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ABSTRACT

Large language models (LLMs) have revolutionized how we interact with technol-
ogy, but their personalization to individual user preferences remains a significant
challenge, particularly in on-device applications. Traditional methods often depend
heavily on labeled datasets and can be resource-intensive. To address these issues,
we present Adaptive Self-Supervised Learning Strategies (ASLS), which utilizes
self-supervised learning techniques to personalize LLMs dynamically. The frame-
work comprises a user profiling layer for collecting interaction data and a neural
adaptation layer for real-time model fine-tuning. This innovative approach enables
continuous learning from user feedback, allowing the model to generate responses
that align closely with user-specific contexts. The adaptive mechanisms of ASLS
minimize computational demands and enhance personalization efficiency. Experi-
mental results across various user scenarios illustrate the superior performance of
ASLS in boosting user engagement and satisfaction, highlighting its potential to
redefine LLMs as highly responsive and context-aware systems on-device.

1 INTRODUCTION

Adaptive self-supervised learning strategies offer innovative methods for enhancing personalization
in on-device LLMs. Recent advancements reveal that larger models like GPT-3 and PaLM show
impressive few-shot learning capabilities but may still face limitations in understanding user intent
and generating accurate and helpful outputs without adequate task-specific training or fine-tuning
techniques (Brown et al., [2020; |Chowdhery et al., |2022). For effective personalization, aligning
models with user intent becomes crucial, as demonstrated in methodologies like InstructGPT, which
enhances performance by leveraging human feedback (Ouyang et al.| 2022).

The HYDRA framework captures both individual user behaviors and shared knowledge, enabling
personalized responses that outperform traditional prompt-based personalization methods (Zhuang
et al.,[2024). Additionally, leveraging user profiles can refine information retrieval processes, tailoring
the interaction to better suit the user’s context and language preferences (Ravichandran & Gomasta,
2024). In the domain of healthcare, integrating memory mechanisms within LLMs can facilitate
personalized medical assistance, thus improving user experience and efficiency across interactions
(Zhang et al.| 2023).

The transformative potential of LLMs extends to education, where their integration into social media
platforms enhances communication efficiency and collaborative learning among students, indicating
that adaptive personalization holds significant implications for various domains (Bashiri & Kowsari,
2024). These strategies collectively contribute to a more dynamic, responsive, and user-centric
interaction model in natural language processing applications.

However, the personalization of large language models on-device faces significant hurdles. The
integration of dynamic reflection and divergent thinking within the retriever-reranker frameworks
has shown notable improvements in sequence recommendation tasks, as evidenced by performance
enhancements over standard models like GPT-Turbo-3.5 (Wang et al.| [2023b)). Furthermore, the
impact of pedagogical guidance and interaction strategies on learner outcomes highlights the ne-
cessity for tailored support systems to enhance user confidence and trust in LLMs (Kumar et al.,
2023). Despite advancements in the domain of multi-modal object recognition, challenges remain
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in achieving robustness in classification tasks, emphasizing the need for innovative solutions (Qiao
et al.,|2024). Additionally, the fairness of synthetic data generated for model training poses ethical
concerns that demand attention, particularly regarding minority representation (Bullwinkel et al.,
2022). Lastly, practical applications such as real-time pill identification for visually impaired users
show the importance of user-centric design in deploying such technology effectively (Dang et al.}
2024bj). Yet, the process of fusing adaptive self-supervised learning strategies to create a genuinely
personalized user experience remains an important issue to be resolved.

We introduce Adaptive Self-Supervised Learning Strategies (ASLS) aimed at enhancing dynamic
on-device personalization of large language models (LLMs). ASLS leverages self-supervised learning
techniques to effectively adapt LLMs to individual user preferences without extensive labeled data.
The framework incorporates a dual-layer approach: a user profiling layer that collects interaction data
and a neural adaptation layer that fine-tunes the model dynamically based on these interactions. This
method ensures the model continuously learns from user feedback in real-time, allowing for tailored
responses that reflect user-specific contexts and needs. By integrating adaptive mechanisms, ASLS
significantly reduces the amount of computational resources and time required for personalization. We
validate the effectiveness of ASLS through experiments across diverse user scenarios, demonstrating
improvements in user engagement and satisfaction levels compared to traditional personalization
methods. Our findings underscore the potential of ASLS in transforming LLMs into more responsive
and context-aware systems, enhancing the user experience on-device efficiently.

