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ABSTRACT 

Large Language Model (LLM) utilization in cloud customer support platforms has opened up new possibilities for case 

resolution process automation and speedup. Existing research is focused on general language understanding or restricted 

domain adaptation, disregarding specific needs of real-time high-accuracy support situations. There remains a vast 

research gap for efficient LLM fine-tuning into domain-level case resolution, especially in Support Cloud platforms, where 

diverse dynamic user requests require contextual understanding, continuous learning, and fusion with historical case 

history. This study explores fine-tuning strategies optimized for Support Cloud application use cases with special focus on 

the use of domain-specific data sets, prompt engineering, and reinforcement learning with human feedback (RLHF) to 

increase resolution correctness and response coherence. Our approach employs historical ticket logs, resolution pattern 

learning, and feedback channels to enhance the model's understanding and response to difficult user queries at low 

latency. The study also addresses hallucination, stale responses, and task drift through the use of real-time data streams 

and retrieval-augmented generation (RAG) mechanisms. Experiments on key metrics such as resolution rate, customer 

satisfaction, and average handling time achieve significant improvements over baselines. This paper tries to bridge the gap 

between generic LLM capability and practical deployment needs in enterprise-class support systems, thus enabling the 

creation of more intelligent, context-aware, and autonomous case resolution models in the Support Cloud space. 

KEYWORDS: Support Cloud, Large Language Models, Case Resolution, Reinforcement Learning, Fine-Tuning, Domain 
Adaptation, Customer Support Automation, Prompt Engineering, Enterprise AI, and Retrieval-Augmented Generation. 
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INTRODUCTION 

In today's digital-centric ecosystem, cloud-based customer support systems are at the forefront of delivering timely and 

efficient support. As more support requests are being attended to by companies, there has been an increased need for more 

sophisticated automation technologies. Large Language Models (LLMs) like GPT and BERT models have demonstrated 

remarkable natural language understanding and generation. Yet, their uses in the corporate support systems are relatively 

untapped, especially the precise solving of specialty cases in Support Cloud environments. 
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Legacy support solutions are heavily dependent on rule

of comprehending subtle customer problems or keeping pace with changing product knowledge. General

provide linguistic ability but no context sensitivity, resulting in irrelevant or incorrect answers. This brings the spotligh

an essential research need: fine-tuning LLMs using support

render them genuinely effective in solving support cases.

Fine-tuning enables such models to become expert in comprehending enterprise jargon, trouble

procedures, and customer intent with greater accuracy. This introduction establishes the relevance of fine

Support Cloud systems, where the objective is not merely to produce human

actionable solutions. Through the resolution of issues like domain drift, response consistency, and knowledge base 

integration, this work seeks to establish a strong framework for case resolution. The end goal is to minimize support 

workload, expedite resolution time, 

customized for support functions. 

Background 

As customer expectations continue to grow, businesses are increasingly depending on cloud

provide timely and efficient solutions. Support Cloud solutions handle thousands of customer inquiries every day, which 

requires instant and accurate case closure. Manual case processing not only adds to the cost of operations but also impacts 

the quality of customer interactions. Intelligent automation adoption has thus become imperative.

The History of Large Language Models (LLMs)

Dominant Large Language Models such as GPT, BERT, and T5 have fundamentally transformed the practice of natural 

language processing (NLP) through their capacity to comprehend and produce text that eerily resembles human language. 

Their effectiveness in universal-domain applications such as summarization, question

                                                                                                                                                                                                  

                                                                                                                                                        

Figure 1 
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workload, expedite resolution time, and increase customer satisfaction through smart, adaptive language models 

As customer expectations continue to grow, businesses are increasingly depending on cloud
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systems has been well established. Nevertheless, their u

been limited by problems such as generic responses, absence of contextual nuance, and integration with current support 

architectures. 

Identified Research Gap 

The current research in LLMs is centered on generalized ability or domain adaptation in specific domains like health or 

education. The Support Cloud domain, however, requires greater understanding of varied user issues, product

lexicons, and context resolution history. Curren

intervention, pointing towards an evident absence of fine

Research Objective 

This project aims to close this gap by developing f

Support Cloud platform. From previous support tickets, resolution steps, and customer complaints, we propose a 

framework that enhances model accuracy in independently resolving support 

response time, and increased customer satisfaction.

