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Abstract

This paper presents a method for building a
personalized open-domain dialogue system to
address the WWH (WHAT, WHEN, and HOW)
problem for natural response generation in a
commercial setting, where personalized dia-
logue responses are heavily interleaved with
casual response turns. The proposed approach
involves weighted dataset blending, negative
persona information augmentation methods,
and the design of personalized conversation
datasets to address the challenges of WWH in
personalized, open-domain dialogue systems.
Our work effectively balances dialogue fluency
and tendency to ground, while also introduc-
ing a response-type label to improve the con-
trollability and explainability of the grounded
responses. The combination of these meth-
ods leads to more fluent conversations, as evi-
denced by subjective human evaluations as well
as objective evaluations.

1 Introduction

A personalized dialogue (PD) system is capable
of generating user-customized responses based on
long-term memory about the user’s persona, lead-
ing to more trustworthy and engaging conversa-
tions (Ranjbartabar et al., 2021; Xu et al., 2022).
In our study, persona attributes cover comprehen-
sive user-related information, such as personality,
behaviors, preferences, and experience.

The key to enhanced user engagement in a PD
system lies in finding a persona that is contextu-
ally relevant and appropriate, on which a model
is grounded to generate a natural response. How-
ever, as shown in the example in Figure 1, PD
systems usually need to select relevant persona at-
tributes from a given subset of N persona attributes,
which is usually provided by external memory or
retrieved from the user persona pool. Considering
the fact that the agent’s response is usually anno-
tated with associated oracle persona information
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Figure 1: A sample of personalized conversation
grounded on user persona. For every agent utterance,
the persona attributes to be grounded in the response are
retrieved by a retrieval model. Then, the agent make a
decision about generating personalized response given
dialogue context and retrieved persona subset.

in the training dataset, deciding what persona at-
tribute to select in each turn during model inference
is a non-trivial problem. (We will refer to this prob-
lem as the "WHAT to ground" problem hereafter.)
Another aspect to consider in a PD system is that
under certain dialogue contexts, it is better not to
generate a personalized response given retrieved
persona attributes in order to create a more natu-
ral interaction (the second response in Figure 1).
As shown in the example, it is usually difficult for
the retrieval module to determine whether to use
persona information for response generation. We
also need a model to decide when to ground per-
sona information with a given persona subset for
every turn (We will call this the "WHEN to ground"
problem hereafter).

Given such a challenge, designing a user-based
persona-aware PD system capable of generating
engaging and human-like personalized responses
requires addressing the "WHAT," "WHEN," and
"HOW" (WWH) questions: 1) What personal infor-
mation should be grounded given the conversation
context, 2) When to generate responses using per-
sonal information, and 3) How to make natural and
human-like personalized response.
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Figure 2: The overall framework of our proposed personalized dialogue system

Most previous research on personalized dia-
logue systems has focused on generating natural
responses in ideal personalized conversation set-
tings (Liu et al., 2020; Dong et al., 2022; Xu et al.,
2022; Fu et al., 2022), where issues related to heav-
ily interleaving personalized responses with casual
dialogue turns are not considered. However, we
believe that these are significant problems that need
to be addressed in real-world personalized conver-
sational systems.

Large-scale Language Models (LLMs) such as
GPT-3 have shown outstanding capabilities in vari-
ous Natural Language Understanding (NLU) tasks
and especially, in-context learning (Brown et al.,
2020). However, the inherent abilities of LLMs
alone are insufficient to effectively address the
WWH problems in real-world service environ-
ments. Moreover, it is very tricky to generate
natural and engaging personalized responses and
sophisticatedly control the output of the model
in multi-turn/session scenarios, relying solely on
prompt engineering.

In addressing the research gap and real-world
challenges, we propose a method that controls the
inclination of models to generate personalized re-
sponses. Our technique blends persona-augmented
datasets to construct a personalized dialogue sys-
tem, thus enabling human-like natural conversa-
tions. Our approach involves the following steps:

1) We create a Multi-Session Personalized Con-
versation (MSPC) dataset. This trains the model
to ground the provided persona information effec-
tively for a personalized response. 2) We control
the model’s persona-grounding level by adjusting
the blending weights of the conversational datasets.
Furthermore, we enrich the dataset with negative

samples of persona subsets at the turn level for
model fine-tuning. 3) To enhance both generation
quality and the controllability and interpretability
of persona-grounded generation, we use a turn la-
bel. This label indicates whether a turn is person-
alized or casual and serves as one of the inputs.
Ultimately, we build a personalized dialogue sys-
tem by fine-tuning an 18-billion parameter large
language model (LLM). This LLM has a high level
of understanding of conversation history, the ability
to generate high-quality responses, and the capac-
ity to focus effectively on given inputs, including
users’ personas.

We also propose four grounding type categoriza-
tions to allow for analysis of the model’s ground-
ing patterns and detailed performance in subjec-
tive evaluation using sensibleness and specificity,
which complements the objective evaluation based
on groundedness, and fluency.