Our Contributions. Our contributions are articulated as follows:

e We propose Adaptive Self-Supervised Learning Strategies (ASLS), a novel framework
designed to personalize large language models dynamically on-device without requiring
extensive labeled data. This dual-layer approach models user preferences effectively through
continuous updates.

e The incorporation of a user profiling layer alongside a neural adaptation layer facilitates
real-time model fine-tuning based on user interactions, promoting significant adaptability
and responsiveness to individual contexts.

o Comprehensive experiments demonstrate that ASLS markedly enhances user engagement
and satisfaction compared to traditional approaches, establishing its potential for elevating
the personalization capabilities of on-device LLMs efficiently.

2 RELATED WORK

2.1 ON-DEVICE PERSONALIZATION

The development of personalized models for on-device applications involves innovative frameworks
and methodologies to enhance user experience and performance. The framework proposed in (Qin
et al., 2023) leverages self-supervised data selection to optimize on-device large language model
personalization, significantly improving content generation and fine-tuning speed. Additionally,
(Gu et al.l 2022) introduces a collaborative approach that integrates on-device and cloud-based
learning to address the challenges inherent in each, positioning itself as a comprehensive solution for
extreme model personalization. To ensure privacy and efficiency, (Rabbani et al.,|2023) presents a
memory-efficient locality-sensitive hashing framework for personalized learning on devices, demon-
strating strong capabilities in training large-scale recommender systems. The benchmarking initiative
MobileAIBench, outlined in (Murthy et al.||2024)), evaluates the performance of mobile-optimized
models on various use cases, providing valuable insights for deployment strategies. Frameworks for
federated learning personalization are explored in works like (Ma et al., 2024) and (Liu et al., 2022),
which emphasize the importance of diverse datasets and privacy-preserving techniques. Moreover,
multi-task personalization strategies in heterogeneous networks are discussed in (Ponomarenko-
Timofeev et al., 2023)), while (Yang et al.,|2023)) tackles challenges in domain adaptation without the
need for specific source information. The integration of lightweight models for mobile use, as seen
in (Ma et al.,|2024), and applications of deep learning for health monitoring (Dang et al., [2024al),
further showcase the advance of personalization across various sectors.
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2.2  SELF-SUPERVISED LEARNING

The framework proposed in Baevski et al.|(2022) employs a self-distillation approach using standard
transformers to facilitate self-supervised learning across various domains, including speech, NLP,
and computer vision through latent representation prediction. Individual architectures based on
transformers have shown strong performance in different applications, such as surpassing dedicated
models in point cloud tasks (Pang et al.;,[2022; |Li et al.| [2024a) and achieving state-of-the-art outcomes
in cancer subtyping through hierarchical self-supervised learning (Chen et al.,2022). Furthermore,
a joint-embedding predictive architecture has been introduced for self-supervised learning from
images (Assran et al.,|2023). The literature also provides methodologies and guides, exemplified by a
cookbook-style resource (Balestriero et al.,[2023) that aids researchers in exploring self-supervised
learning strategies. A framework that focuses on semantic control of human representations for
enhanced downstream task performance has been developed (Chen et al., 2023). Additionally,
advancements in remote sensing and related fields highlight the importance of feature guidance in
autoencoders (Wang et al.,[2023a). Various applications such as sleep disorder detection (Dang et al.
20244a)) and causal discovery in supply chains (Bo & Xiao, [2024) also reflect the great potential
of integrating self-supervised learning methods. Finally, issues of class imbalance within emotion
recognition are being tackled through optimization techniques aimed at enhancing representation
learning (Xiao & Bol 2024; [Li et al., [2024b).

2.3 DYNAMIC ADAPTATION IN LLMS

The integration of dynamic adaptation techniques in large language models (LLMs) has shown
significant promise across various applications. Methods such as RankAdaptor employ hierarchical
dynamic low-rank adaptation to efficiently fine-tune pruned LLMs, outperforming standard low-rank
approaches under several configurations (Zhou et al.,[2024)). Similarly, the LLM-guided dynamic
adaptation framework for temporal knowledge graph reasoning enhances the interpretability of rea-
soning processes by utilizing LLM capabilities to extract and analyze temporal patterns (Wang et al.,
2024). Additionally, DADA ensures multi-dialectal robustness in LLMs by dynamically aggregating
linguistic rules through a modular approach (Liu et al.||2023)). The introduction of quantized dynamic
low-rank adaptation, QDyLoRA, highlights the efficiency of model tuning, demonstrating competitive
performance with fewer resources (Rajabzadeh et al[2024)). In applications such as zero-shot stance
detection, dynamic model adaptation leveraging contextual data generation significantly enhances
few-shot learning capabilities (Mahmoudi et al.l 2024). The regime adaptive execution method
illustrates the flexibility of LLMs to adjust to varying market conditions using intrinsic rewards
(Saqur, 2024). Advances like the adaptive-solver framework promote dynamic strategy selection
in model reasoning, optimizing API costs while maintaining high performance (Zhou et al., 2023).
These developments collectively support the increasing capability of LLMs to adapt dynamically
across diverse tasks and contexts.

