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MetisX 에서 Field Application Engineer 
업무를 맡고 있어요.

그 전에는 그래프 데이터베이스 , 그래프 
솔루션 회사를 다니며 
산전수전공중전까지 겪어본 경험이 
있습니다.



다음과 같은 콘텐츠를 가져왔어요.

오늘 여러분들에게  전달드릴  지식.

1.Graph Understanding
그래프  이해도  상승을  위해 필수적으로  알아두면  좋을 요소들

2.Graph Good Use Case
E-commerce 분야에서  검색 엔진성능  향상을  위해 시스템을  구축한  사례

3.Graph + LLM(Foundation Model)
KDD 24’ 트렌드  Graph AGI 포인트인  Graph Foundation Model 부터 Graph를 LLM에 
적용하는  방식까지



https://medium.com/stellargraph/knowing-your-neighbours-machine-learning-on-graphs-9b7c3d0d5896

그래프 구성요소인 노드,엣지 종류가 1개 초과인지 아닌지에 따라 homogeneous , heterogeneous로 나뉘어요.

Graph Understanding



https://web.stanford.edu/class/cs224w/slides/01-intro.pdf

이외에도 그래프 엣지에 방향성 , Weights Types Properties Attributes 에 따라 그래프의 성격이 바뀌어요.

Graph Understanding



https://blog.google/products/search/about-knowledge-graph-and-knowledge-panels/

지식그래프(Knowledge graph) 또한 heterogeneous graph 에 속해요. Google은 지식 그래프를 검색엔진에 활용했고, 이를 통해 시장에서 급부상할 수 있었죠.

Graph Understanding

https://medium.com/@fakrami/re-evaluation-of-knowledge-graph-completion-methods-7dfe2e981a77



우리나라에서도 지식그래프를 통해 검색 엔진 개선을 하고 있어요.

Graph Understanding

DEVIEW2021 사용자  의도와  취향을  이해하는  네이버  통합검색  , https://tv.naver.com/v/23649879



지식그래프로 대응하는 질의어가 상당해요.

Graph Understanding

DEVIEW2021 Stella NAVER 통합 Knowledge Graph , https://deview.kr/data/deview/session/attach/4_Stella_NAVER%20통합%20Knowledge%20Graph.pdf



지식그래프 구축을 위해 필요한 과정들. 그런데 갑자기 지식그래프에서 Ontology 그리고 RDF?

Graph Understanding

DEVIEW2021 Stella NAVER 통합 Knowledge Graph , https://deview.kr/data/deview/session/attach/4_Stella_NAVER%20통합%20Knowledge%20Graph.pdf



https://www.researchgate.net/figure/Representing-the-same-graph-using-LPG-vs-RDF-Image-by-Neo4j-35_fig1_358729930

그래프를 표현하고 담는 방식에 따라 LPG(Label Property Graph) 와 RDF(Resource Description Framework) 크게 두 가지로 나뉘어요.

Graph Understanding



When to use RDF vs. Property Graphs

Questions about the choice of data models are at some level, a user decision. A rule of thumb is that if you have sufficient structure over your 
records and want to model them as a graph (e.g., to find paths, patterns, ask for recursive and/or arbitrary connections between records), you 
should structure them as property graphs. The general principle is that DBMSs provide fast query performance over large sets of records by 
exploiting structure. Outside of this, some common scenarios for using RDF are the following:

1. When your data is very heterogeneous and hard to tabulate.
2. You want to homogeneously represent and query both your data and metadata/schema information in the same format of triples. For the 
example above, we represented both data and schema information homogeneously as triples.
3. You need some automatic reasoning/inference capabilities.

LPG? RDF? 헷갈리는데, 언제 어떻게 무슨 기준으로 판단 및 선택해서 사용해야해요 ?

