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3 RMIT-ADMS 1.199 0.477
4 RAGtifier 1.134 0.552
5 HLTCOE 1.070 0.340
6 Ragmatazz 1.011 0.519
7 mRAG 0.996 0.418
8 RUC_DeepSearch 0.969 0.387
9 Ped100X 0.928 0.043
10 PRMAS-DRCA 0.922 0.410
11 Emorag 0.890 0.556
12 Graph-Enhanced RAG 0.875 0.529
13 Hybrid Search with Graph 0.875 0.315
14 Multi-Agent Adaptive RAG 0.836 0.200
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user_expertise = { question_phrasing_categorization = {
"categorization_name": “user-expertise”, "categorization_name": "question-phrasing-type",
"categories": [ :
{ "categories": [
"name": "expert", {
"description": "an expert on the subject discussed in the "name": "concise and natural",
documents, therefore he asks complex questions.”, "description”: "You should generate a concise, direct, and naturally
gRickabllityElL0 phrased question consisting of a few words.",
{' "probability": 0.35
"name": "novice", Iy
"description": "a person with very basic knowledge on the topic {
discussed in the topic. Therefore, he asks very simple questions.", "name": "verbose and natural”,

ez s U "description": "You should generate a relatively long question

1 consisting of more than 9 words, written in fluent, natural-sounding

} language.",
"probability": 0.35
. > » 5 h
Figure 3: J1 13285 28 05 KR4 . {

"name": "short search query",
"description": "You should generate a short query consists of less

o JTTHPRLEE - BT I E LA T DataMorgana /4 J3£L than 7 words phrased as a typed web query for search engines only
TEH@T%ﬁﬁHE] 8 Fﬁﬂﬁ\‘ ° keywords, without punctuation and without a natural-sounding structure.”,
o ZFHAT: AT E X I A F DataMorgana 2E 4% "probability": 0.1
PRI ANIA 9 FTR . b
o SCRPALRE: BT ARBIAYE LA ] DataMorgana AE i 4L {
]‘EH‘J%%!ID[E 11 Fﬁﬂ? . "name": "long search query", ;
"description": "You should generate a long query consists of more
ﬁﬂ?ﬁ]ﬁﬁj‘i ’ »%{F]XR?g%[J I7] ijﬁ@fﬁé‘%ﬁﬁ?%1¢ﬁ}$@ﬁ than 7 words Pﬁlrased as a typed wgeb query for sge:rch);ngines only
%@ﬁm@ﬁﬂkﬁ%—l:]}%é@%tﬂ ° ﬁTéﬁﬁgﬁ/l\[ﬁJ/%ﬁy ?jd[]& keywords, without punctuation and without a natural-sounding structure.",
T LA IR A A S AL G AREA T 3245 A i "probability": 0.1
(1) HPEK, MBRAL, B RHA, SCRRLEE, A2 H2RAY, Jy kL h
B, B L AR DL b e "eoncise and fanaye
(2) M, MRRAY, AR, SCRIRLEE, A2 HARAY, Jy kL name T COnCy ane Taney -

"description": "You should generate a short, well-structured question
expressed in a stylistically rich or sophisticated manner.",

J&E, ANHIPEAL

() MK, MBIRAL, B IR, SCRIRLEE, 32 HRAY, Jy kL "orobability": 0.05

B, A )
(4) PR, MRBRAL, B RAA, SCRIRLEE, A2 H2RAY, Jy kL {

FE, mide s, fih e A, "name": "verbose and fancy",
(5) ﬂg)ﬂg{{" [ﬁj%ﬁ;’@ﬁ& %%3@?&, jc;{:%i*jg’ iiﬁ?@iﬂ, ﬁﬁ*j "description": "You should generate a long and elaborate question

TE W?(DFHMT& fﬂﬁﬁ};’%@,/&?o phrased with refined, elevated, or formal language, often using complex

’ ’ sentence structures.",
o BT "probability": 0.05
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factuality_categorisation = {
"categorization_name": "factuality"”,
"categories": [
{
"name": "factoid",
"description": "A question seeking a specific, concise piece
of information or a short fact about a particular subject, such as a
name, date, or number.",
"probability": 0.50
h
{
"name": "open-ended",
"description": ("question inviting detailed or exploratory
responses, encouraging discussion or elaboration."
"e.g., 'what caused the French revolution?"),
"probability": 0.50

Figure 5: 2 28R 5 B I BAME# .

premise_categorization = {
"categorization_name": "premise-categorization",
"categories": [
{

"name": "without premise",

"description": "a question that does not contain any premise
or any information about the user.",

"probability": 0.70

h
{

"name": "with premise",

"description": "a question starting with a very short premise,
where the users reveal their needs or some information about
themselves.",

"probability": 0.30

}
]
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Alireza Salemi, Mukta Maddipatla, and Hamed Zamani

question_intent_categorization = {
"categorization_name": "question-intent-type",
"categories": [
{
"name": "clarification",
"description": "A question seeking further explanation or details about a
specific concept, term, or methodology",
"probability": 0.20,
h
{
"name": "opinion",
"description": "A gquestion asking for a subjective viewpoint.",
"probability": 0.20,
h
{
"name": "comparison",
"description": "A question that compares the information in the document
to other studies, perspectives, or contexts.",
"probability": 0.20,
U
{
"name": "yes_no_question",
"description": "A question expecting a yes or no answer",
"probability": 0.20,

"name":"hypothetical”,

"description": "A question imagining a what-if scenario, asking about
potential futures, counterfactual histories, or theoretical cases. Use this category
only when the document includes reflective or interpretive content such as
commentary on history, society, science, technology, philosophy, or human
behavior. Ex: What if climate data from the 1800s had been digitized?",

"probability":0.20,

}

Figure 7: [n] 38 23 Pl 53 3 05 SRR -

question_aspect_categorisation = {
"categorization_name": "aspect-type",
"categories": [
{

"name": "single-aspect",

"description": "A question focused on one specific aspect or dimension of
a concept or entity (e.g., What are the benefits of using Al in diagnostics?).",

"probability": 0.50

h
{

"name": "multi-aspect”,

"description": "A question about two different aspects of the same
entity/concept (e.g., What are the advantages of Al-powered diagnostics, and
what are the associated risks of bias in medical decision-making?).",

"probability": 0.50

}
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question_turn_categorisation = {
"categorization_name": "question-turn",
"categories": [
{

"name": "single-turn",

"description": "The initial question of a conversation, self-contained and
understandable without any prior context.",

"probability": 0.50,

Do
{

"name": "two-turn",

"description": "A follow-up or compound question that either builds on
previous context or combines two sub-questions on related or evolving
concepts.",

"probability": 0.50,

}
|

}

Figure 9: 38 H R4 KRR .

answer_type = {
"categorization_name": "answer-phrasing-type",
"categories": [
{

"name": "concise and natural",

"description": "Expects a brief, direct answer, typically a short phrase
or sentence using everyday, accessible language.",

"probability":0.4

h
{

"name": "verbose and natural",

"description": "Expects a detailed yet conversational response,
typically one or more full sentences.",

"probability":0.4

h
{

"name": "concise and fancy",

"description": "Expects a brief answer, typically one sentence or
phrase, but expressed in an elevated, stylistically rich, or formal tone.",

"probability":0.1

h
{

"name": "verbose and fancy",

"description": "Expects a longer and more elaborate answer,
delivered in a refined, ornate, or sophisticated style, often using complex
sentence structures and rich vocabulary.",

"probability":0.1

}
I
}

Figure 10: 2400715 J )5 RN .
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multi_doc_categorization = {
"categorization_name": "number-of-documents”,
"categories": [
{
"name": "multi-doc",
"description": (
" The information required to answer the question needs to come from two
documents, specifically, "
"the first document must provide information about the first entity/concept,
while the second must "
"provide information about the second entity/concept."),
"probability": 0.5,
"is_multi_doc": True

"name": "single-doc",
"description": (
" The information required to answer the question can be found in a single
document, "
"which contains all the necessary information about the entity/concept."),
"probability": 0.5,
"is_multi_doc": False

Figure 11: SCPREIE 53 305 SRR -

document_type_categorization = {
"categorization_name": "linguistic-variation-type",
"categories": [
{

"name": "similar-to-document",

"description": "phrased using the same terminology and phrases
appearing in the document (e.g., for the document 'The Amazon River has an
average discharge of about 215,000-230,000 m3/s', 'what is the average
discharge of the Amazon river')",

"probability": 0.3

U
{

"name": "distant-from-document",

"description": "phrased using terms completely different from the ones
appearing in the document (e.g., for a document 'The Amazon River has an
average discharge of about 215,000-230,000 m3/s', '"How much water run
through the Amazon?')",

"probability": 0.4

Ui
{

"name": "unpopular-entities",

"description": "a question focusing on rare, less-documented, or emerging
entities not widely mentioned in the fineweb corpora.”,

"probability": 0.3

}
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Non-RAG Baseline
Prompt

'You are a helpful assistant. You will be given a question and
lyou need to answer it.

# question: {QUERY}

Figure 13: JIl T RAG J:Zki$irs.

RAG Baseline Prompt

'You are a helpful assistant. You will be given a question and
a set of supporting documents. You can use the documents
to answer the question accurately. You should generate a
response that is relevant to the question and supported by
the documents.

# input:
- "question™: the question you need to answer
- "supporting documents": a list of documents that
can be used to answer the question.