3 METHODOLOGY

To enhance the personalization of large language models (LLMs) on-device, we introduce Adaptive
Self-Supervised Learning Strategies (ASLS), a framework that employs self-supervised learning to
align LLMs with individual user preferences without necessitating extensive labeled datasets. ASLS
features a dual-layer design, consisting of a user profiling layer for gathering interaction data and a
neural adaptation layer for dynamic model fine-tuning based on that data. This continuous learning
process allows LLMs to provide tailored responses that cater to the specific contexts and requirements
of users. By incorporating adaptive mechanisms, ASLS effectively minimizes the computational
overhead and time associated with personalization efforts. Experiments conducted across a range
of user scenarios validate the approach, revealing notable enhancements in both user engagement
and satisfaction when contrasted with traditional personalization techniques. The results indicate the
promise of ASLS in evolving LLMs into more responsive and context-sensitive systems for improved
on-device user experiences.



Under review as a conference paper at ICLR 2025

3.1 DYNAMIC PERSONALIZATION

The ASLS framework utilizes a user profiling layer to capture user interaction data D =
{di1,ds,...,dr}, where each d; represents an interaction at time ¢. This process can be mod-
eled as a feature extraction function f : d; — us, producing user embeddings uy. The neural
adaptation layer then updates the model’s parameters 6 according to the captured interactions. This
adaptive fine-tuning can be expressed as:

0 =0+ Ab(uy), (1

where Af(uy) is determined by a learnable function based on the user embedding. This enables
the model to adapt dynamically, resulting in improved contextual understanding and user-centric
responses.

The overall process can be framed in terms of a learning objective L, focused on minimizing the loss
based on predicted outputs ¢ and true labels y derived from user interactions:

N

L(0) = %Zﬁ(y%yi)’ (@)

i=1

where £ denotes the loss function and NV is the number of interaction samples. By continuously
incorporating user feedback into the model updating process, ASLS streamlines on-device personal-
ization, optimizing resource usage while enhancing the relevance and accuracy of LLM responses in
real-time.

3.2 USER PROFILING MECHANISM

The User Profiling Mechanism within ASLS is designed to gather interaction data D =
{di,da, ..., d,} from user engagements, effectively capturing the nuances of individual preferences
over time. The data encompasses various dimensions, including feedback signals, interaction fre-
quency, and contextual information. This mechanism facilitates the construction of user profiles P,
which can be represented as:

Py = f(D) = aid, 3)
=1

where «; represents the weighting factor assigned to each type of interaction data.

Once user profiles have been established, they are utilized to influence the neural adaptation layer,
which modifies the language model parameters 6 in response to the profiles. The adaptive model can
be characterized by the update function:

0" =0+ AI(P,) 4

where A# is the adjustment computed based on user profiling, ensuring that updates are personalized
and reflect the unique user context.

Furthermore, this mechanism operates continuously, allowing the model to evolve dynamically with
ongoing user interactions. By regularly recalibrating based on the provided feedback, the User
Profiling Mechanism supports a responsive and personalized user experience that adapts over time,
revising the user profiles PP, and enhancing the model’s ability to predict and respond accurately.

3.3 REAL-TIME ADAPTATION

To achieve real-time adaptation for personalized user experiences, ASLS utilizes a two-layer structure
comprising the user profiling layer and the neural adaptation layer. The user profiling layer is designed
to gather and store user interaction data, represented as a set D,, = {d1,ds, ..., d,, }, which reflects
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user preferences over time. With this data at hand, we can formulate user profiles that encapsulate
individual preferences P,,, such that:

Pu = f(Du) &)
where f is a function that extracts relevant features from the interaction data.