Graph Understanding

출처 : kuzudb

http://kuzudb.com


https://atlan.com/linkedin-datahub-metadata-management-open-source/

서두에 언급한 것처럼 데이터를 통합하고 활용할 때, 그래프 형태로 표현하는걸 선호해요. (Linkedin 사례)

Graph Good Use case - MDM(Master Data Management)



https://www.linkedin.com/blog/engineering/data-management/datahub-popular-metadata-architectures-explained

데이터간 관계를 통해 데이터를 이해하고 이를 기반으로 Business 까지

Graph Good Use case - MDM(Master Data Management)



GUG 4번째 세미나 , 전사 데이터  자원 관리와  그래프  , 허홍수  

이를 거시적인 맥락에서 바라본다면,

Graph Good Use case - MDM(Master Data Management)



https://web.stanford.edu/class/cs224w/slides/01-intro.pdf

Graph 간단해요! 지금 RDB를 활용하는 것을 비유해서 살펴보자면, 

Graph Good Use case - MDM(Master Data Management)



추천 시스템에서도 활발하게 사용하고 있어요. 고객의 구매 행태과 비슷한 사람의 사람의 사람이 구매한 내역을 기반으로 추천할 때 효율적임.(JOIN)

Graph Good Use case - Recommender System



사실, 고객이 남긴 로그가 그렇게 많지않기에 고객의 로그를 기반으로 연결하고 그 연결에 기대어 추천하는 형태라고 보시는거에요.(Cold-start)

Graph Good Use case - Recommender System



로그를 좀 더 다양화해서 엣지에 표현해본다면,

Graph Good Use case - Recommender System



Borisyuk, Fedor, et al. "Lignn: Graph neural networks at linkedin." Proceedings of the 30th ACM SIGKDD Conference on Knowledge Discovery and Data Mining. 2024.

GNN을 프로덕트에 활용하려면, 다음을 참고하시는걸 강력 추천드려요! (Linkedin)

Graph Good Use case



Borisyuk, Fedor, et al. "Lignn: Graph neural networks at linkedin." Proceedings of the 30th ACM SIGKDD Conference on Knowledge Discovery and Data Mining. 2024.

GNN을 프로덕트에 활용하려면, 다음을 참고하시는걸 강력 추천드려요! (Linkedin)

Graph Good Use case



https://github.com/microsoft/DeepGNN

GNN을 프로덕트에 활용하려면, 다음을 참고하시는걸 강력 추천드려요! (Linkedin)

Graph Good Use case



https://towardsdatascience.com/foundation-models-in-graph-geometric-deep-learning-f363e2576f58

Graph AGI , 핵심인 Graph Foundation 이란?

Graph + LLM



https://towardsdatascience.com/foundation-models-in-graph-geometric-deep-learning-f363e2576f58

활발하게 연구되고 있는 분야 GFM

Graph + LLM



https://web.stanford.edu/class/cs224w/slides/01-intro.pdf

GFM을 구축하기 위해, 수행해야할 Task

Graph + LLM



Wang, Haotao, et al. "Graph mixture of experts: Learning on large-scale graphs with explicit diversity modeling." Advances in Neural Information Processing Systems 36 (2024).

GFM 구축을 위해 요즘 많이 쓰는 방식 Graph MoE(Mixture of Experts)

Graph + LLM



https://github.com/HKUDS/Awesome-LLM4Graph-Papers

잠시, 고품질의 Graph + LLM 리소스로 넘어가서 설명해볼게요.

Graph + LLM

https://www2024.thewebconf.org/docs/tutorial-slides/large-language-mdoels-for-graphs.pdf

음…



고민서 . "핫플 어디지? 플랫폼  맞춤검색  ‘각축전 '." 매일경제 . 2024년 06월 26일.

전쟁중…!

Graph + LLM



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

Graph + LLM 을 알아보았으니, LLM + E-commerce 검색엔진 개선 국내 사례를 알아볼게요.

Graph + LLM

목표 : 고객들에게 편의성 제공하기 !
=> 이미지와  텍스트  정보를  바탕으로  원하는  상품을 보다 쉽고 직관적으로 
찾을 수 있게 되었습니다. 

GS SHOP | Amazon



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

산업계  - w/o KG

아키텍쳐는 비교적 간단!? 요새 데이터 이관 privacy 이슈 해결을 위해 Cloud VPC가 잘 되어있나봐요.

Graph + LLM
GS SHOP | Amazon



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

상품 속성 추출을  위해, 테스트  데이터셋  1,000개를 무작위로  추출했고  이를 기반으로  Haiku 모델에게  정제된  데이터  전달했어요 . 
그리고  결과물을  기획자와  개발자가  함께 검증하고  프롬프트를  튜닝하는  방식으로  개선했다고  하네요 .

