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Knowledge-Augmented Large Language Models
for Personalized Contextual Query Suggestion
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ABSTRACT

Large Language Models (LLMs) excel at tackling various natural
language tasks. However, due to the significant costs involved in
re-training or fine-tuning them, they remain largely static and dif-
ficult to personalize. Nevertheless, a variety of applications could
benefit from generations that are tailored to users’ preferences,
goals, and knowledge. Among them is web search, where knowing
what a user is trying to accomplish, what they care about, and
what they know can lead to improved search experiences. In this
work, we propose a novel and general approach that augments an
LLM with relevant context from users’ interaction histories with a
search engine in order to personalize its outputs. Specifically, we
construct an entity-centric knowledge store for each user based
on their search and browsing activities on the web, which is then
leveraged to provide contextually relevant LLM prompt augmenta-
tions. This knowledge store is light-weight, since it only produces
user-specific aggregate projections of interests and knowledge onto
public knowledge graphs, and leverages existing search log infras-
tructure, thereby mitigating the privacy, compliance, and scalability
concerns associated with building deep user profiles for personaliza-
tion. We then validate our approach on the task of contextual query
suggestion, which requires understanding not only the user’s cur-
rent search context but also what they historically know and care
about. Through a number of experiments based on human evalua-
tion, we show that our approach is significantly better than several
other LLM-powered baselines, generating query suggestions that
are contextually more relevant, personalized, and useful.
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Figure 1: Illustration of our proposed Knowledge-augmented
large Language Model for Personalization (K-LaMP) frame-
work for our contextual query suggestion task. (A) A user’s
search context includes a current query and an article being
viewed. (B) The user has knowledge of medicine, extracted
from past search activities. (C) The conventional query sug-
gestion with naive LLMs generates a query unrelated to the
user’s knowledge and the context. (D) Our K-LaMP suggests a
pertinent query that is personally and contextually related.

-
Query Suggestion: Machine Learning applications in Medicine?
L

1 INTRODUCTION

Large Language Models (LLMs) [6, 9, 16, 53, 68, 69], such as GPT-4,
are multi-billion parameter models trained on massive text corpora,
which are capable of internalizing general knowledge across diverse
domains [55, 59]. This capability allows them to generate plausible,
reasonable, and helpful outputs in response to user inputs, and
has been leveraged with impressive results for a diverse range of
natural language tasks, including question answering and dialogue
generation, even without any task-specific training [6, 53, 69].

Despite these successes, customizing LLMs to generate personal-
ized responses, which take into account the individual preferences,
needs, knowledge and context of users, with the goal of making
them more meaningful and relevant to each user, remains challeng-
ing. This is due to the fact that re-training or fine-tuning LLMs for
individual users is prohibitively expensive. On the other hand, for
some real-world applications, such as query suggestion [22, 64],
item recommendations [26, 76], snipped generation [13] or ques-
tion answering [31], reflecting personal preferences, knowledge
and needs of users in the model’s outputs is essential.

Several recent studies [20, 29, 32, 36, 46, 48] have tackled the
problem of LLM personalization through augmenting the user’s
input with relevant information, a process known as in-context
learning [9, 39, 58, 74]. For example, in order to suggest the next
item that the user may interact with, they prepend a sequence of
their past item interactions into the LLM’s input [14, 46]. Yet, due

59
60

61

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

106

107

108

109

110

111

112

114

115

116


https://doi.org/XXXXXXX.XXXXXXX
https://doi.org/XXXXXXX.XXXXXXX
https://doi.org/XXXXXXX.XXXXXXX

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

150

160
161
162
163
164
165
166
167
168
169
170
171
172
173

174

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

to the often large volume of users’ historical information, more
recent work [60, 63, 72, 78] proposes to inject only a fraction of the
most relevant history by retrieving it from a complete interaction
memory. Such retrieval-based personalization, while demonstrating
successes on several tasks including product recommendation and
writing assistance [14, 44, 60, 72], remains ill-suited for more chal-
lenging personalization scenarios where a deeper understanding
of users’ personal knowledge is crucial. Meanwhile, some stud-
ies [38, 79] enable personalization through construction of deep
user profiles that are then incorporated into LLM prompts. Never-
theless, such profile-based personalization captures user knowledge
at the cost of privacy and scalability, requiring online modeling
beyond the capabilities of existing logging infrastructure.

Thus, in this paper, we introduce a novel approach to personal-
izing the output of LLMs. Our method revolves around an entity-
centric light-weight personalization layer that enables knowledge-
augmentation of LLMs with contextual entities retrieved from a
personal knowledge store. This knowledge store is derived from exist-
ing search logs that capture users’ interactions with modern search
engines. Specifically, this store is built over time by aggregating
entities that appeared in queries that the user issued, or web-pages
that they browsed, and is further enhanced by different views that
capture the entities the user may be familiar or unfamiliar with,
and those that may have recently lapsed from their memory.

This entity-centric output personalization strategy has several
advantages. First, contextually relevant retrievals from this entity-
centric knowledge store encourage LLMs to generate outputs that
are more deeply grounded in what users know and care about as
compared with linearly stored past query logs. At the same time,
it largely relies on already existing logging infrastructure, which
means that it is more amenable to privacy, flexibility and scalability
considerations than profile-based personalization, as it reduces data
collection, modeling and update overheads. Also, thanks to its light-
weight design, our approach offers easy integration with existing
LLMs for other personalization tasks, such as in search [13, 31]
and beyond [44, 60]). Finally, our knowledge augmentation method
is cost efficient since the knowledge injection employs entities as
atoms. This results in minimal, succinct additions to the prompt,
unlike other LLM contextualization approaches that operate over
raw texts [39, 58, 74]. We refer to our framework as Knowledge-
augmented large Language Models for Personalization, or K-LaMP.

While our method of personalizing LLM outputs is broadly ap-
plicable to problems in search (and beyond), it is especially relevant
to tasks that require modeling the knowledge of users in addition to
their interests. One such challenging task is a new variant of query
suggestion [4, 12, 23, 65], that we call contextual query suggestion.
In this variant, a system must recommend queries to a user condi-
tioned on a web-page they are currently reading, in addition to their
historical query information. Thus, in this setting, knowing a user’s
domain of expertise and proficiency about a particular topic can
lead to substantially different suggestions, as shown in Figure 1. It is
worth noting that contextual query suggestion is different from ex-
isting context-aware query suggestion in the literature [5, 15, 34, 37],
since the latter neither conditions recommendations on the body of
the web-page being viewed by the user, nor explicitly captures the
user’s knowledge, instead focusing on surface-level relationships
between queries and pages, or their titles.