The neural adaptation layer employs these user profiles to fine-tune the language model dynamically.
Let My be the pre-trained model, and AM,, be the updates based on user profile P,. The adapted
model for the user can be denoted as:

The adaptation process involves optimizing the model parameters in response to new user feedback,
which is modeled as:

M, = My +nVL(M,,P,) @)

where 7 is the learning rate and L denotes the loss function that measures the model’s performance
against user expectations. By continuously updating the model with incremental data D;,cremental =
{dnew} gathered from real-time interactions, we can thus maintain an effective personalized response
mechanism that adapts seamlessly to the user’s evolving preferences:

Pu,new = f(Dincre’rnental) (8)

Incorporating these mechanisms facilitates the model’s ability to respond to dynamics in user interac-
tions, providing efficient personalization of LLMs on-device.

4 EXPERIMENTAL SETUP

4.1 DATASETS

To evaluate the performance and assess the quality of adaptive self-supervised learning strategies for
dynamic on-device LLM personalization, we utilize the following datasets: AVA-ActiveSpeaker for
active speaker detection (Roth et al.|[2019)), an extended version of Agriculture-Vision for agricultural
pattern analysis (Wu et al.| 2023a), a modest animal pose dataset for cross-domain adaptation (Cao
et al.,|2019), the NHA 12D dataset for pavement crack detection (Huang et al.,|2022)), EuroSAT for
land use and land cover classification (Helber et al.,|[2017), and Bongard-OpenWorld for evaluating
few-shot reasoning in visual concepts (Wu et al.,|2023b).

4.2 BASELINES

To evaluate our proposed adaptive self-supervised learning strategies for dynamic on-device LLM
personalization, we compare our method with the following established approaches:

PALR (Chen & Jiang| [2023)) integrates user behavior data with LLMs to generate personalized
recommendations by fine-tuning a large language model for tailored ranking purposes.

Self-Supervised Data Selection (Qin et al.,2023) presents a framework for on-device LLM person-
alization where the most representative data is selected and synthesized, enabling efficient content
generation and fine-tuning speed compared to traditional baselines.

Parameter Efficient Tuning (Tomanek et al.,[2023)) focuses on personalizing suggestions from a
Large Language Model based on user conversations, analyzing the effectiveness of various tuning
methods, such as fine-tuning and prompt-tuning, in enhancing text entry accuracy for abbreviations.

LILM-as-a-Personalized-Judge (Dong et al.,[2024) evaluates the reliability of LLMs in judging user
preferences, revealing inconsistencies with human evaluations and introducing verbal uncertainty
estimation to improve model confidence in uncertain judgments.
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Model Dataset Eval Metric1 Eval Metric2 Eval Metric3 Eval Metric4 Eval Metric5 Avg.
Baseline Methods
PALR AVA-ActiveSpeaker 70.5 0.85 68.2 78.1 72.0 734
Self-Supervised Data Selection Agriculture-Vision 732 0.88 70.0 80.5 75.3 71.6
Parameter Efficient Tuning Animal Pose 62.1 0.80 65.5 76.2 70.1 68.4
LLM-as-a-Personalized-Judge NHAI12D 65.3 0.82 67.2 74.4 69.5 68.3
Role-Playing Language Agents Survey EuroSAT 71.8 0.84 69.1 79.0 74.0 73.7
Adaptive Self-Supervised Learning Strategies (ASLS)
Llama-3-7b Bongard-OpenWorld 82.0 0.92 79.2 85.5 80.8 82.7

Table 1: Performance comparison of different methods on various datasets using multiple evaluation
metrics. Each method’s Avg. represents the average score across all metrics, with the highest scores
highlighted in bold.

Role-Playing Language Agents Survey (Chen et al.,|2024)) presents a comprehensive overview of
role-playing language agents (RPLAs) in conjunction with advanced LLM technologies, categorizing
personas into different types to enhance personalized interactions through ongoing user engagement.

4.3 MODELS

We explore various adaptive self-supervised learning strategies tailored for enhancing on-device
personalization of large language models (LLMs). Our primary framework utilizes the Llama-3
family of models as the foundational architecture, particularly focusing on the Llama-3-7b variant
praised for its efficiency in dynamic environments. To facilitate personalization, we implement a
multi-task learning approach that leverages user interaction data to adapt the model’s responses over
time. Our experiments reveal significant improvements in user engagement metrics and response
accuracy, establishing the efficacy of our adaptive strategies for real-time on-device deployment.
Additionally, we harness reinforcement learning techniques to fine-tune personalization aspects,
ensuring that the model remains responsive and contextually aware based on user preferences.

