dettmers et al., 202 33B oper -

claude (Anthropic, 2023a) N/A api v1.3 vicuna-33b  (Chiang et al., 2023) 33B oper v1.3
claude-instant (Anthropic, 2023a) N/A api vl1.l vicuna-13b  (Chiang et al., 2023) 13B oper v1.5 LMSYS
chat-bison-001 (Anil et al., 2023) N/A  api - Google vicuna-7b  (Chiang et al., 2023) 7B oper v1.5

glm-4 = (Zeng etal.,, 2022; Du etal., 2022)  N/A api - Tsinghua openchat-13b  (Wang et al., 2023a 13B oper v3.2 Tsinghua
chatgim-6b  (Zeng et al., 2022; Du et al., 20z 6B oper vl1.1 & Zhipu wizardlm-30b  (Xu et al., 2023) 30B oper v1.0 Microsoft
codegeex2-6b (Zheng et al., 2023) 6B oper wizardlm-13b  (Xu et al., 2023) 13B oper v1.0
codellama-34b  (Roziére et al., 2023) 34B oper instruci koala-13b  (Geng et al., 2023) 13B oper - ucB
codellama-13b  (Roziére et al., 2023) 13B oper instruct  Meta oasst-12b  (LAION, 2023) 12B oper sft-4 LAION
codellama-7b  (Roziere et al., 2023) 7B oper instruct

et al., 2021), their performance on the challenghk®eENTBENCH tasks lags considerably. This
underscores the necessity for additional efforts to enhance the learning abilities of OSS LLMs.

We identify portions of agent task failures in different environments and LLMs, unveiling the
insuf cient abilities of long-term reasoning, decision-making, and instruction following in existing
LLMs. Comparisons between different LLMs manifest that a proper strategy of introducing code
training can help improve LLM-as-Agent. Alignment training over high-quality data (e.g., data
generated bgpt-4 ) could also help improve LLM agents. In summary, our contributions are:

» We introduce the concept of evaluating LLMs as agents and préseetiTBENCH, a compre-
hensive benchmark to standardize the evaluation. It de nes eight distinct environments of 3 types
based on real-world scenarios, offering a practical testbed for LLMs' wide array of capabilities.

» We perform a thorough evaluation of 29 different LLMs uséi\GENTBENCH, uncovering a
signi cant performance gap between leading APIl-based commercial LLMs and many OSS models
that are no larger than 70B. We also quantitatively analyze the reasons for failures in existing
LLM agents and highlight directions for improvement, such as improving instruction following,
higher-quality alignment data. Also, we show that code training could be a double-edged sword,
which improves some agent tasks while harms other.

* To facilitate the evaluation of LLM-as-Agent, we have introduced an integrated toolkit grounded
in the Server-Client architecture, focusing on modular and scalable design principles. This enables
easy customization of model assessments for any LLMs using the HTTP protocol. Complemented
by its associated datasets and environments, this toolkit is now openly accessible to the broader
research community.

2 LLM-AS-AGENT:. DEFINITION AND PRELIMINARY

Here, we formalize the terms for describing the evaluation of LLMs as agents and the necessary
preliminary knowledge for using LLMs in the context of agent evaluation.

De nition: Interactive Evaluation of LLM-as-Agent. The interactive evaluation of LLM-as-Agent
could be regarded as a Partially Observable Markov Decision Proseas T ; R; U; O), which
comprises state spa&; action spacé\, transition functionT : S A! S | reward assigning
functionR, task instruction spadd, and observation spa¢2. Here, we denote an LLM agent .

Chain-of-Thought (CoT) and Other Reasoning StrategiesSince LLM-as-Agent requires LLMs'

strong reasoning ability, CoT (Wei et al., 2022b), which has been considered a de facto strategy
in related evaluation together with actions (Yao et al., 2023b), is also adopfedENTBENCH.

Despite many improved strategies proposed later, such as introducing ensemble (Wang et al., 2023c),
re ection (Shinn et al., 2023), and search (Yao et al., 2023a), we evaluate LLMs with the most
primitive CoT in AGENTBENCH. Without multiple trials, repeated generations, or complicated
strategies, CoT is the easiest, cheapest, and most common way for people to deploy LLM agents.