2 Related Work

Since the release of the PersonaChat dataset
(Zhang et al., 2018), methods to generate personal-
ized responses that are consistent with or grounded
on a persona have been extensively studied (Lee
et al., 2021; Liu et al., 2020; Xu et al., 2021, 2022).
Most of the studies focus on addressing the WHAT
and HOW challenges by the use of diverse model
architectures, modules, and training frameworks
(Fu et al., 2022; Dong et al., 2022).

With respect to the How, Liu et al. (2020) pro-
pose an RL-based approach for generating person-
alized dialogue with rewards for mutual persona
perception. Wu et al. (2019) and Fu et al. (2022)
employ variational methods to generate personal-
ized and knowledgeable response generation. Song
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p2: HILIAZ HIRD {2, (I am learning tennis.)

p3 =X ERILJAL. (I have a boy friend.)

p4 U OIE[AEZ 25D Q0{L. (I work as a nail artist.)
p5 : L= ZE Z0sl. (I like Kimbap.)

p6 : HEO|E E0ta L. (I like Tteokbokki.)
p7:0|EE E72. (I enjoy watching America dramas.)
(* New persona attributes are added in next sessions.)

Figure 3: An example of a session from our proposed MSPD dataset. The left figure represents a dialogue between
the user (U) and the agent (A), where red text and information within brackets indicate the agent’s personalized
responses (PR) and the index of a corresponding persona attribute. Blue text and content within brackets represent
the user’s new persona and its corresponding persona index. The right figure contains details about persona attributes,

including the user’s demographic information

et al. (2019) addresses both WHAT and HOW by
generating persona-grounded responses via CVAE
with a selected persona from a memory. Xu et al.
(2022) and Bae et al. (2022) also tackle the same
problems via a persona retrieval module and a gen-
erator module.

However, to the best of our knowledge, there
has been no work on addressing all three WWH
questions in PD system. Therefore, considering the
crucial importance of addressing the WWH issues
in a commercial system, we propose novel meth-
ods to tackle all three WWH questions, which are
mission-critical for a commercial system.

3 Dataset

To develop a PD system that addresses the WWH
problems, we construct a Korean Multi-Session
Personalized Dialogue dataset, which we refer to
as MSPD. This dataset includes an agent that per-
forms several unique roles, setting it apart from
other PD datasets. Primarily, the agent is required
to remember user persona attributes, including any
persona attributes introduced during the conver-
sation. The agent must also produce personal-
ized responses that are both reasonably and timely
grounded on the persona. The goal of this dataset
is to enable a model to learn the HOW and WHEN
of grounding. On average, the dataset contains 4
sessions per episode, with each session consisting
of 10-12 turns between the user and the agent. This
format allows the agent to learn how to sustain a
natural conversation flow, both within and between
sessions. As illustrated in the red and blue text

in Figure 3, we annotate the persona used in re-
sponses and user utterances that include personal
information the model should remember. Specif-
ically, to address the WHEN and HOW problems
from a dataset perspective, we cap the number of
personalized responses per session at two or fewer,
and performed rigorous reviews to ensure the qual-
ity and appropriateness of personalized responses
within conversations. This approach allows us to
construct 13,469 episodes in total. Statistics and
other samples from the MSPD dataset can be found
in Appendices A and B.

Alongside the MSPD, we incorporate a vari-
ety of informal dialogue datasets, referred to as
D gsuai, to train a more balanced model capa-
ble of generating high-quality daily, knowledge-
based, empathetic, and personalized conversations.
Dy suar consists of a comprehensive collection of
approximately 12.5 million utterances. We use
carefully-curated Korean dialogue datasets avail-
able online', developed by National Information
Society Agency (NIA), as well as crowdsourced
conversational datasets, including Korean versions
of PersonaChat, EmpatheticDialogues, and Wiz-
ard of Wikipedia (Dinan et al., 2018; Rashkin
et al., 2018; Zhang et al., 2018).

4 Methodology

As shown in Figure 2, we train our model during
the training phase to address the WHAT and WHEN
questions using a variety of methods. These include

"https://aihub.or.kr/
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different types of negative persona augmentation,
dataset blending, and response type generation.
During the inference phase, given the dialogue con-
text and a subset of persona attributes, the model
is capable of generating suitable personalized re-
sponses. These persona subsets are retrieved from
individual persona attributes determined by the con-
text of the conversation. Additionally, the model
provides an explanation for its decision through
response type labels (RTL). Conditioning on the
RTL, allows us to explicitly control the generation
of a personalized response.

4.1 Persona-Grounded Generation

In this study, every input of the training dataset
consists of user demographic information d (e.g.
gender, age), a subset of user persona p"*, which
consists of persona attributes, and dialogue con-
text ¢ = [ui,a1,u2,a2, U1, Gm—1, Um]-
u and a refer to the user and agent, respectively, and
the target response y™ = [y{",-- - ,y;"] is indexed
to the my;, agent response a,.