Anon.

In our investigation, we validate the effectiveness of K-LaMP
for contextual query suggestion, using real-world search logs from
the public search engine [2], which is also used to construct our
entity-centric knowledge store. On a battery of tests conducted via
human evaluation, we find that K-LaMP substantially outperforms
several LLM-powered (contextual) query suggestion baselines in
generating recommendations that are better related and more useful
to individuals, while maintaining high search result quality. Further
analyses demonstrate that K-LaMP retrieves contextually relevant
knowledge in a highly effective manner, and continues to become
more performant as longer user interaction histories are processed
and stored, neither of which other baselines are capable of doing.

2 BACKGROUND AND RELATED WORK

Large Language Models. Language models [24, 47, 56, 57], which
are pre-trained on unannotated text corpora with Transformer ar-
chitectures [70] based on self-supervised learning objectives, have
been shown to acquire knowledge from text corpora [55, 59, 66] and
successfully used for various natural language tasks, such as ques-
tion answering and dialogue generation [35, 67]. Recently, Large
Language Models (LLMs) [6, 53, 69], which are scaled-up version
of language models, have demonstrated the capability of handling
diverse language tasks across various domains. In particular, LLMs
have shown increased capacity for knowledge acquisition and re-
tention thanks to their very large number of parameters [49, 77],
as well as a remarkable ability to generalize across new domains
with no need for additional task-specific fine-tuning and training
data [61, 73]. Moreover, they are able to understand the context of
given inputs and then generate contextually coherent responses,
allowing users and system designers to easily customize LLMs
through prompt engineering [39, 58, 74]. For example, to generate
factually correct answers in response to input questions, existing
work [7, 40, 62] typically augments the internalized knowledge in
LLMs with externally relevant factual knowledge related to ques-
tions. However, while they can effectively provide generic responses
that may apply to a broad swath of users, it remains challenging to
generate personalized responses that capture the unique preferences,
needs, and knowledge of individual users.

Large Language Models for Personalization. In order to yield
outputs that are customized to individual users, recent studies [10,
45] propose to personalize the generations of LLMs, with appli-
cations spanning various tasks and domains. These include prod-
uct or content recommendations [14, 27, 30, 72], dialogue gener-
ations [63, 78], writing assistants [44, 60], and even robotic sys-
tems [75]. Specifically, early work [20, 29, 32, 36, 46, 48] proposes to
incorporate the historical sequence of the user’s interactions (e.g.,
recent purchase logs of items) into LLMs prompts, thereby allowing
LLMs to generate outputs that are personalized (e.g., next item rec-
ommendation). While this simple, linear injection mechanism can
effectively provide LLMs with relevant contextual information for
personalization, it is limited by often very large interaction histories
which exceed the capacity of LLM prompt windows. Also, not all
of this history is relevant to every query. Based on this observation,
recent work [60, 63, 72, 78] proposes to retrieve relevant content
from an external memory [54] that stores the user’s historical in-
formation. A few studies [44, 78] go a step further, processing the
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information in the interaction memory - for example, with summa-
rization or key-word extraction - to gain higher-level insights from
the user’s history when contextualizing LLMs for personalization.
Unlike prior work in LLM output personalization that focuses
largely on modeling the interests of users, our work additionally
targets their knowledge over topics and domains of interest. Accord-
ingly, rather than only leveraging the linearly stored interaction
histories of users, in this work, we build a personal knowledge
store consisting of entities mined from search queries and page
visitations. This mechanism, which provides a lens through which
user knowledge can be captured, has two additional advantages: it
enables light-weight personalization by retrieval from the knowl-
edge store without requiring explicit profiling of users [38, 79]; the
knowledge represented as entities is succinct, thereby leading to
efficiency gains through reductions in input context length when
compared with existing LLM contextualization work [58].

Search Query Suggestion. The goal of query suggestion is to
recommend new queries of potential interest to users, based on cur-
rent and previous queries in and across search sessions. This task is
both highly practical and useful, having been shipped in web-scale
search engines (Google and Bing), as well as been widely applied
to other tasks and domains, such as task-oriented search [25, 28]
and recruitment platforms [81]. Early work on query suggestion
has used frequency-based statistical (probabilistic) methods, which
include Markov or LDA models [11, 33, 37, 50, 71]. More recently,
neural network methods based on recurrent or attention-based ar-
chitectures [12, 23, 34, 65, 80] have been leveraged to better model
past query sequences and generalize to unseen and long-tail queries.
Meanwhile, other studies have proposed to improve training strate-
gies by performing either multi-task learning with a document
ranker [4, 5, 15] or reinforcement learning [8]. Finally, other recent
work [51, 52] uses pre-trained language models [24, 43] to achieve
superior performances with larger model capacity.

In comparison to prior work on query suggestion, we tackle
the novel but realistic task of contextual query suggestion, where
recommendations are additionally conditioned on the web-page
a user is currently viewing. This task is clearly different from ex-
isting query suggestion work that leverages previously clicked
pages [5, 15, 34, 37] only through surface-level association (such
as relationships between past queries and page titles), because it
requires contextualizing the full text of the page. This novel task is
of particular interest to us because it exposes the need for personal-
ized models that recommend queries based not only on what users
are interested in, but also on what and how much they know.

3 K-LAMP: KNOWLEDGE-AUGMENTED LLMS
FOR PERSONALIZED QUERY SUGGESTION
In this section, we introduce our approach to generating personal-
ized outputs using a novel knowledge-augmentation method for
LLMs and our entity-centric personal knowledge store for it, and
detail its application to a novel task of contextual query suggestion.

3.1 Problem Statement

We begin with preliminaries, formally introducing LLMs and the
problem of contextual query suggestion.

