
Slava Voloshynovskiy

1

2024, Rennes

in collaboration with Brian Pulfer, Yury Belousov and Vitaliy Kinakh

Security of foundation models: 
implications for downstream tasks, 

content protection and tracking



2

Agenda

§ Problem formulation
§ A need for content protection and tracking
§ Advancement of Foundation Models (FM)
§ Advancement of Digital Watermarking Systems
§ Advancement of Content Tracking Systems

§ Security of Foundation Models
§ Security of Digital Watermarking
§ Variability of Security of Various Foundation Models
§ Conclusions 



3Problem formulation: The Importance of Data Origin and Protection

Data Origin: the source of data

§ Physical Observations: Data collected from real-world phenomena, including 
environmental readings, health statistics, and economic indicators.

§ Generative AI/ML: Data produced by artificial intelligence (AI) or machine 
learning (ML) models, such as synthetic images, text, or sounds, simulating 
real-world data.

midjourney

Medical imaging
(X-ray, MRI, CT, US)

Remote sensing
(satellites, drones)

Multimedia
devices

Data from sensors
(weather, traffic, wearables)

Lab instruments
(microscopes)



4Problem formulation: The Importance of Data Origin and Protection

Data Use: applications and implications

§ By Humans: utilized in various sectors including educational content, news 
dissemination, entertainment, research, and decision-making.

§ By Machines: employed for training and enhancing new AI/ML models.
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Data Use: applications and implications

§ By Humans: utilized in various sectors including news dissemination, 
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Associated Problems:
§ Disinformation: the spread of false information under the guise of being 

legitimate.
§ Deep Fakes: highly realistic and convincing digital manipulations of audio 

or video content, often used maliciously.

§ By Machines: employed for training and enhancing new AI/ML models.



6Problem formulation: The Importance of Data Origin and Protection

Data Use: applications and implications

§ By Humans: utilized in various sectors including news dissemination, 
educational content, entertainment, research, and decision making.

Associated Problems:
§ Disinformation: the spread of false information under the guise of being 

legitimate.
§ Deep Fakes: highly realistic and convincing digital manipulations of audio 

or video content, often used maliciously.

§ By Machines: employed for training and enhancing new AI/ML models.
Associated Problems:
§ Copyright violation: unauthorized use of copyrighted data.
§ Bias: training data with inherent biases can result in biased models.
§ Adversarial attacks:

§ Poisoning: deliberately manipulating training data to compromise 
the model's integrity.

§ Adversarial examples: adversarial inputs designed to cause failure.
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Challenges

§ Data Provenance: Ensuring integrity, authenticity, and security.
§ Concerns: Trust in information, misinformation prevention, adversarial 

attack protection, legal evidence integrity, ethical standards.

Regulatory Perspective

§ EU AI Act: Acknowledges risks of modern ML models and generated 
content.

Technical Perspective

§ Necessity: Robust methods for content protection and tracking.
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9Advancement of foundation models

Definition of Foundation Models

Foundation Models: Large-scale machine learning models trained on diverse 
and extensive datasets collected from the internet.
§ Data Modalities: Incorporates multiple types of data including images, text, 

audio, and video.
§ Data Provenance: The origins of the training data are not clearly known.
§ Applications: Representation learning and generative models.

Development of Foundation Models

§ Developers: Primarily developed by major technology companies with 
substantial computational resources: Meta (DINO, MAE, VICreg, I-JEPA, 
Llama), OpenAI (CLIP, ChatGPT, DALL-E, Sora).

§ Parameters: These models contain millions to billions of parameters, 
requiring significant computational power.

§ Transparency Issues: Not all companies disclose the specifics of the training 
data and processes.



10Advancement of foundation models

Definition of Foundation Models

Architectural Diversity and Training Techniques
§ Model Architectures: Varies widely, including different network structures 

(CNN, ViT, Mamba) and learning paradigms
§ Training Techniques: Utilizes both contrastive and non-contrastive learning 

methods
§ Augmentations: Various image manipulations for better generalization
§ Masked image modeling (MIM): to force models to learn powerful 

representations



11Advancement of foundation models
Main concept of represenation learning

Foundation Model Training
§ Given: large amount of training data (both public and proprietary, mainly 

without labels) and significant compute resources
§ Develop an encoder/embedder that can project high-dimensional data 

into an informative low-dimensional space (self-supervised learning (SSL))
§ Utility/versality for tasks should ensure the resulting embeddings are 

effective and applicable to a variety of downstream tasks



12Advancement of foundation models
Main concept of represenation learning

Foundation Model Training
§ Given: large amount of training data (both public and proprietary, mainly 

without labels) and significant compute resources
§ Develop an encoder/embedder that can project high-dimensional data 

into an informative low-dimensional space (self-supervised learning (SSL))
§ Utility/versality for tasks should ensure the resulting embeddings are 

effective and applicable to a variety of downstream tasks

Model Utilization
§ Base for enhancement: Acts as a foundational platform for integrating 

specific neural network layers or projectors
§ Tailored fine-tuning: Enables customization for particular applications using 

smaller, specialized datasets

Modes
§ Unimodal: trained on one modality (ex: images)
§ Multimodal (CLIP): trained on several modalities (ex: images-text)



13Advancement of foundation models

Foundation Model Training
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Training is done w/o labels

Example of joint embedding architecture 

Model Utilization

Model fine-tuning
Downstream task
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Fune-tuning is done with labeled data
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<latexit sha1_base64="xgVVOwqLp3aArjHtMQ6yukLZknE=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCF48V7Ac0IWy203bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZelEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTHNo8kYnuRcyAFAraKFBCL9XA4khCN5rczf3uE2gjEvWI0xSCmI2UGArO0Er+KMx9HAOykM/Cas2tuwvQdeIVpEYKtMLqlz9IeBaDQi6ZMX3PTTHImUbBJcwqfmYgZXzCRtC3VLEYTJAvbp7RC6sM6DDRthTShfp7ImexMdM4sp0xw7FZ9ebif14/w+FtkAuVZgiKLxcNM0kxofMA6EBo4CinljCuhb2V8jHTjKONqWJD8FZfXiedq7rXqDcermtNt4ijTM7IObkkHrkhTXJPWqRNOEnJM3klb07mvDjvzseyteQUM6fkD5zPH18Jkd0=</latexit>g✓c