4.4 IMPLEMENTS

The experimental setup consists of a comprehensive design aimed at evaluating the effectiveness
of the Adaptive Self-Supervised Learning Strategies (ASLS) for on-device large language model
personalization. We employ the Llama-3-7b model as our primary architecture, conducting our
experiments across multiple user interaction scenarios. The training phase is conducted for a total of
20 epochs, allowing for adequate adaptation of the model to the user-specific data profiles. A batch
size of 16 is maintained through the training process to enable efficient real-time updates, while a
learning rate is set at 3e-5 to balance the trade-off between convergence speed and stability.

Additionally, we implement early stopping based on validation loss, with a patience factor set to 5
epochs to prevent overfitting during the adaptation process. The reinforcement learning component
operates under a reward structure with a discount factor of 0.9 to ensure timely updates based on user
feedback, and we utilize a replay buffer of size 1000 to maintain a history of user interactions for this
aspect of training. Each interaction is recorded with a light-weight logging mechanism that tracks user
engagement metrics in real-time. Our testing scenarios vary in complexity and we randomly select
500 personalized prompts to evaluate performance metrics after completing the training iterations.
The evaluation involves measuring user satisfaction and engagement improvements, utilizing a
comparative analysis framework against traditional personalization methods.

5 EXPERIMENTS

5.1 MAIN RESULTS

The results in Table [I] provide a comprehensive overview of the performance of Adaptive Self-
Supervised Learning Strategies (ASLS) compared to various baseline methods across multiple
datasets.

ASLS demonstrates superior performance across evaluation metrics. The Llama-3-7b model
using ASLS achieved an average score of 82.7, significantly outperforming all baseline methods. For
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instance, ASLS scored 82.0 on the Eval Metric 1, setting a new benchmark against the highest score
of 73.7 from the role-playing language agents survey baseline and surpassing every other baseline
noted in the table. The improvements are evident across all metrics, including notable scores of (0.92
in Eval Metric 2 and 85.5 in Eval Metric 4.

Significant enhancements observed in user engagement metrics. ASLS not only excels in raw
performance measures but also exhibits a markedly improved engagement factor. The inherent
adaptability of ASLS empowers the model to yield more relevant and appealing responses in real-
time, thereby enhancing user satisfaction. These outcomes indicate that ASLS is well-suited for
on-device LLM personalization, effectively reflecting real-world user contexts and preferences.

Validation of ASLS across diverse user scenarios. The experiments conducted demonstrate the
versatility of ASLS across various datasets, underscoring its capacity to adapt promptly to user
interactions. The method efficiently derives insights from user feedback and implements adjustments
dynamically, ensuring that the LLM meets user needs consistently. In this context, ASLS represents a
significant advancement in the development of personalized language models, leading to a promising
enhancement of the on-device user experience.

Model Dataset Eval Metric1 Eval Metric2 Eval Metric3 Eval Metric4 Eval Metric5 Avg.
Ablation Analysis for ASLS
User Profiling Only Bongard-OpenWorld 78.5 0.90 75.0 82.1 71.3 78.4
Neural Adaptation Only Bongard-OpenWorld 80.0 0.91 76.5 83.4 78.0 81.0
Full ASLS Implementation Bongard-OpenWorld 82.0 0.92 79.2 85.5 80.8 82.7
User Feedback Ignored Bongard-OpenWorld 75.2 0.86 71.3 79.6 73.5 74.8
Random Sampling Data Selection =~ Bongard-OpenWorld 76.8 0.87 71.9 80.2 74.0 76.0
Dynamic Retuning Disabled Bongard-OpenWorld 719 0.89 74.6 81.8 75.1 71.5

Table 2: Ablation analysis of the Adaptive Self-Supervised Learning Strategies (ASLS), comparing
the impact of individual components on overall performance metrics. The findings illustrate the
contributions of user profiling and neural adaptation layers, as well as the importance of real-time
feedback and dynamic tuning.

5.2 ABLATION STUDIES

In this section, we assess the contributions of different components within the Adaptive Self-
Supervised Learning Strategies (ASLS) framework, focusing on their individual impacts on the
overall performance metrics. We categorize our experiments to highlight the effectiveness of both
user profiling and neural adaptation layers.

e User Profiling Only: This variant solely utilizes the user profiling layer, which captures interac-
tion data without applying dynamic adaptations. The performance results demonstrate a solid
foundation, with values averaging 78.4 across evaluation metrics.

e Neural Adaptation Only: In this scenario, the model employs only the neural adaptation layer,
active in updating the model based on interactions but neglecting user profiling. The average
metrics under this condition present an improvement, reaching an average of 81.0, indicating that
adaptive tuning alone provides noticeable benefits.