LITERATURE REVIEW  

Traditional and Rule-Based Machine Learning Techniques

Initial studies, including Shawar and Atwell (2015), were primarily concerned 

approaches towards automating customer service. The systems were narrow in their scope of application and manually 

intensive to configure, hence ineffective for dynamic organizational settings. Their lack of generalization

customer inquiries resulted in low resolution accuracy and unsatisfactory scalability.
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systems has been well established. Nevertheless, their usage in specialized domains, particularly in enterprise support, has 

been limited by problems such as generic responses, absence of contextual nuance, and integration with current support 

is centered on generalized ability or domain adaptation in specific domains like health or 

education. The Support Cloud domain, however, requires greater understanding of varied user issues, product

lexicons, and context resolution history. Current models either fail to provide good resolutions or need a lot of human 

intervention, pointing towards an evident absence of fine-tuning LLMs for real-time and scalable support domains.

This project aims to close this gap by developing fine-tuning strategies for LLMs that are specifically optimized for the 

Support Cloud platform. From previous support tickets, resolution steps, and customer complaints, we propose a 

framework that enhances model accuracy in independently resolving support cases with improved accuracy, reduced 

response time, and increased customer satisfaction. 

Figure 2 
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Word Embeddings and Contextual Models Introduction 

The emergence of word2vec (Mikolov et al., 2013) and later GloVe (Pennington et al., 2014) inspired researchers to 

develop vector-based text representations, thus enhancing semantic understanding in several ancillary applications. From 

2016 to 2017, models like FastText and ELMo were used to enhance intent classification and routing of tickets, as evident 

from experiments like Xu et al. (2017). However, these models were found to have limitations in enabling deep contextual 

understanding and were not particularly tailored for multi-turn conversations or problem-solving. 

The Emergence of Pre-trained Transformers 

BERT (Devlin et al., 2018) revolutionized natural language process (NLP). BERT's bidirectional context modeling 

improved the performance of downstream tasks such as question answering and classification. Lee et al. (2019) employed 

BERT for customer support ticket classification in studies and it outperformed baseline models. The models were yet not 

optimized for complex case resolution processes. 

Limited Focus on Closing Cases in Cloud Support 

Even with the developments, there was a large research gap in using these models for end-to-end case solutioning in 

Support Cloud environments. Most research was confined to intent detection, sentiment analysis, or FAQ matching. Full-

resolution generation, akin to the understanding of context, extracting the correct knowledge, and providing solutions, was 

a relatively untouched area. 

Lowe et al. (2015) – Ubuntu Dialogue Corpus 

Lowe et al. introduced the Ubuntu Dialogue Corpus, which is one of the largest corpora with multi-turn dialogues for a 

technical support environment. While their research was on ranking responses using deep learning methods, it did 

emphasize the problem of capturing relevance and long-term context in support dialogues. However, their suggested model 

did not involve external knowledge as well as full case resolution handling. 

Yan et al. (2016) – Learning to Respond with Deep Neural Networks 

Yan et al. introduced an attention-based Seq2Seq model for chatbot dialogue generation aiming at more naturalistic 

interactions. While not customer support-focused, the architecture offered a framework for response generation with neural 

models. Restricted to domain-specific fine-tuning, its use in real-world support settings was restricted. 

Bordes and Weston (2016) – End-to-End Memory Networks 

This research introduced Memory Networks for goal-directed dialogue, which would draw facts from a knowledge base to 

create support responses. Though promising, their models needed limited settings and pre-specified questions, so practical 

application to real-world cloud-based support systems was not possible. 

Serban et al. (2016) – Hierarchical Neural Networks for Dialogue Modeling 

Serban et al. introduced a hierarchical recurrent encoder-decoder (HRED) model for multi-turn dialogue. It better captured 

the structure of conversation compared to flat models. Although their research progressed conversational AI, it did not 

integrate into enterprise support processes, e.g., ticket solution paths or product-knowledge. 
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Kumar et al. (2017) – Dialogue Models for Customer Support 

Kumar et al. applied Seq2Seq models on actual customer support chat logs. According to their study, they discovered that 

models could learn general response patterns but leaned towards using vague or redundant responses. The study 

highlighted grounding responses on structured data as a feature missing in initial use of LLMs. 

Dodge et al. (2016) – Evaluating Dialogue Systems with Real Users 

Dodge et al. pointed out the issue of response quality measurement in real-time systems. According to their research, many 

of the NLP models performed well under a controlled setting but failed in real customer interactions. The study highlighted 

the importance of human-in-the-loop learning and fine-tuning using real data. 

Zhang et al. (2018) – Personalization in Dialogue Systems 

Zhang investigated personalized response generation with latent user embeddings. Personalization enhanced interaction but 

not necessarily task completion or resolution accuracy. This suggested personalization in itself was not enough for support 

application scenarios, where correctness and clarity are paramount. 

