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Abstract The IR community has always aimed to improve the realism
of retrieval experiments by increasing the size of the document collections.
As collection sizes grow from megabytes to giga-, tera-, and maybe soon
petabytes, IR labs are challenged to keep pace. Herein, we describe our
work on integrating ChatNoir with ir_datasets and PyTerrier to create
chatnoir-pyterrier, a Python package for using ChatNoir in multi-
stage pipelines. ChatNoir provides BM25-based first-stage retrieval on
all ClueWeb crawls and all MS MARCO variants with a collective index
size of about 20TB. This improves inclusivity by lowering the barrier
to entry for web-scale IR, and reduces redundant first-stage indexing
overhead across IR labs. We show how chatnoir-pyterrier simplifies a
wide range of re-ranking approaches and facilitates retrieval-augmented
generation setups against large corpora.

1 Introduction

Despite the ability of modern information retrieval (IR) systems to support
web-scale collections, access to and use of such collections is limited. Firstly, web-
scale collections are too large to be distributed over the Internet and instead
often require multiple hard drives to be sent by physical mail [31]. This is not
only slow, but also expensive, especially if the collections are used by many
research groups. Secondly, the infrastructure required to index and search these
collections poses a high barrier to entry for those without access to hundreds of
terabytes of storage and high performance computing infrastructure [2]. This limits
research on web-scale information retrieval to only a fraction of IR researchers. In
this paper, we present chatnoir-pyterrier,5 a Python library that significantly
lowers this barrier, enabling anyone to conduct research on large information
retrieval collections. With chatnoir-pyterrier, users can immediately and easily
search collections such as the ClueWebs [14,15,30] and MS MARCOs [28], without
having to index these collections themselves. The integration with PyTerrier [26]
also allows to build advanced ranking pipelines on top of ChatNoir.
5 Code and examples: https://github.com/chatnoir-eu/chatnoir-pyterrier
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Table 1: Datasets available via chatnoir-pyterrier, (compressed) dataset size, index
size, and link to the ChatNoir UI. In gray, we list shared tasks that use the dataset.
Dataset ID Dataset Index Link

Docs. Size Docs. Size
ClueWeb09 [14] clueweb09 1.0B 4.0TB 536M 6.2TB
Shared tasks: TREC Million Query 2009 [8], TREC Web 2009–2012 [9–12]

ClueWeb12 [15] clueweb12 733M 4.6TB 503M 5.1TB
Shared tasks: TREC Web 2013/2014 [16,17], CLEF eHealth [32,37], NTCIR WWW 2017–2020 [24,
27,35], TREC Health Misinformation 2019 [1], CLEF Touché 2020–2022 [3, 5, 6]

ClueWeb22 cat. B [30] clueweb22/b 200M 12 TB 187M 6.0 TB
Shared tasks: CLEF Touché 2023 [4], TREC Lateral Reading 2024 (ongoing)

MS MARCO v1 [28] msmarco-document 3.2M 8.5GB 3.2M 189GB
↪→ segmented msmarco-passage 8.8M 1.1GB 8.8M 12GB
Shared tasks: TREC Deep Learning 2019/2020 [18,21]

MS MARCO v2 [28] msmarco-document-v2 12M 35 GB 12M 479GB
↪→ segmented msmarco-passage-v2 138M 22 GB 138M 251GB
Shared tasks: TREC Deep Learning 2021–2023 [19,20,22]

MS MARCO v2.1 [28] msmarco-document-v2.1 11M 29 GB 11M 539GB
↪→ segmented msmarco-passage-v2.1 114M 26 GB 114M 975GB
Shared tasks: TREC RAG 2024 (ongoing)∑

Total — 2.2B 21TB 1.5B 20TB —

from chatnoir_pyterrier import ChatNoirRetrieve
chatnoir = ChatNoirRetrieve("msmarco -document -v2.1")
chatnoir.search("python library")

Listing 1: Searching for the query python library in MS MARCO v2.1.