# output: You should generate a valid JSON object enclosed
in the "““json "™ block. The JSON object should contain the
following fields:
- "response": the answer to the question. The
answer should be relevant to the question and
supported by the documents.

# question: {QUERY}
# documents:

Document 1: [DOC_1]

Document K: [DOC_K]
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Coordinator Agent
Prompt
‘ou are a highly capable agent, and your goal is to generate a response to the given question. This is a multi-turn task and you don't have to do it in a single turn. You have access to a set of capable

agents, each with a specific skill, and you can choose the most suitable agent for each turn to help you in generating the response. In each turn, you should select the most suitable agent from a provided
list of agents to help you generate the response. The agents can help you in different aspects such as validating the response, searching for information, analyzing the information, and summarizing the
information. Your goal is to generate a response that is informative and relevant to the question. You can use the agents to help you in different aspects of generating the response. You can also use the
agents multiple times to generate the response. You can also use the agents in any order you like. To choose an agent, you need to provide the a valid json object in ““json * block that contains the
following fields:

- "agent": the name of the agent you want to choose.

- "input": the input you want to provide to the agent. This should be a valid json object that contains the required fields for the chosen agent.

- "reason": a brief explanation of why you chose the agent for the given input.
In response, the agent will provide you with the output in the specified format for the chosen agent. The list of agents and their input and output formats are provided below:

# Agents:
## validator: This agents can help you verify if the generated response meets the criteria for the given question.
#Ht input:
- "question": the question the user wants to answer.
- "information": the information the you has gathered so far and want to share with the agent. This can be a summary or highlights of the information you have gathered so far and does not need to
be the full information. This can be empty if you have not gathered any information yet.
- "response": the response generated to the question.
##t output:
- "extracted_criteria": a list of criteria that are extracted from only the user's question (e.g., being detailed, concise, short, long, etc.), containing the following fields:
- "criteria": the criteria extracted from the user's question.
- "criteria_explanation": an explanation of why extracted this criteria.
_response_valid": a boolean value indicating whether the response is valid according to the extracted criteria.
_response_valid_feedback": feedback on whether the response is valid according to the extracted criteria and how it can be improved.
- "is_groundedly_supported": a boolean value indicating whether the all parts of the response is grounded with supporting information.
- "is_groundedly_supported_feedback": feedback on whether the response is grounded with supporting information and how it can be improved.
is_correctly_answered": a boolean value indicating whether the response is correct.
- "is_correctly_answered_feedback": feedback on whether the response is correct and how it can be improved.
## summarizer: This agent can help you summarize the information you have gathered so far.
##t input:
- "question": the question the user wants to answer.
- "information": the information you have gathered so far and want to summarize. This can be empty if you have not gathered any information yet.
##Ht output:
- "summary": the summary of the information that the agent has generated.
## planner: This agent can help you plan a strategy to generate the response to the given question. It is suggested to use this agent at the beginning of the task to plan the strategy. You can also use this
agent multiple times in any time during the task to plan the strategy.
#Ht input:
- "question": the question the user wants to answer.
- "information": the information you have gathered so far and want to share with the agent. This can be a summary or highlights of the information you have gathered so far and does not need to be
the full information. This can be empty if you have not gathered any information yet.
##t output:
- "plan": the plan that the agent has generated to generate the response to the given question.
## reasoner: This agent can help you reason about the information you have gathered so far about specific aspects of the question. You can use this agent to reason about the information you have
gathered if you need help with reasoning about the information.
#Ht input:
- "question": the question the user wants to answer.
- "information": the information you have gathered so far and want to reason about. This can be a summary or highlights of the information you have gathered so far and does not need to be the full
information. This can be empty if you have not gathered any information yet.
- "aspect": the aspect of the question you want to reason about.
##t output:
- "analysis": the reasoning about the information that the agent has generated.
## answerer: This agent can help you generate the response to the given question. You can use this agent to generate the response to the question. You can use this agent multiple times in any time during
the task to generate the response.
#Ht input:
- "question": the question the user wants to answer.
- "guidance": a guidance on how should the agent structure its response and what to include in this response. This should help the agent to generate a better response based on the information you
have gathered so far, but it should not be the answer itself.
- "important_information": a string that outlines the most important information that should be included in the response.
### output:
- "response": the response that the agent has generated to the given question.
## reviser: This agent can help you revise the response generated by the answerer agent. You can use this agent to revise the response generated by the answerer agent if you need help with revising the
response. Note that you cannot use this agent before answerer agent.
##t input:
- "questiol he question the user wants to answer.
- "suggestion": a string that outlines the suggested revisions to the response.
### output:
- "response": the revised response that the agent has generated.
## searcher: This agent can help you search for information that can help you answer the given question. You can use this agent to search for information that can help you answer the question. You can
use this agent multiple times in any time during the task to search for information.
#Ht input:
- "question": the question the user wants to answer.
- "information": the information you have gathered so far and want to share with the agent. This can be a summary or highlights of the information you have gathered so far and does not need to be
the full information. This can be empty if you have not gathered any information yet.
- "suggestions": a set of suggestions about what aspect to search for.
##t output:
- "found_information": a boolean value indicating whether the search found relevant information.
- "documents": a list of documents that the agent has found that are relevant to the search query.
## finisher: You can end the task by using this agent. By selecting this agent, you indicate that you have finished the task and the latest response generated by the answerer or reviser agent is the final
response to the question.
#Ht input:

inished": a boolean value indicating that you have finished the task.
##H output: the agent will not provide any output.
##H Note: You should only provide this input to the agent in the given format and you don't need to provide the response to the agent.

# question: {QUESTION}

To choose an agent, you need to provide the a valid json object in ***json " block that contains the following fields:

- "agent": the name of the agent you want to choose.

- "input": the input you want to provide to the agent. This should be a valid json object that contains the required fields for the chosen agent.

- "reason": a brief explanation of why you chose the agent for the given input.
In response, the agent will provide you with the output in the specified format for the chosen agent. In selecting an agent, you should select the agent that you think is the most appropriate to take next.
Using the same agent multiple times is allowed if you think it is necessary, but might not be useful always. In response, the agent will provide you with the necessary information to continue the
conversation.

Figure 15: f£ mRAG HEZP T 1B B ARBEIR B3 .
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Searcher Agent
Prompt

'You are a helpful and capable agent who's task is to help find information that can help the user answer the given question. The user provides
you with a question and some information and suggestions about what aspect to search for. Your goal is to help the user find information that
can help them answer the question. This is a multi-turn action. In this action, first, you need to provide a search query that will help you find
relevant information to accurately answer the question. Note that search does not provide a direct answer to the question and should be used
to gather useful information. In response, the user will provide you with information about the search results. Then, in the second turn, you
need to analyze the provided information to verify the accuracy and relevance of the information. In response, the user will provide you with
confirmation about the accuracy and relevance of the information. This continues until you no longer need more information and the provided
information is sufficient and useful.

# Step 1:
## your input: The user provides you with the following information:
- "question": the question the user wants to answer.
- "information": a summary of the information the user has gathered so far. This can be empty if the user has not gathered any
information yet.
- "suggestions": a set of suggestions about what aspect to search for.

## your output: you need to provide a JSON object enclosed in ““json " that contains the following fields:
- "search_query": the search query you suggest to find information that can help in answering the user's question.
- "search_query_explanation": an explanation of why you suggest this search query.

# Step 2:
## your input: The user provides you with the search results.
- "search_results": the search results using the query that you suggested.
## your output: you need to provide a JSON object enclosed in “*“json " that contains the following fields:
- "query_id": the query ID of the search result.
- "relevance™: a valid json list that each object in the list contains the following fields:
- "doc_id": The document ID of the search result that you want to verify.
- "is_relevant": a boolean value indicating whether the document is relevant to the query and contains useful information for
collecting the information that can help answer the question.
- "is_relevant_explanation™: an explanation of why the document is relevant or not relevant.
- "change_search_query": a boolean value indicating whether you think we need to change the search query to find relevant information
that can help answer the question. This is helpful when after multiple retrieval results from the same query is given to you and you
couldn't find the relevant information. By setting this to true, you suggest a new search query to find relevant information. If you need to
use the same query again, you can set this to false.
- "change_search_query_explanation": an explanation of why you need to change the search query.
- "new_search_query": the new search query you suggest to find relevant information that can help answer the question. This is only
needed if you set "change_search_query" to true. Otherwise, you can leave this field empty.
- "end_search": a boolean that show that you are satisfied with the search results and you don't need to search anymore. This is helpful
when you think you have found enough information and you don't need to search anymore. By setting this to true, you suggest to end
the search. If you need to continue searching, you can set this to false. This should be false if you set "change_search_query" to true.
- "end_search_explanation": an explanation of why you need to end the search.

This is a multi-turn action. You will continue to provide search queries and analyze the search results until you no longer need more information
and the provided information is sufficient and useful. Your output should be a valid JSON object enclosed in ““json " that contains the fields
mentioned above.