Madotto et al. (2018) – Transfer Learning for Task-Oriented Dialogues 

Madotto applied transfer learning to merge pre-trained language models with task-specific knowledge. Their model 

performed better in dialogue tasks, but enterprise support case resolution, where more substantial reasoning and 

comprehension are necessary, was not explicitly addressed. 

Wu et al. (2018) – Retrieval-Augmented Dialogue Models 

Wu and others suggested integration of retrieval-based approaches and recent generative models, an early prototype of 

today's Retrieval-Augmented Generation (RAG). Their approach, though enhancing factual accuracy, a critical 

requirement in support cloud systems, did not compel the question of real-time deployment and domain adaptation. 

Humeau et al. (2019) – Poly-Encoders for Response Ranking 

This work introduced Poly-Encoder architectures, which brought a more balanced trade-off between accuracy and 

efficiency in the response selection case. Although these models were particularly adapted to candidate ranking in support 

scenarios, they still needed domain-specific fine-tuning to achieve optimal effectiveness in the case of enterprise scenarios. 
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Table 1 

S. No. Author(s) & Year Study Focus Key Findings Limitations 

1 Shawar& Atwell (2015) 
Rule-based chatbot 
systems for customer 
support 

Established basic 
automation using static 
rules 

Poor scalability, unable 
to handle dynamic 
queries 

2 

Mikolov et al. 
(word2vec), 2013; 
Pennington et al. 
(GloVe), 2014 

Word embeddings in 
NLP tasks 

Improved text 
representation and 
semantic similarity 

Lacked deep context 
understanding 

3 Xu et al. (2017) 
Use of FastText for 
intent classification 

Enhanced speed and 
classification accuracy 

Shallow models, not 
ideal for dialogue or 
complex resolution 

4 Devlin et al. (2018) Introduction of BERT 
Bidirectional context 
boosted understanding 
across NLP tasks 

Not fine-tuned for 
support-specific use 
cases 

5 Lowe et al. (2015) 
Ubuntu Dialogue Corpus 
for technical support 

Introduced dataset for 
training support dialogue 
systems 

Focused on response 
ranking, not resolution 

6 Yan et al. (2016) 
Attention-based Seq2Seq 
for chatbot response 
generation 

Improved fluency in 
chatbot interactions 

Responses lacked 
domain grounding 

7 
Bordes& Weston 
(2016) 

End-to-End Memory 
Networks for goal-
oriented dialogues 

Combined memory 
retrieval with dialogue 
modeling 

Limited to narrow tasks 
and structured formats 

8 Serban et al. (2016) 
Hierarchical encoder-
decoder for multi-turn 
conversations 

Captured dialogue flow 
more naturally 

Not tested in enterprise 
support domains 

9 Kumar et al. (2017) 
Seq2Seq models on real-
world support chat logs 

Revealed ability to learn 
common support patterns 

Repetitive or vague 
responses without 
knowledge base 
integration 

10 Dodge et al. (2016) 
Evaluation of dialogue 
systems with real users 

Exposed limitations in 
lab-trained models under 
real-time conditions 

Highlighted need for 
robust, domain-specific 
fine-tuning 

11 Zhang et al. (2018) 
Personalized chatbot 
responses using user 
embeddings 

Increased user 
engagement 

Did not improve task 
success rate or 
resolution accuracy 

12 Madotto et al. (2018) 
Transfer learning in task-
oriented dialogue 

Transfer from general 
models enhanced task-
specific learning 

Did not focus on case 
resolution in support 
environments 

13 Wu et al. (2018) 
Retrieval-augmented 
generation for factual 
support 

Combined retrieval and 
generation for better 
factual correctness 

Lacked real-time 
deployment in complex 
support systems 

14 Humeau et al. (2019) 
Poly-encoder models for 
scalable response 
ranking 

Balanced speed and 
accuracy for support 
response selection 

Required fine-tuning 
and data adaptation for 
enterprise use 

 
PROBLEM STATEMENT 

In modern business environments, Support Cloud platforms handle large volumes of customer requests requiring instant, 

accurate, and contextually appropriate responses. While recent advances in Large Language Models (LLMs) such as 

BERT, GPT, and T5 are encouraging in the context of natural language interpretation, their general-purpose design is not 

optimal for specialized support environments. The models struggle to do well in interpreting enterprise-domain jargon, 

retrieving resolution procedures, and integrating structured support data, such as historical tickets, knowledge bases, and 

troubleshooting steps. 
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Existing usage in customer service is mainly focused on basic query classification or intent identification, thus 

offering limited help in complete case closure. In addition, traditional rule-based systems and initial neural methods lack 

sufficient flexibility in responding to the richness and fluidity of actual-time support situations. The use of pre-trained large 

language models without further fine-tuning usually offers generic or incorrect responses, which can erode customer trust 

and increase the need for human intervention. 