Graph + LLM
GS SHOP | Amazon



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

LLM가 상품 속성을 잘 이해할 수 있게 프롬프트 엔지니어링해주는 작업이 대다수 였어요.

Graph + LLM
GS SHOP | Amazon



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

결과가 나오면 해당 결과를 DB에 Insert! (여기에서 DB는 Postgres를 사용했어요.)

Graph + LLM
GS SHOP | Amazon



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

정말 많은 양..!

Graph + LLM
GS SHOP | Amazon



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

Key Takeaways

Graph + LLM
GS SHOP | Amazon



https://aws.amazon.com/ko/blogs/tech/gs-shop-bedrock-multi-modal-fashion-search/

AS-IS TO-BE
짜잔! AS-IS TO-BE

Graph + LLM
GS SHOP | Amazon



잠깐 멈춰보고, 어떻게하면 적용해 볼수 있을까 고민해보아요.

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

이번에는 LLM에 Graph를 추가 활용한 E-commerce 사례에요.

Graph + LLM
GS SHOP | Amazon



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

유저는 자신이 
임산부임을 ‘굳이' 
플랫폼에 기입하지 
않는다. 

GS SHOP | Amazon유저의 특성과 의도가 최대한 반영된 검색 결과가 핵심임.

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

SEARCH-BUY(검색 후 구매)

CO-BUY(동일 카테고리 내 상품 
구매)

GS SHOP | Amazon유저 의도를 파악하기 위해 크게 두 가지로 분류했어요.

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

User behavior KG와 Item KG로 Intent를 탐지하고, 유저 선호를 생성하여 활용하기.
=> ‘We adopt instruction tuning for effective e-commerce commonsense 

knowledge generation to better align with human preferences.’

GS SHOP | Amazon지식 그래프 구축의 목적은 결국 alignment!

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

예시) 

‘customers bought camera case and screen 
protector glass together because they are 
capable of providing protection for camera’

GS SHOP | Amazon상품 지식그래프 구축!

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

GS SHOP | Amazon검색 결과를 위해 만든 프롬프트는 대략적으로 다음과 같아요.

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

Coarse-grained Filtering 이 
중요하다 .

GS SHOP | AmazonUser Behavior log를 자동화 & 수동화해서 정교하게 다듬었어요. (자동화)

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

1. Is the explanation a complete 
sentence? 
2. Is the explanation relevant? 
3. Is the explanation informative? 
4. Is the explanation plausible? 
5. Is the explanation typical?,

professional data annotation vendor 
company 에게 의뢰해 다음 5가지 
Checklist 를 기반으로 판단.

GS SHOP | AmazonUser Behavior log를 자동화 & 수동화해서 정교하게 다듬었어요. (수동화)

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

GS SHOP | Amazon라벨링 일관성 및 편의를 위해 UI까지 만들정도!

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

GS SHOP | Amazon구축하기 까다롭지만, 한 번 구축해 놓으면 응용할 분야가 산더미!

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

GS SHOP | AmazonOnline(실시간) 배포까지!

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

GS SHOP | Amazon검색 성능개선 실험결과

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

GS SHOP | Amazon추천 시스템 결과 개선 실험결과

Graph + LLM



** Yu, Changlong, et al. "COSMO: A large-scale e-commerce common sense knowledge generation and serving system at Amazon." Companion of the 2024 International Conference on Management of Data. 2024.

GS SHOP | Amazon검색 엔진에서  한 단계 더 나아가 , 유저 체류시간을  늘리기  위해 
관심있을만한  상품들까지  접근하게끔  Navigation Bar 까지 개선

Graph + LLM



GS SHOP | Amazon

Graph + LLM

This conclusion is drawn from meticulously 
conducted Amazon online A/B tests carried out 
over several months in total, targeting 
approximately 10% of Amazon’s U.S. traffic. 

These well-structured tests revealed a notable 0.7% 
relative increase in product sales within this 
segment, translating to hundreds of million 
dollars in annual revenue surge. 

 an 8% increase in navigation engagement rate 
was observed within the same traffic segment, 
highlighting improved customer interaction and 
satisfaction

비즈니스 관점에서 ROI 성공적?! - 1.traffic 증가 , 2.revenue(product sale) 증가 , 3.navigation engagement 증가



감사합니다
여러분