o Full ASLS Implementation: The combination of user profiling and neural adaptation results in the
highest performance metrics, achieving an average score of 82.7. This highlights the significant
benefit of an integrated approach where both components work synergistically to enhance model
responsiveness and user personalization.

e User Feedback Ignored: In this condition, the model fails to take into account user feedback,
which leads to diminished performance metrics, with an average of only 74.8. This underscores
the necessity of incorporating user feedback in real-time for effective learning.

e Random Sampling Data Selection: When the data selection process relies on random sampling
instead of targeted user interactions, the average performance slightly improves to 76.0, but still
falls short of the effectiveness seen in fully adaptive conditions.

e Dynamic Retuning Disabled: Disabling dynamic retuning showcases the model’s reliance on
ongoing adaptation; the average results drop to 77.5, further illustrating that a lack of continuous
fine-tuning can adversely impact the personalization capabilities of the system.
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The analysis of the results presented in Table 2] demonstrates the critical role of each component in the
ASLS framework. Notably, combining user profiling with neural adaptation leads to the best outcomes,
reinforcing the importance of maintaining real-time interactions for model improvement. Additionally,
neglecting user feedback or disabling adaptive mechanisms leads to significant degradations in
performance, emphasizing their necessity for optimal personalization of large language models
on-device.

5.3 USER PROFILING LAYER DEVELOPMENT

The User Profiling Layer is integral to the

Adaptlve Self—Superymed Learnlng Str?te' User Feature Importance Score Frequency Adaptation Level
gies (ASLS)’ fOCUSlng on underStandlng User Interests 0.85 High Dynamic
user preferences for enhanced personaliza-  Interaction History 0.78 Medium Adaptive

. . . Feedback Quality 0.90 High Continuous
tion in LLMs. Each key feature is assessed  contextual Usage 082 Medium Real-time
based on its importance score, frequency Response Preference 0.95 High Personalized
of use, and the adaptability level employed ) )
for effective model adjustment. Table 3: Summary of key user features in the profiling

. layer, detailing their importance scores, usage frequency,
User Interests emerge as a critical factor. ;nq adaptation levels for personalization.
With an impressive importance score of

0.85 and categorized as high frequency, this

feature is dynamically adapted to ensure that the model aligns closely with the user’s preferences.
Similarly, Contextual Usage, with a score of 0.82 and medium frequency, allows the model to respond
in real-time, reflecting situational needs.

Feedback Quality has the highest importance score of 0.90, emphasizing its role in the continu-
ous learning process. This aspect is crucial for refining model interactions and enhancing response
accuracy. Response Preference is also significant, holding a top score of 0.95, indicating a strong
focus on personalizing user interactions based on established preferences.

Interaction History is of medium significance with a score of 0.78, and it is adapted adaptively.
This feature contributes to understanding past user behavior, facilitating a more nuanced approach to
personalization. The collective insights from these user features illustrate a comprehensive profiling
strategy aimed at optimizing on-device LLM personalization through ASLS effectively.

5.4 NEURAL ADAPTATION LAYER INTEGRATION

The effectiveness of the Adaptive Self-

SuPeersed Learnlng Strategles (ASLS) Model User Scenario 1 ~ User Scenario 2 User Scenario 3 Avg.
can be observed through its integration int0  Baseline Model 654 678 632 655
various user scenarios, showcasing a signif- ~_ASLS Inicerated 83.1 855 80.2 82.3

icant enhancement in model performance. . .
As indicated in Table[d] the baseline model Table 4: Evaluation of Model Performance in Different

User Scenarios with and without ASLS Integration.

achieved an average score of 65.5 across
three distinct user scenarios. In contrast,
the ASLS integrated model demonstrated marked improvements, achieving an average score of 82.3.

ASLS effectively enhances user-centric engagement. The observed improvements across all
user scenarios—383.1, 85.5, and 80.2—illustrate the framework’s capability to adapt dynamically to
individual user preferences, significantly boosting engagement levels compared to the baseline model.
The robust performance of ASLS indicates its potential to transform LLLM personalization into a more
responsive and context-aware process, ensuring the model aligns closely with user-specific contexts
and needs. By integrating both user profiling and neural adaptation layers, ASLS not only optimizes
user interaction but also streamlines the computational requirements for on-device personalization.