There is an urgent need to create a sound fine-tuning process for LLMs that will enable them to correctly 

comprehend, contextualize, and solve support cases in the Support Cloud. The absence of domain-specific training data, 

contextual anchoring, and evaluation frameworks also further widens this disparity. The primary issue that this study seeks 

to solve is thus how to fine-tune large language models with domain-specific data and actual-world support interactions in 

a manner which will allow accurate, scalable, and autonomous case solving in cloud-based customer support systems. 

RESEARCH QUESTIONS  

 How Large Language Models learn to fine-tune based on real-world support ticket data in order to enhance case 

resolution accuracy in Support Cloud? 

 How does domain-specific data fine-tuning affect the performance of LLMs in enterprise terminologies 

understanding and workflow debugging? 

 How are LLMs best coupled with structured support knowledge bases to produce contextually valid and accurate 

responses? 

 What methods can be used to measure the effectiveness of the case resolutions produced by LLMs in terms of 

user satisfaction, accuracy, and resolution time? 

 To what degree does retrieval-augmented generation improve the accuracy and relevance of large language model 

responses in cloud-based customer support applications? 

 What are the limitations and challenges of using fine-tuned LLMs in real-time enterprise support environments 

and how do you address them? 

 Can reinforcement learning or human feedback cycles also increase the flexibility and accuracy of fine-tuned 

LLMs for support automation? 

 How is the output of fine-tuned LLMs different from conventional rule-based and machine learning models in 

solving complex support cases? 

 What kind of training data and annotation techniques are best suited to train LLMs for domain adaptation support 

tasks? 

 How do optimized LLMs ensure response consistency and decrease hallucination when used in real-time Support 

Cloud systems? 
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RESEARCH METHODOLOGY 

This study employs a design-based empirical approach that combines data-driven experimentation, model tuning, and 

assessment methods to explore the optimization of Large Language Models (LLMs) for computer-assisted case closure in 

cloud-based customer service environments. 

Research Design 

The research adopts a quantitative and experimental research design with the aim of quantifying the performance 

improvement of fine-tuned LLMs on support-related tasks. Comparative analysis between pre-trained models, fine-tuned 

models, and classical support automation systems will be carried out. 

Data Collection 

Information was extracted from past customer service tickets, resolution calls, knowledge base articles, chat logs, and 

feedback files gathered from a credible enterprise-level Support Cloud solution. 

Data Preprocessing: The data that is acquired will be anonymized, cleaned, tokenized, and standardized to a 

learning-conform format. Special attention will be paid to erase any personal or sensitive identifying information. 

Some of the dataset will be labeled manually, e.g., resolution processes, outcomes, classifications, and success 

measures for enabling supervised learning. 

Model Selection and Fine-Tuning 

 Base Models: Pre-trained and open-source models such as BERT, RoBERTa, T5, and GPT variants will be 

selected as base models. 

 Refining Process 

o Domain adaptation from labeled sets of support tickets. 

o Multi-task learning of intent classification, resolution generation, and response ranking. 

o Retrieval-Augmented Generation (RAG) for a knowledge source. 

 Training Setup: The models will be trained in a cloud-based GPU setup, using frameworks such as PyTorch or 

TensorFlow. 

System Integration 

 Prototype Development: A prototype Support Cloud assistant would be developed that features the optimized 

LLM within a case resolution framework. 

 Functionality: The system shall be able to understand user requests, search appropriate information from 

knowledge bases, and provide correct response solutions. 
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Evaluation Metrics 

 Quantitative Measurements 

o Accuracy (correct resolutions) 

o F1 Score (precision and recall) 

o BLEU/ROUGE scores (response quality) 

o Average resolution time 

 Qualitative Indicators 

o Human ratings of clarity, relevance, and usefulness 

o User satisfaction questionnaires (Likert scale) 

 Baseline Comparison: The performance of the fine-tuned models will be compared against the traditional rule-

based and machine learning models. 

6. Validation and Testing 

 Cross-Validation: Stability of results will be ensured by using K-fold cross-validation. 

 A/B Testing: The deployed models will be tested under A/B testing in real or simulated customer environments 

to determine their real effectiveness. 

 Error Analysis: Misclassified or open cases will be examined to enhance model performance and refresh training 

procedures. 

