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Abstract

Recent advances in large language models
(LLMs) have enabled web agents to perform
interactive tasks on real-world websites. How-
ever, existing agents still suffer from limited
robustness, efficiency, and task success, largely
due to their lack of structural understanding
of websites and the absence of browsing pri-
ors in pre-trained models. To address these
challenges, this paper proposes the Web Agent
Sitemap Protocol (WASP), an agent-oriented
sitemap that integrate structured website knowl-
edge into web agents. WASP adopts a dual-
granularity design, providing global site-level
structure and local page-level semantic and in-
teraction guidance. We also introduce a frame-
work LightASM for constructing such sitemaps
by identifying core pages and generating con-
cise semantic summaries and block-level de-
scriptions. Experiments on real-world brows-
ing benchmarks demonstrate that WASP substan-
tially improves the robustness, efficiency, and
effectiveness of LLM-based web agents with-
out extra training.

1 Introduction

A significant part of our learning, work, daily life,
and entertainment activities occur online. How-
ever, many routine web interactions, such as click-
ing, typing, scrolling and filling forms, still remain
repetitive, time-consuming, and cognitively taxing.
As these digital worlds’ tasks continue to grow in
complexity and scale, addressing these challenges
through effective web automation has become in-
creasingly crucial to enhancing productivity and
improving user experience.

Previous automation methods relying on hand-
crafted scripts and heuristic rules, such as DOM
parsing and selector-based interactions (Kushmer-
ick, 2000; Arasu and Garcia-Molina, 2003), face
significant limitations: they lack robustness against
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minor webpage changes, exhibit poor generaliza-
tion to new tasks or sites, and lack the intelligence
to handle complex, personalized user needs. Thus,
developing more flexible and intelligent automa-
tion techniques is essential for achieving efficient
and reliable web automation.

Recent advances in large language models
(LLMs) have demonstrated remarkable potential to
overcome these limitations. LLMs have achieved
strong performance across a wide variety of do-
mains and tasks (Zhao et al., 2025), fueling the
vision of intelligent agents that can perceive en-
vironments, understand user intent, and carry out
complex reasoning and planning. Despite these
advances, however, recent studies show that LLM-
driven agent still face significant challenges in
autonomous web browsing tasks—even those re-
quiring limited reasoning—highlighting a critical
gap in current capabilities (Deng et al., 2023; Koh
et al., 2024; Xue et al., 2025a).

Real-world websites pose significant challenges
for web agents. First, LLM-based web agents do
not fully understand website structure. These
websites often span numerous pages with deep and
complex navigation hierarchies, which are diffi-
cult to infer from isolated page-level observations.
Second, observation modalities fail to provide
fine-grained semantic understanding of web in-
terfaces. HTML-based inputs are token-intensive
and lack spatial layout information (?), while vi-
sual snapshots cannot expose dynamic or hidden
interface components (e.g., folded navigation bars)
to interaction. As autonomous browsing tasks typi-
cally require multi-page traversal and intent-aware
interface interpretation, these limitations severely
constrain current web agents’ ability to operate ro-
bustly on real-world websites.

Existing research focuses on designing effec-
tive workflows (Sodhi et al., 2023; Zheng et al.,
2024; Wang et al., 2025), developing multi-agents
framework, or enhancing the reasoning ability of
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Figure 1: The overview of Web Agent Sitemap. For each website, it stores the navigation relationships in tree-
structure and provides augmented observation of core pages for web agents.

backbone LLMs (Sodhi et al., 2023; Zheng et al.,
2024; Wang et al., 2025; Lai et al., 2024; Qi et al.,
2024; OpenAl, 2024b), emphasizing the internal
ability of web agents while neglecting the external
prior knowledge about the website environment.

Although some methods attempt to improve envi-
ronmental perception through “world models” (Gu
et al., 2025; Chae et al., 2024), they typically rely
on modeling local environmental state transition
rather than capturing the inherent structure and
content of real websites, which also incurs infer-
ence overhead. As a result, current web agents
still lack a comprehensive understanding of the
website they interact with. This raises a natu-
ral yet important question: How can we enable
language-driven web agents to become familiar
with real-world websites and effectively understand
the elements and content of web pages?

Many web service providers offer public XML
sitemaps that present a navigable overview of web-
site structure to human users . ' These sitemaps
enumerate a large set of URLs and serve as high-
level site documentation. However, they remain
limited for web agents. First, human-oriented
sitemaps include many irrelevant or auxiliary pages,
making them difficult for agents to utilize. Second,
during page-level interactions, sitemaps provide no
additional guidance, forcing agents to rely solely
on HTML text or visual snapshots without action-
able structural priors. An effective sitemap for
web agents should instead offer actionable guid-
ance throughout interactions, functioning as a true
“map” that directs the agent toward its goals.

Based on these observations, we propose to ex-
tract structured knowledge from websites to im-
prove autonomous browsing. Specifically, we in-
troduce the Web Agent Sitemap Protocol (WASP),

"https://en.wikipedia.org/wiki/Site_map

a sitemap service that defines a standardized inter-
face between agents and websites. WASP represents
a website as a tree-structured abstraction of multi-
level knowledge, including page-level summaries
and block-level descriptions for core pages, pro-
viding agents with explicit semantic and naviga-
tional guidance. Through this protocol, agents can
query pre-defined sitemaps at each step to reason
about global website structure, reducing trial-and-
error exploration, while also accessing augmented
page-level observations and actionable interaction
guidance during browsing.