Model deployment

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�
<latexit sha1_base64="fgh78wIYgxFzWL9zFBCqLkEBuJE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqAJZTKdtEMnkzAPsYT8hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347a+sbm1vblZ3q7t7+wWHt6LirEiMJ7ZCEJ7IfYkU5E7Sjmea0n0qK45DTXji9LfzeI5WKJeJBz1IaxHgsWMQI1lbyMz/GehJG2VOeD2t1t+HOgVaJV5I6lGgPa1/+KCEmpkITjpUaeG6qgwxLzQinedU3iqaYTPGYDiwVOKYqyOaZc3RulRGKEmmf0Giu/t7IcKzULA7tZBFRLXuF+J83MDq6CTImUqOpIItDkeFIJ6goAI2YpETzmSWYSGazIjLBEhNta6raErzlL6+S7mXDazaa91f1llvWUYFTOIML8OAaWnAHbegAgRSe4RXeHOO8OO/Ox2J0zSl3TuAPnM8fxtSSIQ==</latexit>x

<latexit sha1_base64="mTbgECd9Ic9+DwaF5X+rQ82Gs+8=">AAAB+XicbVBNS8NAFHypX7V+RT16CRbBU0lEqseCF48VbC00oWy2m3bpZhN2Xwol9J948aCIV/+JN/+NmzYHbR1YGGbe481OmAqu0XW/rcrG5tb2TnW3trd/cHhkH590dZIpyjo0EYnqhUQzwSXrIEfBeqliJA4Fewond4X/NGVK80Q+4ixlQUxGkkecEjTSwLb9McHcjwmOwyin8/nArrsNdwFnnXglqUOJ9sD+8ocJzWImkQqidd9zUwxyopBTweY1P9MsJXRCRqxvqCQx00G+SD53LowydKJEmSfRWai/N3ISaz2LQzNZRNSrXiH+5/UzjG6DnMs0Qybp8lCUCQcTp6jBGXLFKIqZIYQqbrI6dEwUoWjKqpkSvNUvr5PuVcNrNpoP1/WWW9ZRhTM4h0vw4AZacA9t6ACFKTzDK7xZufVivVsfy9GKVe6cwh9Ynz80L5P+</latexit>

ĉ<latexit sha1_base64="xgVVOwqLp3aArjHtMQ6yukLZknE=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCF48V7Ac0IWy203bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZelEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTHNo8kYnuRcyAFAraKFBCL9XA4khCN5rczf3uE2gjEvWI0xSCmI2UGArO0Er+KMx9HAOykM/Cas2tuwvQdeIVpEYKtMLqlz9IeBaDQi6ZMX3PTTHImUbBJcwqfmYgZXzCRtC3VLEYTJAvbp7RC6sM6DDRthTShfp7ImexMdM4sp0xw7FZ9ebif14/w+FtkAuVZgiKLxcNM0kxofMA6EBo4CinljCuhb2V8jHTjKONqWJD8FZfXiedq7rXqDcermtNt4ijTM7IObkkHrkhTXJPWqRNOEnJM3klb07mvDjvzseyteQUM6fkD5zPH18Jkd0=</latexit>g✓c

Main concept of represenation learning

<latexit sha1_base64="JjkulNcSuh9SZ8W4AeKQmVybPpg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqmSTTDJssEYnuRNSg4AqblluBnVQjlZHAdjS+mfvtR9SGJ+rBTlIMJR0qHnNGrZPuZZ/2yxW/6i9A/pIgJxXI0eiXP3uDhGUSlWWCGtMN/NSGU6otZwJnpV5mMKVsTIfYdVRRiSacLk6dkTOnDEicaFfKkoX6c2JKpTETGblOSe3IrHpz8T+vm9n4OpxylWYWFVsuijNBbELmf5MB18ismDhCmebuVsJGVFNmXTolF0Kw+vJf0rqoBrVq7e6yUvfzOIpwAqdwDgFcQR1uoQFNYDCEJ3iBV094z96b975sLXj5zDH8gvfxDUHWjb4=</latexit>ma



Advancement of foundation models

<latexit sha1_base64="XJmETqS4cGmTmrbSJHJv7hhQVng=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFNy4r2Ae2pWTSTBuayQzJHbEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPd8anhUijeRIGSd2LNaehL3vYnN5nffuTaiEjd4zTm/ZCOlAgEo2ilh15IcewH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEXCGT1Jiu58bYT6lGwSSflXqJ4TFlEzriXUsVDbnpp/PEM3JmlSEJIm2fQjJXf2+kNDRmGvp2Mktolr1M/M/rJhhc91Oh4gS5YouPgkQSjEh2PhkKzRnKqSWUaWGzEjammjK0JZVsCd7yyaukdVH1atXa3WWl7uZ1FOEETuEcPLiCOtxCA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB+2GRFQ==</latexit>x<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0

<latexit sha1_base64="b0GaBt9GkFaQd+xsR2SSwsMuzI8=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzIphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPThKQCw==</latexit>x+

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)
<latexit sha1_base64="jWsBxcvcSlaFjzQloUL1dh9s+08=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLgxo1QwT6gDWUynbRDJzNh5kYooZ/hxoUibv0ad/6NkzYLrR4YOJxzL3PuCRPBDXrel1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzkK1ks0I3EoWDec3uR+95Fpw5V8wFnCgpiMJY84JWil/iAmOKFEZHfzYbXm1b0F3L/EL0gNCrSG1c/BSNE0ZhKpIMb0fS/BICMaORVsXhmkhiWETsmY9S2VJGYmyBaR5+6ZVUZupLR9Et2F+nMjI7Exszi0k3lEs+rl4n9eP8XoOsi4TFJkki4/ilLhonLz+90R14yimFlCqOY2q0snRBOKtqWKLcFfPfkv6VzU/Ua9cX9Za3pFHWU4gVM4Bx+uoAm30II2UFDwBC/w6qDz7Lw578vRklPsHMMvOB/fgLKRXA==</latexit>