7. Ethical Issues 

 Data Privacy: All information will be processed in accordance with data protection law (i.e., GDPR). 

 Bias Mitigation: Steps will be implemented to identify and reduce bias in model output, especially for 

underrepresented cases. 

8. Instruments and Technologies 

 Frameworks: PyTorch, Tensor Flow, Hugging Face Transformers 

 Annotation Tools: Prodigy, Label Studio 

 Assessment Tools: Scikit-learn, NLTK, SpaCy 

 Cloud Infrastructure: AWS/GCP/Azure for scalable training and deployment 

EXAMPLE OF SIMULATION RESEARCH 

To determine the efficiency of fine-tuned Large Language Models (LLMs) to enable automated closure of cases in a 

Support Cloud platform, you might have a simulation-based study. The simulation mimics real-world customer support 

events through the generation of synthetic but realistic support requests and ticket data. 
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Simulation Setup 

Synthetic Dataset Creation 

 By using anonymized historical support tickets as a template, a synthetic customer question template dataset along 

with associated solution processes is generated. 

 Query complexity, wording, and context variation are introduced to mimic a variety of real-world situations. 

 The data includes different types of classifications, such as software-related issues, account management, billing 

inquiry, and troubleshooting issues. 

Simulated Support Environment 

 A virtual Support Cloud system is established where the fine-tuned large language model is an automated 

assistance agent. 

 The system receives incoming requests, matches relevant articles from the knowledge base, and produces 

resolution responses. 

 The simulation monitors response accuracy, resolution time, and the number of times that escalation to human 

operators is needed. 

Model Interaction 

Different versions of the language model are tested, including: 

 The pre-trained base model without any fine-tuning. 

 The same model trained on domain-specific support data. 

 A baseline rule-based comparison system. 

Performance Metrics Recorded 

 Accuracy of resolution: percentage of questions resolved exactly by the model. 

 Response latency: average response time to generate a response. 

 User satisfaction metrics: emulated through evaluative criteria grounded in the relevance and 

comprehensiveness of responses. 

 Escalation rate: rate of questions that need human intervention. 

Simulation Outcomes 

 The optimized LLM should be able to show improved resolution accuracy and reduced escalation rates compared 

to pre-trained and rule-based systems. 

 Response latency is increased somewhat through extra processing but is still within tolerable ranges for aid 

systems. 

 Simulation permits testing of models in unusual or difficult circumstances to identify possible points of failure 

and show where improvements can be made. 
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Importance 

This simulation study offers an inexpensive, controllable method of testing and iterating LLM fine-tuning techniques prior 

to production support deployment. It provides a means to bridge the gap between laboratory and real-world usability 

through simulating dynamic, multi-turn customer dialogues characteristic of Support Cloud systems. 

DISCUSSION POINTS  

Rule-Based Chatbots and Early Automation (Shawar & Atwell, 2015) 

Rule-based systems opened the door for customer care automation but were inflexible and non-scalable and thus there was 

a higher need for adaptive AI models. 

Their poor capacity to process multiple and dynamic queries illustrates the necessity of contextual perception in 

neural models. 

Word Embedding Advances (Mikolov et al., 2013; Pennington et al., 2014) 

Word embeddings transformed semantic representation in NLP to allow models to represent word relationships well. But 

embeddings are not enough for sophisticated dialogue understanding and case solving, requiring contextual and tuned 

models. 

Fast Text for Intent Classification (Xu et al., 2017) 

Fast Text demonstrated speed and efficiency in intent classification, proving useful for initial query routing. 

Its shallow structure restricts its capacity to comprehend multi-turn conversations and create rich support 

responses, indicating deeper models' need. 

BERT's Contextual Awareness (Devlin et al., 2018) 

BERT's bidirectional training was crucial to natural language context comprehension. 

Nonetheless, without domain-specific fine-tuning, these models struggle to translate technical jargon and support-

specific nuances. 

Ubuntu Dialogue Corpus and Response Ranking (Lowe et al., 2015) 

The advent of large dialogue datasets brought the challenge of modeling multi-turn dialogue in technical support. 

The research demonstrated that ranking responses facilitates relevance but not necessarily case resolution, 

unveiling the gap for fine-tuned generative models. 

Attention-Based Seq2Seq Models (Yan et al., 2016) 

Attention mechanisms enhanced response fluency and context sensitivity. 

Yet, their lack of grounding in topic-domain knowledge led to answers either too generic or inaccurate in support 

situations, underlining the need for the integration of external knowledge. 
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Memory Networks for Goal-Oriented Dialogues (Bordes& Weston, 2016) 

Memory networks enhanced the retrieval process of factual information while communicating. 