To efficiently construct such sitemaps, we further
propose LightASM, a lightweight sitemap construc-
tion framework. LightASM first adopts a function-
based crawling strategy to identify core pages, sub-
stantially reducing storage and construction over-
head. It then leverages website structural priors and
browsing expertise to generate multi-level abstrac-
tions with fine-grained interaction guidance (Fig-
ure 1). During inference, agents can look up the pre-
built sitemap at each step to access website knowl-
edge. Experiments on two available real-world au-
tonomous browsing benchmarks, WebWalker (Wu
et al., 2025) and WebVoyager (He et al., 2024),
show that WASP significantly improves task success
rates, generalization, and interaction efficiency.

Our contributions are as follows:

(1) We propose WASP, a protocol designed for
web agents, which establishes a paradigm for effi-
cient interaction between agents and websites.

(2) We propose a LightASM, a lightweight
sitemap construction framework that extracts web
knowledge across global and local levels.

(3) We design WASP as an extensible service that
can be queried by LLM agent and can be deployed
as web service to support robust web automation.
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2 Related Work

2.1 Autonomous Browsing Benchmarks

Early autonomous browsing benchmarks such as
MiniWoB++ (Shi et al., 2017) focus on basic inter-
actions on synthetic websites. Mind2Web (Deng
et al., 2023) provides an offline setting of cached
real-world websites for evaluation, but this environ-
ment are not dynamic and can not provide feedback
for agents. To address the limitations of static en-
vironments, WebLINX (?), WebShop (Yao et al.,
2022) introduce a sand-boxed dynamic web sim-
ulation, enabling multi-turn interaction and explo-
ration of web agents. WebArena (Zhou et al., 2024)
extends this by providing fully functional container-
ized website replicas using Docker, enabling more
realistic and reproducible evaluations. Recent work
such as WebVoyager (He et al., 2024), Online-
Mind2Web (Xue et al., 2025b), WebWalker (Wu
et al., 2025) and BrowserComp (OpenAl, 2024a)
requires agents to perform tasks on real-time web-
sites, highlighting challenges in dynamic content,
element loading, and interaction robustness.

2.2 Web Agents

Since web agents need to interact with websites
to complete tasks, work such as SteP (Sodhi
et al., 2023), Synapse (Zheng et al., 2024), and
AWM (Wang et al., 2025) has focused on designing
or extracting task-specific browsing workflows as
in-context examples to improve agent performance.
Other studies explore how to enhance browsing
capabilities directly by fine-tuning agents on tra-
jectory data or introducing reinforcement learn-
ing-based strategies (Lai et al., 2024; Qi et al.,
2024; OpenAl, 2024b). These approaches are lack
of incorporation of prior knowledge about the web-
site environment.

To address this, WebDreamer (Gu et al., 2025),
WMA (Chae et al., 2024), and WebEvolver (Fang
et al., 2025) introduce world models to predict
environmental transitions and guide action selec-
tion. More recent studies even explore leverag-
ing website APIs as an alternative means of execu-
tion (Song et al., 2025; Zheng et al., 2025). How-
ever, these forms of prior knowledge often empha-
size local state transitions, while largely overlook-
ing the global structure of websites. As a result,
web agents tend to lack a holistic understanding
of the environments they work in—a key bottle-
neck in achieving robust performance in complex
real-world web scenarios.

3 Preliminary

In this section, we give a definition of autonomous
browsing tasks and some insights about how to
build an intelligent web agent from this definition.

3.1 Problem Formulation

Web agents can interact with the web environment
by formatted action commands in natural language.
This process can be formulated as three parts:

Web Environment. The web environment £
can be denoted as:

&= <87A707T>7 (1)

with the state space of the website S, the action
space A (e.g., CLICK, TYPE, SCROLL, etc.), the
observation space O with observation function
f:S — 29 (e.g., a webpage can be observed
as HTML text, snapshot or accessible tree, etc.),
and the transition function 7 : S x A — S, which
is implemented by the website environment.

Autonomous Browsing Task. Given a task in-
struction I, the current observation o; € O and
the history h1.4—1 = {(ox, ax)},_", agent needs to
take an action a; € A. The action results in a new
state s;+1 € S and its observation 041 € O based
on the transition function 7 and the observation
function f. For each a; € A,

at ~ W@(a‘hl:t—lvotvz:)v (2)

where 7y is the parameterized policy model by a
designed web agent, and some common actions are
listed in Table 5.

Task Evaluation. Given an observation se-
quence {o;}1]' and the set of tasks-relevant ob-
servations Oy, the task is considered successful if
the final response is correct and there exists a sub-
set of key observations {oy,, 0k,, ..., Ok,, }, where
m < n + 1, such that:

Vi € {1, ...,m},oki € Oy. 3)

3.2 Insights from Formulation

From the problem formulation, we identify three
key challenges for autonomous web agents.

Strong policy models alone are insufficient.
While stronger reasoning models, improved train-
ing algorithms, or more sophisticated agent work-
flows can enhance action selection, they primarily
address the policy 7g and often require substantial
data or system complexity.
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Figure 2: Overview of WASP that contains a sitemap construction framework and autonomous browsing with sitemap.

Web state transitions are inefficient. Although
tasks typically involve only a small number of key
pages, reaching these pages often requires many in-
termediate navigation steps due to website-specific
transition dynamics 7, most of which are irrelevant
to the task.