M

Modern FM architectures

<latexit sha1_base64="TSUNhnVn/3wWgRV+QFApRvI8Kow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaca+bWtErlf2KPwdZJUFOypCj3it9dfuaZQlXyCS1thP4KYYTalAwyafFbmZ5StmIDnjHUUUTbsPJ/NopOXdKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlaCaqV6f1Wu+XkcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MHmlqPHA==</latexit>

f 
<latexit sha1_base64="Q2MsbK4dbtC9ZrsIqtnDUCtMPSM=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw4rGC/YAmhM122i7dbMLuRCyhf8OLB0W8+me8+W/ctjlo64OBx3szzMyLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk0hxZPZKK7ETMghYIWCpTQTTWwOJLQica3M7/zCNqIRD3gJIUgZkMlBoIztJI/DHMfR4AsfJqGlapbc+egq8QrSJUUaIaVL7+f8CwGhVwyY3qem2KQM42CS5iW/cxAyviYDaFnqWIxmCCf3zyl51bp00GibSmkc/X3RM5iYyZxZDtjhiOz7M3E/7xehoObIBcqzRAUXywaZJJiQmcB0L7QwFFOLGFcC3sr5SOmGUcbU9mG4C2/vEralzWvXqvfX1UbbhFHiZySM3JBPHJNGuSONEmLcJKSZ/JK3pzMeXHenY9F65pTzJyQP3A+fwB+8pHy</latexit>g✓x

<latexit sha1_base64="Y2F2BIJTomOfWNk9RqJNxDkGqx0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzApxyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPUSCQDQ==</latexit>z+

<latexit sha1_base64="BgBu9MRz/IbQ9PNx6mnU+RlufdQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCURqS4Lbly4qGAf0IQwmU7aoZMHMxNpCfkIN/6KGxeKuHXhzr9xkgbU1gMDZ865l3vvcSNGhTSML620tLyyulZer2xsbm3v6Lt7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1x1eZ370nXNAwuJPTiNg+GgbUoxhJJTn6ieUjOcKIJTepM6nlP9dLJukptEZIJj9CeuzoVaNu5ICLxCxIFRRoOfqnNQhx7JNAYoaE6JtGJO0EcUkxI2nFigWJEB6jIekrGiCfCDvJj0rhkVIG0Au5eoGEufq7I0G+EFPfVZXZjmLey8T/vH4svUs7oUEUSxLg2SAvZlCGMEsIDignWLKpIghzqnaFeIQ4wlLlWFEhmPMnL5LOWd1s1Bu359WmUcRRBgfgENSACS5AE1yDFmgDDB7AE3gBr9qj9qy9ae+z0pJW9OyDP9A+vgHfeZ9N</latexit>

Lx(x, x̂)

<latexit sha1_base64="T2sgmFj3l+kd4XNb/8RyMYOMov4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqsuCG5cV7APaUCbTSTt0MgkzE7XEfIobF4q49Uvc+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//Arh52VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPr3O/e0+lYpG407OYeiEeCxYwgrWRhnYVDSZYp4MQ64kfpI9ZNrRrTt2ZA60StyA1KNAa2l+DUUSSkApNOFaq7zqx9lIsNSOcZpVBomiMyRSPad9QgUOqvHQePUOnRhmhIJLmCY3m6u+NFIdKzULfTOYR1bKXi/95/UQHV17KRJxoKsjiUJBwpCOU94BGTFKi+cwQTCQzWRGZYImJNm1VTAnu8pdXSee87jbqjduLWtMp6ijDMZzAGbhwCU24gRa0gcADPMMrvFlP1ov1bn0sRktWsXMEf2B9/gCrzpQ9</latexit>

x̂

Embedding-reconstruction (AE):
1. No mode collapse
2. High complexity
3. No good loss for pixel space

Training variations:  scope (patches, aggregated patches, CLS); projectors; quantization

Denoising-AE, MAE

14

<latexit sha1_base64="JjkulNcSuh9SZ8W4AeKQmVybPpg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqmSTTDJssEYnuRNSg4AqblluBnVQjlZHAdjS+mfvtR9SGJ+rBTlIMJR0qHnNGrZPuZZ/2yxW/6i9A/pIgJxXI0eiXP3uDhGUSlWWCGtMN/NSGU6otZwJnpV5mMKVsTIfYdVRRiSacLk6dkTOnDEicaFfKkoX6c2JKpTETGblOSe3IrHpz8T+vm9n4OpxylWYWFVsuijNBbELmf5MB18ismDhCmebuVsJGVFNmXTolF0Kw+vJf0rqoBrVq7e6yUvfzOIpwAqdwDgFcQR1uoQFNYDCEJ3iBV094z96b975sLXj5zDH8gvfxDUHWjb4=</latexit>ma



Advancement of foundation models

<latexit sha1_base64="XJmETqS4cGmTmrbSJHJv7hhQVng=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFNy4r2Ae2pWTSTBuayQzJHbEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPd8anhUijeRIGSd2LNaehL3vYnN5nffuTaiEjd4zTm/ZCOlAgEo2ilh15IcewH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEXCGT1Jiu58bYT6lGwSSflXqJ4TFlEzriXUsVDbnpp/PEM3JmlSEJIm2fQjJXf2+kNDRmGvp2Mktolr1M/M/rJhhc91Oh4gS5YouPgkQSjEh2PhkKzRnKqSWUaWGzEjammjK0JZVsCd7yyaukdVH1atXa3WWl7uZ1FOEETuEcPLiCOtxCA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB+2GRFQ==</latexit>x<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0

