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[Abstract]

Generative Al services require lifecycle support for Prompt Engineering, Retrieval-Augmented
Generation (RAG), user experience (UX), and continuous improvement, which existing frameworks such
as CRISP-DM, OSEMN, MLOps, and CRISP-ML(Q) do not fully address. This paper compares these
frameworks using lifecycle-based criteria and proposes an integrated framework that incorporates
business understanding, UX, data and RAG design, Prompt Engineering, generative Al modeling, service
design, LLMOps-based operation, monitoring and feedback, and continuous improvement. Comparative
analysis and exploratory expert evaluation indicate the conceptual applicability and structural adequacy
of the proposed framework for supporting the Generative Al service lifecycle. The results are

exploratory and do not constitute empirical evidence of performance improvement.

» Key words: Generative Al Services, Service Lifecycle, Lifecycle-Based Modeling Framework,
LLMOps, Prompt Engineering, Retrieval-Augmented Generation
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I. Introduction
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II. Related Work

1. Traditional AI Modeling Frameworks

1.1 CRISP-DM

CRISP-DM Hlo]&] ojo]'d Z2AlES 93t clarle)
nZNA ZEZA Business Understanding, Data
Understanding, Data  Preparation, = Modeling,
Evaluation 2 Deployment®] 642 LA EICH3]. o]
B 24 3 23 Ui e Aekeits gAlol le
U, Prompt, RAG B AREAL oAga 22 Add Al
Eot 52 AR r uISH| A

1.2 OSEMN
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1.3 MLOps
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= xY¥sty, CI/CD, 24 RUER @ rfghs £9] 2o
2452 ZISITH5]. 224 Prompt AJojzx7] wejet
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1.4 CRISP-ML(Q)
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Table 1. Comparison of Emerging Generative Al Development and Operations Approaches

Approach

Primary Focus

Lifecycle Perspective

PromptOps /
Prompt Lifecycle Approaches

Prompt evaluation, versioning and operation

Prompt-centered lifecycle

GenAlOps

GenAl development, operation and model agility

GenAl operational lifecycle

Agent Engi i Agent .
gent Engineering / AgentOps analytics

Agent observability, monitoring,

logging  and Agent-centered lifecycle

Al Product Lifecycle Approaches . ;
continual learning

Al system design, deployment, monitoring and

Product-centered lifecycle

Proposed Framework .
improvement

UX, RAG, Prompt, LLM, service operation and

Integrated GenAl service lifecycle

7t 4 BYEY 59 Bolr7] dEs BIFIT]. 12
L AREAE 87 5 UX 24041 Al A gt A4 )
Aol ol2= A AMulA Aojrr|E SEH O A|dst
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2. Recent Trends in Generative Al
Development and Operations

A2 HE Al Mslxo) Eh @A Prompt
Engineering, RAG, Al Agent % LLM H7}5 $4H0=2
ClgRt -2 W Eo] Algkeln glck. Tl Aol
= Prompt AJofZ7] 2]et Al Agent®] Planning,
Memory % Tool Use 5& TFFi Qlom[13-16],
RAGAsSH 28 B/t Zel9) 32 o) Ay Ao B
2 oK) g ATE o]Rofx|1L Yck16]

E35t  PromptOps[17], GenAlOps[18],  Agent
Engineering/AgentOps[19] @ Al Product Lifecycle
Approaches[20]2} 2ol A/dY AlS] /-2 F2 AYois
7] WA st = BLE AQte]al Qlct. [Table 1]
i} o] o] 27} Prompt, /dE Al =9, Agent %
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Hj|4}%(Closed-loop) o572 AAlSH= &8 Z2YH
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III. Comparative Analysis of
Lifecycle-Based Modeling Frameworks
for Generative Al Services

1. Analysis of the Generative Al Service Lifecycle
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Fig. 1. Generative Al Service Lifecycle

2. Evaluation Criteria for Generative Al Service
Modeling
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Table 2. Evaluation Criteria for Generative Al Service Modeling