State observations are incomplete. Effective
decision-making critically depends on high-quality
state observations. However, existing observation
functions f(-)—such as HTML text, window-sized
screenshots, or accessibility trees—provide only
partial views and lack the structural and semantic
priors necessary for efficient browsing.

4 Method: Web Agent Sitemap Protocol

In this section, we introduce the Web Agent
Sitemap Protocol (WASP), an agent-oriented ab-
straction of websites, together with LightASM,
a lightweight framework for constructing WASP-
compliant sitemaps.

4.1 Web Agent Sitemap Protocol

Modern websites expose rich structural and interac-
tion priors to human users, but such knowledge is
largely inaccessible to LLM-based web agents. To
bridge this gap, we design WASP as a standardized
protocol that enables websites to expose structured,
agent-consumable knowledge beyond raw HTML
or visual observations.

Table 1: Two-level design of the Web Agent Sitemap
Protocol.

Granularity Description Agent Use

Global Level Site  structure, core Navigation,
pages, link hierarchy planning

Local Level Per-page summary, se- Grounding,
mantic element blocks, interaction

workflows

Protocol Overview. WASP defines a JSON
schema that represents websites as structured, hi-
erarchical knowledge base for web agents. The
schema formalizes the organization of site-level
structure (e.g., page hierarchy and child links),
page-level semantics (e.g., functional summaries
and typical user workflows), and interaction guid-
ance (e.g., semantic content blocks with actionable
elements), enabling consistent and interoperable
integration across different websites and agent ar-
chitectures. The complete schema specification is
provided in Appendix B.

Dual-Granularity Design Principle. At the core
of WASP is a dual-granularity representation, which
decomposes website knowledge into a global level
and a local level (Table 1):

Global level captures the overall website struc-
ture, including core pages and their navigational re-
lationships, supporting long-horizon planning and
navigation.

Local level augments individual pages with se-
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mantic summaries, content block descriptions, and
common workflows, enabling fine-grained ground-
ing and interaction.

This separation allows agents to reason jointly
about global navigation and local interaction, while
avoiding the noise and inefficiency of modeling all
pages uniformly.

4.2 LightASM: Sitemap Construction

To efficiently construct web agent sitemaps at
low cost, we introduce LightASM, a Lightweight
framework for Agent-oriented SiteMap construc-
tion. LightASM decomposes sitemap construction
into three stages: (1) identifying core pages, (2)
capturing dynamically rendered content, and (3)
generating structured semantic annotations.

4.2.1

The Website Structure Analyzer is designed to ex-
plore, select core pages and filter pages thar are
noisy for web agents to execute tasks.

Website Structure Analyzer.

Core page selection. The analyzer traverses the
website starting from the homepage and identifies a
subset of core pages using a scoring-based filtering
strategy. For each candidate page p, we define a
page importance score:

s(p) = Score(p), 4)

where Score(-) is a configurable function that may
incorporate factors such as click depth, URL pat-
terns, structural redundancy or other heuristic pri-
ors. Pages with high scores are retained in the
sitemap, while low-scoring or redundant pages are
filtered out. This abstraction allows flexible imple-
mentations on different websites while enforcing a
compact and representative site structure.

Noise reduction. Domain-specific heuristics and
URL-pattern-based filters are further applied to
remove auxiliary pages such as archives or dupli-
cated templates (Appendix F). This hierarchical
exploration produces a compact yet representative
sitemap that preserves essential navigational struc-
ture with minimal crawling overhead.

4.2.2 Simulated User Explorer.

Many websites rely on dynamic rendering and
interaction-triggered content loading, making static
crawling insufficient to recover complete page in-
formation. To address this, we design the Simu-
lated User Explorer to actively interacts with web-
pages to expose hidden or delayed content.

Interaction-driven exploration. For each page
p, the explorer simulates a sequence of lightweight
user interactions, including clicking expandable el-
ements, scrolling through the page, and dismissing
obstructive pop-ups or dialogs. These actions are
designed to simulate common user behaviors and
to trigger content that is conditionally rendered or
initially hidden from view.

State collection. As interactions are executed,
the explorer records the changed states of the intial
page. Formally, for each page p, we collect a set of
observations:

S(p) = {(D, I)} @), )

where D, and I denote the DOM tree and the
corresponding screenshot at interaction step k. This
representation captures both structural and visual
changes induced by simulated user actions such as
close the pop-ups, scroll down to get full page and
other useful interactions.

By doing this, the explorer recovers a more com-
plete view of page content and layout than static
snapshots. This process improves robustness to dy-
namic loading mechanisms and interface variations,
providing reliable inputs for downstream semantic
annotation and sitemap construction.

4.2.3 Page Content Annotator.

After identifying core pages and obtaining their
fully rendered snapshots, the Page Content Anno-
tator will be given a browsing-prior-aware instruc-
tion Z, together with a multimodal representation
h of the page, generating structured semantic anno-
tations (S, W, D) to provide actionable browsing
priors for web agents.

Multimodal representation. For each core page,
we jointly leverage textual metadata and visual lay-
out information. Let 7" denote page-level texts (e.g.,
URL, title, and content), and let ] € RZ*xWxC
denote the full-page screenshot capturing the com-
plete layout. They are encoded by dedicated en-
coders and fused into a unified representation:

h = Fuse(Ency(T), Enc;(1)), (6)

where Encr and Ency denote text and image en-
coders, and this represention captures both seman-
tic intent and spatial structure of the webpage.