<latexit sha1_base64="b0GaBt9GkFaQd+xsR2SSwsMuzI8=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzIphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPThKQCw==</latexit>x+

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)
<latexit sha1_base64="jWsBxcvcSlaFjzQloUL1dh9s+08=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLgxo1QwT6gDWUynbRDJzNh5kYooZ/hxoUibv0ad/6NkzYLrR4YOJxzL3PuCRPBDXrel1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzkK1ks0I3EoWDec3uR+95Fpw5V8wFnCgpiMJY84JWil/iAmOKFEZHfzYbXm1b0F3L/EL0gNCrSG1c/BSNE0ZhKpIMb0fS/BICMaORVsXhmkhiWETsmY9S2VJGYmyBaR5+6ZVUZupLR9Et2F+nMjI7Exszi0k3lEs+rl4n9eP8XoOsi4TFJkki4/ilLhonLz+90R14yimFlCqOY2q0snRBOKtqWKLcFfPfkv6VzU/Ua9cX9Za3pFHWU4gVM4Bx+uoAm30II2UFDwBC/w6qDz7Lw578vRklPsHMMvOB/fgLKRXA==</latexit>

M

Modern FM architectures

<latexit sha1_base64="TSUNhnVn/3wWgRV+QFApRvI8Kow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaca+bWtErlf2KPwdZJUFOypCj3it9dfuaZQlXyCS1thP4KYYTalAwyafFbmZ5StmIDnjHUUUTbsPJ/NopOXdKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlaCaqV6f1Wu+XkcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MHmlqPHA==</latexit>

f 

<latexit sha1_base64="3IMojYL+x72k3lxxwyAmWeexPco=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGCaQttKJvtpl262YTdiVBDf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k98KIPPUrVbfmzkFWiVeQKhRo9itfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzsl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2xD8JZfXiWty5pXr9Xvr6oNt4ijBKdwBhfgwTU04A6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w9pxI5j</latexit>z

<latexit sha1_base64="Y2F2BIJTomOfWNk9RqJNxDkGqx0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzApxyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPUSCQDQ==</latexit>z+

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�

EMA

<latexit sha1_base64="0wp94Of4+Y9Rc1AF1H0XJuhHW7s=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQUUoiUl0W3LhwUcE+oA1hMp20QycPZiZCG/ILbvwVNy4UcevOnX/jtM1CqwcGzj3nXube48WcSWVZX0ZhaXllda24XtrY3NreMXf3WjJKBKFNEvFIdDwsKWchbSqmOO3EguLA47Ttja6mfvueCsmi8E6NY+oEeBAynxGstOSalV6A1ZBgnt5k7mReeX46yU5Rmhdokrknx65ZtqrWDOgvsXNShhwN1/zs9SOSBDRUhGMpu7YVKyfFQjHCaVbqJZLGmIzwgHY1DXFApZPOLsrQkVb6yI+EfqFCM/XnRIoDKceBpzunS8pFbyr+53UT5V86KQvjRNGQzD/yE45UhKbxoD4TlCg+1gQTwfSuiAyxwETpEEs6BHvx5L+kdVa1a9Xa7Xm5buVxFOEADqECNlxAHa6hAU0g8ABP8AKvxqPxbLwZ7/PWgpHP7MMvGB/fZPqdTg==</latexit>

Lz(z, z+)

Embedding-reconstruction (AE):
1. No mode collapse
2. High complexity
3. No good loss for pixel space

Joint embedding:
1. Possible mode collapse
2. Low complexity
3. Some potentially good 

losses for latent space

Training variations:  scope (patches, aggregated patches, CLS); projectors; quantization

Denoising-AE, MAE SimCLR, BYOL, Swav, MSN, DINO
VicReg, BarlowTwins

15

<latexit sha1_base64="JjkulNcSuh9SZ8W4AeKQmVybPpg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqmSTTDJssEYnuRNSg4AqblluBnVQjlZHAdjS+mfvtR9SGJ+rBTlIMJR0qHnNGrZPuZZ/2yxW/6i9A/pIgJxXI0eiXP3uDhGUSlWWCGtMN/NSGU6otZwJnpV5mMKVsTIfYdVRRiSacLk6dkTOnDEicaFfKkoX6c2JKpTETGblOSe3IrHpz8T+vm9n4OpxylWYWFVsuijNBbELmf5MB18ismDhCmebuVsJGVFNmXTolF0Kw+vJf0rqoBrVq7e6yUvfzOIpwAqdwDgFcQR1uoQFNYDCEJ3iBV094z96b975sLXj5zDH8gvfxDUHWjb4=</latexit>ma



Advancement of foundation models

<latexit sha1_base64="XJmETqS4cGmTmrbSJHJv7hhQVng=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFNy4r2Ae2pWTSTBuayQzJHbEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPd8anhUijeRIGSd2LNaehL3vYnN5nffuTaiEjd4zTm/ZCOlAgEo2ilh15IcewH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEXCGT1Jiu58bYT6lGwSSflXqJ4TFlEzriXUsVDbnpp/PEM3JmlSEJIm2fQjJXf2+kNDRmGvp2Mktolr1M/M/rJhhc91Oh4gS5YouPgkQSjEh2PhkKzRnKqSWUaWGzEjammjK0JZVsCd7yyaukdVH1atXa3WWl7uZ1FOEETuEcPLiCOtxCA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB+2GRFQ==</latexit>x<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0

<latexit sha1_base64="b0GaBt9GkFaQd+xsR2SSwsMuzI8=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzIphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPThKQCw==</latexit>x+