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

Large Language Models. Let us define an LLM as a model, pa-
rameterized by a set of parameters 0, that takes an input sequence
of tokens x = [x1, x2, ..., x,| and a supplemental sequence of con-
text tokens ¢ = [c1, ¢, ..., x| as a prompt, and then generates an
output sequence of tokens y = [y1, Y2, ..., ym]. Then, formally, the
inference of an LLM can be summarized as: y = LLMy(x, c¢). Here, 0
is typically pre-trained auto-regressively on massive text corpora
and remains fixed; x is a task dependant user issued prompt or set
of instructions; and ¢ is some additional context provided by an
auxiliary system that helps augment, ground, or otherwise improve
the quality of the input, so that the LLM is able generate outputs y
more effectively. This paper particularly focuses on the nature of ¢
for the task of contextual query suggestion defined below, and with
the use of entity-centric knowledge for more personalized outputs.

Contextual Query Suggestion. Before formalizing Contextual
Query Suggestion that we introduce in this work, we first define a
task of conventional Query Suggestion. Let q; be the most recent
query issued by a user and qp = [q1, g2, ..., ¢j—1] be a sequence of
their historical queries. Then, a query suggestion model QS aims to
predict new queries g1 that an individual user with current query
q;j and query history qp, might be likely to find useful. This process
can be summarized as follows: q;j+1 = QSg(q;, qp)-

Contextual query suggestion expands on this definition to in-
corporate a broader set of context ¢ = [c1, ¢z, ..., ci] linearized as
sequences of text. Specifically, let us first assume that x is an input
query: x = qj. Then, q, € c, meaning that the query history is
one of the contextual signals capable of being leveraged for query
suggestion. In this task, the text of a web-page w currently being
consumed by the user is also included in ¢, as follows: w € c. For-
mally, this task can be summarized as follows: gj+1 = QSg(x,¢)™.

In this work, we attempt to solve the problem of contextual query
suggestion by leveraging a knowledge-augmented model to yield
more personalized outputs. Formally, for g;+1 = QSg(x, ¢), we set
QS to be an LLM (e.g., GPT-4 [53]) and include aggregated entity-
centric knowledge from users’ historical interactions in the context
c, in order to generate better recommendations g1, as measured
by a set of personalization-focused metrics (see Section 4.3).

3.2 Knowledge-Augmented LLMs for
Personalization with Knowledge Store

We now discuss our knowledge-augmented LLM framework for
personalization and describe two instantiations of this framework.

Recall that the supplemental context of an LLM c is provided
by auxiliary sources or systems that help enrich the input prompt
to the model. According to our goal of personalizing the outputs
of the LLM, these auxiliary sources should ideally consist of data
that captures the personal preferences, interests, and knowledge of
individual users. Thus, if K is a knowledge store that encapsulates
these user-specific data, and k € K is a contextually relevant subset
linearized as text, then, for the task of contextual query suggestion,
the context ¢ can be defined as follows: ¢ = [q, - w - k], where [-]
is the concatenation operation.

Given this general formulation, the important questions to an-
swer are: (1) How is the personal knowledge store K constructed?

'Without the hard requirement of an input web document included in c, this definition
may be relaxed to capture prior work on context-aware query suggestion [5, 15, 34, 37].
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(A) Previous Search Logs !

Query: Bayesian algorithm (Jul 16, 2023)
The Bayesian algorithm is a technique in machine learning. It provides a
probabilistic framework for inferring unknown parameters based on data.

Query: Supervised learning examples (Oct 10, 2023)

In supervised machine learning, examples include regression for
predicting housing prices and classification for filtering spam emails.

(B) Current Search Context |

Anon.
(C) Memory Stream | (E) Query Suggestion
n e ~
TEEED UL SELD Naive Query Suggestion:
Bayesian algorithm Jul 16, 2023 Whitelist vs. blacklist in spam filtering.
(. J
- - . . N
Supervised learning examples ~ Oct 10, 2023 Familiar Entlty_. Machine _L_eam'”Q
Query Suggestion w/ Familiar Entity:
l Entity Extraction \ML algorithms for spam filtering )
(D) Entity-based Knowledge Store N

-
Unfamiliar Entity: Unsupervised ML

Query: Email spam filtering (Oct 11, 2023) Entity

Email spam filtering has evolved tremendously with the integration of
machine learning techniques. Specifically, unsupervised machine learning
allows systems to identify potential spam patterns without explicitly being
trained on labeled spam or non-spam data. One of the prominent methods used
in this domain is the Bayesian algorithm, which calculates the probability of
an email being spam based on the frequency of certain words or phrases.

Machine Learning
—p Classification
Bayesian algorithm

Unsupervised ML

Count Last Time Query Suggestion w/ Unfamiliar Entity:

1 0ct10, 2023 \Unsupemsed spam filtering algonthms/
s

6 Octyl0:2023 Lapsed Entity: Bayesian algorithm

3 Jul 16,2023 Query Suggestion w/ Lapsed Entity:

0 N/A

\Bayesian algorithms for spam filtering

Figure 2: Overview of K-LaMP. The inputs to the system are (A) previous search logs and (B) the current search context of a
user, which consist of a query and an associated web-page. (C) Each search record is stored in a memory stream along with a
time stamp. (D) The entity-based knowledge store is constructed by aggregating entities extracted from the memory stream. (E)
K-LaMP augmented with entities retrieved from the personal knowledge store, generates query suggestions that are compatible

with the user’s knowledge and interests.

and (2) How are contextually relevant items k retrieved from the
knowledge-store K. We answer both of these questions below;
namely, construction in Section 3.2.1 and retrieval in Section 3.2.2.

3.2.1 Constructing Personal Knowledge Stores. While a variety of
sources may be used to construct a compendium of what a user
cares about and knows, in this paper, we leverage users’ interac-
tion histories with a search engine. We argue that this is a natural
choice given that users express goals, desires, interests, and depth
of knowledge both explicitly and implicitly through issued queries,
clicked web-pages, consumed content and behavioral patterns over
time. It is also an especially relevant source of knowledge for contex-
tual query suggestion, where generating helpful search suggestions
from search histories is the eventual goal of the task. Given this
source, we build two distinct instatiations of the knowledge store K:
a simple variant that linearly captures historical user queries and
browsing patterns (%), and another leveraging an entity-centric
view of users’ personal interests and knowledge (Ke).

Personal Knowledge Store from Search History (%). The
intuition behind this instatiation of the knowledge store K, is that
users issue queries and click on web-pages that they are interested
in or care about. And, when accumulated over time, these also start
to construct a picture of what users know and how deeply do they
know them. For example, a user that issues multiple queries over
time including “Machine Learning”, “ML”, “Optimization”, “SGD”,
“Deep Learning” and clicks a number of web-pages resulting from
these queries, we can assume that they are at least familiar with
the general concept of “Machine Learning”.