We demonstrate that chatnoir-pyterrier simplifies the participation in shared
tasks and retrieval-augmented generation experiments [23], and hence, enables
students to participate in state-of-the-art IR research. In its current state, 1.5 bil-
lion documents can be easily searched (see Table 1). which would otherwise
require about 20TB of disk space just to store the indices—an unattainable
amount of resources for individuals and many labs.

2 Simplified Retrieval with chatnoir-pyterrier

The chatnoir-pyterrier library uses the ChatNoir research search engine [2,33],6
which employs a 130-node Elasticsearch cluster for retrieval and a 10 PB Ceph S3
storage cluster for random document access, both with sharding and replication.
To build chatnoir-pyterrier, we extended ChatNoir to index any ir_datasets
compatible dataset [25]. The standardized access provided by ir_datasets to
document collections ensures compatibility with Cranfield-style IR evaluation [13].
On ChatNoir, we then maintain indices for each of these datasets, as listed
in Table 1. Administrators can easily index new datasets to chatnoir-pyterrier
as long as it is available through ir_datasets or a compatible extension package7.
6 Hosted by the Webis group: https://chatnoir.eu
7 E.g., for ClueWeb22: https://pypi.org/project/ir-datasets-clueweb22

https://chatnoir.eu?index=cw09
https://chatnoir.eu?index=cw12
https://chatnoir.eu?index=cw22
https://chatnoir.eu?index=msmarco-document
https://chatnoir.eu?index=msmarco-passage
https://chatnoir.eu?index=msmarco-document-v2
https://chatnoir.eu?index=msmarco-passage-v2
https://chatnoir.eu?index=msmarco-v2.1
https://chatnoir.eu?index=msmarco-v2.1-segmented
https://chatnoir.eu
https://pypi.org/project/ir-datasets-clueweb22
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chatnoir = ChatNoirRetrieve("clueweb12", num_results =100)
mono_t5 = MonoT5ReRanker("castorini/monot5 -base -msmarco")
duo_t5 = DuoT5ReRanker("castorini/duot5 -base -msmarco")
pipeline = chatnoir % 100 >> mono_t5 % 5 >> duo_t5

Listing 2: Composing a multi-stage re-ranking pipeline for the ClueWeb12 with
chatnoir-pyterrier, monoT5, and duoT5, using PyTerrier’s operator syntax.

query = "How tall is the empire state building?"
search = ChatNoirRetrieve(features=Feature.SNIPPET_TEXT)
context = "\n\n".join(search.search(query)["snippet_text"])
prompt = f"""Answer the question using the given context:
Question: {query }\ nContext: {context}"""
print(OpenAI (...). chat.completions.create(

model="gpt -4o",
messages =[{"role": "user", "content": prompt}],

). choices [0]. message.content)

Listing 3: Simple RAG system using chatnoir-pyterrier and the OpenAI API.

For indexed datasets, access to ChatNoir’s BM25 search is exposed as a
typical search engine user interface and via the ChatNoir search API.8 The
chatnoir-pyterrier library exposes ChatNoir’s API functionalities in a PyTerrier
compatible, type-safe, and unit-/integration-tested Python interface. Our library
handles pagination, parsing,9 retries, rate limits, and allows keyword- or phrase
search. Listing 1 shows how the core module, ChatNoirRetrieve, can replace
PyTerrier’s standard retrieval module, Retriever (for Terrier indices [29]).

Finally, the first-stage retrieval of chatnoir-pyterrier can easily be extended
with neural re-rankers using PyTerrier’s composition API [26]. In Listing 2, we
build a multi-stage retrieval system using monoT5 and duoT5 cross-encoder mod-
els [34]. The system retrieves the top-100 documents from ChatNoir’s ClueWeb12
index, re-ranks using monoT5, and again re-ranks the top-5 with duoT5.10