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)
<latexit sha1_base64="jWsBxcvcSlaFjzQloUL1dh9s+08=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLgxo1QwT6gDWUynbRDJzNh5kYooZ/hxoUibv0ad/6NkzYLrR4YOJxzL3PuCRPBDXrel1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzkK1ks0I3EoWDec3uR+95Fpw5V8wFnCgpiMJY84JWil/iAmOKFEZHfzYbXm1b0F3L/EL0gNCrSG1c/BSNE0ZhKpIMb0fS/BICMaORVsXhmkhiWETsmY9S2VJGYmyBaR5+6ZVUZupLR9Et2F+nMjI7Exszi0k3lEs+rl4n9eP8XoOsi4TFJkki4/ilLhonLz+90R14yimFlCqOY2q0snRBOKtqWKLcFfPfkv6VzU/Ua9cX9Za3pFHWU4gVM4Bx+uoAm30II2UFDwBC/w6qDz7Lw578vRklPsHMMvOB/fgLKRXA==</latexit>

M

Modern FM architectures

<latexit sha1_base64="TSUNhnVn/3wWgRV+QFApRvI8Kow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaca+bWtErlf2KPwdZJUFOypCj3it9dfuaZQlXyCS1thP4KYYTalAwyafFbmZ5StmIDnjHUUUTbsPJ/NopOXdKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlaCaqV6f1Wu+XkcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MHmlqPHA==</latexit>

f 

<latexit sha1_base64="3IMojYL+x72k3lxxwyAmWeexPco=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGCaQttKJvtpl262YTdiVBDf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k98KIPPUrVbfmzkFWiVeQKhRo9itfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzsl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2xD8JZfXiWty5pXr9Xvr6oNt4ijBKdwBhfgwTU04A6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w9pxI5j</latexit>z

<latexit sha1_base64="Y2F2BIJTomOfWNk9RqJNxDkGqx0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzApxyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPUSCQDQ==</latexit>z+

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�

EMA

Embedding-reconstruction (AE):
1. No mode collapse
2. High complexity
3. No good loss for pixel space

Joint embedding:
1. Possible mode collapse
2. Low complexity
3. Some potentially good 

losses for latent space

Training variations:  scope (patches, aggregated patches, CLS); projectors; quantization

Denoising-AE, MAE SimCLR, BYOL, Swav, MSN, DINO
VicReg, BarlowTwins

16

<latexit sha1_base64="3VPm2uqrrNwsX6xSDJp2KfMvPMc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrNfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8frguM3g==</latexit>

Q

<latexit sha1_base64="3VPm2uqrrNwsX6xSDJp2KfMvPMc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrNfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8frguM3g==</latexit>

Q

<latexit sha1_base64="5vTbJQjlmZ5oggda11aAcyL4u5w=">AAACI3icbVC7SgNBFJ2NrxhfUUubwSAkKGFXJIpVwMbCIgHzgGxYZiezyZDZBzN3hWTZf7HxV2wslGBj4b84eRQxemDgzDn3cu89biS4AtP8MjJr6xubW9nt3M7u3v5B/vCoqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7vJv6rScmFQ+DRxhFrOuTfsA9Tgloycnf2j6BASUieUidsS2YB8V6cSa6XjJOSxd4+esk52nJlrw/gJKTL5hlcwb8l1gLUkAL1Jz8xO6FNPZZAFQQpTqWGUE3IRI4FSzN2bFiEaFD0mcdTQPiM9VNZjem+EwrPeyFUr8A8Exd7kiIr9TId3XldFu16k3F/7xODN5NN+FBFAML6HyQFwsMIZ4GhntcMgpipAmhkutdMR0QSSjoWHM6BGv15L+keVm2KuVK/apQNRdxZNEJOkVFZKFrVEX3qIYaiKJn9Ire0YfxYrwZE+NzXpoxFj3H6BeM7x9OsKSf</latexit>

Lz (Q(z), Q(z+))
<latexit sha1_base64="JjkulNcSuh9SZ8W4AeKQmVybPpg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqmSTTDJssEYnuRNSg4AqblluBnVQjlZHAdjS+mfvtR9SGJ+rBTlIMJR0qHnNGrZPuZZ/2yxW/6i9A/pIgJxXI0eiXP3uDhGUSlWWCGtMN/NSGU6otZwJnpV5mMKVsTIfYdVRRiSacLk6dkTOnDEicaFfKkoX6c2JKpTETGblOSe3IrHpz8T+vm9n4OpxylWYWFVsuijNBbELmf5MB18ismDhCmebuVsJGVFNmXTolF0Kw+vJf0rqoBrVq7e6yUvfzOIpwAqdwDgFcQR1uoQFNYDCEJ3iBV094z96b975sLXj5zDH8gvfxDUHWjb4=</latexit>ma



Advancement of foundation models

<latexit sha1_base64="XJmETqS4cGmTmrbSJHJv7hhQVng=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFNy4r2Ae2pWTSTBuayQzJHbEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPd8anhUijeRIGSd2LNaehL3vYnN5nffuTaiEjd4zTm/ZCOlAgEo2ilh15IcewH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEXCGT1Jiu58bYT6lGwSSflXqJ4TFlEzriXUsVDbnpp/PEM3JmlSEJIm2fQjJXf2+kNDRmGvp2Mktolr1M/M/rJhhc91Oh4gS5YouPgkQSjEh2PhkKzRnKqSWUaWGzEjammjK0JZVsCd7yyaukdVH1atXa3WWl7uZ1FOEETuEcPLiCOtxCA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB+2GRFQ==</latexit>x<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0

<latexit sha1_base64="b0GaBt9GkFaQd+xsR2SSwsMuzI8=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzIphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPThKQCw==</latexit>x+