Typical Types of Finish ReasonsDespite LLMs' capabilities, we show IAGENTBENCH that even
the strongesgpt-4 is not quali ed as a practically usable agent. We identify and categorize nish
reasons of LLM agents on@ENTBENCH tasks into ve typical types:



Published as a conference paper at ICLR 2024

Context Limit Exceeded (CLE): the length of interaction history exceeds the LLM's maximum
context length (only happened in 2,048-length LLidst-davinci-002 and003).

Invalid Format (IF) : the agent does not follow the format instruction.
Invalid Action (IA) : the agent follows the format instruction, but its selected action is invalid.

Task Limit Exceeded (TLE): the agent does not solve the problem after reaching the prede ned
maximum interaction rounds or begins to do repeated generations for many rounds.

and Complete (task ends normally). While IF and IA are mostly caused by LLMs' poor instruction
following, TLE often indicates a weak multi-turn ability in certain tasks.

3 COMPOSITION OFAGENTBENCH: A BRIEF LOOK

In this section, we brie y introduce the datasets and environments that compoAe ENTBENCH.
Compared to previous agent evaluation benchmarks (Coté et al., 2019; Fan et al. AZ022);

BENCH concentrates on the practical evaluation of LLMs via Chain-of-Thought (CoT) (Wei et al.,
2022b; Yao et al., 2023b) prompting, including code-grounded, game-grounded, and web-grounded
scenarios. They pinpoint promising directions for the application of LLMs with autonomous mission
completion, and their versatility avoids task-speci ¢ models' (e.g., code-speci ¢ LLMs) overperfor-
mance oPAGENTBENCH. Due to page limit, for details of construction, evaluation, and prompt
examples, please refer to Appendix.

3.1 CODE-GROUNDEDENVIRONMENTS

Since LLMs can generate high-quality codes (Chen et al., 2021), a very practical mission for LLM
agents is to assist human interaction with computer interfaces. Here, we introduce three environments
depending on coding and reasoning abilities as representativeSERBENCH.

Operating System (OS)Allowing LLMs to access and manipulate OS in the terminal is a fascinating
but challenging mission. Despite attempts to translate natural language to Shell commands (Lin et al.,
2018), few prior efforts evaluate models in executable environments. We aim to evaluate LLMs in
genuine interactive bash environments (i.e., Ubuntu Docker (Merkel et al., 2014)) on human questions
with deterministic answers (e.qiumber of users with nofitome directories in an OS.or series of
operations for practical goals (e.gecursively set all directory les to read-only, excluding mjine

We adopt thesuccess rate (SRis the evaluation metric. (Cf. Appendix B for more details)

Database (DB).As database analysis is crucial but also dif cult in many daily affairs, it is paramount

to examine LLMs' abilities to operate on real databases via SQL. Prior research has a signi cant
emphasis on individual procedures, such as translation between SQL and natural language (Zhong
etal., 2017; Gao et al., 2023; Pourreza & Ra ei, 2023; Ruan et al., 2023), or answering questions
given individual small tables (Nan et al., 2021; lyyer et al., 2017). However, few consider evaluating
models on the complete pipeline as a whole. TherefhtgNTBENCH evaluates LLMs on authentic

SQL interfaces, databases, and different types of queries, as found in real-world scenarios. We adopt
the SRas the main evaluation metric. (Cf. Appendix C for more details)

Knowledge Graph (KG (Anonymous, 2023)) Engagement with contemporary KGs, which are often

vast in size (e.gFFREEBASE(Bollacker et al., 2008) has over 45M entities and 3B facts), demands a
broad range of skills from an intelligent agent (Gu et al., 2023). Operating in such environments, which
are only partially observable, requires the agent to make decisions with incomplete information and
manage inherent uncertainties with various skills, including language understanding (e.g., intricacies
and subtleties), planning (e.g., breaking down instructions into more manageable components), and
tool using (e.g., interact with KG interfaces). As a result, we propose KG as a representative testing
ground to assess the decision-making abilities of Al agents. We adopt question answering as the basic
task formulation and consequently the answéias the metric. (Cf. Appendix D for more details)

