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The existing methods and the GenAI-driven 

methods of KO&KR for multi-modal resources



01 The existing methods of KO&KR
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The Multimodality of Cultural Memory Resources and Existing KR Method



GenAI-driven methods of KO&KR for multi-modal resources

Similarity Retrieval  &  Cross Modal Retrieval  &  Natural Language Retrieval
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GuQin Subtractive Notation and the multi-modal 

resources



GuQin 
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GuQin Subtractive Notation and the multi-modal resources
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Ambiguity,ambiguity and uncertainty of GuQin Subtractive Notation
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multiple characters of one notation different playing styles of one notation



Scenarios of KO&KR for GuQin Subtractive Notation resources 

Scenario 1:Notation recognition

• Notation character recognition：

 identifying Notation names

• Music Notation recognition：

context recognition to identify Notation 

characters

Scenario 2: Notation interpretation

Explain the playing techniques and styles 

Scenario 3: Notation transformation and 

creation

Scenario 4: Cross modal retrieval

Notation & Music Search cross-modalities

Scenario 5: Cross modal generation

• Teaching and trainning: 

Recognize and Interprete the Music 

Notation, Distinguish the sounds one played, 

Demonstrate how to play it correctly.

• Music creation: 

Generation of new  music (music notation, 

audio, video)
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The basic pipline of Ontology and GenAI driven 

implimentation for KO&KR for GuQin Subtractive 
Notation resources



03 Ontology-driven KO  Ontology Model
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03 Ontology-driven KO  Ontology Vocabulary
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类 Class 标签 Label 父类 SubClassOf

文化记忆资源 gq:CulturalMemoryResource rdf:Resource

谱字 gq:SubtractiveNotation gq:CulturalMemoryResource

图像 gq:Image gq:CulturalMemoryResource

音频 gq:Audio gq:CulturalMemoryResource

视频 gq:Video gq:CulturalMemoryResource

文献作品 gq:Work gq:CulturalMemoryResource

琴书文献 gq:Instance gq:CulturalMemoryResource

曲谱 gq:MusicNotation gq:CulturalMemoryResource

琴曲作品 gq:Music gq:CulturalMemoryResource

注解 gq:Annotation gq:CulturalMemoryResource

人物 gq:Person foaf:Person

时间 gq:Temporal time:Temporal

基础谱字 gq:BasicNotation gq:SubtractiveNotation

图像资源 gq:Image gq:CulturalMemoryResource;shema:ImageObject

音频资源 gq:Audio gq:CulturalMemoryResource;schema:AudioObject

视频资源 gq:Video gq:CulturalMemoryResource;schema:VideoObject

属性Property 标签Label 属性类型ProperyType 域Domain 范围Range

谱字名称 gq:notationName Data Property gq:SubtractiveNotation rdfs:Literal

说明 dc:description Data Property gq:CulturalMemoryResource rdfs:Literal

徽数 gq:marker Data Property gq:SubtractiveNotation rdfs:Literal

弦数 gq:string Data Property gq:SubtractiveNotation rdfs:Literal

所用手指 gq:finger Data Property gq:SubtractiveNotation rdfs:Literal

分类 gq:category Data Property gq:SubtractiveNotation rdfs:Literal

右手基础指法 gq:rightHandTech Object Property gq:SubtractiveNotation gq:SubtractiveNotation

左手基础指法 gq:leftHandTech Object Property gq:SubtractiveNotation gq:SubtractiveNotation

标准符号 gq:standardChar Object Property gq:SubtractiveNotation gq:Image

视频资源 gq:videoResource Object Property gq:SubtractiveNotation gq:Video

音频资源 gq:audioResource Object Property gq:SubtractiveNotation gq:Audio

图像资源 gq:imageResource Object Property gq:SubtractiveNotation gq:Image

创建时间 dct:created Data Property gq:CulturalMemoryResource gq:Temporal

责任者 dc:creator Data Property gq:CulturalMemoryResource rdfs:Literal

责任者 dct:creator Object Property gq:CulturalMemoryResource gq:Person

题名 dc:title Data Property gq:CulturalMemoryResource rdfs:Literal

来源 dct:source Object Property gq:CulturalMemoryResource gq:Instance

注解 gq:annotation Object Property gq:CulturalMemoryResource gq:Annotation

曲谱 gq:hasMusicNotation Object Property gq:Music gq:MusicNotation

姓名 foaf:name Data Property foaf:Person rdfs:Literal

别名 gq:AbbreviateName Data Property foaf:Person rdfs:Literal

作品 gq:isInstanceOf Object Property gq:Instance gq:Work



03 Ontology-driven KR  Application Profile
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属性 Property 标签 Label 域 Domain 范围 Range 用于描述  UsedWith 预期取值  ExpectedValue 必备性  Mandatory 可重复性 Repeatable