Given the input, which is in the format of
(d, p™, ™), we optimize the model via the con-
ditional probability for personalized response 4™
and a loss function with Negative Log-Likelihood
(NLL) loss that can be formulated as:

J4
P(ym|d’pm7cm) = HP(y;ﬂd, pmacmay?t)

t=1
ey
4

Lypr == log P(y|d, p™,c™ y%,)  (2)
=1

where / is the length of the target response.

4.2 Dataset Blending

Blending a variety of conversational datasets has
been shown to improve the diversity, empathy, and
knowledge of a dialogue system, leading to more
natural and engaging conversations (Smith et al.,
2020). By blending the MSPD, which is tailored
for personalized conversations, with various types
of casual dialogue datasets, D qsyq;, the model
becomes more balanced and adept at cohesive and
natural conversations.

We define a data instance as (¢, r) where ¢ and r
are the dialogue context and target response, respec-
tively as described in section 4.1. We blend datasets
by instance according to blending weights for each
dataset. In particular, in order to finely control the
WWH problems with the blending weights (w), the

MSPD dataset is divided into the agent’s person-
alized responses (Dyspp-pr) and non-personalized
responses (Dyspp-npr) (€.g., agent’s red and black
colored responses in Figure 3, respectively). The fi-
nal training dataset is assembled by over-sampling
or under-sampling individual datasets. The training
data size of individual dataset is determined by the
weighted number of data instances for each dataset,
defined by

W
1D traim || = =—— < D 3)
j=1Wj
where a set of N conversational datasets D =
{Dcasuah 3T IZ)Ga,suoLl;€ y DMSPD—PRa DMSPD-NPR}’

D, is i-th dataset in D.

4.3 Control of WHEN & WHAT by Negative
Samples

Control of WHEN To address the WHEN problem,
it is important to control a model’s propensity to
generate a persona-grounded response. Given a
persona, an agent must generate personalized re-
sponses at the right time to create coherent and nat-
ural conversations. Generating persona-grounded
responses too frequently leads to unnatural conver-
sations. On the other hand, a model that generates
personalized responses too infrequently does not
sufficiently enhance a user’s engagement with the
agent.

In particular situations where a persona subset
is retrieved by a retrieval model at each turn, the
model should generate a casual response instead
of generating a personalized response, resulting
in a more natural flow. In order to learn this
natural flow, we intentionally include a persona
subset consisting of all contextually irrelevant
persona attributes in the input for non-personalized
responses. We call this a negative persona subset
augmentation in our study. This augmentation
"suppresses" the model’s inclination to ground
too frequently. However, too much augmentation
can hinder the model’s ability to ground, so we
perform the negative persona subset augmentation
only for data in Dyispp.npr, Dot all casual datasets

Dcasual .

Control of WHAT When a model generates a
persona-grounded response, it needs to determine
the WHAT, i.e., the specific persona attribute on
which to base the response. By providing both
the ground-truth persona attributes, ppos, which are
relevant to the response, and "negative" persona at-
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tributes, ppegt; ..., pNEY;, _1, Which are not relevant
to the target response, the model learns to select
the appropriate persona attribute(s) from multiple
options given the current dialogue context. We
refer to the process of adding multiple negative per-
sona attributes to a ground truth persona as negative
persona attribute augmentation.

Finally, we vary the subset of the persona p in
(1) for negative persona augmentation depending
on the response type:

Pnpr for non-personalized response € DMSPD-NPR
p= Ppr for personalized response € Dyspp-PR

P for casual response € Deagual

, where Pnpr = {pnegla te 7pnegk}7
Ppr = {Pp057 Pregyy " >pnegk,1}a and pc = ¢.

4.4 Controllability & Explainability via
Response Type Label

Controllability In a commercial setting, it is often
necessary to determine whether to generate a per-
sonalized response based on business logic. For in-
stance, this might include deciding when the agent
should proactively send a message to users. We
can exert explicit control over the model’s decision
regarding the WHEN by employing Response Type
Labels (RTL), denoted as <RTL>.

First, we train the model to generate both
a response and corresponding RTL token:
P(<RTL>, y|d, p,c) in (1). We have pre-defined
special tokens <PRTL> for personalized response
type labels and <CRTL> for casual response type
labels. Then, at inference time, we can insert the
RTL to generate a response that corresponds to
the response type: y ~ Py(|d, p,c,<PRTL>) or
y ~ Py(-|d, p, c,<CRTL>).

Explainability Error analysis is a crucial element
in commercial systems for swift debugging and
resolution of issues. However, this process can
often be labor-intensive, typically involving a man-
ual review of log data to evaluate the quality and
appropriacy of generated personalized responses.
Therefore, besides enhancing controllability, we
also employ the Response Type Label (RTL) to im-
prove the explainability of the model’s generated
responses. In this regard, the level of explainability
provided by the RTL facilitates easier and more
efficient error analysis, leading to improved service
operation.