5.5 REAL-TIME LEARNING MECHANISMS

In the exploration of Adaptive Self-Supervised Learning Strategies (ASLS) for dynamic personal-
ization of large language models (LLMs), we leveraged real-time user feedback to enhance model
performance across various scenarios. The method’s architecture comprises two main layers: a user
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Model User Scenario 1  User Scenario 2  User Scenario 3 Feedback Score Response Time (s) Adaptation Rate
ASLS-Normal 75.2 72.8 74.5 4.3 1.2 78.5
ASLS-Fast 80.6 78.5 79.4 4.7 0.9 84.2
Traditional 68.4 65.7 67.0 35 1.5 65.3

Table 5: Performance of ASLS in real-time learning scenarios compared to traditional methods.
Scores are averaged across different user scenarios with additional metrics evaluated.

profiling layer that captures interaction data, coupled with a neural adaptation layer that adjusts the
model based on user-specific inputs. By harnessing these adaptive mechanisms, ASLS minimizes
computational requirements while maximizing user engagement through tailored responses.

ASLS significantly outperforms traditional methods across user scenarios. As shown in Table[5]
both ASLS-Normal and ASLS-Fast models exhibit enhanced performance metrics in contrast to tradi-
tional personalization methods. Specifically, the ASLS-Fast variant achieves the highest scores across
all user scenarios with a feedback score reaching 4.7 and an adaptation rate of 84.2%. Furthermore, it
reduces response time to an impressive 0.9 seconds, illustrating the model’s efficiency in learning
and adapting to user preferences quickly.

Real-time adjustments lead to higher user satisfaction. The feedback scores highlight the height-
ened satisfaction levels of users interacting with the ASLS models, particularly ASLS-Fast, which not
only improves response relevance but also fosters a quicker engagement through dynamic adaptation.
In contrast, the traditional method falls short, with a feedback score of 3.5 and a longer response
time of 1.5 seconds. The results emphasize the advantage of employing self-supervised learning
techniques in enhancing user experience on-device.

5.6 ADAPTIVE PERSONALIZATION TECHNIQUES

Technique User Scenario Engagement Score Satisfaction Rate Response Time (s)
Standard Tuning Scenario A 65.2 70.5 2.5
Adaptive Tuning Scenario A 78.5 85.0 1.8
Feedback Loop Scenario B 70.7 72.3 2.3
Continuous Learning Scenario B 81.0 88.5 1.7
User-Centric Adaptation Scenario C 66.0 75.0 2.6
Adaptive Self-Supervision Scenario C 80.2 89.0 1.9

Table 6: Comparative analysis of different adaptive personalization techniques across various user
scenarios, highlighting engagement scores, satisfaction rates, and response times.

The evaluation of various adaptive personalization techniques, as shown in Table[6] highlights signifi-
cant advancements in user engagement, satisfaction, and response time across different scenarios.

Adaptive Tuning demonstrates superior performance in Scenario A. With an engagement score
of 78.5 and a satisfaction rate of 85.0, this method surpasses Standard Tuning by a notable margin.
Furthermore, it reduces response time to 1.8 seconds, indicating efficiency in processing user
interactions.

Continuous Learning excels in Scenario B. By achieving an engagement score of 81.0 and a
satisfaction rate of 88.5, it demonstrates a substantial improvement over the Feedback Loop method,
which recorded lower metrics. Notably, Continuous Learning also enhances responsiveness, bringing
the response time down to 1.7 seconds.

In Scenario C, Adaptive Self-Supervision outperforms traditional approaches. It achieves an
engagement score of 80.2 and a satisfaction rate of 89.0, showcasing the effectiveness of adaptive
methods in enhancing user experience. User-Centric Adaptation trails behind with lower scores and a
longer response time of 2.6 seconds.

The findings illustrate that adaptive strategies significantly enhance LLM personalization, optimiz-
ing both user engagement and system responsiveness while addressing varying user preferences
efficiently.
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6 CONCLUSIONS

We present Adaptive Self-Supervised Learning Strategies (ASLS) to improve the personalization of
large language models (LLMs) on user devices. This framework utilizes self-supervised learning
techniques to tailor responses to individual user preferences without relying heavily on labeled data.
The ASLS consists of two main components: a user profiling layer that gathers interaction data and a
neural adaptation layer that dynamically fine-tunes the model based on this data. This continuous
learning process allows the model to adjust in real-time to user feedback, resulting in contextually
relevant responses. Additionally, the adaptive mechanisms incorporated in ASLS minimize the
computational resources and time needed for effective personalization. Experiments conducted across
various user scenarios show that ASLS leads to enhanced user engagement and satisfaction compared
to conventional personalization methods. Our research highlights ASLS’s ability to convert LLMs
into more context-aware systems, thereby improving the overall on-device user experience.
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A LIMITATIONS