Evaluation Criteria

Evaluation Items

Basis of Evaluation

User-Centricity

UX, User Participation

Generative Al and LLM Studies [1,2]

Generative Al Suitability

Prompt Lifecycle Management, RAG Support

Prompt Engineering and RAG Studies
[8-10]

Data Processing Capability

Data Collection and Management

CRISP-DM, OSEMN, CRISP-ML(Q) [3,4,6]

Operational Efficiency

Deployment Automation, Monitoring

MLOps, LLMOps [5,7]

. N - CRISP-ML(Q), LLMOps and Hallucination
Quality Response Reliability, Stability Studies [6.7,11]
Maintainability Retraining and Continuous Improvement CRISP-ML(Q), MLOps, LLMOps [5,6,7]

Scalability

Service Scalability

MLOps, LLMOps [5,7]

Ethics and Safety

Hallucination Response

Hallucination Studies [11]

Table 3. Evaluation Rating Scale

Symbol Meaning Evaluation Criterion
© Fully Supported The evaluation item is explicitly defined as a core component of the framework.
. The evaluation item is supported, but requires additional configuration or
O Partially Supported
external components.
L The evaluation item is only indirectly supported or depends on user
JAN Limited Support . .
implementation.
Not Supported The evaluation item is not defined or supported by the framework.
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Table 4. Framework Support Levels by Generative Al Service Lifecycle Stage
Lifecycle Stage CRISP-DM OSEMN MLOps CRISP-ML(Q) LLMOps

User Interaction X X A N @)

Prompt Lifecycle Management X X A A O

Data & Knowledge Management O O O O ©

RAG Operation X X AN A ©
Service Operation & Monitoring A X © O ©

User Feedback Integration X X O A ©
Continuous Improvement A X O O ©
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Table 5. Support Levels for Generative Al-Specific Features

Generative Al-Specific Feature CRISP-DM OSEMN MLOps CRISP-ML(Q) LLMOps
Prompt Engineering X X A A ©
Prompt Lifecycle Management X X A A @)

RAG Structure Support X X AN A @)

Vector DB Operation X X A A O
Hallucination Handling X X A @) @)
Response Quality Management AN A O O ©
Human Feedback Loop X X A A N
XY(O), WA Al E3} &=L AIoHA x|Y(A)e= T CRISP-ML(Q)= Prompt Engineering, Prompt AJoj
AStHTH6]. LLMOps®= Prompt, RAG 2 LLM &% & #7] %2], RAG 3+& Y Vector DB &9 MAH Al &
5= BARCE RHsiut 7t 7159 AollRr] Ul BAl & & EEom AR AJYsHA] ot AR XY(A) o= T

o] @2t O, O Ex Az HASHATHT.

3.2 Comparative Analysis of Generative AI-Specific

Features
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JstRet6]. B FAES SA9] Aorr|e 24 a4t
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LLMOps= LLM9] Adaptation TAOA Prompt
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Rl I i 7Fskal Monitoring DA A
Prompte} #7212 RUEYstEE AXst 9looz
Prompt Engineering, RAG Structure Support %
Response Quality Management= &4 X|¢(0)o=2 o
AsIHTH7]. E3F @8 Vector Database?}9] £3H2 A
U5kl Prompte} #7HE 29 oAl Halstoz
Prompt Lifecycle Management, Vector DB Operation
2 Hallucination Handlingg 224 X|¢(O)cz TA
5ttt Human Feedback Loops LLMOps Aofj57]9]
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3.3 Comparative Analysis of Operation and
Maintenance