In order to operationalize this intuition, we construct a time-
stamped memory stream consisting of the queries issued by users
and the web-pages associated with the results they clicked on (see
Figure 2). Note that this is an extremely light-weight instantiation
of the knowledge store, being only a partial view of user actions and
interactions already logged by modern web-scale search engines.
As a result, there are no privacy or scalability concerns beyond
those already inherent in the search engine’s logging system.

Personal Entity-centric Knowledge Store (%;). While building
a memory stream over users’ search histories is extremely sim-
ple, there are a few limitations that stem from its design. Firstly,
because search queries and web-page visitations are stored and
retrieved linearly, it is difficult to perform aggregations on the fly.
Yet, such aggregation can be greatly beneficial for personalization.
For example, knowing that a user clicked on web-pages associated
with “Machine Learning” multiple times, while only clicking on a
single web-page stemming from the query “Computational Biol-
ogy” would tend to indicate a greater affinity for and knowledge of
machine learning. Other issues include the fact that individual web-
pages visited by a user may contain mixtures of several different
topics and domains, distracting LLMs in generating outputs consis-
tent to context, and the fact that including large amounts of text
from lengthy web-pages renders LLM usage slow and expensive.

In order to address these concerns, we construct an entity-centric
instance of the knowledge store K, (see Figure 2). Entities are useful
atoms for capturing the interests and knowledge of users because
they consist of the nouns (proper or otherwise) that describe the
people, places, organizations, topics and domains that the users care
and know about. Additionally, because they tend to be relatively
short and easy to aggregate, and because entity recognition and
linking [18, 41] are well-studied problems, the process of opera-
tionalizing the creation of this store is greatly simplified.

Specifically, this is done by using a state-of-the-art entity linking
system [19] to tag and canonicalize the entities that appear in the
search queries and associated web-pages visited by users. While
individual occurrences of entities in the knowledge store are time-
stamped, additional aggregation is done by counting the number
of occurrences of entities in entire user interaction histories.

Note that, while this entity-centric knowledge store instantiation
Ke is not as minimalist as the instantiation K, it is still relatively
light-weight when compared with systems that personalize through
the construction of deep profiles. The only external dependency
is the entity linker, which can process thousands of tokens per
second. In addition, scalability and privacy concerns are also small,
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since entity linking projects onto sub-graphs of public entity graphs
(e.g. Wikipedia), subsequently records can be easily removed upon
request by eliminating associated entities from the store, and further
aggregation of entity occurrences lends itself naturally to common
privacy mitigation practises such as k-anonymization.

3.2.2 Contextual Retrieval from Personal Knowledge Stores. We
now turn to the question of retrieving contextually relevant items
k from a knowledge-store K, conditioned on the input query q;
and web document w that the user is currently interacting with. A
carefully considered retrieval step is essential in augmenting the ca-
pability of LLMs to produce personalized outputs, since it grounds
generation to historical interests and knowledge of users. In the fol-
lowing, we show how retrieval is performed for both instantiations
of the knowledge store K and K, described in Section 3.2.1.

In the case of K over users’ search and browsing history, re-
trieval is done by finding and returning the most similar queries
and previously visited web-pages to the current input x. In practise,
the queries are then elided from this result since they yield little
benefit over the much longer text present in web-pages. To oper-
ationalize the retrieval step, we first represent all records in the
knowledge-store K using embeddings, then compute embedding-
level similarities with the representation of current query q; using
Contriever [42]. The most similar records k are finally returned.

Meanwhile, for the entity-centric knowledge store %, retrieval
is conditioned on the entities present in the current query g; and
the web-page w, which are further matched against K. Given that
entities are atomic units with associated counts and time-stamps,
the matching and retrieval process can be operationalized in flexible
ways (See Figure 2). We particularly explore three strategies for
matching entities: familiar (entities the user has frequently encoun-
tered), unfamiliar (entities the user has encountered infrequently or
not at all), and lapsed (entities that the user used to encounter pre-
viously but hasn’t done so more recently). Specifically, for familiar
entities, we sort the entities appearing in the search context [x - w]
by frequency of occurrence in the knowledge store K, then sample
5 entities proportionally to their frequency. For unfamiliar entities,
a similar process is used for sampling, except that entities are sorted
inversely with respect to their occurrence in Ke. Finally, for lapsed
entities, we start by filtering entities in [x - w] by time-stamp to
retain only those that occur in K, but haven’t been engaged with
in the preceding two weeks. Then we sample from this filtered set
of entities by frequency, much like we do with familiar entities.

4 EXPERIMENTAL SETUP

In this section, we outline the datasets, models, evaluation setup,
and implementation details.

4.1 Data

To validate K-LaMP for personalized contextual query suggestion
task, we use real search logs from a large-scale web search en-
gine [2]. Specifically, we sample three months of search logs, from
May 01, 2023 to July 31, 2023. We then filter and sample this dataset
to make it suitable for evaluating our task. First, because the task
we are tackling is contextual query suggestion - i.e., recommenda-
tions are predicated on a current web-page the user is viewing —
we filter out sessions that do not contain any clicked search results.
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We further filter the data to discard click events that lead to pages
in domains other than Wikipedia or a curated set of 500 high-traffic
news publishers. We do this because the entity linker we use [19]
maps onto Wikipedia, and we want to maximize the chances of
encountering linked entities. It is worth noting that our K-LaMP
framework itself is agnostic to the choice of the linker or its under-
lying knowledge graph, and our approach could readily be applied
to a different domain, for exampling, using an entity linker over a
product graph for shopping. Finally, we filter the remaining data
to discard users who had fewer than 100 page visitations for three
months, who we assume are infrequent users of the search engine.
In addition, we perform and apply enterprise-level privacy checks
and filters, such as using search queries requested from at least 50
individuals, to ensure that the data remains suitably anonymized.
The resulting data is still extremely large; therefore, we further
randomly sample a subset of 1,000 users in order to get the bench-
mark set that forms the basis for all the evaluations we perform
in this paper (Section 4.3). This final dataset contains, on average,
493 queries, 109 sessions, 177 clicked articles, and 3, 053 encoun-
tered entities per user. For testing, we split the dataset and reserve
the most recent 10 sessions of every user as prediction targets for
contextual query suggestions and use all the earlier sessions for
building search-and-browsing based (k) and entity-centric (%)
personal knowledge stores for users, as described in Section 3.2.1.