Structured annotation. Conditioned on the mul-
timodal representation h and instruction Z, the an-
notator produces three types of structured outputs
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critical for autonomous browsing:

(S, W, D) ~ Py(- | h,T), (7
where S is a page-level summary describing the
primary function of the page, W = {ay,...,an, }
denotes typical user workflows, and D =
{di,...,dpr} represents block-level descriptions
that semantically characterize distinct content
blocks identified via visual and structural cues.

These multi-level annotations populate the local-
level fields of the WASP json schema and serve as ex-
plicit semantic and interaction priors. By bridging
raw webpage content and structured understand-
ing, the Page Content Annotator enables more ac-
curate grounding, efficient navigation, and robust
task completion for web agents.

4.3 Integration

During inference, WASP serves as a queryable
knowledge interface that web agents can flexibly
access throughout task execution. Given the current
page URL u and optionally the task description g,
the agent retrieves structured website knowledge
from the sitemap S:

K(u,q) = Lookup(S,u, q), )

which augments standard observations with both
site-level structure and page-level semantic and
interaction priors.

Task-aware retrieval and refinement. Beyond
direct URL-based lookup, the agent can also is-
sue task-driven queries to retrieve a candidate set
of relevant pages C from the sitemap. Given
the agent’s internal state s, which encodes task
progress, browsing history, and intermediate find-
ings, the agent dynamically refines this candidate
set via a state-conditioned reranking function:

ﬁ = argmax frerank(p | S)~ )
peC

This enables adaptive prioritization of sitemap en-
tries as the task evolves, allowing the agent to
seamlessly alternate between exploration and fine-
grained interaction.

5 Experiments

In this section, we present the effectiveness of WASP
through a series of soundness experiments on real-
world scenarios.

5.1 Benchmarks

We evaluate the effectiveness of WASP in two real-
world scenario autonomous browsing benchmarks
as follows:

WebWalker (Wu et al., 2025). WebWalker is
a challenging benchmark designed to evaluate the
ability of LLM-based agents in web traversal. For
network access availability, we select two subsets
within the education and conference domains, com-
prising 136 and 139 tasks respectively.

WebVoyager (He et al., 2024). WebVoyager is
an autonomous browsing benchmark comprising
643 tasks from 15 popular websites. For network
access availability, we select a subset of 127 tasks
across three websites for our experiments.

5.2 Baselines

Due to real-world autonomous web browsing is
a challenging task for LLMs, We mainly select
two open-source models that have potential to
reasoning in long-horizon web browsing tasks,
Qwen-2.5-72B and Qwen-2.5-VL-72B as back-
bones for web agents. To valid the effectiveness
of sitemap, we implement two classic agent archi-
tectures as baselines. The first directly generates
actions based on the current state of website and
history, while the second employs the ReAct (Yao
et al., 2023) framework, performing iterative ob-
servation, reasoning and action output. WASP only
differs by integrating the knowledge of the sitemap
into agent context during browsing.

5.3 Evaluation

We follow the Online-Mind2Web (Xue et al.,
2025b) and WebVoyager (He et al., 2024), employ-
ing an automatic evaluation method via LL.M-as-
a-Judge to assess the success rate of autonomous
browsing tasks, which demonstrate over 80% con-
sistency with human evaluation. As discussed in
Section 3.1, screenshots of the entire trajectory and
the final response to the user are fed into a powerful
multimodal language model for evaluation.

5.4 Implementation

Web Agent Setup. We mainly implement web
agents using the open-source browser-use frame-
work (Miiller and Zunig&, 2024) and playwright 2,
building a simulated browser environment with a
structured action space (Table 5). During inference,
the agent generates one grounded action per step

Zhttps://playwright.dev/
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Table 2: Main results on WebWalker benchmark.

M Education Conference Total
ethods
Single source  Multi source  Average Single source  Multi source  Average  Average
Accessible tree prompt
Qwen2.5-72B 15.7 5.7 11.8 23.2 18.6 20.9 16.4
+ ReAct 16.9 3.8 11.8 21.7 18.6 20.1 16.0
+ WASP (ours) 25.3 5.7 17.6 30.4 24.3 27.3 22.5
Accessible tree prompt + Screenshot with Set of Marks
Qwen2.5-VL-72B 18.1 3.8 12.5 21.7 11.4 16.5 14.5
+ ReAct 20.5 7.5 15.4 23.2 18.6 20.9 18.2
+ WASP (ours) 28.9 7.5 20.6 33.3 28.6 30.9 25.8

Table 3: Main results on WebVoyager benchmark.

Methods WebVoyager Total
Apple ArXiv Github Avg.

Accessible tree prompt
Qwen2.5-72B 32.6 53.5 41.5 42.5
+ ReAct 39.5 51.2 41.5 44.1
+ WASP (ours) 53.5 60.5 43.9 52.8

Accessible tree prompt + Screenshot with Set of Marks

Qwen2.5-VL-72B 44.2 55.8 41.5 47.2
+ ReAct 44.2 60.5 41.5 45.7
+ WASP (ours) 65.1 58.1 51.2 58.3

with decoding temperature set to 0. Each task is
limited to a maximum of 20 interaction steps.

Sitemap construction and inference with
sitemap. We use LightASM to build sitemaps for
each website. The Page-level and block-level an-
notations are generated by GPT-40-mini. For each
task, the agent retrieves the top-20 relevant pages
from the sitemap to guide navigation and ground-
ing. For each step, sitemap provides block-level
descriptions of current located page (if exist).