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)
<latexit sha1_base64="jWsBxcvcSlaFjzQloUL1dh9s+08=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLgxo1QwT6gDWUynbRDJzNh5kYooZ/hxoUibv0ad/6NkzYLrR4YOJxzL3PuCRPBDXrel1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzkK1ks0I3EoWDec3uR+95Fpw5V8wFnCgpiMJY84JWil/iAmOKFEZHfzYbXm1b0F3L/EL0gNCrSG1c/BSNE0ZhKpIMb0fS/BICMaORVsXhmkhiWETsmY9S2VJGYmyBaR5+6ZVUZupLR9Et2F+nMjI7Exszi0k3lEs+rl4n9eP8XoOsi4TFJkki4/ilLhonLz+90R14yimFlCqOY2q0snRBOKtqWKLcFfPfkv6VzU/Ua9cX9Za3pFHWU4gVM4Bx+uoAm30II2UFDwBC/w6qDz7Lw578vRklPsHMMvOB/fgLKRXA==</latexit>

M

Modern FM architectures

<latexit sha1_base64="TSUNhnVn/3wWgRV+QFApRvI8Kow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaca+bWtErlf2KPwdZJUFOypCj3it9dfuaZQlXyCS1thP4KYYTalAwyafFbmZ5StmIDnjHUUUTbsPJ/NopOXdKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlaCaqV6f1Wu+XkcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MHmlqPHA==</latexit>

f 
<latexit sha1_base64="Q2MsbK4dbtC9ZrsIqtnDUCtMPSM=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw4rGC/YAmhM122i7dbMLuRCyhf8OLB0W8+me8+W/ctjlo64OBx3szzMyLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk0hxZPZKK7ETMghYIWCpTQTTWwOJLQica3M7/zCNqIRD3gJIUgZkMlBoIztJI/DHMfR4AsfJqGlapbc+egq8QrSJUUaIaVL7+f8CwGhVwyY3qem2KQM42CS5iW/cxAyviYDaFnqWIxmCCf3zyl51bp00GibSmkc/X3RM5iYyZxZDtjhiOz7M3E/7xehoObIBcqzRAUXywaZJJiQmcB0L7QwFFOLGFcC3sr5SOmGUcbU9mG4C2/vEralzWvXqvfX1UbbhFHiZySM3JBPHJNGuSONEmLcJKSZ/JK3pzMeXHenY9F65pTzJyQP3A+fwB+8pHy</latexit>g✓x

<latexit sha1_base64="3IMojYL+x72k3lxxwyAmWeexPco=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGCaQttKJvtpl262YTdiVBDf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k98KIPPUrVbfmzkFWiVeQKhRo9itfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzsl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2xD8JZfXiWty5pXr9Xvr6oNt4ijBKdwBhfgwTU04A6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w9pxI5j</latexit>z

<latexit sha1_base64="Y2F2BIJTomOfWNk9RqJNxDkGqx0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzApxyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPUSCQDQ==</latexit>z+

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�

EMA

<latexit sha1_base64="0wp94Of4+Y9Rc1AF1H0XJuhHW7s=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQUUoiUl0W3LhwUcE+oA1hMp20QycPZiZCG/ILbvwVNy4UcevOnX/jtM1CqwcGzj3nXube48WcSWVZX0ZhaXllda24XtrY3NreMXf3WjJKBKFNEvFIdDwsKWchbSqmOO3EguLA47Ttja6mfvueCsmi8E6NY+oEeBAynxGstOSalV6A1ZBgnt5k7mReeX46yU5Rmhdokrknx65ZtqrWDOgvsXNShhwN1/zs9SOSBDRUhGMpu7YVKyfFQjHCaVbqJZLGmIzwgHY1DXFApZPOLsrQkVb6yI+EfqFCM/XnRIoDKceBpzunS8pFbyr+53UT5V86KQvjRNGQzD/yE45UhKbxoD4TlCg+1gQTwfSuiAyxwETpEEs6BHvx5L+kdVa1a9Xa7Xm5buVxFOEADqECNlxAHa6hAU0g8ABP8AKvxqPxbLwZ7/PWgpHP7MMvGB/fZPqdTg==</latexit>

Lz(z, z+)
<latexit sha1_base64="BgBu9MRz/IbQ9PNx6mnU+RlufdQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCURqS4Lbly4qGAf0IQwmU7aoZMHMxNpCfkIN/6KGxeKuHXhzr9xkgbU1gMDZ865l3vvcSNGhTSML620tLyyulZer2xsbm3v6Lt7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1x1eZ370nXNAwuJPTiNg+GgbUoxhJJTn6ieUjOcKIJTepM6nlP9dLJukptEZIJj9CeuzoVaNu5ICLxCxIFRRoOfqnNQhx7JNAYoaE6JtGJO0EcUkxI2nFigWJEB6jIekrGiCfCDvJj0rhkVIG0Au5eoGEufq7I0G+EFPfVZXZjmLey8T/vH4svUs7oUEUSxLg2SAvZlCGMEsIDignWLKpIghzqnaFeIQ4wlLlWFEhmPMnL5LOWd1s1Bu359WmUcRRBgfgENSACS5AE1yDFmgDDB7AE3gBr9qj9qy9ae+z0pJW9OyDP9A+vgHfeZ9N</latexit>

Lx(x, x̂)

<latexit sha1_base64="T2sgmFj3l+kd4XNb/8RyMYOMov4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqsuCG5cV7APaUCbTSTt0MgkzE7XEfIobF4q49Uvc+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//Arh52VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPr3O/e0+lYpG407OYeiEeCxYwgrWRhnYVDSZYp4MQ64kfpI9ZNrRrTt2ZA60StyA1KNAa2l+DUUSSkApNOFaq7zqx9lIsNSOcZpVBomiMyRSPad9QgUOqvHQePUOnRhmhIJLmCY3m6u+NFIdKzULfTOYR1bKXi/95/UQHV17KRJxoKsjiUJBwpCOU94BGTFKi+cwQTCQzWRGZYImJNm1VTAnu8pdXSee87jbqjduLWtMp6ijDMZzAGbhwCU24gRa0gcADPMMrvFlP1ov1bn0sRktWsXMEf2B9/gCrzpQ9</latexit>

x̂

Embedding-reconstruction (AE):
1. No mode collapse
2. High complexity
3. No good loss for pixel space