5 Experiments
5.1 Experimental Setup

To validate the efficacy of our proposed methods
in building a controllable Personalized Dialogue
(PD) system that addresses the WWH problems, we
compare the performance of several models. These
are enhanced with fine-tuned baseline models, such
as dataset blending and negative sampling methods.
Additionally, by comparing models trained with
different blending weights, we evaluate the impact
of the blending weight on the model’s grounding
propensity and fluency. The baseline models are
all derived from our in-house 18B parameter pre-
trained language model, which shares the same
architecture as GPT-3 (Brown et al., 2020). All ex-
periments are conducted on SKT’s proprietary su-
percomputer, Titan, equipped with NVIDIA A100
SXM4 80GB GPUs.

5.2 Evaluation

Objective Evaluation We use perplexity (PPL) to
measure the fluency of the responses generated by
the model. In addition, the F1 score between the
persona attributes and the generated response acts
as a proxy to evaluate the model’s ability to ground.
We also calculate the P-coverage score, which
measures how well the user persona is reflected in
the generated responses (Song et al., 2019).

Subjective Evaluation We complement objective
evaluation metrics with subjective human evalua-
tion at both the session and turn levels, specifically
employing the Sensibleness and Specificity (SS)
score rated as either O or 1 at the turn level (Adi-
wardana et al., 2020). Particularly, to analyze the
pattern and quality of grounded responses at the
turn level, we categorize them according to our pro-
posed four grounding types, which are as follows.
First, we assess whether the agent’s response, ¥, is
personalized. Second, we categorize y based on
two criteria: grounding level and consistency.

Under the grounding level, we have two subcat-
egories: 1) Hard Grounding, where there’s a direct
and explicit association between y and the persona
attribute, ppos, characterized by high expressive
similarity. 2) Soft Grounding, where there’s an in-
direct and implicit association between y and ppos,
marked by low expressive similarity.

Under the consistency category, we have two
subcategories: 1) Consistent Grounding, where
there’s consistency between y and the given ppos.
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Model ID Method Dataset # Attribute Fluency Groundness
PPL F1  P-Cover
Modely Base (Positive Only) MSPDpR + Deaspal 1 11.4 0.28 0.12
Models + Negative Persona Attributes Augmentation MSPDpr + Deasual 5 1097 0.15 0.07
Models + Negative Persona Subset Augmentation MSPDpr + MSPDnpR + Deasual 5 9.37 0.1 0.05
Modely + RTL Generation MSPDpr + MSPDnpR + Deasual 5 8.88 0.1 0.046

Table 1: The Results of Objective Evaluation

Blending Weight Evaluation
Deasual MSPDpr - MSPDnpr ~ Fl P-Cover PPL
0.94 0.5 0.1 0.14 0.06 10.46
0.92 0.5 0.3 0.12 0.05 10.04

0.90 0.5 0.5 0.11 0.05 9.91
0.87 0.5 0.8 0.1 0.05 9.33

Model

Models
(Negative Persona Subset Aug.
+ 5 Negative Persona Attribute Aug.)

Table 2: Evaluations with Different Blending Weights

2) Inconsistent Grounding, where there’s an incon-
sistency between y and the given ppos.

5.3 Results
5.3.1 Effect of Negative Persona Attributes

Table 1 illustrates the impact of introducing neg-
ative persona attributes on persona-grounded re-
sponse generation. M odel; trained with only one
given positive persona attribute shows the high-
est F1 and PPL scores of 11.4 and 0.28, respec-
tively. On the other hand, Model; trained with
negative persona attributes has a PPL of 10.97 and
an F1 score of 10.15, which is slightly lower than
Model;. Despite the decrease in grounding fre-
quency, the model demonstrates improved response
generation by reasonably selecting an appropriate
persona attribute given the dialogue context. We
hypothesize that the PPL increases because the
model learns to distinguish the most suitable per-
sona among several persona attributes in a given
context. Furthermore, despite the reduced incli-
nation to ground, we observe that the model can
still generate high-quality personalized responses
at every turn.

5.3.2 Effect of Negative Persona Subset

Table 1 illustrates the effectiveness of the negative
persona subset in controlling the WHEN problem.
Through the application of the negative persona
subset, M odels learns to refrain from generating
personalized responses when the persona attributes
are not appropriate for the given context. In Ta-
ble 1, Models demonstrates a decrease in persona
grounding and a significant increase in fluency com-
pared to Models, as indicated by the lower PPL,
F1, and P-Cover scores (9.37, 01, and 0.05, respec-
tively). We believe the key reason for this enhanced
fluency is that the model generates more frequent

and natural casual responses to non-personalized
turns in the test set, without the need to ground on
irrelevant persona subsets.

5.3.3 Effects of Blending Datasets: Trade-Off
between Model Fluency and Grounding

As shown in Table 2, there is a trade-off between
the model’s fluency and tendency to ground. As
the weight of the MSPDypr dataset with negative
persona augmentations increases, the F1 score de-
creases from 0.14 to 0.06, and the P-cover score
falls from 0.06 to 0.1 and 0.05. Conversely, the
PPL decreases from 10.46 to 9.33. This means that
an increase in the number of persona augmented
negative samples means the model ground less fre-
quently, leading to a more natural conversation flow
with better quality responses.