# question: {QUESTION}"
# information: {INFORMATION}
# suggestions: {SUGGESTIONS}

Template for search results
This is the information resulted from your search query:
Query ID: {QUERY_ID}
Document 1 ID: {ID_1}
Document 1 text: {DOC_1}

Document 2 ID: {ID_2}
Document 2 text: {DOC_2}

Now | need you to verify the information. Be as objective as possible in your verfication. Note you should strictly follow the given format and do
not add any extra explanation or information to your output.
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Algorithm 1 7£ mRAG HEZR 1 STt 2R L HE o

Input: question g, agents list A, LLM &
Output: response to the question r , supporting documents S

:i=0 > Counter of number of steps/calls to agents
2: finish = False > Initializing variables for when to end process
3. agents_outputs = [] > Initializing variables for saving the state of agents
4 S={} > Initializing variables for collecting supporting documents
5. r="" > Initializing variables for final response
6: while i < MAX_STEPS and finish = False do > As long as the agent wants to continue and has budget
7 agent_name, agent_inputs = r(q, agents_outputs, S) > Selecting the next agent to be called and with what inputs
8 if agent_name = Finish then > If coordinator chooses to finish response generation
9 Break > End response generation
10: end if
11 a = select_agent(A, agent_name) > Select the agent from agents list
12: selected_agent_output = a(agent_inputs) > Call the agent with the given input parameters generated by coordinator
13: agents_outputs = agents_outputs + [selected_agent_output] » Updating the state of the coordinator with the agent’s output by
appending
14: i=i+1 > Updating the step
15: if agent_name = generator or agent_name = reviser then > If the selected agent generates a new response i.e., generator or
reviser
16: r = agents_outputs > Replace the response with the new response
17: end if
18: if agent_name = searcher then > If the selected agent collects supporting information i.e., searcher agent
19: S = S U agents_outputs > Add the new supporting information to all supporting information
20: end if
21: end while
22: returnr, S > Returning the response and supporting documents

Algorithm 2 ¥f mRAG HEZEH5ZH Searcher {0,

Input: question g, context information c , suggested search aspects a , retrieval model R , LLM &

Output: relevant retrieved documents set S
1 S={} > Initializing the relevant documents set
20=0 > Counter of number of retrieval steps
3: end_search = False
4: query = n(q,c,a)
5: while i < MAX_STEPS and end_search = False do

6: this_step_docs = R(query, 2) > retrieve two docs for query. If this query is issued before, return next 2 docs for query.
7 for d € this_step_docs do > For each document in the retrieved document for the query
8: if 7(query,d) =relevant then > If document is relevant to the query
9 S=Su{d} > Add the document to the relevant documents set
10: end if

11: end for

12: i=i+1 > Updating the step
13: change_query = m(query, this_step_docs, S) > Check if we need to change the query
14: end_search = n(query, this_step_docs, S) > Check if we need to end the search process
15: if change_query = True then

16: query = m(query, this_step_docs, S) > Updating the search query if it needs update
17: end if

18: end while

19: return S > Returning the relevant retrieved documents
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Planner Agent
Prompt
'You are a helpful and capable agent who's task is to help the user generate a plan on how to answer
the given question. The user provides you with a question and some information. Your goal is to help
the user generate a good plan about the steps to take to answer the question. You should provide a
plan that result in a correct and grounded with supporting information response.

# Your input:
- "question": the question the user wants to answer.
- "information": a summary of the information the user has gathered so far. This can be empty
if the user has not gathered any information yet.

# Your output: you need to provide a JSON object enclosed in **“json **" that contains the following
fields:

- "plan": the plan to answer the question. Your plan should be a set of steps that the user
should take to generate a response that is correct and grounded with supporting information.

'Your output should be a valid JSON object enclosed in “"“json " that contains the fields mentioned
above.

# question: {QUESTION}
# information: {INFORMATION}

Figure 17: JI] - mRAG HEZL P RL R BT 55 .

Summarizer Agent
Prompt

'You are a helpful and capable agent who's task is to help the user summarize the given information.
'The user provides you with some information and a question. Your goal is to help the user generate a
summary of the information in a way that can help the user to answer the question. Your summary
should be concise, informative, and relevant to the question.

# Your input:
- "question": the question the user wants to answer.
- "information": a summary of the information the user has gathered so far. This can be empty
if the user has not gathered any information yet.

# Your output: you need to provide a JSON object enclosed in “““json " that contains the following
fields:
- "summary": the summary of the information. Your summary should be concise, informative,
and relevant to the question.

'Your output should be a valid JSON object enclosed in ““json **" that contains the fields mentioned
above.

# question: {QUESTION}
# information: {INFORMATION}
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Reasoner Agent
Prompt

SIGIR °25, July 13-18, 2025, Padua, Italy.

ou are a helpful and capable agent who's task is to help the user analyze the given information from
the given aspect aspect by the user to help them answer the given question. In reasoning, you should
provide a logical, coherent, and step by step analysis of the information in the requested aspect in a
way to be helpful for answering the question. Your goal is to help the user understand the information
from the given aspect. You should not answer the question but your analysis should be helpful for the

user to answer the question.

# Your input:
- "question": the question the user wants to answer.
- "information": a summary of the information the user has gathered so far. This can be empty
if the user has not gathered any information yet.
- "aspect": the aspect the user wants to analyze the information from.

# Your output: you need to provide a JSON object enclosed in *j

fields:
- "analysis™: a list of strings that containing step by step analysis of the information from the
given aspect, where each string is a step in this analysis. Your analysis should be a logical,
coherent, and step by step analysis of the information in the requested aspect.

'Your output should be a valid JSON object enclosed in
above.

# question: {QUESTION}
# information: {INFORMATION}
# aspect: {ASPECT}
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Validator Agent
Prompt

'You are a helpful and capable agent who's task is to validate the response generated by the user to
the given question according to a set of criteria. The user provides you with a question and a
response. You also can extract some criteria from the user's question if mentioned any. Your goal is to
validate the response according to the given and extracted criteria and provide feedback to the user.
'Your feedback should be constructive, informative, and helpful for the user to improve the response.

# Your input:

- "question": the question the user wants to answer.

- "information": the information the user has gathered so far. This can be empty if the user has
not gathered any information yet.

- "response": the response generated by the user.

# Your output: you need to provide a JSON object enclosed in “*“json " that contains the following
fields:
- "extracted_criteria": a list of criteria that you extracted from only the user's question (e.g.,
being detailed, concise, short, long, etc.). It can be empty if you didn't extract any criteria. It
should be a valid JSON list with each object in the list contains the following fields:
- "criteria": the criteria you extracted from the user's question.
- "criteria_explanation": an explanation of why you extracted this criteria.
- "is_response_valid": a boolean value indicating whether the response is valid
according to the extracted criteria.
- "is_response_valid_feedback": feedback on whether the response is valid according
to the extracted criteria and how it can be improved.
- "is_groundedly_supported": a boolean value indicating whether the all parts of the response
is grounded with supporting information.
- "is_groundedly_supported_feedback": feedback on whether the response is grounded with
supporting information and how it can be improved.
- "is_correctly_answered": a boolean value indicating whether the response is correct.
- "is_correctly_answered_feedback": feedback on whether the response is correct and how it
can be improved.
'Your output should be a valid JSON object enclosed in “"“json " that contains the fields mentioned
above.

# question: {QUESTION}
# information: {INFORMATION}
# response: {RESPONSE}

Figure 20: f£ mRAG HERU ] TSR UEZS FRBEAG /5 o
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Input: question g, generated response r , ground truth response gt , evaluator LLM 7
Output: correctness score sy

1: extracted_aspects = n(q, gt)

2
3

:Sf:()

: for aspect € extracted_aspects do

Saspect = w > Score the aspect using the LLM in range of -1 and 2, then normalize it to 0 and 1
S S .
Sp=Sr+ m > Adding the score of aspect to the final score
end for
return sy > Returning the correctness score for the generated response
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> Extracting the atomic aspects from the ground truth output

> For each of the extracted aspects from the ground truth response
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Generator Agent
Prompt

'You are a helpful and capable agent, and your goal is to help the user generate a response to the
given question. The user provide you with a question, some information, and a plan. Your goal is to
help the user generate a response that is correct and grounded with supporting information. You
should not provide any new information that is not grounded with the information provided by the
user. Also, you should not provide any information that is not directly related to the question and
unnecessary.

# Your input:
- "question": the question the user wants to answer.
- "supporting information": the information the user has gathered so far.
- "plan": the plan the user has made to answer the question.
- "important information": the most important information that should be included in the
response.

# Your output: you need to provide a JSON object enclosed in **“json **" that contains the following
fields:

- "response": the response to the question using the plan and information provided. Your
response should be correct, and grounded with supporting information.

# question: {QUESTION}

# supporting information: {SUPPORTING_INFORMATION}
# plan: {PLAN}

# important information: {IMPORTANT_INFORMATION}

'You should strirctly follow the instructions below to generate a response to the question in a valid
JSON format without any additional text or explanation.

Reviser Agent

Prompt
Thanks for your response. Here are some suggestions to revise your response to make it more
accurate and grounded with supporting information. Please revise your response accordingly and
provide the revised response.

# Your input:
- "suggestion": the suggested revisions to your response.

# Your output: you need to provide a JSON object enclosed in *“json "™ that contains the following
fields:

- "response": the revised response to the question. Your response should be correct and
grounded with supporting information.

# suggestion: {SUGGESTION}

'You should strirctly follow the instructions below to generate a response to the question in a valid
JSON format without any additional text or explanation.
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Extracting Aspects
for Coverage Reward
You are an impartial judge who has been asked to evaluate how the generated output answers the question. Your
task is to given an expected output for a given question, extract all atomic pieces of information from the expected
output. These atomic pieces of information are the smallest units of information that discuss a single unique aspect
of the answer to the question.