3 chatnoir-pyterrier for Retrieval-Augmented Generation
Retrieval-augmented generation (RAG), in which an LLM answers questions using
the top retrieved passages as context, received much attention recently [23].11
However, RAG on large indices remains limited to those with the resources
to store and maintain them. With chatnoir-pyterrier, this barrier is lowered
substantially, enabling RAG experiments even on resource-constrained services
like Google Colab or GitHub Codespaces—especially when paired with projects
like llama.cpp12 which allow LLM inference on standard hardware. Listing 3
demonstrates a basic RAG system with chatnoir-pyterrier and OpenAI.
8 UI: https://chatnoir.eu; API: https://chatnoir.eu/api
9 Metadata: doc. IDs, index ID, hostname, URL, cache URL, crawl date, page/spam

rank, title, snippet, raw HTML/JSON, plain text, content type, explanation, language
10 https://hf.co/castorini/monot5-base-msmarco and duot5-base-msmarco
11 DBLP search for “retrieval-augmented generation”: 60 papers in 2023; 539 in 2024.
12 https://github.com/ggerganov/llama.cpp

https://chatnoir.eu
https://chatnoir.eu/api
https://hf.co/castorini/monot5-base-msmarco
https://hf.co/castorini/duot5-base-msmarco
https://github.com/ggerganov/llama.cpp
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Table 2: nDCG@5 effectiveness of ChatNoir BM25 and mono/duoT5 re-ranking (see
Listing 2) on 15 shared tasks from TREC, CLEF, and NTCIR 2009–2022. Significant
changes to ChatNoir baseline are bold (t-test, p < 0.05, Bonferroni-correction).

System TREC CLEF NTCIR

Web HM DL eH. Touché T2 WWW

’09 ’10 ’11 ’12 ’13 ’14 ’19 ’19 ’20 ’16 ’20 ’21 ’22 ’17 ’18

Query

ChatNoir 0.33 0.30 0.32 0.16 0.35 0.35 0.45 0.20 0.14 0.16 0.54 0.38 0.00 0.53 0.24
+monoT5 0.39 0.35 0.34 0.21 0.38 0.42 0.45 0.22 0.14 0.16 0.54 0.41 0.00 0.52 0.25
+duoT5 0.39 0.35 0.34 0.21 0.39 0.42 0.45 0.22 0.14 0.16 0.53 0.41 0.00 0.52 0.25

Description

ChatNoir 0.16 0.23 0.25 0.24 0.24 0.33 0.38 — — — 0.00 0.00 0.00 — 0.07
+monoT5 0.17 0.27 0.24 0.27 0.23 0.33 0.37 — — — 0.00 0.00 0.00 — 0.07
+duoT5 0.17 0.26 0.25 0.27 0.23 0.33 0.37 — — — 0.00 0.00 0.00 — 0.07

4 chatnoir-pyterrier for Shared Tasks Participation

As shared tasks involve ever larger and more complex document collections,
participation has become increasingly difficult, especially for students. With
chatnoir-pyterrier, we lower the barrier to participation in shared tasks such
as those run at TREC, CLEF, and NTCIR. By using ChatNoir for first-stage
retrieval, researchers no longer need to manage or index web crawls but can
instead tune their own IR pipeline, e.g., by developing re-rankers. Table 2 evaluates
ChatNoir’s first-stage retrieval and the pipeline from Listing 2 on 15 shared tasks.

5 Conclusion and Future Work

We have presented chatnoir-pyterrier, a Python library that lowers the barriers
for web-scale IR research by providing easy retrieval access to large document col-
lections with more than 1.5 billion documents hosted on ChatNoir. By integrating
with PyTerrier and ir_datasets, we support resource-constrained researchers to
run web-scale IR experiments, to participate in a wide range of current and past
shared tasks, and to build RAG applications. Further, chatnoir-pyterrier follows
green IR research practices [36] by encouraging the reuse of existing indices and
the sharing of computational resources. We plan to extend chatnoir-pyterrier
by indexing additional collections through ir_datasets, ultimately aiming for
full coverage of all shared tasks at TREC, CLEF, and NTCIR [7]. By mak-
ing web-scale IR experiments more accessible, chatnoir-pyterrier will broaden
participation and foster collaboration, to advance IR research.
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