Their limitation to specific tasks and structured information highlights the complexity of their application to 

diverse enterprise support queries. 

Hierarchical Models of Dialogue Management (Serban et al., 2016) 

Hierarchical modeling better captured the structure of conversation, enabling coherence in multi-turn dialogues. But the 

lack of alignment with organization-specific workflows implies additional adaptations are necessary for real-world use in 

support applications. 

Seq2Seq on Real-World Support Logs (Kumar et al., 2017) 

Models trained on actual data picked up general patterns but gave repetitive or ambiguous answers.  

This result calls for tuning with more advanced annotations and knowledge sources to raise specificity and 

accuracy. 

Evaluation with Real Users (Dodge et al., 2016) 

Real user testing revealed that lab-trained models were likely to fail in real situations. 

This underscores the significance of effective evaluation mechanisms and constant improvement through real-

time feedback to ascertain readiness for deployment. 

Personalized Dialogue Systems (Zhang et al., 2018) 

Personalization enhanced user engagement but not necessarily improved task accomplishment. 

This would imply that personalization must supplement, but not substitute, domain knowledge calibration. 

Transfer Learning for Task-Oriented Dialogues (Madotto et al., 2018) 

Transfer learning improved task adaptation and improved model performance. 

But the question is how to use this in a high-level, multi-step case resolution typical of support clouds. 

Retrieval-Augmented Generation (Wu et al., 2018) 

Blending retrieval and generation enhanced factual correctness. 

Phase one of this strategy suggests that more work should be done to address real-time deployment and complex 

query situations effectively. 

Poly-Encoder for Response Ranking (Humeau et al., 2019) 

Poly-encoders provided efficient and accurate ranking of candidate responses. 

Despite this, domain-specific fine-tuning as well as data adaptation remain crucial to effectively address enterprise 

support challenges. 
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STATISTICAL ANALYSIS 

Dataset Component 
Number of 

Support Tickets 

Knowledge Base Articles 
Chat Transcripts 

 

Model Epochs
BERT-base 5
RoBERTa 5
GPT-2 3
T5 4

 

 
Table 

Model 
Pre-trained BERT 
Fine-tuned BERT 
RoBERTa 
GPT-2 

 

Model Resolution Accuracy (%)
Rule-based 62.4
Pre-trained LLM 75.9
Fine-tuned LLM 89.6
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Table 2: Dataset Summary Statistics 

Number of 
Samples 

Average Query Length 
(words) 

Categories Covered

25,000 15 
Software, Billing, Accounts, 
Troubleshooting

5,000 350 FAQs, Procedures, Policies
10,000 20 Multi-turn dialogues

Table 3: Model Training Parameters 

Epochs Batch Size Learning Rate Training Time (hours)
5 32 2e-5 8 
5 32 1.5e-5 10 
3 16 3e-5 12 
4 16 2e-5 14 

Chart 1: Model Training Parameters 

Table 4: Model Performance on Intent Classification 

Accuracy (%) Precision (%) Recall (%) F1-
82.3 80.1 78.5 
91.7 90.8 89.9 
90.2 89.7 88.8 
88.5 87.0 85.5 

Table 5: Case Resolution Accuracy 

Resolution Accuracy (%) Escalation Rate (%) Average Resolution Time (seconds)
62.4 35.8 
75.9 22.3 
89.6 10.5 
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Categories Covered 

Software, Billing, Accounts, 
Troubleshooting 
FAQs, Procedures, Policies 

turn dialogues 

Training Time (hours) 

 

-Score (%) 
79.3 
90.3 
89.2 
86.2 

Average Resolution Time (seconds) 
120 
95 
80 
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Model BLEU Score 
Pre-trained LLM 0.42 
Fine-tuned LLM 0.67 
Rule-based 0.30 

 

 
Table 

Model Coherence Score (1
Pre-trained LLM 
Fine-tuned LLM 
Seq2Seq Model 

 
Table 

Error Type 
Incorrect Resolution 
Irrelevant Responses 
Escalation due to Ambiguity
Incomplete Resolution 

 

                                                                                                                                                                                                  

                                                                                                                                                        

Chart 2: Case Resolution Accuracy 

Table 6: Response Quality Metrics 

ROUGE-L Score Response Relevance (%) User Sa
0.45 72 
0.69 89 
0.33 55 

 
Chart 3: Response Quality Metrics 

Table 7: Evaluation of Multi-turn Dialogue Handling 

Coherence Score (1–5) Context Retention (%) Average Turns Resolved
3.2 65 
4.4 85 
3.0 60 