4.2 Baselines and Our Model

We compare our approach to knowledge-augmented LLMs for out-
put personalization against several relevant baselines that make
query suggestions based on the search context of users. We note
that, for comparisons, all baselines and our model use LLMs (specif-
ically GPT-4) to make query suggestions. Also, prior query sugges-
tion models based on traditional methods (e.g., RNNs or BART) [51,
65] are not directly applicable to the contextual query suggestion
task due to their limited capacity for understanding longer context
and complex data inputs, without dedicated training data.

The models evaluated in this work are listed as follows: (1) Query
Suggestion — which uses a current query q; and historical queries
from gy, in the same session to suggest the next query g1, (2) Con-
textual Query Suggestion - which is similar to Query Sugges-
tion, but additionally conditions the recommendation of the next
query gj+1 on a web-page w, clicked as a result of current query
gj» (3) Contextual Query Suggestion w/ K — which includes
retrievals from the knowledge store K over users’ historical search
and browsing activities, as additional context to personalize the
outputs of the LLM, and (4) K-LaMP - which is our full model that
augments LLMs with entity-centric knowledge from the knowledge
store K, in order to perform contextual query suggestion.

4.3 Evaluation Setup

To evaluate the effectiveness of different query suggestion models
on generating personalized outputs, a suitable evaluation metric
should ideally not only capture whether the suggested queries
are contextually relevant, but also whether they align well with
the user’s interests and knowledge. Given that contextual query
suggestion is a novel problem we propose in this paper, there are
no existing evaluation metrics for the task. In particular, metrics
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Anon.

Table 1: Main results on our contextual query suggestion task. We emphasize the best results in bold.

Types Models Validness (T)  Relatedness (T)  Usefulness (T) ~ Ranking ()
Query Suggestion 1.769 0.962 0.948 2.736

Baselines  Contextual Query Suggestion 1.966 1.267 1.245 2.415
Contextual Query Suggestion w/ Ky 1.822 1.192 1.166 2.654

Ours K-LaMP (Ours) 1.966 1.482 1.455 2.160

Query: Tim Cook

Session: Apple | Tim Cook

Article: Tim Cook Leadership

A new profile examines how Apple CEO Tim Cook, with "cautious, collaborative and
tactical" leadership, honed the Cupertino tech giant into the world's largest company. (...)
Trending entities: ‘GPT-4’, ‘OpenAl’, ‘Google Bard’, ‘Microsoft Copilot’, ‘Elon Musk’, ...
Personal summary: The user is interested in Apple products and technology (‘Macbook',
'macOS', and ‘Apple TV’). They have a keen interest in ML, with topics like 'Supervised
Learning' and 'Optimization'. Additionally, they enjoy animation, showing interest in ‘Studio
Ghibli', ‘Walt Disney', and 'Pixar'. Their preferences also extend to home entertainment
('DVD' and 'HDTV’). Lastly, they follow baseball (‘MLB' and ‘New York Yankees’).
Personal entities: ‘Macbook’, ‘macOS’, ‘Machine Learning’, ‘Optimization’, ‘Supervised
Learning’, ‘Apple TV’, ‘Animation’, ‘Studio Ghibli’, ‘DVD’, ‘Walt Disney’, ‘Pixar Animation
Studios’, ‘Apple Inc.’, ‘Baseball’, ‘'HDTV’, ‘Major League Baseball’, ‘New York Yankees', ...

Figure 3: A fabricated example of the data that we provide to
human judges.

for evaluating conventional query suggestion are not applicable
here because they do not account for the full context present in
our task — namely the input document being consumed by the user.
Therefore, we turn to human evaluation in order to measure and
compare the different models on our experimental benchmark.

It is worth noting that human evaluation of any form of person-
alization is difficult, since the person performing the evaluation is
rarely the person from whom the data originated. Short of flighting
and A/B testing our system in a real-world setting — an engineering
endeavor well beyond the scope of the scientific exploration in this
paper — any evaluation on our task and dataset must be bounded
by this constraint. Nevertheless, we attempt to provide annotators
with as much information as possible in order to understand both
the user’s current search context and their personal interests and
knowledge (see Figure 3 for the example). In particular, to summa-
rize the current search context for annotators, we show them the
current and previous search queries of a user in a given session, the
web-page the user clicked on after issuing the current search query,
and a list of 20 trending entities which capture statistical surges
in search volume across users. Additionally, in order to present an
encapsulation of the personal interests and knowledge of users, we
show annotators a list of the 30 most frequent entities from the
user’s personal entity-centric knowledge store, as well as a GPT-4
generated summary from these entities that states what topics or
domains the user may know or care about much.

Presented with these data and recommended queries from the
different baselines and our model (where their names are obscured
to annotators), a human judge is asked to evaluate the following
three metrics on a 3-point Likert scale?: (1) Validity - whether an
output query can be input into a search engine and be expected to
yield relevant results; (2) Relatedness — whether the output query
closely relates to the user’s personal interests and knowledge; and
(3) Usefulness — whether the user is likely to click on the output
query, given their historical interests and knowledge as well as

2The 3-point Likert scale is composed of agree (2), neutral (1), and disagree (0).

Table 2: Results of inter-annotator agreements on all query
suggestion results evaluated by humans annotators.

Agreements Metrics Scores (1)
Validness 0.963
Exact match Relatedness 0.850
Usefulness 0.819
Validness 0.606
Cohen’s kappa coefficient Relatedness 0.652
Usefulness 0.622
Spearman’s correlation coefficient Ranking 0.654

their current search context. Finally, we also ask the annotators
for a fourth measure: (4) Ranking — where the outputs of the
different systems are ranked according to the order in which they
are likely to be clicked, based on their affinity to the user’s interests,
knowledge, and search context. Collectively, these four evaluation
metrics capture not only how good the different query suggestions
are, — both individually and in relation to one another — but also
how well they align with the personal aspects of our evaluation
task; namely, what users care about and know.

To perform evaluations with human judges, we recruit 12 annota-
tors in India through a third-party vendor company [3]. They were
provided with a guideline document, which includes instructions
for the task, metrics and some annotated examples, and they were
paid $11.98 per hour for the time they spent working on the task.
Over several rounds of judgement and refinement, we obtain man-
ual evaluation results for 1,309 sets of contextual query suggestion
results from all four models listed in Section 4.2 (effectively a total
of 5,236 annotations for individual query suggestions).