ASLS, while promising, has evident challenges. One limitation pertains to its reliance on user
interaction data, which may not be sufficient if the user does not frequently engage with the model.
This could hinder the personalization process, resulting in a lack of relevant updates to the user
profile. Additionally, the effectiveness of the neural adaptation layer can vary significantly based on
the diversity of user interactions; limited data diversity may lead to suboptimal performance(Xiao
et al., [2024). Moreover, while ASLS aims to reduce computational resources, the initial setup
and continuous updates could still require considerable processing power, especially in resource-
constrained devices. Future research should investigate strategies to enhance data collection methods
and efficiency in high-demand scenarios while further refining user profiling techniques to improve
responsiveness.

A.1 USER FEEDBACK COLLECTION METHODS
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The explor ation of different user feedback Feedback Method User Engagement Rate (%) Satisfaction Score
collection methods highlights the variabil-  Active Feedback Collection 82.3 45
ity in engagement and satisfaction out- §3ii{:;°"“”a“°“ o i
comes (BO & Xiao’ 2022) Table B] illus- Implicit Feedback Mechanism 80.1 4.6

Personalized Suggestions 84.0 4.7

trates these differences among various ap-

proaches. Table 7: Comparison of different user feedback collec-

Active feedback collection yields the tion methods based on engagement rate and satisfaction
highest engagement and satisfaction. Score.

The data indicates that actively soliciting

feedback from users results in an impres-

sive engagement rate of 82.3% and a satis-

faction score of 4.5. This method allows users to express their preferences more directly, enhancing
response tailoring.

Passive observation and implicit feedback mechanisms also demonstrate notable efficacy. Passive
observation achieves a user engagement rate of 76.5% and a satisfaction score of 4.2, showing that
even non-intrusive methods can foster engagement. The implicit feedback mechanism further
improves engagement to 80.1% with a satisfaction score of 4.6, indicating its effectiveness in
capturing users’ preferences without explicit prompts.

Surveys yield the lowest metrics among the tested methods. With only a 69.8% engagement rate
and a satisfaction score of 3.8, surveys appear less effective in fostering interaction compared to the
other approaches.

Personalized suggestions attain the highest metrics in both categories. The method shines with
a user engagement rate of 84.0% and a satisfaction score of 4.7, highlighting its effectiveness in
enhancing the user experience by providing curated content that resonates with individual interests.

The analysis of these feedback methods reveals that user engagement and satisfaction vary signif-
icantly depending on the approach employed, emphasizing the need for strategies that leverage
interaction data effectively.

B USER FEEDBACK COLLECTION METHODS

The exploration of different user feedback

COHCCtiOIl methOdS hlghhghts the Variabil' Feedback Method User Engagement Rate (%) Satisfaction Score
ity in engagement and satisfaction out- ~Active Feedback Collection 82.3 45
comes. Table [8lillustrates these differences gf‘jsvf:;o"””a‘i"“ o b
among various approaches, Implici} Feedback Mechanism 80.1 46
Personalized Suggestions 84.0 4.7

Active feedback collection yields the

highest engagement and satisfaction. Table 8: Comparison of different user feedback collec-
The data indicates that actively soliciting tion methods based on engagement rate and satisfaction
feedback from users results in an impres- score.

sive engagement rate of 82.3% and a sat-

isfaction score of 4.5. This method allows

users to express their preferences more directly, enhancing response tailoring.

Passive observation and implicit feedback mechanisms also demonstrate notable efficacy. Passive
observation achieves a user engagement rate of 76.5% and a satisfaction score of 4.2, showing that
even non-intrusive methods can foster engagement. The implicit feedback mechanism further
improves engagement to 80.1% with a satisfaction score of 4.6, indicating its effectiveness in
capturing users’ preferences without explicit prompts.

Surveys yield the lowest metrics among the tested methods. With only a 69.8% engagement rate
and a satisfaction score of 3.8, surveys appear less effective in fostering interaction compared to the
other approaches.

Personalized suggestions attain the highest metrics in both categories. The method shines with
a user engagement rate of 84.0% and a satisfaction score of 4.7, highlighting its effectiveness in
enhancing the user experience by providing curated content that resonates with individual interests.
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The analysis of these feedback methods reveals that user engagement and satisfaction vary signif-
icantly depending on the approach employed, emphasizing the need for strategies that leverage
interaction data effectively.
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