Joint embedding:
1. Possible mode collapse
2. Low complexity
3. Some potentially good 

losses for latent space

Training variations:  scope (patches, aggregated patches, CLS); projectors; quantization

Denoising-AE, MAE SimCLR, BYOL, Swav, MSN, DINO
VicReg, BarlowTwins

17

Hybrid versions: CAN, CAE, CMAE, BeIT

<latexit sha1_base64="JjkulNcSuh9SZ8W4AeKQmVybPpg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqmSTTDJssEYnuRNSg4AqblluBnVQjlZHAdjS+mfvtR9SGJ+rBTlIMJR0qHnNGrZPuZZ/2yxW/6i9A/pIgJxXI0eiXP3uDhGUSlWWCGtMN/NSGU6otZwJnpV5mMKVsTIfYdVRRiSacLk6dkTOnDEicaFfKkoX6c2JKpTETGblOSe3IrHpz8T+vm9n4OpxylWYWFVsuijNBbELmf5MB18ismDhCmebuVsJGVFNmXTolF0Kw+vJf0rqoBrVq7e6yUvfzOIpwAqdwDgFcQR1uoQFNYDCEJ3iBV094z96b975sLXj5zDH8gvfxDUHWjb4=</latexit>ma



Advancement of foundation models

<latexit sha1_base64="XJmETqS4cGmTmrbSJHJv7hhQVng=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFNy4r2Ae2pWTSTBuayQzJHbEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPd8anhUijeRIGSd2LNaehL3vYnN5nffuTaiEjd4zTm/ZCOlAgEo2ilh15IcewH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEXCGT1Jiu58bYT6lGwSSflXqJ4TFlEzriXUsVDbnpp/PEM3JmlSEJIm2fQjJXf2+kNDRmGvp2Mktolr1M/M/rJhhc91Oh4gS5YouPgkQSjEh2PhkKzRnKqSWUaWGzEjammjK0JZVsCd7yyaukdVH1atXa3WWl7uZ1FOEETuEcPLiCOtxCA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB+2GRFQ==</latexit>x<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0

<latexit sha1_base64="b0GaBt9GkFaQd+xsR2SSwsMuzI8=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzIphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPThKQCw==</latexit>x+

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)
<latexit sha1_base64="jWsBxcvcSlaFjzQloUL1dh9s+08=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLgxo1QwT6gDWUynbRDJzNh5kYooZ/hxoUibv0ad/6NkzYLrR4YOJxzL3PuCRPBDXrel1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzkK1ks0I3EoWDec3uR+95Fpw5V8wFnCgpiMJY84JWil/iAmOKFEZHfzYbXm1b0F3L/EL0gNCrSG1c/BSNE0ZhKpIMb0fS/BICMaORVsXhmkhiWETsmY9S2VJGYmyBaR5+6ZVUZupLR9Et2F+nMjI7Exszi0k3lEs+rl4n9eP8XoOsi4TFJkki4/ilLhonLz+90R14yimFlCqOY2q0snRBOKtqWKLcFfPfkv6VzU/Ua9cX9Za3pFHWU4gVM4Bx+uoAm30II2UFDwBC/w6qDz7Lw578vRklPsHMMvOB/fgLKRXA==</latexit>

M

Modern FM architectures

<latexit sha1_base64="TSUNhnVn/3wWgRV+QFApRvI8Kow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaca+bWtErlf2KPwdZJUFOypCj3it9dfuaZQlXyCS1thP4KYYTalAwyafFbmZ5StmIDnjHUUUTbsPJ/NopOXdKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlaCaqV6f1Wu+XkcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MHmlqPHA==</latexit>

f 

<latexit sha1_base64="3IMojYL+x72k3lxxwyAmWeexPco=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGCaQttKJvtpl262YTdiVBDf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k98KIPPUrVbfmzkFWiVeQKhRo9itfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzsl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2xD8JZfXiWty5pXr9Xvr6oNt4ijBKdwBhfgwTU04A6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w9pxI5j</latexit>z

<latexit sha1_base64="Y2F2BIJTomOfWNk9RqJNxDkGqx0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzApxyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPUSCQDQ==</latexit>z+

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�

EMA

Embedding-reconstruction (AE):
1. No mode collapse
2. High complexity
3. No good loss for pixel space

Joint embedding:
1. Possible mode collapse
2. Low complexity
3. Some potentially good 

losses for latent space

Training variations:  scope (patches, aggregated patches, CLS); projectors; quantization

Denoising-AE, MAE SimCLR, BYOL, Swav, MSN, DINO
VicReg, BarlowTwins
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Joint embedding-prediction:
1. Possible mode collapse
2. Relatively low complexity
3. Some potentially good 

losses for latent space
I-JEPA, World Model

<latexit sha1_base64="bOFborYOlz38GYMyg2kd+lnNr1Q=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqsuCG5cV7APaUCbTSTt0MgkzE6XGfIobF4q49Uvc+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//Arh52VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPr3O/e0+lYpG407OYeiEeCxYwgrWRhnZ1MME6RYMQ64kfpI9ZNrRrTt2ZA60StyA1KNAa2l+DUUSSkApNOFaq7zqx9lIsNSOcZpVBomiMyRSPad9QgUOqvHQePUOnRhmhIJLmCY3m6u+NFIdKzULfTOYR1bKXi/95/UQHV17KRJxoKsjiUJBwpCOU94BGTFKi+cwQTCQzWRGZYImJNm1VTAnu8pdXSee87jbqjduLWtMp6ijDMZzAGbhwCU24gRa0gcADPMMrvFlP1ov1bn0sRktWsXMEf2B9/gCwTpQ/</latexit>