Additionally, in order to validate the quality of annotations and
to measure inter-annotator agreement, approximately 27% of the
data is annotated by two human judges. Specifically for Validity, Re-
latedness, and Usefulness, we measure an exact match score, which
checks often annotators provide the same score on the 3-point likert
scale, and Cohen’s kappa coefficient [17] which additionally dis-
counts for chance agreement. For Ranking, we report Spearman’s
correlation coefficient [1], which measures correlation between
two sets of ranked systems, averaged across pairs of users and data
instances. As shown in Table 2, we observe that inter-annotator
agreement is moderate to high, indicating that judges are in fact
able to make reasonably informed decisions about personalized
contextual query suggestion from the data we provide them with.

4.4 Implementation Details

For a fair comparison, we use the GPT-4 [53] release from July 01,
2023, as the basis for query suggestion across all baselines and model
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Table 3: Results of different retrieval strategies on Retrieval
Relevance.

Retrieval Types Retrieval Relevance (1)
History-based Retrieval (Ks) Past Documents 0.299
Familiar Entities 0.936
Entity-centric Retrieval (Ke)  Unfamiliar Entities 0.810
Lapsed Entities 0.849

variants. We set the hyperparameters of GPT-4 as temperature = 0.7
and top,, = 0.95. The entity linker used to construct instantiations

of the knowledge store is NEMO [18, 19]3. Prompts used to elicit
responses from GPT-4 for query suggestion are in Appendix A.

5 EXPERIMENTAL RESULTS

We now present the set of experimental results from our evaluation,
and report findings from various auxiliary studies and analyses.
Our main results are shown in Table 1. This confirms that our
K-LaMP framework consistently and significantly outperforms all
other baselines across Relatedness, Usefulness, and Ranking metrics.
While it ties Contextual Query Suggestion on the Validity metric,
this finding is overall a positive and not an unexpected one — since
intuitively, inclusion of personal context does not necessarily lead to
queries that are more valid for search engine retrieval. Meanwhile,
there are a few other interesting insights that can be gleaned from
this table. Interestingly, Contextual Query Suggestion with % does
not outperform Contextual Query Suggestion. We hypothesize that
this is because the information retrieved from the memory store
(Ks) has poor relevance to the current search context, leading to
spurious augmentation that distracts rather than helps the LLM.
To investigate this hypothesis further, we conduct an auxiliary
evaluation that asks human annotators to rate the information re-
trieved from knowledge stores for a particular search context (see
Section 3.2.2 for details). Specifically, we report Retrieval Relevance
from both instantiations of our knowledge stores in Table 3. This
metric is the average score from a Yes/No question - whether the
retrieved context is relevant to the current search context (1) or not
(0). As shown in Table 3, the quality of retrievals from the entity-
centric knowledge store are significantly better than those from
the linear search history-based store. This is because we have far
greater control with entities being the atomic units of the knowl-
edge representation space, and are able to exactly match entities
in the context against entities in the store, rather than rely on a
similarity-based retrieval process with the dense retriever [42].

5.1 Additional Studies and Analyses

Ablation over Entity Matching Strategies. Recall that our full
K-LaMP relies on a combination of matching and retrieval of several
different types of entities from its entity-centric knowledge store,
namely: familiar, unfamiliar and lapsed entities (see Section 3.2.2).In
order to individually measure the contribution of each strategy, we
generate knowledge-augmented query suggestions on 313 search
contexts using only one type of entity and ask human annotators
to evaluate the results on Validity, Relatedness, and Usefulness. The

3We eschew more recent LM-based entity linkers [21, 41] since they have restrictive
input token limits that are often exceeded by inputs in our scenario.
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BN Contextual Query Suggestion

Analysis on Variants of Our K-LaMP
I K-LaMP w/ All Entities
53 K-LaMP w/ Familiar Entities

2.0
1 K-LaMP w/ Unfamiliar Entities
1.0 T m | m ’

=3 K-LaMP w/ Lapsed Entities
Validness Relatedness Usefulness
Figure 4: Results of variants of our K-LaMP on personalized-
knowledge retrieval strategy and results without retrieval.

Score
-
(9]

-@®- Query Suggestion -@®- Contextual Query Suggestion w/ Ks
Contextual Query Suggestion -®- K-LaMP (Ours)
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Figure 5: Results of baselines and our K-LaMP with different
numbers of previous queries (i.e., different memory sizes).

comparative results are presented in Figure 4. Firstly, they reaffirm
the fact that Validity is practically invariant to the choice of knowl-
edge ingestion, since personal information does not affect whether a
query is valid or not. The Relatedness and Usefulness metrics, how-
ever, are clearly impacted by the choice of entity matching strategy
in consistent ways. In particular, using only “unfamiliar” entities
yields the highest results across both metrics, even outperforming
the full K-LaMP model. This seems to suggest that queries stem-
ming from new (to the user) entities, which implicitly encourage
exploration, are preferred over queries that revisit familiar ground.

While these results are true on this data, we note that real-world
users may approach web search with different goals in mind: such
as research, exploration, or revision, and it is difficult for judges to
assess these goals from limited albeit rich data. As a result, we argue
that having a comprehensive approach to capturing different views
of the users’ knowledge so that it may be deepened, expanded, or
revived as the use-case may demand, is a robust strategy.

Analysis over Interaction History Length. A fundamental as-
sumption in our LLM output personalization setup is that we can
learn about users as they interact with search engines. A natural
follow-up question to this assumption is to ask how the perfor-
mance of systems that rely on personal knowledge change as a
function of the length of the interaction history. To answer this
question, we conduct an analysis with varying history lengths and
report the results in Figure 5. From this, we observe again that Va-
lidity is not affected by the length of the interaction history, while
Relatedness and Usefulness are. In particular, K-LaMP is the only
model demonstrating consistent improvement with longer interac-
tion histories, showcasing it’s ability to grow richer representations
of personal interests and knowledge over time. A reasonable ex-
planation for this increment is thanks to the aggregation strategy
that happens in K-LaMP’s entity-centric knowledge store, which
contrasts with the linearly stored histories of the other approaches.

Analysis using different LLMs. Finally, we conduct an auxil-
iary analysis to see how the quality of query recommendations
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Table 4: Results with different LLMs: GPT-3.5 and GPT-4.