Achieving natural and engaging conversations
requires careful consideration of the trade-off be-
tween the model’s inclination to ground and re-
sponse fluency. To control the WWH balance, we
can adjust the blending weights for datasets with
different persona augmentations and select appro-
priate values for PPL and F1 scores. We set a
F1 score of ’1° as the minimum threshold for the
model’s grounding tendency, as we have consis-
tently observed that models with F1 scores below 1
seldom attempt grounding in conversations. This
approach ensures that optimal PD systems maintain
a balance between a sufficient quantity of grounded
responses and a high fluency score.

5.3.4 Effect of RTL Generation: Enhanced
Explainability and Fluency

As can be seen in Table 1, based on the F1 score
and P-Cover, M odel, trained to generate both RTL
and personalized responses, demonstrates little dif-
ference in tendency to ground when compared to
M odels. On the other hand, we found that the PPL
score decreased to 8.88. This result is consistent
with Kim et al. (2022)’s research, which showed
that the quality of generation was enhanced when
information related to the target response was gen-
erated simultaneously.
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Session Turn Evaluation

Grounding Evaluation

Model Session Score Sensibleness ~ Specificity Hard Grounding i Soft Groundmg‘ Sub Total Non-personalized Total
(Turn-level)  (Turn-level) Consistent Inconsistent  Consistent  Inconsistent

Models 0.885 0.935 0.848 0.14 (23/162)  N/A (0/0)  0.23 (9/40) 1.0 (1/1)  0.16(33/203) 0.03 (10/297) 0.09 (43/500)

Modely 0.885 0.939 0.875 0.13 (16/125)  N/A(0/0)  0.17(6/35)  N/A (0/0)  0.13 (22/160) 0.03 (11/383) 0.06 (33/543)

Table 3: Results of Subjective Evaluation. 1) Session & Turn level Evaluation and 2) Grounding Evaluation: the
ratio of the count of bad sensible responses to the count of each grounding type described in 5.2. A bad sensible
response means that the response scored a 0 on the "sensible" evaluation.

We also evaluated explainability by analyzing
whether the generated Response Type Labels (RTL)
accurately reflect the model’s decisions on persona
grounding. For this purpose, we sampled 90 gen-
erated responses for each response type. The accu-
racy of the generated RTL for the casual and the
personalized response type wa 96.7% and 98.8%,
respectively. This confirms that generating the RTL
provides a reliable explanation for the model’s de-
cision on the WHEN problem.

5.3.5 Subjective Grounding Evaluation

The high average (over 0.88) scores for both turn
and session levels in Table 3 demonstrate that mod-
els trained on the high-quality MSPD dataset can
generate appropriate responses. In the ground-
ing evaluation, the vast majority of both hard
and soft grounding cases demonstrated persona-
consistent results. Both models exhibited nearly
four times as many hard grounding instances as
soft groundings, and they had a lower rate of "bad-
sensible" responses. This suggests that the models
are strongly inclined to ground persona information
in responses in a manner that is both natural and
explicit, given the context. Upon closer examina-
tion of "bad-sensible" instances of hard grounding,
we found that as the models concentrate more on
grounding the persona, responses can sometimes
become unnatural within the given context. How-
ever, the proportion of "bad sensible" grounding
responses was in the 10% range, confirming that
the model generally generates high-quality person-
alized responses.

The RTL generation model (Models) shows a
lower inclination to ground, yet it had a better bad-
sensible ratio. Therefore, in accordance with the
objective evaluation result, we can confirm that
generating both the response and the RTL can have
a positive effect on fluency, even though there is no
significant improvement in terms of session evalua-
tion.

5.3.6 Correlation between objective and
subjective evaluations

We confirmed a positive correlation between flu-
ency, as measured by PPL, and human sensible-
ness judgment. M odel, exhibited a decrease of
0.49 in PPL compared to Models, indicating im-
proved fluency in Table 1. While session evalua-
tion scores showed no significant differences be-
tween the models in Table 3, turn-level grounding
evaluation revealed a lower bad sensibleness ra-
tio for personalized/non-personalized turns (0.13
and 0.03, respectively), confirming enhanced sen-
sibleness of Model,’s responses. We also found
a positive correlation between subjective evalua-
tion (i.e., the amount of grounded generation) and
the P-Coverage metric used to assess grounding
propensity. In Table 1, M odel, exhibited a slight
decrease in P-Coverage compared to M odels. This
corresponds to the reduced number (approximately
40) of personalized turns generated by M odel, in
Table 3, reflecting an actual decrease in the model’s
grounding propensity. Consequently, considering
the cost of subjective evaluation, objective assess-
ment appears feasible for accurately evaluating the
model’s fluency and grounding tendencies in real-
world service operations.