# Your input:
- "question™: The question that was asked
- "expected_output": The expected output.

# your output: you need to provide a JSON object enclosed in *““json "™ that contains the following fields:
- "expected_output_aspects": a list of atomic pieces of information extracted from the expected output.
Each atomic piece of information is a json object with the following fields:
- "aspect": the atomic piece of information extracted from the expected output.
- "explanation": a brief explanation of why this atomic piece of information is important or relevant to
the question.
- "evidence": the evidence from the expected output that supports this atomic piece of information.

# question: {QUESTION}
# expected_output: {EXPECTED_OUTPUT}

Your output should be a JSON object enclosed in “*“json " block in the given format.
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Matching Aspects
for Coverage Reward

You are an impartial judge who has been asked to evaluate how the generated output answers the question. You
will be given a question, the expected output, a generated output, and a single aspect that you need to evaluate if
the generated output contains the same information about from that aspect point of view. Your task is to compare
the generated output and the expected output based on the given aspect. You need to provide a score between -1
and 2 that indicates the degree of match between the two outputs from the aspect point of view, using the following
criteria:

# scoring criteria:

2: Correct and relevant (no irrelevant information).
1: Correct but contains irrelevant information.

0: No answer provided (abstention).

-1: Incorrect answer.

# Your input:
- "question™: The question that was asked
- "expected_output": The expected output.
- "generated_output": The generated output.
- "aspect": The aspect that you need to evaluate the generated output based on it, containing the following
fields:
- "aspect": the atomic piece of information extracted from the expected output.
- "explanation": a brief explanation of why this atomic piece of information is important or relevant to
the question.
- "evidence": the evidence from the expected output that supports this atomic piece of information.
# your output: you need to provide a JSON object enclosed in *“json "™ that contains the following fields:
- "score": an int indicating the score you assign to the generated output based on the given aspect.
- "rationale": a str indicating the rationale behind your score.

# question: {QUESTION}

# expected_output: {EXPECTED_OUTPUT}

# generated_output: {GENERATED_OUTPUT}

# aspect: {ASPECT}

Your output should be a JSON object enclosed in “*“json " block in the given format.
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Extracting Aspects
for Faithfulness Reward

You are an impartial judge who has been asked to evaluate how the generated output is faithful to the supporting
documents provided. Your task is to given a generated output for a given question, extract all atomic pieces of
information from the generated output. These atomic pieces of information are the smallest units of information that
discuss a single unique aspect of the answer to the question.

# Your input:
- "question™: The question that was asked
- "answer": The generated answer.

# your output: you need to provide a JSON object enclosed in *"“json "™ that contains the following fields:
- "answer_aspects": a list of atomic pieces of information extracted from the generated output. Each atomic
piece of information is a json object with the following fields:
- "id": the id of the atomic piece of information.
- "aspect": the atomic piece of information extracted from the generated output.
- "explanation”: a brief explanation of why this atomic piece of information is important or relevant to
the question.
- "evidence": the evidence from the generated output that supports this atomic piece of information.

# question: {QUESTION}
# answer: {ANSWER}
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Matching Aspects

for Faithfulness Reward
You are an impartial judge who has been asked to evaluate how well the generated answer is grounded in the
supporting knowledge provided based on the given criteria. You will be given a list of atomic aspects from the
generated output and a list of supporting documents. Your task is to go through each extracted atomic aspect and
check if its evidence from the generated output is grounded in the supporting documents. You need to provide a
score between -1 and 1 that indicates the degree of match between the two outputs from the aspect point of view,
using the following criteria:

1: Full support. All answer parts are grounded in the supporting documents.
0: Partial support. Not all answer parts are grounded in the supporting documents.
-1: No support. All answer parts are not grounded in the supporting documents.

# Your input:
- "question™: The question that was asked
- "answer_aspects": a list of atomic pieces of information extracted from the generated output. Each atomic
piece of information is a json object with the following fields:
- "id": the id of the atomic piece of information.
- "aspect": the atomic piece of information extracted from the generated output.
- "explanation": a brief explanation of why this atomic piece of information is important or relevant to
the question.
- "evidence": the evidence from the generated output that supports this atomic piece of information.
- "context™: The a list of supporting documents that you should check the answer based on.

# your output: you need to provide a JSON object enclosed in *““json "™ that contains the following fields:
- "scores_list": a list of scores for each atomic aspect, indicating the score you assign to the generated
answer based on the given criteria. Each object in the list should be a valid json object that contain the
following fields:
- "id": the id of the atomic piece of information.
- "score": an int indicating the score you assign to the generated answer based on the given criteria.
- "rationale™: a str indicating the rationale behind your score.

# question: {QUESTION}
# answer_aspects: {ASPECT}
# context: {CONTEXT}
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Algorithm 4 SRR B S -

Input: question g, generated response r , retrieved documents C , evaluator LLM 7
Output: faithfulness score s¢
. extracted_aspects = m(q,r)

1
2
3
4

o

:SfZO

: for aspect € extracted_aspects do
n(q,aspect,r,C)+1

Saspect =

Sf = Sf +
end for
return sy

Saspect

|extracted_aspects|

> Extracting the atomic aspects from the generated output

> For each of the extracted aspects from the generated response
> Score the aspect using the LLM in range of -1 and 1, then normalize it to 0 and 1

> Adding the score of aspect to the final score

> Returning the faithfulness score for the generated response
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Table 2: Xf il mRAG S5 —AROIDETE: 2 RIERTRRTEE

Agent Conversation

Coordinator User: { "question”: “safety concerns hydrogen steam reforming” }

LLM: { "agent”: “planner”,
“input”: { question”: “safety concerns hydrogen steam reforming”, *information”: ™ },

“reason”: "I will use the planner agent to create a strategy for gathering and processing
information related to safety concerns associated with hydrogen steam reforming” }

3.

Planner User (Coordinator): { question”: safety concerns hydrogen steam

CE

reforming””information”:”” }

LLM (Planner): { ’plan”: ["Identify the key components of hydrogen steam reforming
process”, "Research potential safety hazards associated with each component”, *Gather data
on accidents or incidents related to hydrogen steam reforming from reliable sources such as
industry reports, academic journals, and government databases”, "Review existing safety
guidelines and regulations for hydrogen steam reforming from organizations like OSHA, ISO,
or relevant national agencies”, "Analyze the risk factors and propose mitigation strategies for
identified safety concerns”, "Summarize findings and present a comprehensive overview of
safety concerns and recommended measures”] }

Coordinator User(Planner): ”Output from Planner [Avoiding Repetition]”

».

LLM: { "agent”: "searcher”, "input”: { "question”: "safety concerns hydrogen steam reforming”,
“information”: *”, “suggestions”: [’key components of hydrogen steam reforming
process”,’potential safety hazards associated with each component”accidents or incidents
related to hydrogen steam reforming”existing safety guidelines and regulations for
hydrogen steam reforming” ] },

“reason”: “The searcher agent will help me find relevant information about the key
components of hydrogen steam reforming, potential safety hazards, historical incidents, and

current safety guidelines.” }
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Searcher User (Coordinator): "Output from Coordinator [Avoiding Repetition]”

LLM (Searcher): { "search_query”: "’key components of hydrogen steam reforming process”,
’search_query_explanation”: “To understand the safety concerns of hydrogen steam
reforming, it is important to first identify its key components as these components are likely
to pose potential safety hazards.” }

User (Retriever): This is the information resulted from your search query:

Query ID: 0

Documnet 1 ID: 552

Document 1 text: Product gas from the steam reforming of the methane and naphtha
contains equilibrium amounts of hydrogen,...

Documnet 2 ID: 352

Document 2 text: A final process stream is produced by steam reforming of residual...
Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 0, “relevance”: [ { "doc_id”: 552,

”is_relevant”: true,

”is_relevant_explanation”: *This document provides detailed information about the key
components of the hydrogen steam reforming process, including the reformer, the
temperature conditions, and the water-shift gas reactions. It is highly relevant to
understanding the safety concerns of the process.”

{?doc_id”: 352,

”is_relevant”: false,

”is_relevant_explanation”: *This document focuses on the advantages and economic benefits
of the steam reforming process but does not provide specific details about the key
components or potential safety hazards. Therefore, it is less relevant to the current query” } ],
“change_search_query”: false,

“change_search_query_explanation”: “The initial search query yielded relevant documents
that provide detailed information about the key components of the hydrogen steam
reforming process. No immediate need to change the search query?”,

“new_search_query”: ™,

”end_search”: false,

end_search_explanation”: "More information is needed to fully address the safety concerns
of the hydrogen steam reforming process. Additional searches may be necessary to find
details on potential safety hazards and existing safety guidelines. }

User (Retriever): This is the information resulted from your search query:

Query ID: 0

Documnet 1 ID: 832

Document 1 text: Steam Methane Reforming one of the greatest challenges in today2019s
industries...

