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� Part 0. Foundations 

1. Multimodal Representation Learning 

• Joint embedding space 

• Contrastive multimodal learning (InfoNCE) 

• Alignment vs Fusion 

• Early / Late / Hybrid fusion 

• Cross-modal attention 

 

2. Vision-Language Pretraining 

• CLIP-style dual encoder 

• Contrastive vs Generative multimodal models 

• Multimodal instruction tuning 

• Scaling laws in multimodal learning 

• Frozen backbone + adapter tuning 

 

3. Multimodal Transformers 

• Cross-attention transformer 

• Unified token modeling 

• Vision tokens vs language tokens 

• Efficient multimodal training 

• Parameter-efficient fine-tuning (LoRA, Adapter, MoE) 

 

🔎🔎 Part 1. Deep Multimodal Retrieval 



4. Cross-Modal Retrieval 

• Text-to-Image retrieval 

• Image-to-Text retrieval 

• Video-Text retrieval 

• Audio-Text retrieval 

• Hard negative mining 

• Recall@K / mAP evaluation 

 

5. Open-Vocabulary & Zero-Shot Retrieval 

• Open-world generalization 

• Zero-shot retrieval 

• Prompt sensitivity 

• Domain shift in retrieval 

• Embedding space geometry 

 

6. Retrieval-Augmented Generation (RAG) 

• Multimodal RAG 

• External memory modules 

• Knowledge grounding 

• Hallucination mitigation 

• Parametric vs non-parametric memory 

 

7. Large-Scale Indexing & Efficient Search 

• FAISS 

• ANN (Approximate Nearest Neighbor) 

• HNSW 

• Vector databases 

• Billion-scale retrieval systems 

 

🧠🧠 Part 2. From Retrieval to Reasoning 



8. Retrieval for Multimodal Reasoning 

• Chain-of-thought + retrieval 

• Tool use via retrieval 

• Memory as retrieval 

• Knowledge grounding 

• Long-horizon reasoning 

 

9. Uncertainty in Retrieval 

• Confidence calibration 

• Conformal prediction 

• OOD detection 

• Distribution shift detection 

• Retrieval confidence estimation 

 

🤖🤖 Part 3. Agentic AI 

10. Agent Architectures 

• ReAct paradigm 

• Planning vs Reactive agents 

• Tool-using LLM agents 

• Memory-augmented agents 

• Self-reflection mechanisms 

 

11. Multimodal Agents 

• Vision-Language-Action (VLA) models 

• Perception–Action loop 

• Embodied agents 

• Robotics-integrated agents 

• Multimodal decision making 

 

12. Retrieval-Augmented Agents 



• Episodic memory retrieval 

• Vector DB as memory 

• Continual learning 

• Long-horizon planning with memory 

• Memory compression / summarization 

 

13. Cognitive Architecture 

• World models 

• Belief update 

• Uncertainty-driven planning 

• Internal simulation 

• Graceful degradation 

 

🌍🌍 Part 4. Embodied & Physical AI 

14. Multimodal Retrieval for Robotics 

• Visual retrieval for navigation 

• Object-centric retrieval 

• Semantic SLAM 

• Task-conditioned retrieval 

 

15. World Foundation Models 

• Video prediction models 

• Latent dynamics models 

• Action-conditioned world models 

• Simulation-to-real transfer 

• Physical reasoning models 

 

16. Safety & Reliability 

• Latent uncertainty estimation 

• Reachability analysis 



• Retrieval-based safety filters 

• Robust multimodal agents 

• Alignment & robustness 
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� Foundations 

1�⃣ Multimodal Representation Learning 

multimodal joint embedding space 

contrastive multimodal learning 

InfoNCE multimodal 

alignment vs fusion multimodal 

cross modal attention transformer 

early fusion late fusion multimodal 

shared embedding space vision language 

 

2�⃣ Vision-Language Pretraining 

vision language pretraining 

CLIP dual encoder 

contrastive vs generative multimodal 

multimodal instruction tuning 

frozen vision encoder LLM 

scaling laws multimodal learning 

adapter tuning multimodal 

 



3�⃣ Multimodal Transformers 

cross modal transformer 

vision language transformer 

unified token multimodal 

vision tokens language tokens 

parameter efficient multimodal fine tuning 

LoRA multimodal 

MoE multimodal transformer 

 

🔎🔎 Deep Multimodal Retrieval 

4�⃣ Cross-Modal Retrieval 

text to image retrieval 

image to text retrieval 

video text retrieval 

audio text retrieval 

cross modal retrieval transformer 

hard negative mining retrieval 

recall@k multimodal retrieval 

mean average precision retrieval 

 

5�⃣ Open-Vocabulary & Zero-Shot Retrieval 

open vocabulary retrieval 

zero shot retrieval CLIP 

open world generalization multimodal 

domain shift retrieval 

prompt sensitivity retrieval 

embedding space geometry analysis 

 

6�⃣ Retrieval-Augmented Generation (RAG) 

retrieval augmented generation 

multimodal RAG 

retrieval augmented vision language model 

external memory transformer 

knowledge grounded generation 



hallucination mitigation retrieval 

parametric vs non parametric memory 

 

7�⃣ Large-Scale Indexing & Efficient Search 

FAISS billion scale 

approximate nearest neighbor ANN 

HNSW search 

vector database embedding retrieval 

large scale multimodal indexing 

billion scale vector search 

 

🧠🧠 From Retrieval to Reasoning 

8�⃣ Retrieval for Reasoning 

retrieval augmented reasoning 

chain of thought retrieval 

tool using LLM retrieval 

memory as retrieval 

long horizon reasoning retrieval 

grounded multimodal reasoning 

 

9�⃣ Uncertainty in Retrieval 

confidence calibration retrieval 

conformal prediction retrieval 

OOD detection embedding space 

distribution shift detection multimodal 

retrieval confidence estimation 

uncertainty estimation transformer 

 

🤖🤖 Agentic AI 

🔟🔟 Agent Architectures 



ReAct agent 

planning vs reactive agent 

tool using language model 

memory augmented agent 

self reflective LLM agent 

autonomous agent architecture 

 

11�⃣ Multimodal Agents 

vision language action model 

VLA model robotics 

embodied multimodal agent 

perception action loop transformer 

robotics multimodal foundation model 

 

12�⃣ Retrieval-Augmented Agents 

episodic memory retrieval agent 

vector database memory agent 

long horizon agent planning 

continual learning retrieval 

memory compression LLM 

 

13�⃣ Cognitive Architecture & World Models 

world model transformer 

neural world model multimodal 

belief update neural model 

uncertainty driven planning 

internal simulation model 

graceful degradation AI 

 

🌍🌍 Embodied & Physical AI 

14�⃣ Multimodal Retrieval for Robotics 

visual retrieval navigation 

object centric retrieval robotics 



semantic SLAM retrieval 

task conditioned retrieval robot 

language conditioned policy retrieval 

 

15�⃣ World Foundation Models 

video prediction world model 

latent dynamics model 

action conditioned world model 

simulation to real transfer 

physical reasoning transformer 

 

16�⃣ Safety & Reliability 

latent uncertainty estimation robotics 

reachability analysis learning based control 

retrieval based safety filter 

robust multimodal agent 

alignment and robustness multimodal 
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