Conclusion

We proposed a method to build a personalized
open-domain dialogue system that addresses the
WWH problem for natural and engaging conversa-
tion through weighted dataset blending (WHEN),
negative persona subsets (WHEN), negative per-
sona attributes (WHAT), and the creation of highly
curated personalized conversation datasets (HOW).
We also demonstrate that generating a response
type label (RTL) enhances both the controllability
and explainability of model decisions about the
WHEN:  this is crucial in commercial service. Ex-
perimental results show the effectiveness of our
proposed methods in addressing and controlling
the WWH problem, as seen in both subjective and
objective evaluations.
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A Details of MSPD Dataset

A.1 Statistics of MSPD

Types

# Episodes 13,469
# Sessions 53,880
# Utterances 601,062
Avg. # turns per session 11.15
Avg. # personalized response per session 1.90
Avg. # user persona per episode 7.18
Avg. # newly aggregated persona per episode 2.18
Avg. length of user utterances 33.72
Avg. length of agent response 28.10

Table 4: Statistics of the MSPD Dataset

A.2 Model Training Settings

For the experiments in our study, we fine-tuned an
18B parameter model with the same architecture as
GPT-3 (Brown et al., 2020), but with 40 layers, a
hidden size of 6144, and 48 attention heads. The
model is trained for a single epoch with a micro

batch size of 8, using a learning rate of 1.0e-05.

To prevent overfitting, a dropout rate of 0.1 and a
weight decay of 1.0e-1 are employed. The input
sequence length is 1024. The models in Table 1 1
are trained with the blending weight set to 0.85 for
D osuar datasets, 0.7 for MSPD pg, and 0.8 for the
MSPD y pr dataset.

715



B Examples

B.1 Example of MSPD Dataset

User Persona Attributes [Age: 20’s / Gender: Female]

pl: UESAE E7ELR. (1 enjoy Netflix) / p2: 2{'dS ZO0ISH L. (1 love running) / p3: Xt 77k AO{ L. (1 have a boy friend)
| p4: AXL|OJ2 UstD A0 L. (I work as an engineer) / p5: L= ZHAEHS EO08H L. (I like Gamjatang)

Sessionl
I . Grounded
Speaker Conversation persona New persona
User O €0l 42 Bt
Ah, | have so much work to do. :(
S| 27 HHQ?
Agent " —*=
9 Oh no, are you really busy?
User S OF @E& OF2Zh XAY Fo0]. pG: 0| HHkA X OF22 542
Yeah, | am. | have to work overtime again today... I'm getting tired of it. L;”eﬁ?,ﬁgw““ Work, so | aften work
Agent ESOIM O{EBIR T AA HIHE BA 42,
I am so sorry to hear that :( Just make sure you’re eating enough, okay?
User S~ 20 2 2olof TXE 2o,
yeah ~ but | don't even know what to eat...
a8 ZEXFEF o2
Agent = e 5
9 What about Gamjatang? 2
User 17 AR Sx|TH
Should 1? It's a bit of a hassle...
Agent OZU = T HA Ao{of B
Especially when you're stressed, you should take care of yourself and eat well :(
User OF ROIZIM WZ2jALL grom Ect L
Honestly, all | want to do is go home and watch Netflix P
Agent AL, w TR FA0] 230,
I know, right? :( You definitely need some rest.
Session2 (one day later)
'Speaker Conversation Grounded New persona
persona

H B HYA[ZHO|L].

User .
Hey there! It's already lunchtime.
Agent 2E3HMR- BYE SXOQ? o5& UAY SHUIR?><
Hello~ Have you had lunch yet? Did you have Gamjatang again today? :)
User =7 18 ~ @5& Lto| 2of ZXIYS HAR|.
Haha, yeah~ | had my favorite Gamjatang again today.
Agent S8 A 2HOI ARE WMol Slitutay
Hahaha, there must be a great Gamjatang restaurant near your office!
User S8 DIY Soj= obHa =3

Yup, even if | eat it every day, | never get tired of it. haha

AOHL} DRI BN 2R

It must be so delicious!! I'm jealous!

08 Y3t adof =Yl

Ugh, I really don't want to work.

A Mg 4R HE A Zotg 7w LEL of2sa?
Working life seems really hard. :( Are you working overtime today too?
OfL 252 & FAlo| ElZ2&70F.

Agent
User

Agent

User — . h
No, I'm definitely leaving on time today.
Q2 CtC|on
Agent Oh wow!!
User 252 B UMIM Ha2t MERORX|

I have to go home early today and do some cleaning and laundry. :(

ot 08 #l& A OtL|FOLR. T £F ZoE AME glLte?

Oh, but that's not really a break, is it? :( Do you have anyone who can help you?
o =X 47 W0 0. o ol TRAE

No, I live alone, so | don't have a choice. | have housework piled up.

3Z DY 2oL T 252 B WE &2 5tAZn

Aww, that sounds tough. :( Well, I hope you can leave work on time today!!

Agent
User

Agent

p6

p7: Lhe 2R &1 A0jQ.
I live alone

Figure 4: A sample of a multi-session conversation in the MSPD
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B.2 Subjective Evaluation

B Home

@ Setting , DiaIOg

[® Dpialog
[@ Feedback

gy oz *

QIZl ;30792 L+S (It's already afternoon)

£0i= & st AMIIR?