5.5 Result

The main results of WASP are reported in Table 2
and 3. Across both challenging real-world bench-
marks, LLM-based web agents augmented with
sitemap knowledge achieve the best overall perfor-
mance. We highlight two key observations.

Sitemaps substantially improve task success.
Under both the Accessible Tree prompt setting
and the multimodal input combining screenshots
with sets of marks, sitemap-enhanced agents con-
sistently outperform their baselines. Compared to
ReAct, sitemap integration provides richer brows-
ing priors, leading to significantly improved nav-
igation and page-level interaction, and ultimately
higher task success rates.

External knowledge is more effective than

Table 4: Ablation studies on Qwen2.5-VL-72B.

Methods Edu. Conf. WebV. Avg.
WASP 206 309 58.3 36.1
w/o Global  13.2 15.1 55.1 27.1
w/o Local 17.8 26.6 46.5 29.9

inference-time optimization. While inference-
time strategies such as ReAct improve performance
by refining the internal policy through iterative rea-
soning, their gains remain limited. In contrast, in-
tegrating external sitemap knowledge yields sub-
stantially larger improvements, highlighting the
importance of structured website priors.

Overall, these results strongly support our cen-
tral hypothesis: current web agents lack suffi-
cient familiarity with real-world websites, and in-
corporating explicit structural and semantic knowl-
edge is crucial for robust autonomous web brows-
ing.

6 Analysis

In this section, we further analyze the effectiveness
of web agent sitemap through a series of soundness
analysis experiments.

6.1 Ablation Study

We conduct our WASP ablation studies with
Qwen-2.5-VL-72B as backbone, with results sum-
marized in the Table 4. Several key insights from
the ablation study are:

(1) Global knowledge enhances navigation ca-
pabilities. For the tasks of WebWalker, the absence
of global knowledge leads to a more pronounced
performance decline. This is because tasks in these
datasets primarily involve collecting and integrat-
ing information from specific sub-sections of web-
sites, which typically require agents to possess a
deep understanding of the site’s overall structure
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Figure 3: Overview of WASP that contains a sitemap construction framework and autonomous browsing with sitemap.

and functionality of each sub-section.

(2) Local knowledge improves fine-grained in-
teractions. For the WebVoyager benchmark, tasks
require executing a series of interactions on one
page. For example, task “Compare the prices and
chips for the iPhone 14 Pro and iPhone 15 Pro mod-
els”, involving clicks, selections, and scrolling on
the comparison page. Such tasks demand agents to
have detailed interaction experience, which is often
lacking in general (vision) language models.

6.2 Efficiency Analysis

When tasks involve multiple consecutive naviga-
tion steps, sitemap guidance can significantly en-
hance the agent’s ability to efficiently locate tar-
get pages, minimizing trial-and-error interactions
and allowing it to focus on critical task actions.
As demonstrated in Figure 4, this effect is par-
ticularly evident in the WebVoyager benchmark,
where agents augmented with sitemap knowledge
achieve higher success rates (52.8 vs. 44.1 and
58.3 vs. 47.2) while completing tasks with con-
siderably fewer steps (5.26 vs 6.18) compared to
baseline methods. This improvement in interaction
efficiency is crucial for building robust and scalable
autonomous web automation systems.

Qwen2.5-72B Qwen2.5-72B-VL

52.8% - 58.3%

45.7%:6.18

Success Rate

" Direct +ReAct +WASP Direct +ReAct +WASP

Figure 4: The average number of steps and successful
rate across different methods.

6.3 Updates of Sitemap

Figure 3 demonstrates how updating the sitemap
with page content annotator improves performance.
Initially, the agent failed to locate relevant data
by simply navigating to the “Compare”’section and
scrolling down. This failure was due to the agent’s
inability to identify the selection drop-down menus
from the accessible trees and its reliance on limited
visual information from the screenshot. After re-
vising the sitemap block iPhone Comparison Table
to include explicit interaction guidance of ‘selec-
tion’, the agent does not scroll down initially. This
highlights the extensibility of the sitemap, demon-
strating the critical role of precise and actionable
sitemap updates in enhancing the robustness and
performance of web agents during task execution.

7 Conclusion

In this paper, we analyze the poor performance
of LLM-driven web agents in automation tasks
from two key perspectives: (1) insufficient under-
standing of website structures and content, and (2)
the lack of prior web browsing knowledge. To
address these challenges and enable robust, in-
telligent web automation, we propose the Web
Agent Sitemap Protocol (WASP), designed to en-
hance agent-website interactions by incorporating
web browsing prior knowledge through a dual-
granularity design principle. Additionally, we in-
troduce LightASM, a lightweight framework for ef-
ficiently constructing these agent-oriented sitemaps
at low cost. This method requires no extra training
for specific scenarios, and the update and mainte-
nance of the sitemap are easy to carry out. Exten-
sive empirical evaluations demonstrate the effec-
tiveness of this sitemap service in building robust
and deployable autonomous web browsing agents
for real-world applications.
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8 Limitation

In this work, we primarily discuss how external
website structural and interaction knowledge can
enhance the performance of Web Agents. How-
ever, there is limited discussion on aspects such as
workflow priors and advanced browsing techniques,
which suggests directions for future improvements.
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Appendix
A Use of AI Assistants

In this paper, we use ChatGPT to improve the pre-
sentations of this paper.’