Methods LLMs Validness ~ Relatedness ~ Usefulness
0 s i GPT-3.5 1.767 1.077 1.069
uery Suggestion
¥ Sues GPT-4 1.747 1.080 1.060
Contextual S " PT-3.5 1.967 1.177 1.202
ontextual Quer estion
xtual Query Sugg GPT-4 1.987 1367 1313
GPT-3.5 2.000 1.279 1.303
K-LaMP (O
aMP (Ours) GPT-4 1.983 1.653 1.600

from different systems change if an LLM other than GPT-4 is used.
Specifically, we use the July 01, 2023 version of GPT-3.5-Turbo as the
LLM on 128 sets of query suggestions from two baselines (Query
Suggestion and Contextual Query Suggestion) and our K-LaMP
framework, and compare the results with GPT-4; these are shown
in Table 4. Firstly, Query Suggestion is agnostic to the choice of
LLMs, while Contextual Query Suggestion and K-LaMP are not.
This is likely due to the fact that the latter two approaches must
incorporate information from full web-pages as context and there-
fore benefit from the representational capacity of the larger model.
More relevant to the contributions in this paper, we find that, even
with GPT-3.5-Turbo, our K-LaMP approach shows comparable per-
formance on the Usefulness metric with the second best model -
Contextual Query Suggestion — despite the latter using GPT-4. This
demonstrates the significant edge that an entity-centric represen-
tation of a user’s personal interests and knowledge provides, for
knowledge-augmented personalization of LLMs outputs.

5.2 Automatic Evaluation Setup

While human evaluation is useful for measuring systems and gain-
ing insights, especially on a new task like the one we introduce, the
process is slow and expensive, and therefore not scalable to bigger
datasets, or future extensions. To address these issues, we explore
an initial set of automatic evaluation metrics mirroring the ones
described in Section 4.3 that may be used in the absence of human
judgement. Recall that even human evaluation for tasks that deal
with personalization is non-trivial; therefore, automatically evaluat-
ing the outputs of a contextual query system while conditioning on
complex personal preference and knowledge data is very difficult.

Nevertheless, we propose and experiment with the following
automatic formulations: (1) Validity — we compute the similarity
between the query suggestion output of a system and the top search
result (title and snippet) returned from issuing that query to the web
search engine (to see if the query yields reasonable search results);
(2) Relatedness — we measure the similarity between the query
suggestion and the set of contextual personal entities retrieved from
the user’s entity-centric knowledge store (to ensure that the query
is grounded in the personal context of the user); (3) Usefulness —
we calculate the similarity between the query suggestion and the
real subsequent queries that the user ended up issuing (in order to
compare recommendations against the user’s true actions). In each
of these three metrics?, similarity is computed by calculating the
dot product of representations obtained from Contriever [42].

We validate these automatic evaluation metrics by ranking the
systems on the test set, then computing Spearman’s correlation

4We don’t specify an automatic measure of Ranking, since this can be done trivially
by scoring then sorting systems by one or more of the other automatic metrics.

Anon.

Table 5: Results with automatic evaluation metrics.

Types Validness Relatedness  Usefulness
Correlation w/ Human Evaluation 0.445 0.397 -0.016
Query Suggestion 1.784 1.189 0.882
Contextual Query Suggestion 1.891 1.340 0.831
Contextual Query Suggestion w/ K 1.828 1.271 0.847
K-LaMP (Ours) 1.910 1.472 0.845

against the ranking obtained by human judgement scores. As shown
in Table 5, we find a moderate correlation on Validity and Relat-
edness, indicating that our proposed automatic metrics for these
measures may be used as proxies in the absence of human labeling.
However, there is no correlation between automatic and human
Usefulness metrics. This is expected since (contextual) query rec-
ommendation is not expected to align perfectly with user behavior;
users should be surprised and delighted by suggestions they would
not have otherwise thought about.

There are several ways to improve the process of automatically
evaluating contextual query suggestion. For example, we could use
another LLM to perform a rubric-based evaluation of Validity, Relat-
edness and Usefulness, relying on it’s capacity to account for com-
plex personal and preferential data. Or we could train parametrized
versions of the automatic metrics we have proposed on manually
labeled data with the goal of increasing correlation with human
judgement. We leave these and other explorations to future work.

6 CONCLUSION

In this work, we proposed a knowledge-augmentation framework
for LLM output personalization called K-LaMP, that leverages histor-
ical user interactions with a search engine. The core of the personal
knowledge we used for LLM augmentation relies on a novel light-
weight entity-centric personal knowledge store that is constructed
from the queries that users issue and the web-pages they viewed as
they search and browse the web. To stress-test our personalization
framework, we focused on the novel task of contextual search query
suggestion, which crucially requires modeling both the contextual
interests and the knowledge of users. Through human evaluation on
an extensive test set, we showed that our entity-centric knowledge-
augmented LLM produces personalized query recommendations
that are better related to user’s intent, more useful, and consistently
ranked above those produced by several other LLM-powered query
suggestion models. Our findings show that entities are effective
atomic units for the representation of personal knowledge, offering
a robust middle-ground of performance, flexibility, privacy and
scalability, when compared with other personalization approaches
that rely either on deep profile building or simple linearization of
a user’s historical interactions. We believe that K-LaMP has the
potential to greatly impact both future research and product in-
novation. The use of personalized knowledge-augmentation for
other search tasks such as snippet generation or question answer-
ing, the incorporation of other sources of data such as shopping
or media-consumption histories, and the application to domains
outside of search such as personal Al assistants, are all exciting
avenues of future work. At the same time, enhanced evaluation
remains an important future goal, with improved automatic metrics
and real-world flighting as potential directions for exploration.
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A PROMPTS

In this section, we provide the prompts that we use for eliciting the
responses from LLMs for personalized contextual query suggestion.
In particular, we provide the prompt for our K-LaMP framework
in Figure 6, as well as the prompts for other models, namely query
suggestion, contextual query suggestion, and contextual query sug-
gestion w/ K in Figure 7, Figure 8, and Figure 9, respectively.
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1277 [System Message] 1335
1278 You are an Al assistant whose primary goal is to suggest a next search query, in order to help a user 1336
search and find information better on the search engine. Two different queries and entities are separated

1250 by the token ‘|'. For example, ‘Microsoft’ and ‘Google’ would appear as ‘Microsoft’ | ‘Google’. 1338

1279 1337

1281 1339

[User Message]

1282 You are going to suggest a search query that the user would search next based on the current query, 1340
1283 the current session, the current article, and the personal entities. 1341
1284 1342

The explanations of the query, session, article, and personal entities are as follows:
» The query is a specific set of phrases that the user enters into the search engine to find the
information or resources related to a particular topic, question, or interest.