谱字名称 gq:notationName gq:SubtractiveNotation rdfs:Literal gq:SubtractiveNotation rdfs:Literal Y N

说明 dc:description gq:CulturalMemoryResource rdfs:Literal gq:CulturalMemoryResource rdfs:Literal N N

徽数 gq:marker gq:SubtractiveNotation rdfs:Literal gq:SubtractiveNotation rdfs:Literal N Y

弦数 gq:string gq:SubtractiveNotation rdfs:Literal gq:SubtractiveNotation rdfs:Literal N Y

所用手指 gq:finger gq:BasicNotation rdfs:Literal gq:SubtractiveNotation rdfs:Literal N Y

分类 gq:category gq:SubtractiveNotation rdfs:Literal gq:SubtractiveNotation rdfs:Literal Y Y

右手基础指法 gq:rightHandTech gq:SubtractiveNotation gq:SubtractiveNotation gq:SubtractiveNotation gq:SubtractiveNotation N Y

左手基础指法 gq:leftHandTech gq:SubtractiveNotation gq:SubtractiveNotation gq:SubtractiveNotation gq:SubtractiveNotation N Y

标准符号 gq:standardChar gq:SubtractiveNotation gq:Image gq:SubtractiveNotation gq:Image Y N

视频资源 gq:videoResource gq:SubtractiveNotation gq:Video gq:SubtractiveNotation gq:Video N Y

音频资源 gq:audioResource gq:SubtractiveNotation gq:Audio gq:SubtractiveNotation gq:Audio N Y

图像资源 gq:imageResource gq:SubtractiveNotation gq:Image gq:SubtractiveNotation gq:Image N Y

创建时间 dct:created gq:CulturalMemoryResource rdfs:Literal gq:CulturalMemoryResource gq:Temporal N N

责任者 dc:creator gq:CulturalMemoryResource rdfs:Literal gq:CulturalMemoryResource rdfs:Literal Y Y

责任者 dct:creator gq:CulturalMemoryResource gq:Person gq:CulturalMemoryResource gq:Person Y Y

题名 dc:title gq:CulturalMemoryResource rdfs:Literal gq:CulturalMemoryResource rdfs:Literal Y Y

来源 dct:source gq:CulturalMemoryResource gq:Instance gq:CulturalMemoryResource gq:Instance N Y

注解 gq:annotation gq:CulturalMemoryResource gq:Annotation gq:CulturalMemoryResource gq:Annotation N Y

曲谱 gq:hasMusicNotation gq:Music gq:MusicNotation gq:Music gq:MusicNotation Y Y

姓名 foaf:name foaf:Person rdfs:Literal foaf:Person rdfs:Literal Y N

别名 gq:AbbreviateName foaf:Person rdfs:Literal foaf:Person rdfs:Literal Y Y

作品 gq:isInstanceOf gq:Instance gq:Work gq:Instance gq:Work Y N



03 Ontology-driven KR  Encoding as Triples
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<sn1> a gq:SubtractiveNotation;
    dc:identifier "sn1";
    gq:notationName "大八半擘四";
    gq:category "左右手谱字";
    dc:description "用左手大指按住八徽五分的同时;用右手大指由内向外擘四弦。";
    gq:annotation [a gq:Annotation; dcsource "ChatGPT 4o".>;
    gq:standardChar [a gq:Image; dc:source "上海音乐出版社楷体字符集".]
    gq:rightHandBasicNotation <bsn1>;
    gq:string "四";
    gq:leftFinger "大指";
    gq:leftHandBasicNotation <bsn2>;
    gq:marker "八徽五分";
    gq:rightFinger "大指".
<bn1> a gq:BasicNotation;
    dc:identifier "bsn1";
    gq:notationName "擘";
    dc:description "右手大指由内向外擘弦。";
    gq:finger ”大指”;
    gq:category "右手谱字","基础指法".
<bn2> a gq:BasicNotation;
    dc:identifier "bsn2";
    gq:notationName "按";
    dc:description "左手按弦得声，为实音。";
    gq:category "左手谱字","基础指法".