B JSON-Schema of Web Agent Sitemap
Protocol

We provide the complete JSON schema specifica-
tion of the Web Agent Sitemap Protocol (WASP),
which formally defines the structure, fields, and
constraints of agent-oriented sitemaps.

Listing 1: Complete JSON Schema of WASP.

"$schema”: "https://json-schema.org/draft
/2020-12/schema”,
"$id": "https://example.org/wasp.schema. json",
"title": "Web Agent Sitemap Protocol (WASP)",
"type": "object"”,
"required”: ["url”, "title", "depth”, "
children”, "content"],
"properties”: {
"url”: {
"type": "string”,
"description”: "Canonical URL of the web
page."
}Y
"title": {
"type": "string",
"description”: "Agent-readable title of the
page."
Bo
"depth"”: {
"type": "integer"”,
"minimum”: 0,
"description”: "Click depth from the
website homepage."”

}?
"children": {
"type": "array”,
"description”: "Child pages in the site
hierarchy."”,
"items": {
"type": "string”
3
}?

"content”: {

"type": "object”,

"required”: ["page_summary”,
key_user_flows"”, "blocks"],

"properties”: {

"page_summary”: {
"type": "string",
"description”: "Functional summary
describing the purpose of the page

”

}’
"key_user_flows": {
thpeH: ”array”,

"description”: "Typical user workflows
associated with the page.",
"items": {

3https://chatgpt.com/

"type”: "string”

3
}7
"blocks": {
"type": "array”,
"description”: "Semantic content blocks
within the page.”,
"items": {
"type": "object”,
"required”: [
"name",
"vertical_position”,
"content”,
"interaction_guidance”
]!
"properties”: {
"name": {
"type": "string”,
"description”: "Name or functional
role of the content block (e.
g., header, sidebar).”
}!
"vertical_position": {

"type": "string”,

"enum”: ["top"”, "middle", "bottom
"

"description”: "Approximate
vertical position of the
block in the page layout.”

}!
"content": {

"type": "string",

"description”: "Semantic
description of the block
content.”

}!
"interaction_guidance"”: {

"type": "string",

"description”: "Actionable
guidance for interacting with

this block."
3
}
}
3
}
}
}

C The System Prompt of Web Agent

The system prompt of our implemented web agents
is as follows:

SYSTEM PROMPT

You are a precise browser automation agent that inter-
acts with websites through structured commands. Your
role is:

1. Analyze the provided webpage elements and structure
2. Use the given information to accomplish the ultimate
task

3. Respond with valid JSON containing your next action

sequence and state assessment

G J
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D The Action Space of Web Agent

We details the action space available to our imple-
mented web agent during autonomous browsing
tasks in Table 5. The agent interacts with web
pages through a set of discrete actions, including
element manipulation (clicking, selecting, typing),
page navigation (scrolling, URL navigation, tab
management), content extraction, and task comple-
tion signaling.

Table 5: Action space of a web agent.

Action Description

click(id) Click a DOM element by its id.
select(id, Select an option from a dropdown.
option)

type(id, text) Input text into a text field.
scroll(pixel) Scroll the page vertically by pix-

els.

go_to_url(url)
open_new_tab()
switch_tab(id)

Navigate the browser to a URL.
Open a new browser tab.
Switch focus to a different tab.

extract_content()
done(response)

Extract content from page.
Submit the final answer or re-
sponse.

During inference, these actions are formatted
and fed into the LLM’s context as structured com-
mands. For each action, we provide an example
output with a description. The format is as follows:

ACTION SPACE PROMPT

Complete task with response to user:
{done: {‘text’: {‘type’: ‘string’}}}
Navigate to URL in the current tab:
string’ } } }

5, ¢

{go_to_url: {‘url’: {‘type’:
Click element:

{click_element: {‘index’: {‘type’: ‘integer’}, ‘xpath’:
{‘anyOf’: [{‘type’: ‘string’}, {‘type’: ‘null’}], ‘default’:
None}}}

... (other actions)

This structured prompting enables the LLM to
produce valid and contextually appropriate action
commands, facilitating precise grounding and exe-
cution in the web environment.

E The Observation of Web Agent

In this section, we describe how we build observa-
tion prompt for our implemented Web Agent.

Global browsing context. To construct the ob-
servation prompt, we first extract global contex-
tual information from the fully rendered webpage,

including the current URL and the list of open
browser tabs.

Interactive element identification. We traverse
the DOM tree to identify interactive elements that
expose actionable affordances, such as buttons, in-
put fields, links, and selectable components. Each
interactive element is assigned a unique numeric
index, which serves as a stable reference for precise
action grounding across interaction steps.

Actionable element normalization. For each in-
teractive element, we extract its HTML tag type
and visible text, or generate a concise description
when textual content is unavailable. These ele-
ments are serialized into a unified textual format.
Interactive elements will be assigned with a nu-
meric index while non-interactive elements are re-
tained without numeric indices to preserve seman-
tic context, explicitly preventing the agent from
attempting invalid interactions. The overall prompt
is presented as follows:

OBSERVATION PROMPT

1. Current URL: The webpage you’re currently on

2. Available Tabs: List of open browser tabs

3. Interactive Elements: List in the format:
index[:]<element_type>element_text</element_type>

- index: Numeric identifier for interaction

- element_type: HTML element type (button, input, etc.)