Documnet 2 ID: 915

Document 2 text: 5,082,481, Membrane Separation Process for Cracked Gases, describes...
Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 0, “relevance”: [ { "doc_id”: 832,

”is_relevant”: true,

“is_relevant_explanation”: *This document provides detailed information about the steam
methane reforming process, including the temperature and pressure conditions, the role of
reformer tubes, and the importance of the process in hydrogen production. It is highly
relevant to understanding the safety concerns of the process.” } { "doc_id”: 915,
”is_relevant”: false,

”is_relevant_explanation”: *This document discusses various membrane technologies for
hydrogen recovery but does not provide specific details about the key components or
potential safety hazards of the steam methane reforming process. Therefore, it is less relevant
to the current query” } ],
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Searcher (Contd.) “change_search_query”: false,

“change_search_query_explanation”: ”The initial search query yielded relevant documents
that provide detailed information about the steam methane reforming process. No immediate
need to change the search query”,

“new_search_query”: ™,

“end_search”: false,

“end_search_explanation”: "More information is needed to fully address the safety concerns
of the steam methane reforming process. Additional searches may be necessary to find

details on potential safety hazards and existing safety guidelines”” }

User (Retriever): This is the information resulted from your search query:

Query ID: 0

Documnet 1 ID: 189

Document 1 text: The reformer furnace design alternatives will be discussed below. Feed gas
2014 usually a mixture of hydrogen, methane and other light hydrocarbons 2014 is first
compressed to about 300 psig....

Documnet 2 ID: 254

Document 2 text: BRIEF DESCRIPTION OF THE DRAWINGS These and other objects,
features and advantages of the present invention will become better understood with regard
to the following description, pending claims and accompanying drawings where:....

Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 0, “relevance”: [ { "doc_id”: 189,

”is_relevant”: true,

”is_relevant_explanation”: *This document provides detailed information about the key
components of the hydrogen steam reforming process, including the preheating,
compression, and heating stages, as well as the role of reformer tubes and furnace designs. It
is highly relevant to understanding the safety concerns of the process”

{?doc_id”: 254,

”is_relevant”: false,

”is_relevant_explanation”: "This document focuses on a novel pre-reforming and reforming
process configuration involving membranes for hydrogen gas separation and recovery.
While it mentions the steam methane reforming process, it does not provide specific details
about the key components or potential safety hazards. Therefore, it is less relevant to the
current query”” } ],

“change_search_query”: false,

“change_search_query_explanation”: “The initial search query yielded relevant documents
that provide detailed information about the key components of the hydrogen steam
reforming process. No immediate need to change the search query?”,

“new_search_query”: >’

“end_search”: false,

“end_search_explanation” "More information is needed to fully address the safety concerns
of the hydrogen steam reforming process. Additional searches may be necessary to find
details on potential safety hazards and existing safety guidelines. }

User (Retriever): This is the information resulted from your search query:

Query ID: 0

Documnet 1 ID: 985

Document 1 text: Minimizing the hydrogen bled into the fuel gas can keep the hydrogen
production levels manageable. However, the hydrogen plant feed usually includes some
hydrogen that goes through for a Z01cfree ride,...

Documnet 2 ID: 243

Document 2 text: BRIEF DESCRIPTION OF THE DRAWINGS These and other objects,
features and advantages of the present invention will become better understood with regard
to the following description, pending claims and accompanying drawings where:....
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Searcher (Contd.) Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output....

LLM (Searcher): { "query_id”: 0, "relevance”: [ { "doc_id”: 189,

”is_relevant”: true,

”is_relevant_explanation”: "This document provides detailed information about the key
components of the hydrogen steam reforming process, including the preheating,
compression, and heating stages, as well as the role of reformer tubes and furnace designs. It
is highly relevant to understanding the safety concerns of the process”

{doc_id”: 254,

”is_relevant”: false,

”is_relevant_explanation”: *This document focuses on a novel pre-reforming and reforming
process configuration involving membranes for hydrogen gas separation and recovery.
While it mentions the steam methane reforming process, it does not provide specific details
about the key components or potential safety hazards. Therefore, it is less relevant to the
current query.” } ],

“change_search_query”: false,

“change_search_query_explanation”: “The initial search query yielded relevant documents
that provide detailed information about the key components of the hydrogen steam
reforming process. No immediate need to change the search query?”,

“new_search_query”: ™,

“end_search”: false,

“end_search_explanation”: "More information is needed to fully address the safety concerns
of the hydrogen steam reforming process. Additional searches may be necessary to find
details on potential safety hazards and existing safety guidelines. }

User (Retriever): This is the information resulted from your search query:

Query ID: 0

Documnet 1 ID: 174

Document 1 text: Gas enters the bottom of the absorber, where it contacts lean solution. The
carbon dioxide is absorbed from the gas, leaving the rest of the contaminants and hydrogen
relatively untouched.....

Documnet 2 ID: 769

Document 2 text: From our extensive range of gas production machinery, we manufacture,
export and supply supreme quality Hydrogen Gas Generator.....

Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 0, “relevance”: [ { "doc_id”: 174,

”is_relevant”: false,

”is_relevant_explanation”: "This document focuses on the PSA (Pressure Swing Adsorption)
process for hydrogen purification and does not provide specific details about the key
components or potential safety hazards of the steam methane reforming process. Therefore,
it is less relevant to the current query”

{"doc_id”: 769,

”is_relevant”: false,

”is_relevant_explanation”: "This document describes a hydrogen gas generator and its
features but does not provide specific details about the key components or potential safety
hazards of the steam methane reforming process. Therefore, it is less relevant to the current
querY‘” . } ]’

“change_search_query”: true,

“change_search_query_explanation”: "The documents provided do not contain specific
details about the key components or potential safety hazards of the steam methane reforming
process. A new search query focusing on safety concerns and potential hazards is needed”,
“new_search_query”: “potential safety hazards associated with steam methane reforming”,
“end_search”: false,

“end_search_explanation”: "More information is needed to fully address the safety concerns
of the steam methane reforming process. A new search query focusing on potential safety
hazards is necessary.” }
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Searcher (Contd.) User (Retriever): This is the information resulted from your search query:

Query ID: 0

Documnet 1 ID: 124

Document 1 text: Gas enters the bottom of the absorber, where it contacts lean solution. The
carbon dioxide is absorbed from the gas, leaving the rest of the contaminants and hydrogen
relatively untouched.....

Documnet 2 ID: 832

Document 2 text: Steam Methane Reforming one of the greatest challenges in today2019s
industries is an increased demand for hydrogen. Due to its ever-increasing industrial
relevance, there is a need for efficient methods of hydrogen production, which has
traditionally been done at a high temperature....

Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 1, "relevance”: [ { "doc_id”: 124,

”is_relevant”: true,

”is_relevant_explanation”: *This document provides detailed information about the potential
safety hazards during the startup procedure of steam methane reformers, including the risk
of overheating and melting of reformer tubes. It is highly relevant to understanding the
safety concerns of the process.”

{?doc_id”: 832,

”is_relevant”: false,

”is_relevant_explanation”: *This document focuses on the general description of the steam
methane reforming process and its importance but does not provide specific details about
potential safety hazards. Therefore, it is less relevant to the current query”” } ],
“change_search_query”: false,

“change_search_query_explanation”: “The initial search query yielded relevant documents
that provide detailed information about the potential safety hazards during the steam
methane reforming process. No immediate need to change the search query””,
“new_search_query”: ™,

“end_search”: true,

“end_search_explanation”: "The provided information is sufficient to address the safety
concerns of the steam methane reforming process. Further searches are not necessary.” }

Coordinator User (Searcher): “only the relevant documents found by searcher”

LLM : { "agent”: "reasoner”,

“input”: { "question”: “safety concerns hydrogen steam reforming”,

“information”: "Steam methane reforming is a chemical process by which methane is
converted to hydrogen. It involves the reaction between natural gas, which contains methane
and steam, at a temperature of 700-100000b0C and under a pressure of 3-25 bar. The products
of this chemical process are initially hydrogen and carbon monoxide. The carbon monoxide
is further reacted with steam in a water-gas shift reaction to produce more hydrogen and
carbon dioxide. Impurities are then removed from the system using pressure-swing
adsorption. As a result, pure hydrogen is isolated and extracted. This process is mediated by
reformer tubes 2013 also known as catalyst tubes used in steam reformer furnaces known as
steam methane reformers. Minimizing the hydrogen bled into the fuel gas can keep the
hydrogen production levels manageable. However, the hydrogen plant feed usually includes
some hydrogen that goes through for a free ride, except for the cost of heating it up to
reformer temperature and ultimately cooling it back down to recovery level” },

“aspect”: "Key components of hydrogen steam reforming process” },

“reason”: "I will use the reasoner agent to analyze the key components of the hydrogen steam
reforming process and identify potential safety concerns associated with each component.” }
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Reasoner User (Coordinator): Output from Coordinator [Avoiding Repetition]

», »

LLM (Reasoner): { "analysis”: "Hydrogen steam reforming involves multiple key components
including the chemical reaction between methane and steam, the use of reformer tubes or
catalyst tubes, and the subsequent purification steps.”, “The primary chemical reaction occurs
in the steam reformer furnace, where methane reacts with steam at high temperatures
(700-1000

u00b0C) and pressures (3-25 bar) to produce hydrogen and carbon monoxide”, "Reformer
tubes or catalyst tubes play a crucial role in facilitating the chemical reaction. These tubes
house the catalyst necessary for the steam reforming process, enhancing the rate of
hydrogen production?”, “After the initial reaction, a water-gas shift reaction takes place to
further convert carbon monoxide into additional hydrogen and carbon dioxide, improving
the purity of the hydrogen output”, "Purification steps such as pressure-swing adsorption are
employed to remove impurities from the hydrogen stream, ensuring the final product is of
high quality and suitable for various applications.”, "Minimizing hydrogen bleed during the
process helps maintain efficiency, but some hydrogen inevitably remains in the feed stream,
requiring energy to heat and cool” }