<sn1> a gq:SubtractiveNotation

<bn1> a gq:BasicNotation <bn2> a gq:BasicNotation



03 GenAI-driven  Prompt Engineering
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Test 1: Does the existing MLLMs have the basic knowledge of 

the vertical domain of Guqin Subtractive Notation?

Test 2: Can the existing MLLMs recognize the Guqin 

Subtractive Notation images and make correct explanations?

Test 3: Can the existing MLLMs achieve cross modal 

generation of Guqin Subtractive Notation?

Conclusion: Without professional knowledge of Guqin Subtractive Notation, it is 

impossible for the MLLMs to recognize the notation images; or to achieve multimodal 

generation; By prompt  engineering, the MLLMs can be optimized. But Only ChatGPT 4o 

can provide correct interpretation of images, even has memory for the user personaly.



03 GenAI-driven  Baseline RAG
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Baseline
RAG Pipline

Conclusion: The baseline RAG can supplement professional knowledge about Guqin Substractive Notation 

for large models. And it performs well in discriminative tasks such as binary classification. However, for 

generative and interpretive tasks, it is difficult to utilize the local knowledge in the provided documents.



04
The Ontology enhanced MLLM for for KO&KR of  

GuQin Subtractive Notation resources
Finetune & Demo



04 Finetune (Embedding Model)  Low-Rank Adaptation

Fine tuning Experiment 1:
Model size: 2B; with 5% adjustable parameters 

Hardware: Apple Pro M3 48G CPU

Dataset: 96  GuQin Subtractive Notation with 

vision-text comparison data (500 images) 

train: val 8:2

Fine tuning time: 200 epochs/36 hours

Hyperparameter setting: lr 5e-6

Fine tuning results: epoch loss : 2.2171 ;cross epoch 

loss: 1.6736 ; acc top 1: 0.5556 ; acc top 5: 0.8681
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04 Finetune (Embedding Model)  Experiment 1 Demo
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 Low-Rank Adaptation

Fine tuning experiment 2:
Model size: 2B; with 5% adjustable parameters

Hardware: NVIDA 4090D 24G

Dataset: 96  GuQin Subtractive Notation with 

vision-text comparison data (4000 images) 

train: val 8:2

Fine tuning time: 180 epochs/12 hours

Hyperparameter setting: lr 5e-6

Fine tuning results:

epoch loss : 1.5672 ↓cross epoch loss: 0.6305↓

acc top 1: 0.7923 ↑acc top 5: 0.9556 ↑

04 Finetune (Embedding Model)

Xia Cuijuan.Phased achievements of doctoral dissertation research of School of Information Resources Management; Renmin University of China



04 Finetune (Embedding Model)  Experiment 2 Demo
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04 Finetune (Chat Model) with text data as instruction prompts
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Fine tuning Experiment 3:
Model size: 2B; adjustable parameters 

5%

Hardware: NVIDA 4090D 24G

Dataset: 1W+GuQin Subtractive 

Notation with 1W+ images and 

125W+word prompts

train: val 8:2

Fine tuning time: 160 epochs/36 hours

Hyperparameter setting: lr 5e-6



04 Finetune (Chat Model) with text data as instruction prompts
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Fine tuning Experiment 3:

Fine tuning result: 

epoch loss: 1.7854; 

cross epoch loss : 1.0624;

acc top 1:  0.6111; 

acc top 5:  0.9585



04 Finetune (Embedding Model)  Experiment 3 Demo
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Fine tuning experiment 4:
Model size: 2.8B

Hardware: NVIDA 4090D 24G

Dataset: 277(96+181) GuQin Subtractive 

Notation with 277 images; 22 rounds of 

dialogues for each Notation,as instruction 

prompts transformed from RDF data.

Fine tuning time: 1000 steps/0.5 hour

Hyperparameter setting: lr 1e-5

Fine tuning results:

train_loss : 1.1058

04 Finetune (Chat Model) with RDF data as instruction prompts
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04 Finetune (Embedding Model)  Experiment 4 Demo
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Future work

 Import audio modality into the training dataset

 Expand training dataset scale to 27000+ GuQin Subtractive Notation with 

100000+images to enhance the embedding model

 Try the Ontology-driven RAG/GraphRAG experiments to enhance the chat model

 Try the continue pre-training method (full parameters update)
      

 Launch a web demo for internal testing by experts (end of October 2024)

 Launch a web demo for opening testing by the public (end of 2024)

Chat Model open source on github (end of 2024)

 Self-made training dataset open source on github (mid-2025)
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