Episode : [7700] 044 20CH (Female in 20s)
( Indeed! are you enjoying the food tour with your male friend? )

prev_context

Persona 55 (Persona List) )
{...}

T
0 : "S0f 2o E 4zfo| gloje."
1 : (Iam not interested in keeping in shape) [groundness] grounding 8t=71? SIICHH & HHopE{0] M Mati=7h
"EAR S0 €5 F HE €0l Ho (Did the model generate a persona-grounded response? If so, is it appropriate in terms of “grounding”
: n/a reject soft good soft bad hard good hard bad
(I'add two ice cube to my hot drinks)
2 [SSA]
"EAAO 8l7EH Al2StE CF FafEn A
o0jg . (Iwant to experience rare culinary et x AN x
cultures from around world) . P
3 : noisfmo| =747p2." (I enjoy going to ( Sensibleness) ( Specificity)
the movies)
4 : "OiEY J1EE AFsta 0.

1 (I own a Marni bag)

Q.

User Input

£l 71o 28
(Short-term memories, persona attributes

= recently extracted in previous conversations)

0:

"QE2 AR EiESAE 9 E 8
2 [ZIojY Ef=: 02 3 E X927 chgt 27|

0{." (I came to try Thai food with a male
friend ) (Remove the last turn) ( Quit conversation)

"o, XIZ AR 3
o7|= af."

1 (I am now on a food tour with my male
friend)

Figure 5: A snapshot of the subjective evaluation Tool.
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Conversation Grounding Type Sensible Specificity

Retrieved Persona Attribute

U: @5 W7} & 23X 27 2ojglo]
(I showed my friend what I wrote today)

Hard Grounding
A: @~ g 12ty 8j-echar x]? ojwo]? & Ad? +Consistent
(Oh™ You said you were learning calligraphy, right?
how was it? Did you write well?)

el 1ot S w97 AAgels.

(I started learning calligraphy.)

A Qe A7 7 5 A vt
(I only see one or two really close friends.)
HjA = Pska glej].

(I am working as a secretary.)

ARE= Wolg.

(I'm a Sherlock Holmes fan.)

Fote 21 AES Fotsha.

(Movies like closed endings.)

Ui U ARkl 24 2 A W Ao
s 1 was praised” Writing is so much fun)
Non-Personalized 1 1
A 97 £70] g
(Oh™" You must have a talent!)

EEREEER BRI PAES ks
(I started learning calligraphy.)

A7 A5 A7 @ Y ALY THIL.
(I only see one or two really close friends.)
HlA & dskal 9loi 8.

(I am working as a secretary.)

A5 WoloL.

(I'm a Sherlock Holmes fan.)

Gote 27 2 Fotsla.

(Movies like closed endings.)

U: @43 BAE 7=
(I worked hard lol)
Non-Personalized 1 1

A: IR o)) 9 & Aok
(So what are you going to do now?)

U: 9145 & o sfebh A w27kl
(I'm going to practice some more and then go see a friend) Hard Grounding

A: 71 A7 E uhps]ok? +Consistent

(Are you going to meet that friend again?)

EEREE R E PAEE Ty
(I started learning calligraphy.)H] A 2 U35} glof Q.
(I am working as a secretary.)

A7 g A7 ¢ £Y AEET vhig.

(I only see one or two really close friends.)

EEE ERRET

(I'm a Sherlock Holmes fan.)

o B AL Zojoa.

like closed endings.)

AR AT A1 QTP AZ G e,
(I only see one or two really close friends.)
e 1ekn) S w.97) Aol 8.

(I started learning calligraphy.)

HlA & dstal 9loi 8.

(I am working as a secretary.)

AR Folla

(I like chadol jjambbong.)

AEEZ= Woldla.

(I'm a Sherlock Holmes fan.)

U: § 5% e} 7 =
(Yes, we meet often.)

Hard Grounding
A: 218G QL% Uyl Zolsts A= A W o g sl opk? +Consistent
(That’s right lol ~
Isn’t today also going to eat your favorite chadol jjambbong?)

AR Q5 175 5 AE Ak RfaC
(T only see one or two really close friends.)
AEREE Fohla

(I like chadol jjambbong.)

HlA & dsal 9lolg.

(T am working as a secretary.)

Fohe 23 A Fotsla.

(Movies like closed endings.)

AEEZ Woldla.

(I'm a Sherlock Holmes fan.)

U: 19 E2)°
(then it’s good)

Non-Personalized 1 1
A SrSIA =7 )
(Have a good meal :))

A A5 A7 @ A R
(T only see one or two really close friends.)
AEHBE Fotdl .

(I like chadol jjambbong.)

HlA & dstal 9lolg.

(I am working as a secretary.)

A5z Wolos.

(I'm a Sherlock Holmes fan.)

Qo Bel AL Fobla

(Movies like closed endings.)