Coordinator User (Reasoner): Output from Reasoner [Avoiding Repetition]”

LLM : { "agent”: “reasoner”,

input”: { "question”: “safety concerns hydrogen steam reforming”,
“information”: "Hydrogen steam reforming involves multiple key components including the
chemical reaction between methane and steam, the use of reformer tubes or catalyst tubes,
and the subsequent purification steps. The primary chemical reaction occurs in the steam
reformer furnace, where methane reacts with steam at high temperatures (700-100000b0C)
and pressures (3-25 bar) to produce hydrogen and carbon monoxide. Reformer tubes or
catalyst tubes play a crucial role in facilitating the chemical reaction. After the initial reaction,
a water-gas shift reaction takes place to further convert carbon monoxide into additional
hydrogen and carbon dioxide, improving the purity of the hydrogen output. Purification
steps such as pressure-swing adsorption are employed to remove impurities from the
hydrogen stream, ensuring the final product is of high quality and suitable for various
applications. Minimizing hydrogen bleed during the process helps maintain efficiency, but
some hydrogen inevitably remains in the feed stream, requiring energy to heat and cool” },
“aspect”: "Potential safety hazards associated with each component” },

“reason”: ”I will use the reasoner agent to identify potential safety hazards associated with

each key component of the hydrogen steam reforming process.” }
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Reasoner User (Coordinator): Output from Coordinator [Avoiding Repetition]

LLM (Reasoner): { "analysis”: "The steam reformer furnace is a critical component as it
operates at extremely high temperatures (700-1000

u00b0C). High temperatures pose potential risks such as thermal stress, cracking, and
potential leaks of flammable gases like methane, leading to fire or explosion hazards.”,
"Reformer tubes or catalyst tubes are another key component. These tubes contain reactive
materials that can degrade over time due to exposure to high temperatures and corrosive
environments, potentially leading to tube failure and gas leaks. Additionally, the
high-pressure environment (3-25 bar) increases the severity of any leaks, posing significant
safety risks”, "The water-gas shift reactor, although not explicitly mentioned in the provided
information, is an important step in the process. It involves the reaction of carbon monoxide
with steam at around 300-400

u00b0C to produce more hydrogen. High temperatures and the presence of reactive gases
increase the risk of equipment failure and gas leaks, which could lead to inhalation of toxic
gases or fires”, "Pressure-swing adsorption (PSA) is a purification step that uses adsorbents
to remove impurities from the hydrogen stream. During the adsorption and desorption
cycles, there is a risk of overpressure or vacuum conditions, which can damage the PSA
equipment and lead to gas leaks. Furthermore, the handling of adsorbents can pose health
risks if inhaled or contacted directly”, "Overall, the high temperatures, pressures, and
flammable gases involved in the hydrogen steam reforming process mean that all
components must be carefully designed, maintained, and monitored to ensure safety. Any
failure in these systems can lead to serious safety hazards” }

Coordinator User (Reasoner): Output from Reasoner [Avoiding Repetition]

LLM: { "agent”: "searcher”,
input”: { "question”: “safety concerns hydrogen steam reforming”,

“information”: "The steam reformer furnace is a critical component as it operates at
extremely high temperatures (700-100000b0C). Reformer tubes or catalyst tubes are another
key component. The water-gas shift reactor involves high temperatures and the presence of
reactive gases. Pressure-swing adsorption (PSA) equipment handles overpressure and
vacuum conditions.”,

“suggestions”: ["Historical incidents related to hydrogen steam reforming”,Existing safety
guidelines and regulations for hydrogen steam reforming”, "Mitigation strategies for
identified safety concerns” ],

“reason”: “The searcher agent will help me find historical incidents, existing safety guidelines,
and mitigation strategies related to hydrogen steam reforming to provide a comprehensive

overview of safety concerns and recommended measures.” }
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Searcher LLM (Searcher): { "search_query”: "historical incidents related to hydrogen steam reforming”,
“search_query_explanation”: “Historical incidents can provide valuable insights into the
types of safety issues that have occurred in the past, which can help identify current safety

concerns and potential mitigation strategies.” }

User (Retriever): This is the information resulted from your search query:

Query ID: 2

Documnet 1 ID: 785

Document 1 text: Fuel refineries use a series of chemical reactions to arrive at the final
product. Hydrogen fluoride is used in the oil refining process and causes a reaction, called
alkylation, to make fuel from unrefined oil....

Documnet 2 ID: 200

Document 2 text: Fig. 4: Mass fractions of the species (ethanol, CO2 and H20) along the
reformer axis.The mass fractions of the ethanol and steam decay along the reformer axis. The
ethanol conversion is 80.3 % .....

Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 2, "relevance”: [ { "doc_id”: 785,

”is_relevant”: true,

”is_relevant_explanation”: "This document provides a historical incident related to a refinery
accident involving hydrofluoric acid, which can be linked to safety concerns in steam
reforming processes. It highlights the potential for catastrophic impacts and the importance
of safety protocols.”

{"doc_id”: 200,

”is_relevant”: false,

”is_relevant_explanation”: ””This document discusses the mass fractions of species in a steam
reformer and safety concerns related to hydrogen integrity in steel tubes. While it provides
technical details, it does not directly address historical incidents or safety guidelines specific
to steam reforming. Therefore, it is less relevant to the current query” } ],
“change_search_query”: false,

“change_search_query_explanation”: “The initial search query yielded relevant documents
that provide a historical incident related to a refinery accident involving hydrofluoric acid,
which can be linked to safety concerns in steam reforming processes. No immediate need to
change the search query”,

“new_search_query”: 7,

”end_search”: true,

“end_search_explanation”: "The provided information is sufficient to address the safety
concerns of the steam methane reforming process. Further searches are not necessary.” }

www.xueshuxiangzi.com



CIIR@LiveRAG 2025: @it Bl & RIBE RIGEE R SIGIR °25, July 13-18, 2025, Padua, Italy.

Coordinator User (Searcher): “only the relevant documents found by searcher”

LLM (Coordinator): { "agent”: summarizer”,

“input”: { "question”: “safety concerns hydrogen steam reforming”,

“information”: **The steam reformer furnace is a critical component as it operates at
extremely high temperatures (700-100000b0C). Reformer tubes or catalyst tubes are another
key component. The water-gas shift reactor involves high temperatures and the presence of
reactive gases. Pressure-swing adsorption (PSA) equipment handles overpressure and
vacuum conditions. Historical incidents related to hydrogen steam reforming include an
explosion at an ExxonMobil refinery in Torrance, California, where an explosion occurred
due to a leak of hydrocarbons into an electrostatic precipitator (ESP) device, causing sparks
and igniting the hydrocarbons. This resulted in a dust cloud extending for miles and projected
large debris around the site. The incident highlighted the importance of proper evaluation of
process hazards, implementation of safeguards, and adherence to safety precautions.” }
“reason”: "I will use the summarizer agent to create a concise summary of the key points
regarding the safety concerns associated with hydrogen steam reforming based on the
gathered information.” }

Summarizer User (Coordinator): Output from Coordinator and relevant retrieved documents [Avoiding
Repetition]

LLM (Summarizer): { >summary”: "Hydrogen steam reforming involves critical components
like high-temperature furnaces (700-1000

u00b0C), reformer/tubes, and water-gas shift reactors. PSA equipment manages
overpressure/vacuum conditions. Historical incidents, such as an explosion at ExxonMobil
u2019s Torrance refinery, underscore the need for thorough hazard assessments, robust
safety measures, and strict adherence to safety protocols.” }

Coordinator User (Answerer): Output from Summarizer [Avoiding Repetition]

LLM: { "agent”: "Answerer”,
“input”: { "question”: “safety concerns hydrogen steam reforming”,

guidance”: "Provide a detailed overview of the key components of hydrogen steam
reforming, potential safety hazards associated with each component, historical incidents, and
existing safety guidelines and regulations”,”important_information”: "High-temperature
furnaces (700-100000b0C), reformer/tubes, water-gas shift reactors, PSA equipment,
historical incidents, and safety guidelines.” }

“reason”: "I will use the answerer agent to generate a comprehensive response to the
question about safety concerns in hydrogen steam reforming, incorporating the key

components, potential hazards, historical incidents, and safety guidelines. },

Answerer User (Coordinator): Output from Coordinator [Avoiding Repetition]

», »

LLM: { "response”: "Hydrogen steam reforming is a critical process in the production of
hydrogen, involving several key components such as high-temperature furnaces,
reformer/tubes, water-gas shift reactors, and PSA equipment. Each component presents
specific safety concerns. High-temperature furnaces, operating at 700-1000

u00b0C, pose risks of thermal burns and potential tube failures due to excessive
temperatures. Reformer/tubes are susceptible to coking and require careful monitoring to
prevent catalyst degradation. Water-gas shift reactors, where the exothermic reaction occurs,
need proper cooling systems to manage temperature increases. PSA equipment, used for
hydrogen purification, must be handled with care to avoid pressure-related accidents.
Historical incidents, such as the ExxonMobil refinery explosion involving hydrofluoric acid,
highlight the importance of stringent safety measures. Safety guidelines emphasize the need
for proper monitoring, regular maintenance, and adherence to operating procedures to
mitigate risks. Regulations require thorough hazard assessments and the implementation of
safeguards to prevent accidents. Understanding these components and their associated safety
concerns is crucial for the safe operation of hydrogen steam reforming facilities.” }

www.xueshuxiangzi.com



SIGIR °25, July 13-18, 2025, Padua, Italy. Alireza Salemi, Mukta Maddipatla, and Hamed Zamani