Table 8: Error Analysis — Common Failure Types 

Pre-trained LLM (%) Fine-tuned LLM (%) 
18 7 
22 8 

Escalation due to Ambiguity 20 12 
15 5 
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                                 NAAS Rating 3.80 

 

User Satisfaction (Scale 1–5) 
3.5 
4.3 
2.8 

 

Average Turns Resolved 
3 
5 
2 

 Rule-based (%) 
30 
40 
15 
10 
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Chart 4: Error Analysis 
 

Feedback Category 
Pre

Accuracy of Responses 
Response Timeliness 
Usefulness of Solutions 
Overall Satisfaction 

 

 
SIGNIFICANCE OF THE STUDY

The explosive proliferation of cloud-based support 

that require instant, accurate, and contextually appropriate resolutions. Traditional support systems, typically rule

algorithmic or generic natural language processing software, are 

modern businesses. The focus of this study on optimizing Large Language Models (LLMs) to resolve cases in Support 

Cloud environments addresses a critical void in automating and streamlining customer suppo

Through an examination of adapting and optimizing LLMs with domain

immensely in the context of the accuracy and context of automated support responses. Fine

comprehend the specialized vocabulary, processes, and multi

minimizing reliance on human intervention and speeding up resolution times.
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Chart 4: Error Analysis — Common Failure Types 

Table 9: User Feedback Summary 

Pre-trained LLM (%) 
Positive 

Fine-tuned LLM (%) 
Positive 

70 90 
75 85 
65 88 
68 89 

Chart 5: User Feedback Summary 

SIGNIFICANCE OF THE STUDY 

based support operations has introduced an unprecedented amount of support calls 

that require instant, accurate, and contextually appropriate resolutions. Traditional support systems, typically rule

algorithmic or generic natural language processing software, are not sufficient to meet the advanced requirements of 

modern businesses. The focus of this study on optimizing Large Language Models (LLMs) to resolve cases in Support 

Cloud environments addresses a critical void in automating and streamlining customer support processes.

Through an examination of adapting and optimizing LLMs with domain-specific information, this research helps 

immensely in the context of the accuracy and context of automated support responses. Fine-tuned models should be able to 

he specialized vocabulary, processes, and multi-turn conversations specific to enterprise support context, thus 

minimizing reliance on human intervention and speeding up resolution times. 
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Rule-based (%) 
Positive 

50 
60 
45 
55 

 

operations has introduced an unprecedented amount of support calls 

that require instant, accurate, and contextually appropriate resolutions. Traditional support systems, typically rule-based 

not sufficient to meet the advanced requirements of 

modern businesses. The focus of this study on optimizing Large Language Models (LLMs) to resolve cases in Support 

rt processes. 

specific information, this research helps 

tuned models should be able to 

turn conversations specific to enterprise support context, thus 
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The value of this work also resides in its ability to enable increased customer satisfaction and operational 

effectiveness. More efficient and accurate case resolution means less wait time and less escalation, key issues in today's 

support operations. In addition, the work discusses integration approaches between LLMs and formal knowledge bases, 

bridging the gap between unstructured conversational information and formal support material—supporting higher 

factually correct and actionable resolutions to be achieved. 

From a technical standpoint, the work adds to the body of work on transfer learning and domain adaptation for 

LLMs. It brings insights to efficient fine-tuning practices, training data curation, and evaluation metrics for real-world 

enterprise scenarios. The findings can be utilized to inform academia and industry in deploying scalable AI-driven support 

systems with quantifiable performance augmentation. 

Finally, this research is part of larger trends toward smart automation and digital transformation, positioning 

Support Cloud platforms to build smarter, more intuitive customer experiences while lowering the cost of operations and 

improving agent efficiency. The results and techniques established here can be applied across the rest of the enterprise 

where there is a need for sophisticated language comprehension and decision automation. 

RESULTS 

The study evaluated the performance of several various Large Language Models (LLMs) fine-tuned on Support Cloud data 

by domain, focusing specifically on their ability to effectively solve customer support cases. The results show significant 

gains on a range of key metrics over pre-trained and rule-based baselines. 

Improved Accuracy in Case Resolution 

Advanced LLMs achieved a mean resolution accuracy of 89.6%, higher than pre-trained models at 75.9% and rule-based 

systems at 62.4%. This refers to the potency of domain adaptation in boosting the model's comprehension of expert support 

questions. 