3.2 GAME-GROUNDEDENVIRONMENTS

Playing games usually requires strong capabilities in designing strategies, following instructions, and
reasoning. Unlike code-grounded tasks, those in game-grounded environments do not require coding
expertise but rather a more comprehensive understanding of common sense and world knowledge.
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Digital Card Game (DCG). Games usually could serve as simulated environments for intelligent
agent development. And DCG (e.glearthstongHoover et al., 2020)) is an ideal option for text-
only LLMs. It usually involves abundant text descriptions for cards, requiring thoughtful playing
strategies to win, testing a model's understanding of game rules, operating logic, and abilities to form
strategic decisions based on current situation in the gam®GENTBENCH, we adopt a simpli ed

DCG systemAquawar from the 2021 THU Agent Competition (THUAC) for evaluating LLMs as
Agent. In Aquawar, the agent acts as a player controlling a team of shes with different talents to
battle against another algorithm-based team in a turn-based form. We report hlihsite as the
evaluation metric. (Cf. Appendix E for more details)

Lateral Thinking Puzzles (LTP). Lateral thinking puzzles (Sloane, 1992; De Bono, 1970), also
known as situation puzzles arY d , are globally popular group games that propelling participants

to solve riddles from unconventional perspectives. Typically, one person hosts and others guess the
mystery through strategic questioning, with responses limited to "yes", "no", or "irrelevant”. In this
dataset, we rst set up an LTP host system for automatic judging. And we gathered a diverse set
of web-based puzzles of varying dif culty levels and simplifying the plot into several points (i.e.,
game progress Through this assessment, we aim to gain insights into the depth and agility of LLMs'

lateral reasoning abilities. (Cf. Appendix F for more details)

House Holding (HH, ALFWorld (Shridhar et al., 2020b)). Embodied game environments such

as house-holding, which require strong commonsense grounding, have been well-established for
language agent evaluation (Coté et al., 2019 AGENTBENCH, we assess the model's capability in
accomplishing tasks in physical house-holding environments on the classical ALFWorld (Shridhar
et al., 2020b) derived from the well-established text-game toolkit TextWorld (C6té et al., 2019). The
agent needs to accomplish house-holding tasks sucRwsa‘pan on the dining tableWe adopt the

SRas the evaluation metric. (Cf. Appendix G for more details)

3.3 WEB-GROUNDEDENVIRONMENTS

Web pages have been the primary interfaces for people to interact in the real world. Therefore,
assessing the behavior of LLM agents in complex web environments is critical and valuable for future
development. Here, we adapt two existing web browsing datasets for practical evaluation over LLMs.

Web Shopping (WS, WebShop (Yao et al., 2022)Dnline shopping is a very practical and important

part of modern life. Its trajectory, which comprises searching, viewing, and choosing desirable items
on a real e-commerce website, requires autonomous agents' strong reasoning and decision-making
abilities. Webshop (Yao et al., 2022), a simulated online shopping environment, exactly serves such
a purpose for evaluating language agents. While it is originally evaluated on speci cally trained
models, we propose assessing LLMs with mere prompting. (Cf. Appendix H for more details)

Web Browsing (WB, Mind2Web (Deng et al., 2023)).A General web environment is an ideal
sandbox for training and evaluating intelligent agents. Mind2Web (Deng et al., 2023) is a very
recently released general benchmark for developing and assessing web agents capable of executing
intricate tasks across various website domains, given high-level user instructions. It designs feasible
actions for website interactions, such as clicking, selecting, and typing, thereby facilitating a holistic
evaluation of LLMs as web agents. Compared to Mind2Web's original setting, we make adaptations

to allow its evaluation on prompted LLMs without additional ne-tuning. (Cf. Appendix | for more
details)

4 EVALUATION OF AGENTBENCH

We extensively evaluate 29 LLMs, including API-based commercial models and open-sourced LLMs,
to form a systematic view of the existing performance of LLM-as-Agent. We also design and release
a simple plug-and-play evaluation toolkit to facilitate related LLM-as-Agent research.

https://www.saiblo.net/
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Table 2: Statistics and metrics of 8 environment®ABENTBENCH evaluation. “SR” stands for
Success Raté#Avg. Round” denotes the estimated number of interacting rounds to solve a single
problem. In “#Dev”, and “#Test”, we provide the number of query samples and total expected
interacting rounds. Additionally, “Weight” refers to the average score for a task across all models
in our evaluation. For further clari cation, please refer to Section 4.1 and Appendix B to I.