Loops 7|& ¥l gl xj&hs &5 &0 (A Ccs [Table 62 +%¥ ¥ fAIES oA vlw ZutE
A 7F53 o Hop AR AlU(A)eR WS  UeRdc,
Table 6. Comparative Analysis of Operation and Maintenance
Evaluation Item CRISP-DM OSEMN MLOps CRISP-ML(Q) LLMOps
Automated Deployment (CI/CD) A X © O ©]
Model Monitoring A X © O ©]
Drift Detection X X O O O
Retraining Support A X © O O
Prompt Version Management X X A A ©
Response Log Analysis X X A O ©]
Operational Scalability A A © O ©]
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Business Understanding
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( Requirement Analysis )
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Fig. 2. Lifecycle—Based Integrated Modeling Framework for Generative Al Services
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4. Integrated Lifecycle-Based Modeling
Framework for Generative Al Services
4.1 Structure of the Proposed Framework
oF Aol vlw 74 A}, 7|E Al BEE o3
dlojg] BA, B Jpt, o AHES W B Tajo-
A2 7HRIRIEE A3 Al A8 A0A Qe = AREAT
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2] I REA 7] 125 SEROE AWk ol
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o o oy rir

o]

A7E AT TN 2 =2olME oot eI
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5t7] 95l [Fig. 2]oF o] A/d% Al AjB]A AJofjz7] 7]
U 2 28 YA E AQkRit:

Aot mUdY3IE= Business Understanding, UX
Analysis, Data & RAG Design, Prompt Engineering,
Generative Al Modeling, Service Design, LLMOps
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Improvement®] 97 252 Hdec} 7 R52 SAA
oz AAEY, ¥ oA 2H 29k AFEAF T &
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4.2 Operational Definitions of Key Concepts

Aot mEelelTo] x@ spdS wWa] b ol
Prompt Lifecycle Management, RAG Operation and
Management, Response Quality Management,
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Table 7. Operational Definitions of Key Concepts
Key Concept S Main Activities Input Output S
ey Concep cope a (@ p p Criteria
Design, test, . Accuracy,
Z Requirements,
Prompt . versioning, . Prompt relevance,
. Prompt lifecycle from queries, .
Lifecycle . . deployment, templates, consistency,
design to improvement L prompts, L
Management monitoring, versions performance
o response logs
optimization change
RA ration llection, chunkin Documents Precision/recall,
G Operatio External knowledge Collec ! . 9. . " Vector DB, /
and ) embedding, retrieval, | queries, retrieval ) context
lifecycle management retrieved results
Management update logs relevance
. lit luati R n . .
Response Response quality, Quali y . evaluation, esponses, Evaluation Faithfulness,
. R hallucination reference
Quality reliability, and safety ) results, error | relevance,
detection, relevance | knowledge, user
Management management . types accuracy
assessment evaluation
ti | . . .
L Operationa Log analysis, | Service logs, | Analysis results, | Error rate,
Monitoring & | performance and user Y . . .
monitoring, feedback | feedback, improvement satisfaction,
Feedback feedback . . .
analysis metrics needs quality change
management
Improved
. . Prompt optimization L rompts, Pre/post
Continuous Feedback-driven P P " | Monitoring P P . /p
. . RAG update, model updated RAG, | improvement
Improvement | lifecycle improvement | . results, feedback .
improvement model quality change
configuration

Table 8. Distinctive Features of the

Proposed Framework Modules

Proposed Framework
Module

Key Differences from Existing Frameworks

Business Understanding

Extends CRISP-DM business understanding by incorporating generative Al service scenarios,
user interaction requirements, and prompt-driven objectives.

UX Analysis

Introduces a dedicated UX analysis phase to explicitly address conversational interaction,
user scenarios, and service flows in generative Al services.

Data & RAG Design

Introduces explicit RAG design for external knowledge integration, which is not covered in
traditional Al modeling frameworks.

Prompt Engineering

Defines prompt engineering as an independent lifecycle phase and incorporates prompt
design, evaluation, and version management as explicit activities.

Generative Al Modeling

Optimizes large language model (LLM) selection and configuration for generative Al services.

Service Design

Incorporates user interface design and service integration beyond AI model development.

LLMOps Operation

Extends conventional LLMOps by integrating prompt lifecycle management, RAG operation,
and response quality monitoring into service operation.

Monitoring & Feedback

Continuously evaluates service quality using user feedback and operational data.