Coordinator User (Answerer): Output from Answerer [Avoiding Repetition]

» %

LLM: { "agent”: "validator”, "input”: { "question”:"safety concerns hydrogen steam reforming”
“information”: "Hydrogen steam reforming is a critical process in the production of
hydrogen, involving several key components such as high-temperature furnaces,
reformer/tubes, water-gas shift reactors, and PSA equipment. Each component presents
specific safety concerns. High-temperature furnaces, operating at 700-100000b0C, pose risks
of thermal burns and potential tube failures due to excessive temperatures. Reformer/tubes
are susceptible to coking and require careful monitoring to prevent catalyst degradation.
Water-gas shift reactors, where the exothermic reaction occurs, need proper cooling systems
to manage temperature increases. PSA equipment, used for hydrogen purification, must be
handled with care to avoid pressure-related accidents. Historical incidents, such as the
ExxonMobil refinery explosion involving hydrofluoric acid, highlight the importance of
stringent safety measures. Safety guidelines emphasize the need for proper monitoring,
regular maintenance, and adherence to operating procedures to mitigate risks. Regulations
require thorough hazard assessments and the implementation of safeguards to prevent
accidents. Understanding these components and their associated safety concerns is crucial
for the safe operation of hydrogen steam reforming facilities”,

response”: "Hydrogen steam reforming is a critical process in the production of hydrogen,
involving several key components such as high-temperature furnaces, reformer/tubes,
water-gas shift reactors, and PSA equipment. Each component presents specific safety
concerns. High-temperature furnaces, operating at 700-100000b0C, pose risks of thermal
burns and potential tube failures due to excessive temperatures. Reformer/tubes are
susceptible to coking and require careful monitoring to prevent catalyst degradation.
Water-gas shift reactors, where the exothermic reaction occurs, need proper cooling systems
to manage temperature increases. PSA equipment, used for hydrogen purification, must be
handled with care to avoid pressure-related accidents. Historical incidents, such as the
ExxonMobil refinery explosion involving hydrofluoric acid, highlight the importance of
stringent safety measures. Safety guidelines emphasize the need for proper monitoring,
regular maintenance, and adherence to operating procedures to mitigate risks. Regulations
require thorough hazard assessments and the implementation of safeguards to prevent
accidents. Understanding these components and their associated safety concerns is crucial
for the safe operation of hydrogen steam reforming facilities” },

"reason”: ’I will use the validator agent to check if the generated response meets the criteria
for the given question.” }

Validator User (Coordinator): Output from Coordinator [Avoiding Repetition]

LLM: { "extracted_criteria”: [ { criteria”: *detailed”, "criteria_explanation”: "The question asks
about safety concerns related to hydrogen steam reforming, which requires a detailed
explanation”, "is_response_valid: true, "is_response_valid_feedback”: "The response is
detailed and covers various aspects of safety concerns in hydrogen steam reforming.” } ],
”is_groundedly_supported™: true, is_groundedly_supported_feedback”: "The response is
well-grounded with supporting information, including specific components, potential risks,
and historical incidents”, ’is_correctly_answered”: true, "is_correctly_answered_feedback”
*The response correctly addresses the safety concerns of hydrogen steam reforming and
provides relevant details” } ”

Coordinator User (Validator): Output from Validator [Avoiding Repetition]

LLM: { "agent”:"finisher”, *input”:"finished”:true }
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fe s ek ?

Agent Conversation
Coordinator User: { "question”: "How did John Ball influence golf history at Hoylake, and what strategic
challenges does the course present regarding out of bounds?” }

LLM: { “agent”: “planner”,
input”: { "question”: "How did John Ball influence golf history at Hoylake, and what
strategic challenges does the course present regarding out of bounds?”, “information”: ™ },

“reason”: "I need to create a plan to gather and organize the necessary information to answer
the question.” }

Planner User (Coordinator): { question”: "How did John Ball influence golf history at Hoylake, and
what strategic challenges does the course present regarding out of bounds?”
“information”: ”” }

LLM (Planner): { "plan”: ["Research John Ball’s role in golf history, focusing on his
connection to Hoylake Golf Club”, "Identify key events or moments in John Ball’s career at
Hoylake that significantly impacted golf history”, ”Analyze the current layout and
characteristics of the Hoylake course, particularly its out of bounds (OB) rules and challenges
it presents to players”, ?Consult historical records and expert opinions to understand how
these OB rules have evolved over time and their impact on gameplay.”, "Compile findings
into a coherent narrative that highlights John Ball’s influence and the strategic challenges
posed by the course.”] }

Coordinator User(Planner): "Output from Planner [Avoiding Repetition]”

LLM: { "agent”: "searcher”,

“input”: “question”: "How did John Ball influence golf history at Hoylake, and what strategic
challenges does the course present regarding out of bounds?”, "information”: ™,
“suggestions”: ["John Ball”, "Hoylake Golf Club”, “history of golf at Hoylake”, "out of bounds
rules in golf”],

“reason”: “The next step is to find relevant information about John Ball’s connection to

Hoylake and the characteristics of the Hoylake course”” }
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Searcher User (Coordinator): "Output from Coordinator [Avoiding Repetition]”

»,

LLM (Searcher): { "search_query”: “John Ball influence on Hoylake golf history”,
’search_query_explanation”: “This search query aims to find information specifically related
to how John Ball influenced golf history at Hoylake, which directly addresses part of the
question.” }

User (Retriever): This is the information resulted from your search query:

Query ID: 0

Documnet 1 ID: 224

Document 1 text: United Kingdom: Grant Books, 2001. 81p. half leather, slipcase. Limited
edition of 95 subscribers copies. Hoylake, otherwise known as The Royal Liverpool Golf Club
is one of golf’s most storied venues....

Documnet 2 ID: 705 Document 2 text: Ball dominated amateur golf in Great Britain. He won
all the important golf championships as well as the hearts and respect of his country.....
Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 0, "relevance”: [ { "doc_id”: 224,

”is_relevant”: true,

”is_relevant_explanation”: "This document mentions John Ball’s connection to Hoylake and
his influence on golf history, making it relevant to the question.”

{?doc_id”: 705,

”is_relevant”: true,

”is_relevant_explanation”: *This document also discusses John Ball’s influence on golf
history and his relationship with Hoylake, making it relevant to the question.” } ],
“change_search_query”: false,

“change_search_query_explanation™ “The current documents are relevant and contain useful
information about John Ball’s influence on golf at Hoylake.”,

“new_search_query”: ™,

“end_search”: true,

“end_search_explanation”: "The provided documents are sufficient to answer the question
about John Ball’s influence on golf history at Hoylake.” }

Coordinator User (Searcher): “only the relevant documents found by searcher”

LLM : { "agent”: "reasoner”,

“input”: { "question”: "How did John Ball influence golf history at Hoylake, and what
strategic challenges does the course present regarding out of bounds?”,
“information”: *”’John Ball, Jr. was born in Hoylake, Cheshire and grew up playing golf on the
Royal Liverpool course. He won several Amateur and Open Championships, including the
1890 Open Championship. He was known for his graceful swing and refusal to use a niblick.
In 1878, he competed in his first Open Championship and finished fourth at Prestwick” },
“aspect”: "John Ball’s influence on golf history at Hoylake” } ,

“reason”: "I need to analyze the information I've gathered to determine how John Ball

influenced golf history at Hoylake.” }
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Reasoner User (Coordinator): Output from Coordinator [Avoiding Repetition]

LLM (Reasoner): { "analysis”: "John Ball, Jr. was born and raised in Hoylake, making him a
local figure associated with the Royal Liverpool Golf Club, which is located there”, "He had
significant success in golf competitions, winning multiple Amateur and Open
Championships, with the most notable being the 1890 Open Championship. This highlights
his skill and impact on the sport”, “His participation in the 1878 Open Championship at
Prestwick, even before winning the major title, indicates his early prominence in
professional golf and his potential influence on the tournament’s legacy”, "Ball’s graceful
swing and refusal to use a niblick (an early type of iron club) reflect his unique style and
contributed to his reputation as a skilled player, potentially influencing other golfers’
techniques and preferences over time””, *Given his connection to Hoylake and the Royal
Liverpool Golf Club, Ball likely played the course extensively, contributing to its historical
significance and possibly offering insights or suggestions that shaped the venue’s
development and reputation.” }

Coordinator User (Reasoner): Output from Reasoner [Avoiding Repetition]”

LLM : { "agent”: "searcher”,
“input”: { "question”: "How did John Ball influence golf history at Hoylake, and what
strategic challenges does the course present regarding out of bounds?”,
”information”: “John Ball, Jr. was born and raised in Hoylake, making him a local figure
associated with the Royal Liverpool Golf Club, which is located there. He had significant
success in golf competitions, winning multiple Amateur and Open Championships, with the
most notable being the 1890 Open Championship. His participation in the 1878 Open
Championship at Prestwick, even before winning the major title, indicates his early
prominence in professional golf and his potential influence on the tournament’s legacy.
Ball’s graceful swing and refusal to use a niblick reflect his unique style and contributed to
his reputation as a skilled player, potentially influencing other golfers’ techniques and
preferences over time. Given his connection to Hoylake and the Royal Liverpool Golf Club,
Ball likely played the course extensively, contributing to its historical significance and
possibly offering insights or suggestions that shaped the venue’s development and
reputation.” },

“suggestions™: ["strategic challenges of Hoylake course”, “out of bounds rules in golf”, "Royal
Liverpool Golf Club history”],

“reason”: I need to find more information about the strategic challenges presented by the

Hoylake course and the specific rules related to out of bounds to complete the analysis.” }
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Searcher

User (Coordinator): Output from Coordinator [Avoiding Repetition]

».