Operating Data- Knowledge D('%:gl Tﬁrﬂiﬁlg House Web Web
System Base Graph Game Puzzle Holding Shopping Browsing
#Avg. Round 8 5 15 30 25 35 5 10
Metric SR SR F1 Reward Game Progress SR Reward Step SR
#Dev 26/240 60 /300 20/300 12/360 20/500 20/700 80/400 31/400
#Test 144 /1200 300/1500 150/2250 20/600 50/1250 50/1750 200/1000 100/1000
Weight * 10.8 13.0 13.9 12.0 35 13.0 30.7 11.6

4.1 BEVALUATION SETUP

Dataset Statistics.We report the statistics of datasetsAiIGENTBENCH in Table 2. For simplicity,

we use the abbreviation of each dataset in the following part. All datasets are practical multi-round
interacting challenges, and their estimated solving rounds for each individual problem range from 5
to 50. We provide two splits for each dataset: Dev and Test. All datasets are publicly available.

We also carefully balance the evaluation comprehensiveness and ef cieAyERTBENCH design,

as LLMs' multi-round interaction can be time-consuming. We set the size of Dev and Test to 269 and
1,014, respectively, resulting in around 3k and 11k calls for inference, approximately the identical
amounts of calls for inference as MMLU (Hendrycks et al., 2021b) requires.

LLMs to Evaluate. As a systematic attempt to benchmark existing LLMs on LLM-as-Agent, we
include in total 29 models for evaluation, which could be roughly classi ed into two categories:

» APIl-based Commercial LLMs: mainly consist of LLM APIs without disclosed parameter
amounts (Cf. Table 1). Due to more investments, their performances are usually better.

» Open-sourced (OSS) LLMs:mostly come from the academia and some companies (Cf. Table 1).
Due to limited computing resources, we only include OSS LLMs smaller than 70B here. Itis
noteworthy that this magnitude has already encompassed the majority of open-sourced LLMs
(with very few exceptions) that exhibit outstanding performance and have undergone speci ¢
ne-tuning for tasks related to chat or instruction.

Toolkit: Streamlining LLM Evaluation with API-Centric Approach and Environment Isolation.

As LLM systems continue to advance in complexity and are primarily accessible through APIs, we
have developed an evaluation toolkit that aligns with the API-oriented philosophy. This toolkit is
meticulously designed to interact with APIs, simplifying the process of adapting and testing different
LLMs. Researchers interested in evaluating their LLMSAGrENTBENCH only need to set up a
model server accessible via the HTTP protocol.

Moreover, dealing with diverse and intricate interaction environments poses a signi cant challenge.
Uniformly con guring all these environments can be arduous and may lead to con icts. To address
this, we have implemented two key strategies. Firstly, we encapsulate tasks with complex envi-
ronments into Docker images. Researchers can effortlessly utilize these images by mounting the
code path and initiating the evaluation process with ease. Secondly, we have subdivided each task
into separate workers, ensuring that the environments of these tasks remain isolated and free from
con icts. (Refer to Appendix A for further details.)

Evaluation Prompt Setup. To accommodate most existing dialogue models, our dialogue paradigm

is structured around two roles, user (i.e., instruction & environment feedback) and agent, engag-
ing and alternating with one another. We record interaction trajectories as a conversation history
(uo; ao; ; Uk; &) involving the user and agent, whaig a represents theth round of the con-
versation history. When we perform inference, the conversation history should follow the format of
(uo; ao; :Uux). We select the minimum such that count of all tokeRén (Ug; a ; Uy +1 ; ;Uk)

is not greater than 3500. And then we append "[NOTI@Eessages are omitted." intg. After

that, the sequendelo; a;;Ur+1;  ;Uk) is regarded as the nal input in multi-round chat format.

2Because the tokenizers of each model is different, we simply calculate tokens like this: a word with length
n occupiegdn=6e token(s), and a non-blank character takesken.
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Table 3: Test set (standard) resultsA@fENTBENCH. A clear performance gap exists between top
commercial LLMs (e.g.gpt-4 ) and OSS LLM competitors. “VER” stands for model version; “OA’
stands for the overaAGENTBENCH score, a weighted average of all environments (Cf. Section 4.1).