1285 1343

1286 1344

1287 « The session refers to a sequence of queries requested by the user on the search engine, within a .
1288 certain period of time or with regard to the completion of a task. 1346
1289 « The article refers to a specific webpage that the user clicks and reads from several search results 1347

displayed by the search engine in response to the requested query.
« The personal entity refers to a topic, keyword, person, event, or any subject that is specifically

relevant or appealing to the individual user based on their personal interests.
1292 1350

1290 1348

1291 1349

1293 Read the following query, session, article, and personal entities of the user as the context information, 1351
1294 which might be helpful and relevant to suggest the next query. 1352
1295 Query: {Query} 1353

Session: {Session}
Article Title: {Article[Title']}
Article Text: {Article[ Text']}

1296 1354

1297 1355

1298 Personal Entities: {Entities} 1356
1299 1357
1300 Based on the above query, session, article, and personal entities, please generate one next query 1358
1301 suggestion with the rationale, in the format of 1350
1302 . 1360
Query Suggestion:
1303 Rationale: 1301
1304 1362

Figure 6: A prompt that we use in our K-LaMP model.

1305 1363
1306 1364
[System Message]

You are an Al assistant whose primary goal is to suggest a next search query, in order to help a user )
1308 . . . N . . e 1366
search and find information better on the search engine. Two different queries and entities are separated

1307 1365

1309 by the token ‘|'. For example, ‘Microsoft’ and ‘Google’ would appear as ‘Microsoft’ | ‘Google’. 1367
1310 1368
1311 [User Message] 1369
1312 You are going to suggest a search query that the user would search next based on the current query, 1370
313 and the current session. 371
131 The explanations of the query, and session are as follows: 1372
1315 « The query is a specific set of phrases that the user enters into the search engine to find the 1373
1316 information or resources related to a particular topic, question, or interest. 1374
1317 « The session refers to a sequence of queries requested by the user on the search engine, within a 1375
1318 certain period of time or with regard to the completion of a task. 1376
1319 . . . . . . 377
N Read the following query, and session of the user as the context information, which might be helpful and 1/

1320 relevant to suggest the next query. 1378
1321 Query: {Query} 1379
1322 Session: {Session} 1380
1323 1381
1324 Based on the above query, and session, please generate one next query suggestion with the rationale, 1382

in the format of

1325 1383
1326 Query Suggestion: 1384
1327 Rationale: 1385
1328 Figure 7: A prompt that we use in the query suggestion baseline. 1386
1329 1387
1330 1388
1331 1389
1332 1390
1333 1391

1334 12 1392
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1393 [System Message] 1451
1394 You are an Al assistant whose primary goal is to suggest a next search query, in order to help a user 1452
search and find information better on the search engine. Two different queries and entities are separated

1396 by the token ‘|'. For example, ‘Microsoft’ and ‘Google’ would appear as ‘Microsoft’ | ‘Google’. L5

1395

1397 [User Message]

1398 You are going to suggest a search query that the user would search next based on the current query, 1456
1399 the current session, and the current article. 1457
1400 1458

The explanations of the query, session, and article are as follows:
« The query is a specific set of phrases that the user enters into the search engine to find the
information or resources related to a particular topic, question, or interest.

1401

1402

1403 « The session refers to a sequence of queries requested by the user on the search engine, within a 1461
1404 certain period of time or with regard to the completion of a task. 1462
1405 « The article refers to a specific webpage that the user clicks and reads from several search results 1463
1406 displayed by the search engine in response to the requested query. 1464
1407 1465

Read the following query, session, and article of the user as the context information, which might be

1408 helpful and relevant to suggest the next query.

1466

1409 Query: {Query} 1467
1410 Session: {Session} 1468
1411 Article Title: {Article[ Title']} 1469

Article Text: {Article[ Text']}

1412 1470

1413 1471

Based on the above query, session, and article, please generate one next query suggestion with the

1414 rationale, in the format of 1472
1415 1473
1416 Query Suggestion: 1474
417 Rationale: 1475
1418 Figure 8: A prompt that we use in the contextual query suggestion baseline. 1476
1419 1477

1420 1478

[System Message]

1421 You are an Al assistant whose primary goal is to suggest a next search query, in order to help a user 1479
1422 search and find information better on the search engine. Two different queries and entities are separated 1480
1423 by the token ‘|'. For example, ‘Microsoft’ and ‘Google’ would appear as ‘Microsoft’ | ‘Google’. 1481
1424 1482

[User Message]

You are going to suggest a search query that the user would search next based on the current query, 1

1425

1426 the current session, the current article, and the related article. 1484
1427 1485
1428 The explanations of the query, session, article, and related article are as follows: 1486
1429 « The query is a specific set of phrases that the user enters into the search engine to find the 1487

information or resources related to a particular topic, question, or interest.
« The session refers to a sequence of queries requested by the user on the search engine, within a
certain period of time or with regard to the completion of a task.

1430 1488

1431 1489

1432 « The article refers to a specific webpage that the user clicks and reads from several search results 1490
1433 displayed by the search engine in response to the requested query. 1491
1434 « The related article refers to a specific webpage that the user had previously read with interest, which 1492

may be relevant to the current query, session, and article.

1435 1493

1436 Read the following query, session, article, and related article of the user as the context information, 1o

which might be helpful and relevant to suggest the next query. 1495

1437

1438 Query: {Query} 1496
1439 Session: {Session} 1497
1440 Article Title: {Article[ Title’]} 1498

Article Text: {Article[ Text']}
Related Article Title: {RelatedArticle[‘Title']}
Related Article Text: {RelatedArticle[ Text']}

1441 1499

1442 1500

1443 1501

1444 Based on the above query, session, article, and related article, please generate one next query 1502

1445 suggestion with the rationale, in the format of 1503

1446 . 1504

1447 ngry Suggestion: s
Rationale:

1448 1506

Figure 9: A prompt that we use in the contextual query suggestion w/ K model.

1449 1507

1450 13 1508
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