Figure 6: Example of generations of our personalized dialogue model with subjective evaluation for hard grounding.
Blue colored texts are persona-grounded responses and persona attributes on which the model grounds the response

Conversation Grounding Type Sensible Specificity Retrieved Persona Attribute Fail Reason
ZAeg ARES vl lela.
U: Hly A ke AFg |5 93] Rolrjal (I am learning self-defense on YouTube.)
(The person playing tennis looked so cool!) o 717t glel &
A2 A7 vs g ] BA] ef? (I have a regular cafe that T go to.)
(Oh, why don’t you try leamning it sometime?) Soft, Grounding . N il o}y 71EE 7ha.
U: 287k 2 B MRS oltA g7 +Consistent (I g0 to the cafe every morning.)
(Should I? But where can I get information about it?) Lo Paje] Yola.
A 2" gEH) AMHRE o gn}? (I am interested in my appearance.)
(Well, how about searching on YouTube) AL Folela.
(I enjoy reading novels.)
U o5 o A8dy 2E4 7} o] vietg.
(I'm going to my cousin’s wedding today.) (I am busy on weekends.)
Aol g 2d) 4 o1FA 44 dojitef? o 24 Fjela
(O, T see. But why did you wake up so early?) (I can't eat spicy food.)
U: 42 FAA A4 ZE4 7lepR)! Hard Grounding 0 q u]& Al YA0]EE FIEA D glela Coherence error
(I need to get ready quickly so that I can go to my cousin’s wedding.) +Consistent (I teach art for college entrance exams at an art academy.) due to hard grounding
Ao} Fro|e} uprkyl §17)7 oyt 71 3ol .
(Ah, you said you will be busy because today is the weekend, right7) (I was raised by my grandmother.)
19 o sk &2t Aok st Bed EAR
(So, are you going to the academy today?) (I enjoy watching movies.)

e AEdeA daja

(I work at u family restaurant.)

FHAolel e
U: o5k #laggels offd glo] AeketA Avzted $40 (I am the head chef.)
(I hope today passes by peacefully without any trouble at the restaurant.) Soft Grounding o g a7t o)} opfeflA] 242 slEa. Errors in re-questioning
A: 9% SRE slo| gl oA Adti Aof? +Comsistent (Cooking is my hobby, and T cook for my wife.) known persona information
(Have a great day today! Are you working in the kitchen?) SNSoflA] ¢17] A= 3 npe}ajata

(I always try out popular recipes on social media.)

oJ7 077} glol .
(I have a girlfriend.)

Figure 7: Example of subjective evaluation for soft grounding and fail cases
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B.3 Deployment Tool: Sanity Testing

izt S A7 Memory i
" . Field Content 1 @ -
SM S| AT 2 B 0r2 2 0 A HE X|E ong
Lately, the company has been so busy that 74 ZHof, user_utte..
I've been working overtime a lot, so I think I'm really tired. » OHZl Ststg
ofolst system_u safe D27 2~ E20| 5 ACHL| CHEO|0F
AT, 2ol g2zt 2oLk sk o EO0MIEH
Oops, it seems like a lot of work. it should be hard. 2ge TAEE =
s « DAEEE
end —
gencer . 4 OpA OF##2. (Tiz) 1like to run every moring.
- . TLAEHE SORES. (
~Ea~ Z0{0b 8 A 2ot long TFE BOHE. | . o me A I hate people who smoke
I think T need to relieve my stress. * long BIT S 202,
ofojst personalize + long T T « AF|EFEFH ) Tlike to ski

2% W7t SOt 31T BYE o

ot
!
0a
ot
i

retrieved,, | SO (Tkz) Tlike to watch movies alone
- Then how about a tour of your favorite restaurant? o long = Ot —
i

HOEE,

+ long X T 22 EHS
FEUTE LM MR ZAE HF o2 |

‘What restaurant? Please recommend a menu

USER: 24F S|AL7} L2 SrlibAf Or2 2 BEO| RA
HE T % Z0h GLM: HE, Q0| B2
EESE E

user_histu. 47t =

2 Hs FEE A

HET?

USER: 201, 0/ 211 £ RSAT GLM: 2Rt
EEEELEE

<p1>  Um..how about pasta?

"user_utterance": {
= -1 rutterance’: 1l 2 MA00R F2
ZOf, 0| I = il FES TR =

Good. What do I do after eating thisi?
oolst

Ext gotg 227h= olu?

How about going to the movies alone?

<PL> ZE0 20 -
ol Yeah that's a good idea Thanks for the nice comments!
127l g~ 50| ZR{CfH CHo[ok

Thank you. I'm glad it helped.

<DL>

Figure 8: A Snapshot of the Sanity Testing Tool. 1) The leftmost area is for interactive conversation with the agent,
and the <PL> and <DL> tags refer to the response type generated by the model; <PL> is a personalized response,
and <DL> is a non-personalized response type. 2) The center pane shows information related to the user and the
current turn. And 3) the window on the right displays user persona.
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