Code-grounded Game-grounded Web-grounded
LLM P
Type Models VER  OA Operating Data- 5233; D(|:ga|:gl Tﬁr:?(:ﬁg House  Web Web
System base Graph Game Puzzle Holding Shopping Browsing
gpt-4 0613 4.01 424 32.0 588 745 16.6 780 61.1 29.0
claude-3 opus 3.11 229 517 346 445 143 70.0 27.9 26.0
glm-4 - 289 292 423 463 341 14.2 34.0 61.6 27.0
API claude-2 - 249 181 27.3 413 555 8.4 54.0 61.4 0.0
claude vi3 244 9.7 22.0 389 409 8.2 58.0 55.7 25.0
gpt-3.5-turbo 0613 2.32 32.6 36.7 259 337 10.5 16.0 64.1 20.0
text-davinci-003 - 171 201 16.3 349 3.0 7.1 20.0 61.7 26.0
claude-instant vil 160 16.7 18.0 20.8 5.9 12.6 30.0 49.7 4.0
chat-bison-001 - 1.39 9.7 19.7 23.0 16.6 4.4 18.0 60.5 12.0
text-davinci-002 - 1.25 8.3 16.7 415 11.8 0.5 16.0 56.3 9.0
OSS  llama-2-70b chat 0.78 9.7 130 80 213 0.0 2.0 5.6 19.0
(Large) guanaco-65b - 054 83 147 1.9 0.1 15 12.0 0.9 10.0
codellama-34b instruct 0.96 2.8 140 235 84 0.7 4.0 52.1 20.0
OSS  vicuna-33b vi3 073 153 11.0 1.2 163 1.0 6.0 23.9 7.0
(Medium) wizardim-30b vi0 046 139 127 29 0.3 18 6.0 4.4 1.0
guanaco-33b - 039 111 9.3 3.2 0.3 0.0 6.0 6.2 5.0
vicuna-13b vli5 093 104 6.7 94 0.1 8.0 8.0 41.7 12.0
llama-2-13b chat 0.77 4.2 11.7 6 26.4 0.0 6.0 25.3 13.0
openchat-13b v3.2 070 153 123 55 0.1 0.0 0.0 46.9 15.0
wizardim-13b vl.2 0.66 9.0 127 17 1.9 0.0 10.0 43.7 12.0
vicuna-7b vli5 0.56 9.7 87 25 03 64 0.0 2.2 9.0
0SS codellama-13b instruct 0.56 35 9.7 104 0.0 0.0 0.0 43.8 14.0
(Small) codellama-7b instruct 0.50 49 127 82 0.0 0.0 2.0 25.2 12.0
koala-13b - 0.34 3.5 50 04 0.1 4.4 0.0 3.9 7.0
llama-2-7b chat 0.34 4.2 80 21 6.9 0.0 0.0 11.6 7.0
codegeex2-6b - 0.27 1.4 0.0 48 0.3 0.0 0.0 20.9 11.0
dolly-12b v2 014 0.0 00 0.0 0.1 1.2 0.0 0.4 9.0
chatglm-6b vil 0.11 4.9 03 00 0.0 0.0 0.0 0.5 4.9
oasst-12b sft-4  0.03 14 0.0 00 0.0 0.0 0.0 0.3 1.0

However, in order to consider non-chat models, we append a post-processor. We feed the history into
the model for chat models supporting multiple rounds. For models supporting only text completion
(e.g. text-davinci-003 ), we prepend "USER:" or "AGENT:" into each item in the history and
nally append the string "AGENT:" to make models generate the agent's content.

For task prompt organization, we adapted the format from (Yao et al., 2023b) to include both
“Thought” (for CoT) and “Action” but in one single round. Usually, a simple CoT demonstration is
provided in the task instruction for a better output format. To ensure reproducible results, we set
temperature=0 (i.e., greedy decoding) in the inference on all tasks following (Wei et al., 2022b).

Overall Score Calculation. We have observed that the score distribution for each task varies
signi cantly as tasks differ in dif culty levels. As a consequence, a naively averaged score is
heavily impacted by tasks that generally yield higher scores (e.g., Web Shopping in our observation),
overshadowing those with lower scores and being unsuitableG@NABENCH'S purpose.

Therefore, we produce the overall score by rst resizing each task's average sdamertuss all the

models we evaluate and then averaging the scores across all tasks for each model (Cf. Table 2). To
standardize and simplify score calculations for future studies, we utilize the reciprocal average score
of all the tested LLMs in each task as a xed weight for future overall score calculation. The total
score is then computed as the average value obtained by multiplying the score of each task by its
corresponding weight. This method ensures fairness and consistency in evaluation, enabling easier
comparisons and analysis in future research.