- element_text: Visible text or element description
Example:

[33]<button>Submit Form</button>

[1 Non-interactive text

Notes:

- Only elements with numeric indexes inside [] are interac-
tive

- [] elements provide context but cannot be interacted with

G J

F The Filtering Rules of Crawler

The filering rules we use for Crawler is listed in Ta-
ble 6. These heuristics include restricting crawling
to specific URL path prefixes to focus on relevant
content sections, enforcing domain restrictions to
avoid external or advertisement links, and detect-
ing pagination patterns to efficiently traverse multi-
page listings.

G Benchmark Statistics

We provides an overview of the key statistics and
characteristics of the benchmarks we used in exper-
iments to evaluate our web agents.
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Table 6: Filtering rules and URL patterns for tree-
structured crawler.

Table 8: Statistics for the WebVoyager subset (accessi-
ble websites only).

Rule Category Description Statistic Value
Ad URLs External URLs irrelevant to main Total Tasks 123
content Unique Websites 3
Login URLs URLs related to user login/logout Top Websites apple.com,
flows arxiv.org,
Session/Tracking ~ URLs differing only by query param- github.com
Parameters eters like session IDs or UTM tags Tasks per Top Website Each with 41-43 tasks
Resource URLSs Links to images, CSS, JS files, Average Tasks per Website ~ Approx. 41.0
videos, and other non-HTML re-
sources
Fragments URLs with anchors (e.g., #section)

pointing to page subsections

Crawl limited to specific directo-
ries or path prefixes (e.g., /news/,
/products/)

Domain heuristics

G.1 WebWalker Subset

Table 7: Statistics for the WebWalker subset (accessible
websites only).

Statistic Value

Total Tasks 222

Unique Websites 27

Task Type Distribution 55.3% single_source,

44.7% multi_source
50.5% conference,
49.5% education

Domain Distribution

Top Website (by task count) cs.swust.edu.cn (23
tasks)
Average Tasks per Website ~ Approx. 8.2

Table 7 summarizes the statistical characteris-
tics of the WebWalker subset. The selected tasks
are primarily drawn from university and academic
conference websites, which are typically structured
and information-dense.

G.2 WebVoyager Subset

Table 8 presents the statistical characteristics of the
WebVoyager subset, which includes only websites
that remained accessible and stable throughout our
experimental period.

G.3 Representative Tasks

To illustrate the diversity and complexity of the
tasks in our benchmark, we present some examples
from both WebWalker (covering education and con-
ference domains) and WebVoyager subsets. Each
task involves multi-step reasoning and interaction
with real-world websites.

WebWalker — Education Domain

» Task: Which leaders attended the postgradu-

ate entrance examination mobilization meet-
ing for the 2025 graduates at the School of
Computer Science and Technology, South-
west University of Science and Technology,
and who chaired the meeting?
Answer: The meeting was attended by Party
Secretary Chen Yufang, Dean Zhang Hui,
Vice Deans Jia Xiaolin and Huang Xiaofang,
and Executive Deputy Director of the Elderly
Workers Committee Lei Quanshui. It was
hosted by Party Committee Deputy Secretary
Xie Changyong.

» Task: Which professor gave a lecture at

the 832nd session of the *Xuecui Forum’ at
Harbin Engineering University on August 15,
2018, and what innovative solution did they
propose?
Answer: Dr. Xiaojiang (James) Du; e-SAFE
(Secure, Efficient and Forensics-Enabled Ac-
cess to Wireless Implantable Medical De-
vices)

Task: What was the theme of Professor Du Xi-
aojiang’s academic report held at Harbin En-
gineering University on December 19, 2016?
Answer: Analysis of Clickjacking Attacks
and An Effective Defense Scheme for Android
Devices

WebWalker — Conference Domain

* Task: In which city and venue did the Joint
Navigation Conference take place in 2025,
and what were the dismantling hours for ION
GNSS+ 2024 exhibitors?

Answer: Greater Cincinnati Area at Northern
Kentucky Convention Center; Thursday, 4:00
p-m. —10:00 p.m.

* Task: Which scholars did Dr. Mathieu Jo-
erger collaborate with when he received the
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2014 and 2022 ION awards?
Answer: 2014: No collaborators; 2022: Elisa
Gallon and Dr. Boris Pervan

» Task: What is the date when Dr. John Raquet
received the Johannes Kepler Award at the
ION GNSS+ 2024 conference?

Answer: September 20, 2024

WebVoyager

* Task: Compare the prices of the latest models
of MacBook Air available on Apple’s website.

» Task: Search for the latest preprints about
“quantum computing” on arXiv.

» Task: Search for an open-source project re-
lated to “climate change data visualization”
on GitHub and report the one with the most
stars.

The detailed statistics of these datasets provide
essential context for conducting our soundness ex-
periments.

H Case Studies

To provide a concrete illustration of how WASP ad-
dresses the core challenges of existing web agents,
we present two representative task execution trajec-
tories, highlighting how sitemap-based prior knowl-
edge enables agents to overcome:

¢ Limited understanding of website structure
and content;

* Lack of prior browsing knowledge within
pre-trained language models.

H.1 Case 1: WebVoyager arXiv Submission
Guidelines Task

Task: Look up the submission guidelines on arXiv
for submitting a paper and tell me the formats for
figures.

* Challenge: The agent must locate deeply
nested information on the arXiv website,
which is not visible upon initial load and re-
quires scrolling and multi-step navigation.

* Naive Approach: Without structural guid-
ance, agents often rely on keyword searching
and fall into a vicious circle.