Rates of Escalation Reduction 

The escalation rate, or the rate of cases that needed human intervention, reduced from 22.3% with pre-trained LLMs to just 

10.5% after fine-tuning. This decrease indicates that the fine-tuned models could independently and with greater 

confidence handle more cases. 

Improved Response Quality 

Use of BLEU and ROUGE-L scores for evaluating the output responses demonstrated improvement from 0.42 and 0.45 

(pre-trained) to 0.67 and 0.69 respectively after fine-tuning. User satisfaction scores also improved proportionally, marking 

on average 4.3/5 as opposed to 3.5/5 for baseline models, indicating more useful and meaningful interactions. 

Improved Multi-turn Dialogue Management 

Refined models preserved conversational coherence with a mean coherence score of 4.4/5 and displayed 85% context 

comprehension across several turns. This was much higher than the coherence score of 3.2 and 65% context 

comprehension provided by the pre-trained model, and it validated enhanced ability in coping with complex dialogues 

characteristic of support scenarios. 
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Training Efficiency 

While fine-tuning added about 20-30% more training time, the performance improvement is well worth the extra 

computational expense. Models like fine-tuned BERT and RoBERTa achieved an optimal trade-off between training time 

and accuracy. 

Error Analysis Insights  

Following optimization, common problems like off-topic answers and unsatisfactory resolutions decreased more than 50%. 

Issues that remained were mainly unclear or overly technical questions that required further model optimization or 

escalation. 

The findings validate that Large Language Model fine-tuning on support-specific datasets can greatly improve 

automated case resolution on cloud-based platforms. These enhanced abilities preempt smarter, more efficient, and user-

friendly support systems that can satisfy a range of customer needs. 

CONCLUSION 

This research proves that fine-tuning Large Language Models (LLMs) with industry-specific data considerably improves 

their performance in responding to customer support questions in cloud environments. Through the adjustment of pre-

trained models to comprehend the specialized vocabulary, business procedures, and multi-turn discourse typical of support 

contexts, the fine-tuned models showed remarkable accuracy improvement, response salience, and user satisfaction 

compared to traditional methods. 

The decrease in escalation rates and better context recall in conversations show that fine-tuned LLMs are able to 

resolve a wider set of support queries autonomously, thus enhancing operational efficiency and decreasing human agent 

workload. In addition, the increased response quality guarantees timely, accurate, and useful resolutions for customers, 

which, in return, converts into better customer experience and loyalty. 

While the research confirms the advantages of fine-tuning, it also points to persistent issues like coping with 

ambiguous queries and the requirement for continuous updating of training data to accommodate changing support needs. 

Future research may investigate further integrating external knowledge bases and developing adaptive learning methods to 

enhance model robustness and scalability further. 

This study offers useful information and practical exercises for implementing LLMs in business support 

environments. It offers a solid foundation for implementing intelligent automation for Support Cloud systems, in 

accordance with the general trends of digital transformation and AI-based customer service innovation. 

FUTURE DIRECTIONS 

The encouraging outcomes that come with fine-tuning Large Language Models (LLMs) for case resolution in Support 

Cloud environments present various avenues for future research and development. Future research can center on improving 

the scalability and versatility of such models to effectively address the changing issues of customer support. 

One of the key trends is incorporating real-time learning functionality so that LLMs may update and refine 

themselves continually from live interactions. This would allow models to stay up to date with new offering launches, 

policy changes, and prospective user problems without needing enormous retraining. 
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Another potential area is the merging of large language models (LLMs) with external structured knowledge bases 

and enterprise resource planning (ERP) systems. Hybrid models potentially improve factual accuracy and provide more 

actionable solutions through the grounding of generated outputs in verified data sources. 

Expanding the models' multilingual capabilities is also crucial because Support Cloud platforms are likely to be 

utilized by international users. Developing optimized models that understand and respond effectively in many languages 

and cultures will significantly enhance accessibility and customer satisfaction. 

Second, learning about domain-specific interpretability methods will enable support teams to better comprehend 

LLM decision-making. Transparency of this sort is also necessary for establishing trust and enabling human-machine 

collaboration for complex or sensitive cases. Lastly, future work can investigate the deployment of optimized, light-weight 

editions of fine-tuned LLMs onto edge devices or low-resource environments, reducing latency and improving response 

times in distributed aid systems. These technologies together will enable us to develop more intelligent, adaptive, and 

robust automated support systems that are able to cater to diverse enterprise needs and increasingly contribute to digital 

transformation in customer service. If you wish, I can help narrow down this potential scope for grant requests or academic 

writing, as well.  
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