4.2 MAIN RESULTS

Overall and dataset-speci ¢ scores AGENTBENCH are reported in Table 3. Surprisingly, on
this challenging benchmark, we discover that some top LLMs are equipped with solid capabilities
for dealing with real-world environmental interaction. For exampgjet-4 presents the best
performance on 6 out of 8 datasetsAGENTBENCH; on House Holding, it achieves a success rate of
78%, indicating its practical usability in this scenartaude-2 andclaude follow gpt-4 but

quite outperforngpt-3.5-turbo . Despite other API-based LLMs' relatively poorer performance,
regardless of tasks, most of them can solve quite a few percent of problems. All APIl-based LLMs
have an ASENTBENCH overall score above 1.00.
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_Know Digital Lateral se Web Web
-ting B -ledge Card ThinkingHoldin ShopBrow
System GraphGame Puzzle g-ping -sing

Completed 75.0 379 30.1 512 140 13.1 54.9 56.6
CLE 01 07 20 00 35 0.7 00 0.0
Invalid Format 0.0 53.3 0.0 385 0.0 0.0 172 0.0

Invalid Action 0.9 0.0 0.0 10.2 0.0 641 00 84
TLE 239 80 679 0.0 82.5 221 27.8 35.0

Table 4: Portions of different types of execution

outcomes in 8 tasks averaged across all models. )

(CLE: Context Limit ExceededLE: Task Limit Figure 3:AGENTBENCH OA scores with regard
Exceedejl to all tested OSS LLMs.

OSS LLMs we test, however, commonly fail to solve problems in some challenging tasks, such as
Knowledge Graph, Digital Card Game, and House Holding. We plot their performance relative to
their sizes in Figure 3. Generally, most OSS LLMs perform far poorer than API-based LLMs in
AGENTBENCH (Avg. 0.51 v.s. 2.15). The most capable OSS LLM7OB within the evaluation
scope rounds out to bepdellama-34b , achieving an overall score of 0.96 but still presents a
clear performance gap gpt-3.5-turbo . Our community still needs much effort to produce
stronger OSS LLMs.

4.3 ANALYSIS

In the evaluation, we analyze some important factors that impact an LLM agent's performance
on AGENTBENCH, including outcome portion analysis, code training, and the difference between
APIl-based commercial LLMs and OSS LLM competitors. More insights and case studies into the
ability of planning, self-correction, and tool use are provided in Appendix J.2.

Portion of Different Types of Execution Outcomes.

Table 4 reports the ratios of execution outcomes (Cf. Section 2). The predominant failure cause in
AGENTBENCH tasks isTask Limit Exceededevealing weak reasoning and decision-making abilities

in LLMs. This data underpins the existing LLM weaknesses, potentially guiding future development
(please refer to our framework).

In Database and Digital Card Game tadksalid Formaterrors frequently occur due to stringent
formatting requirements (Cf. Appendix J.2.1). Conversely, House Holding and Web Browsing tasks
often facelnvalid Actionerrors due to LLMs generating actions beyond the prede ned action spaces.
Please refer to Appendix J.1 for more detailed ratios.

Ambivalent Impact of Code Training. We nd that code tuning might deeply in uence a model's

way of inferential generation and thinking, even beyond topics just about coding. From the comparison
of codellama andllama-2 series, tuning with code seems to give models an edge in tasks that
follow a relatively static procedure (e.g., Web Shopping). But, this kind of tuning might also affect
the model's general thinking ability, @@dellama series does not perform as well in the Digital

Card Game alama-2 series, as well as in Operating System where interacting with the Linux
system is more important than writing bash codes. This points to a balance between being good at
following procedures and being good at general thinking when tuning LLMs.

Impact of High-Quality Alignment Data Training. Another helpful comparison would be between
vicuna-13b andllama-2-13b . While they share the same base LLWLuna-13b is aligned
by training on ShareGPT's data (generatecgpy-4 andgpt-3.5-turbo , shared by users) and
llama-2-13b  is aligned from scratch. As aresulicuna-13b  outperformdlama-2-13b  on
AGENTBENCH, and even performs comparably to 3 times laigmaellama-34b . This indicates
that high-quality alignment is still a key to develop better LLM agents.