LLM (Searcher): { "search_query”: "strategic challenges of Hoylake course”,
’search_query_explanation”: “This search query aims to find information about the strategic
challenges presented by the Hoylake course, which is crucial for understanding the second
part of the question.” }

User (Retriever): This is the information resulted from your search query:

Query ID: 1

Documnet 1 ID: 399

Document 1 text: The old seventeenth, now the first, known as the Royal hole, was one of
Harry ColtZ019s most famous creations, with the green set right against Stanley Road; sadly,
because it was impossible to get spectators round it, the green had to go to get the Open back
to Hoylake....

Documnet 2 ID: 829 Document 2 text: The Open requires mental strength to overcome the
obstacles thrown by Mother Nature. Having excellent control of ball flight is essential for any
player to be successful when playing in windy, rainy and cold conditions.....

Now I need you to verify the information. Be as objective as possible in your verification.
Note you should strictly follow the given format and do not add any extra explanation or
information to your output.

LLM (Searcher): { "query_id”: 1, “relevance”: [ { "doc_id”: 399,

”is_relevant”: true,

”is_relevant_explanation”: *This document discusses the strategic challenges of various golf
courses, including Hoylake, particularly focusing on the use of out of bounds lines and
bunkers to create strategic elements.” }

{?doc_id”: 829,

”is_relevant”: false,

”is_relevant_explanation”: "This document focuses on the mental and physical preparation
for playing in difficult weather conditions and does not discuss the strategic challenges of
Hoylake or out of bounds rules” } ],

“change_search_query”: false,

“change_search_query_explanation”: "The current documents are relevant and contain useful
information about John Ball’s influence on golf at Hoylake”,

“new_search_query”: ™7,

“end_search”: true,

“end_search_explanation”: "The provided documents are sufficient to answer the question
about John Ball’s influence on golf history at Hoylake” }

User (Retriever): This is the information resulted from your search query:

Query ID: 2

Documnet 1 ID: 206

Document 1 text: But it is important to note that, when older courses were built, the penalty
for going out of bounds was not necessarily quite as severe as it is today. Back in the day, the
use of out of bounds as a strategic hazard was, if not exactly commonplace, far from
unknown....

Documnet 2 ID: 399 Document 2 text: The old seventeenth, now the first, known as the Royal
hole, was one of Harry Colt2019s most famous creations, with the green set right against
Stanley Road; sadly, because it was impossible to get spectators round it, the green had to go
to get the Open back to Hoylake...

LLM (Searcher): { "query_id”: 2, "relevance”: [ { "doc_id”: 206,

”is_relevant”: true,

”is_relevant_explanation”: "This document discusses the strategic use of out of bounds at
Hoylake, providing specific examples and insights into how the course utilizes these areas” }
{"doc_id”: 399,

”is_relevant”: true,

”is_relevant_explanation”: *This document also provides detailed information about the
strategic use of out of bounds at Hoylake, including examples like the Royal hole and the
ninth hole (formerly the seventh).” } ],

“change_search_query”: false,

“change_search_query_explanation”: "Both documents are relevant and contajymsgfuk ueshu
information about the strategic challenges of Hoylake’s course, particularly concerning out
of bounds lines”
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Coordinator User (Searcher): “only the relevant documents found by searcher”

LLM: { "agent”: "answerer”,

input”: { "question”: "How did John Ball influence golf history at Hoylake, and what
strategic challenges does the course present regarding out of bounds?”,

“guidance”: "Provide a detailed account of John Ball’s influence on golf at Hoylake,
highlighting his achievements and unique style. Also, describe the strategic challenges
presented by the Hoylake course, particularly focusing on the out of bounds rules and how
they affect gameplay”

“important_information”: "John Ball’s connection to Hoylake, his golfing achievements, and
the course’s out of bounds rules.”

“reason”: "Based on the gathered information, I will now craft a comprehensive response
addressing both aspects of the question”” }

Answerer User (Coordinator): Output from Coordinator and relevant retrieved documents [Avoiding

Repetition]

LLM (Answerer): { "response”: “John Ball significantly influenced golf history at Hoylake,
Cheshire, where he grew up playing on the Royal Liverpool Golf Club course. Born in
Hoylake, Ball was the son of the Royal Hotel’s prosperous owner, which placed him in the
heart of the golfing community. His achievements include winning the Open Championship
in 1890 and the Amateur Championship in 1888, making him the first English-born player to
win both titles in the same year. Ball’s unique style was characterized by his graceful swing
and his refusal to use a niblick, which he considered ’another bloody spade.’ This
stubbornness and determination made him a formidable player in match play. Hoylake,
known for its storied golfing history, presents strategic challenges, particularly concerning
out of bounds rules. The course’s design incorporates out of bounds lines as strategic hazards,
encouraging players to take risks for better shot lines. For instance, the traditional opening
hole features a drive over a turf "cop, with the favored strategic line being close to the cop.
The use of out of bounds as a strategic element adds complexity to the game, requiring
players to balance risk and reward. Overall, John Ball’s influence on golf at Hoylake is
marked by his exceptional achievements and his impact on the strategic design of the course,
particularly through the thoughtful integration of out of bounds rules.” }
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Coordinator User (Answerer): Output from Answerer [Avoiding Repetition]

» %

LLM: { "agent”: "validator”, "input”: { "question”:"How did John Ball influence golf history at
Hoylake, and what strategic challenges does the course present regarding out of bounds?”
“information”: *John Ball significantly influenced golf history at Hoylake, Cheshire, where he
grew up playing on the Royal Liverpool Golf Club course. Born in Hoylake, Ball was the son
of the Royal Hotel’s prosperous owner, which placed him in the heart of the golfing
community. His achievements include winning the Open Championship in 1890 and the
Amateur Championship in 1888, making him the first English-born player to win both titles
in the same year. Ball’s unique style was characterized by his graceful swing and his refusal
to use a niblick, which he considered "another bloody spade’ This stubbornness and
determination made him a formidable player in match play. Hoylake, known for its storied
golfing history, presents strategic challenges, particularly concerning out of bounds rules.
The course’s design incorporates out of bounds lines as strategic hazards, encouraging
players to take risks for better shot lines. For instance, the traditional opening hole features a
drive over a turf ’cop, with the favored strategic line being close to the cop. The use of out of
bounds as a strategic element adds complexity to the game, requiring players to balance risk
and reward. Overall, John Ball’s influence on golf at Hoylake is marked by his exceptional
achievements and his impact on the strategic design of the course, particularly through the
thoughtful integration of out of bounds rules”,

“response”: “John Ball significantly influenced golf history at Hoylake, Cheshire, where he
grew up playing on the Royal Liverpool Golf Club course. Born in Hoylake, Ball was the son
of the Royal Hotel’s prosperous owner, which placed him in the heart of the golfing
community. His achievements include winning the Open Championship in 1890 and the
Amateur Championship in 1888, making him the first English-born player to win both titles
in the same year. Ball’s unique style was characterized by his graceful swing and his refusal
to use a niblick, which he considered ’another bloody spade’ This stubbornness and
determination made him a formidable player in match play. Hoylake, known for its storied
golfing history, presents strategic challenges, particularly concerning out of bounds rules.
The course’s design incorporates out of bounds lines as strategic hazards, encouraging
players to take risks for better shot lines. For instance, the traditional opening hole features a
drive over a turf "cop, with the favored strategic line being close to the cop. The use of out of
bounds as a strategic element adds complexity to the game, requiring players to balance risk
and reward. Overall, John Ball’s influence on golf at Hoylake is marked by his exceptional
achievements and his impact on the strategic design of the course, particularly through the
thoughtful integration of out of bounds rules” },

"reason”: "I need to validate if the response accurately addresses the question and is
grounded in the provided information.” }

Validator User (Coordinator): Output from Coordinator [Avoiding Repetition]

LLM (Validator): { "extracted_criteria”: [ { criteria”: “detailed”, "criteria_explanation”: **The
question asks about John Ball’s influence on golf history at Hoylake and the strategic
challenges presented by the course. A detailed response would cover these aspects
comprehensively”, ”is_response_valid: true, ”is_response_valid_feedback”: "The response is
detailed and covers both the historical influence of John Ball and the strategic challenges
presented by the course” } ],

”is_groundedly_supported”: true,

”is_groundedly_supported_feedback”: "The response is well-grounded in the provided
information and includes specific examples such as the Open Championship wins and the
strategic use of out of bounds lines”,

”is_correctly_answered: true,

”is_correctly_answered_feedback: The response correctly answers the question by detailing
John Ball’s influence and explaining the strategic challenges presented by Hoylake.” } }
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Coordinator

User (Validator): Output from Validator [Avoiding Repetition]

LLM: { "agent”:"finisher”, "input”:"finished”:true }
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