Continuous Improvement

Provides a closed-loop feedback mechanism linking user feedback, prompt refinement, RAG
updates, and LLM optimization, which is not explicitly defined in existing frameworks.

4.3 Distinctive Features of the Proposed Framework
ARt = AN ZY 7 wgo] 7]E mefdYaet 8
e 28 &% A4S [Table 8]of AAlsIitt. [Table
8]t o] Aleh = 3= UX, RAG ¥ Prompts =
YA Aol57] 502 P4k, LLMOps 7]5 29

7} Monitoring & FeedbackS AA7sloit). E5] 9o 2 Al 3 Al AJAR Vi A2 B Rt W27t 792 tide
2% Prompt, RAG Ao}~ @ well Jjioe ghget = 8 BIAE ME WIS RSN, 8IS A
L ®3)& Continuous Improvement 152 £5 Ax © Al 7IRH ABlA Vi B WA ZRAE 298 FHS
MU A ol z7)2 Estst xfEAo] oJrt HEskl, Al AR 1529, Al A7 W EAAR ZF
2] ZofoflAf 5 o9 AR E= A Fele AE AR
712 Ageignt. Fest Ak oist @4 25, Al Ak
Al A7t 3%, A9 18 FEAIAE 7] Aert 1

IV. Evaluation
1. Evaluation Method

Aot ZAUY9] A Ag shsAat AojE] A
4 :rL7<4 7(47(4}\-10 Eal— Hﬂi 7455}7] 945}0:] 1\(]34 60
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Table 9. Exploratory Expert Evaluation of Lifecycle Frameworks

Evaluation Item CRISP-DM | OSEMN | MLOps | CRISP-ML(Q) | LLMOps | _roposed
Framework
Support for Development Activities 3.1 410 4.2 3.5 4.4 4.7
Support for Operational Automation 2.1 2.0 48 3.2 49 49
Support for Prompt Lifecycle Management 15 1.4 3.0 3.1 4.8 5.0
Support for Maintenance Activities 23 2.1 43 4.0 4.9 5.0
Support for Response Quality Management 3.0 3.1 4.2 4.4 4.8 49
Average Score 24 25 4.1 3.6 4.8 49
Bk Ao m A At vl i ZHdY o) off  §F &9 wEE mAdYIE Agksit. A=t 71¥ke]
off 3Ust B7t 718} Y AlRE Alust & HrAkER AR o Ak, AiRb mefAdYae AEE Al AujA
TR ARt WAL OF Wil P A AR B K K ket 4 A
HE FORA] oF2 AEjolA i i AY, 9 As = 59N BT
5} A9, Prompt Ajo]z7] e KH, SR e 1] HE 2 A7) ARV s Al 2 Y3 i
9] o oct %ﬂ Ta] x]Y9] 57 &22 54 A E Ar A AL 7hede BARoR et Zlos, AN AEE
(13 0fo o 54: 0f o =9)2 Hylsiict zt Wopd Al AulA 82 S5t /0D MY, 39 24, =9 &8
Al uA] AEs Rgo] R A AW Wt olel 4 T fANAEe] W BUE AFNoR AFW Re
7 U937} Sl Aol5r] FES A PE 4 Qe A ofrh ERE ARt ARvt Ae o= B7he 4%
=of| gt AE7o] mere ojujsict. Wyt Auke MEsp Sto] B I AlRE R SAA fedol tist AEA
B7PE40] WA olgsto] BAIRog wlwsiglon], ASOl OIFAAIA] Rl SHAZE It
Bl Aols EAR Soldol melela 7F o4 FF ATCINE WYY Al AL, RAG 7|3t Hejgd
4g oujsts Zlo2 siAsta] orokt Al2E S AL OOl E 5 AdA| AE|A ZHE ARl AQF
no9lag Xgslel N Y, SF BY 2% &
2. Exploratory Expert Evaluation £4 U 9x|EAAMo| it gutE AFRloa A=sh o
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