Unexpected Similar Performance oflama-2-13b  and llama-2-70b . During our experi-
ments, we were surprised to nd thiéama-2-13b  andllama-2-70b  perform similarly despite

the signi cant gap between their sizes. After carefully checking and re-running experiments, the
results are unchanged. We think that it indicdl@sa-2-70b s insuf cient pre-training. While
bothllama-2-13b  andllama-2-70b  are pre-trained with 2T tokens, a larger LLM should be
trained with more tokens according to the scaling law (Hoffmann et al., 2022).
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Another potential reason could be thiama-2-70b  is not adequately aligned on instruction
following, resulting in its comparatively lagging ability to follow instructions (Cf. Appendix J.2.5).

5 RELATED WORK

Evaluation of LLMs. The general capabilities of self-supervised (Liu et al., 2021) LLMs (Brown

et al., 2020; Chowdhery et al., 2022; Zhang et al., 2022; Scao et al., 2022; Zeng et al., 2022; Touvron
et al., 2023), especially those chat-aligned ones (Ouyang et al., 2022; Anthropic, 2023a; OpenAl,
2023), have refreshed people's impression on deep learning systems and signi cantly transcended
the conventional scope of NLP evaluation. It thus makes the evaluation of LLMs an urgent and
challenging problem. Compared to previous efforts focusing on a subset of speci ed tasks (Wang
etal., 2019; Wang et al.; Gehrmann et al., 2021), an increasing number of benchmarks are including
broader spectra of tasks and datasets (Hendrycks et al., 2021b; Liang et al., 2022; Srivastava et al.,
2023) in the evaluation. However, most of them are still limited to traditional tasks and thus fail to
evaluate LLMs' open-ended generation, multi-round interaction, and ability to act as agents.

LLM-as-Agent. In pre-LLM era, text game environments such as TextWorld (Coté et al., 2019),
Jericho (Hausknecht et al., 2020), and LIGHT (Urbanek et al., 2019) are dominant in language
agent study which bases on BERT (Devlin et al., 2019) and reinforcement learning. With the
advent of LLMs, the study of LLM agents begins to thrive (Huang et al., 2022), especially after
Chain-of-Thought (Wei et al., 2022b) came out. ReAct (Yao et al., 2023b) is a pioneer work
to combine CoT reasoning and actions in agent tasks. Later, a multitude of advanced reasoning
strategies (Kim et al., 2023; Shinn et al., 2023; Wang et al., 2023d; Liu et al., 2023; Yao et al., 2023a;
Gu et al., 2023) and applications including frameworks (Richards, 2023; Nakajima, 2023; age, 2023)
and multi-agents (Park et al., 2023; Hong et al., 2023; Wu et al., 2023) for LLM-as-Agent have
emerged and arouse much public interest. Nevertheless, limited datasets and models and available
on the topic, without a standard and comprehensive benchrAskNTBENCH presents the rst
systematic benchmark for evaluating LLM-as-Agent with a broad coverage of tasks and available
LLMs. Additionally, it also initiates the idea of adopting agent tasks to measure LLM performance.

Evaluating LLMs in Executive Environments. As LLMs become increasingly capable of real-
world challenges, there is also a trend to evaluate them in executive environments rather than static
datasets. Besides text games (e.g., ALFWorld (Shridhar et al., 2020b)), another main stream of
works lies in code execution. APPS (Hendrycks et al., 2021a), HumanEval (Chen et al., 2021) and
MBPP (Austin et al., 2021) pioneer the effort to evaluate code LLMs for functional correctness
instead of text similarity. The paradigm has been later widely recognized and adopted in following
works (Li et al., 2022b; Zheng et al., 2023; Nijkamp et al., 2023). However, few previous code
evaluation frameworks consider multi-round interactions. A concurrent work InterCode (Yang et al.,
2023) releases a framework that allows evaluation of interaction between models and Bash and SQL
environments, which are similar to OS and DB tasks ®EATBENCH.

6 CONCLUSION

We presenAGENTBENCH, a systematically designed multi-dimensional evolving benchmark for
evaluating LLMs as agents, covering as many as 29 LLMs in the rst time, establishing a uni ed
testing framework and toolkit for agile evaluation. Based on the evaluation, we present a wide array of
insights into agent tasks, LLM behaviors, and potential methods to improve LLMss@NTBENCH.

We anticipate that AENTBENCH will serve as a cornerstone for subsequent LLM agent research.
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