* WASP-Enhanced Strategy: Leveraging
sitemap-provided block-level context (e.g.,
"About arXiv" is at the bottom and contains
links to submission guides), the agent effi-
ciently scrolls, locates the correct link, navi-
gates through a multi-level structure, and pin-
points the required information.

Figure 5 illustrates the enhanced reasoning trace
and aligned actions empowered by WASP context.

H.2 Case 2: WebVoyage GitHub JavaScript
Repository Retrieval Task

Task: Find a popular JavaScript repository created
in the last 30 days on GitHub with a README file.

* Challenge: The agent must navigate to the
trending page and interpret multiple drop-
down filters and dynamic content rendering to
query the correct list of repositories.

Naive Approach: Pretrained agents often fail
to recognize that the most recent repositories
are listed on the Trending page, and struggle
to identify and correctly interact with the rel-
evant combinations of dropdown filters, such
as language and date range.

WASP-Enhanced Strategy: Sitemap pro-
vides descriptions of filter blocks, their de-
fault visibility, and expected behaviors (e.g.,
“updates results dynamically”), allowing the
agent to plan a multi-step filter application
and repository selection procedure.

Figure 6 demonstrates the structured plan and
interaction sequence that resulted in a successful
completion.

These two case studies show that WASP not only
improves task completion success by grounding
agent decisions in structured layout knowledge, but
also bridges the gap between LLM priors and real-
world web usage, resulting in significantly more
robust and semantically informed interaction plans.
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Look up the submission guidelines on ArXiv for submitting a paper and tell me the formats for
figures.

D
4
(%

[arin —

Thought: | need to scroll down to find the ‘About arXiv'

Thought: | need to click on the "How to Submit to arXiv' link
to access the submission guidelines page. This will allow me to

section which may contain the link to

Action: "scroll_down” {}

find the igures that are required for submittinga
paper.

Action: <a href= "https?/info.anxiv.org/help
submit/index.html"> -> CLICK

Thought:  need to click on the ‘Formats for figures'link in the
table of contents to find the required information.

Action: <a href= " https:/info.arxiv.org/help/s
-ubmit/index htmlfigures "> -> CLICK

Thought: | have found the required information about the
accepted figure formats for submissions to arXiv. | can now
complete the task by providing this information to the ser.

Action: “Done™.. (info)}

L

Core info provided by Web Agent Sitemap:

## Current Page Block-Level Content

### About arXiv

Content: This section provides links to information about arXiv, including how to submit articles, policies, and the
useful for new users or contributors.

Position: Towards the bottom, requires scrolling

Interaction Guide: You can 'Click on any link (e.g., "How to submit to arXiv') to learn more about the platform or submission process.’ Expected: Navigates

platform’s mission. It is

to informational pages about arXiv.

Figure 5: An example shows that web agent sitemap can enable structured navigation by providing location and
interaction guidance, allowing the web agent to reason semantically over arXiv page’s layout.

Find a popular JavaScript repository created in the last 30 days on GitHub

with a Readme file.

{ Core info provided by Web Agent
Sitemap:
## Pages that may be related to the task
### Page: https://github.com/trending
Title: Trending
Summary: This webpage displays the
trending repositories on GitHub,
showcasing projects that are currently
popular within the GitHub community
Users can explore repositories based on
programming languages, spoken languages,
and date ranges. The page provides a list of
repositories with details such as description,
programming language, star count, and
contributors. Additional content may be
available by scrolling.

Thought: The task is to find a popular JavaScript
repository created in the last 30 days with a
README file. This repository matches the criteria
as it is a JavaScript project, has a README file,
and was last updated within the last 30 days.

Oht
&

Build and ship software ona
single, collaborative platform

{Thought: To find a popular JavaScript repository
reated in the last 30 days with a Readme file, |
hould navigate to a section where trending or
ew repositories are listed. The Trending’ page

i seems like the most relevant place to start this

 search.

Action: "go_to_url": { “url":
htps:/github.com/trending’}

Thought: To find a popular JavaScript repository
with a Readme file, I need to check the details of

cach repository. | will start by clicking on the first

repository in the list.

eeos —~

&)

Thought: To find a popular JavaScript repository
created in the last 30 days with a Readme file, |
should first apply the JavaScript language filter
and then check the date range filter to ensure it
includes repositories from the last 30 days.

Action: <summary role="button">Language:
Any</summary>- CLICK

Core info provided by Web Agent
Sitemap:

## Current Page Block-Level Content

### Filter Options

Content: This block contains dropdown
filters for 'Spoken Language,' 'Language.
and 'Date range.' These filters allow users
to customize the list of trending
repositories based on their preferences.
Position: Below the title and description,
visible in the initial view.

Interaction Guide: Click on any dropdown
menu to select a filter option. The page will

update to display repositories matching the

i selected criteria

Thought: I need to select JavaScript from the

: 3
Thought: The dropdown men for selecting a
language is open, showing various language
option:

dropdown to find trending JavaScript

Action: *Done"...(info)}

Action: <a href="/SillyTavern/SillyTavern data-
view-component="true" class="Link"> -> CLICK

Action: <a role="menuitemradio™>JavaScript</a>
- CLICK

Action: <input type="text" placeholder="Filter
languages” aria-label="Type or choose a
language"></input> -> TYPE “JavaSciprt”

Figure 6: An example shows that web agent sitemap can help web agent to reason about drop-down usage and
repository filtering by offering explicit knowledge of layout and expected interactivity.
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