ẑ

<latexit sha1_base64="+3yPfREfMlFgBj1hC3SE9jgh3Dw=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix48VjBfkAbymY7bZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWamd9LIuEpv2SmWv4s3hrhI/J2XIUe+Vvrr9mKcRKuKSGdPxvYSCjGkSXOK02E0NJoyP2RA7lioWoQmy+b1T99wqfXcQa1uK3Ln6eyJjkTGTKLSdEaORWfZm4n9eJ6XBTZAJlaSEii8WDVLpUuzOnnf7QiMnObGEcS3srS4fMc042YiKNgR/+eVV0rys+NVK9f6qXPPyOApwCmdwAT5cQw3uoA4N4CDhGV7hzXl0Xpx352PRuubkMyfwB87nD1XOkCA=</latexit>p⌘

<latexit sha1_base64="74Rjwg0qvMT0obvmMhdUuhViIZU=">AAACH3icbZDLSsNAFIYn9VbrrerSzWARKkhJRKrLghsXLirYWmhCmEwn7dDJhZkToQ15Eze+ihsXioi7vo3TNqC2/jDw851zmHN+LxZcgWlOjMLK6tr6RnGztLW9s7tX3j9oqyiRlLVoJCLZ8YhigoesBRwE68SSkcAT7MEbXk/rD49MKh6F9zCKmROQfsh9Tglo5JbrdkBgQIlIbzN3bAvmQ3WGPD8dZ2fYHhBIf0BmS94fwKlbrpg1cya8bKzcVFCuplv+snsRTQIWAhVEqa5lxuCkRAKngmUlO1EsJnRI+qyrbUgCppx0dl+GTzTpYT+S+oWAZ/T3REoCpUaBpzunm6rF2hT+V+sm4F85KQ/jBFhI5x/5icAQ4WlYuMcloyBG2hAqud4V0wGRhIKOtKRDsBZPXjbt85pVr9XvLioNM4+jiI7QMaoiC12iBrpBTdRCFD2hF/SG3o1n49X4MD7nrQUjnzlEf2RMvgEtTqRC</latexit>

Lz (z, ẑ)
<latexit sha1_base64="JjkulNcSuh9SZ8W4AeKQmVybPpg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqmSTTDJssEYnuRNSg4AqblluBnVQjlZHAdjS+mfvtR9SGJ+rBTlIMJR0qHnNGrZPuZZ/2yxW/6i9A/pIgJxXI0eiXP3uDhGUSlWWCGtMN/NSGU6otZwJnpV5mMKVsTIfYdVRRiSacLk6dkTOnDEicaFfKkoX6c2JKpTETGblOSe3IrHpz8T+vm9n4OpxylWYWFVsuijNBbELmf5MB18ismDhCmebuVsJGVFNmXTolF0Kw+vJf0rqoBrVq7e6yUvfzOIpwAqdwDgFcQR1uoQFNYDCEJ3iBV094z96b975sLXj5zDH8gvfxDUHWjb4=</latexit>ma



Advancement of foundation models

<latexit sha1_base64="XJmETqS4cGmTmrbSJHJv7hhQVng=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFNy4r2Ae2pWTSTBuayQzJHbEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPd8anhUijeRIGSd2LNaehL3vYnN5nffuTaiEjd4zTm/ZCOlAgEo2ilh15IcewH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEXCGT1Jiu58bYT6lGwSSflXqJ4TFlEzriXUsVDbnpp/PEM3JmlSEJIm2fQjJXf2+kNDRmGvp2Mktolr1M/M/rJhhc91Oh4gS5YouPgkQSjEh2PhkKzRnKqSWUaWGzEjammjK0JZVsCd7yyaukdVH1atXa3WWl7uZ1FOEETuEcPLiCOtxCA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwB+2GRFQ==</latexit>x<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0

<latexit sha1_base64="b0GaBt9GkFaQd+xsR2SSwsMuzI8=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzIphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPThKQCw==</latexit>x+

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)
<latexit sha1_base64="jWsBxcvcSlaFjzQloUL1dh9s+08=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLgxo1QwT6gDWUynbRDJzNh5kYooZ/hxoUibv0ad/6NkzYLrR4YOJxzL3PuCRPBDXrel1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzkK1ks0I3EoWDec3uR+95Fpw5V8wFnCgpiMJY84JWil/iAmOKFEZHfzYbXm1b0F3L/EL0gNCrSG1c/BSNE0ZhKpIMb0fS/BICMaORVsXhmkhiWETsmY9S2VJGYmyBaR5+6ZVUZupLR9Et2F+nMjI7Exszi0k3lEs+rl4n9eP8XoOsi4TFJkki4/ilLhonLz+90R14yimFlCqOY2q0snRBOKtqWKLcFfPfkv6VzU/Ua9cX9Za3pFHWU4gVM4Bx+uoAm30II2UFDwBC/w6qDz7Lw578vRklPsHMMvOB/fgLKRXA==</latexit>

M

Modern FM architectures

<latexit sha1_base64="TSUNhnVn/3wWgRV+QFApRvI8Kow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaca+bWtErlf2KPwdZJUFOypCj3it9dfuaZQlXyCS1thP4KYYTalAwyafFbmZ5StmIDnjHUUUTbsPJ/NopOXdKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlaCaqV6f1Wu+XkcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MHmlqPHA==</latexit>

f 
<latexit sha1_base64="Q2MsbK4dbtC9ZrsIqtnDUCtMPSM=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw4rGC/YAmhM122i7dbMLuRCyhf8OLB0W8+me8+W/ctjlo64OBx3szzMyLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk0hxZPZKK7ETMghYIWCpTQTTWwOJLQica3M7/zCNqIRD3gJIUgZkMlBoIztJI/DHMfR4AsfJqGlapbc+egq8QrSJUUaIaVL7+f8CwGhVwyY3qem2KQM42CS5iW/cxAyviYDaFnqWIxmCCf3zyl51bp00GibSmkc/X3RM5iYyZxZDtjhiOz7M3E/7xehoObIBcqzRAUXywaZJJiQmcB0L7QwFFOLGFcC3sr5SOmGUcbU9mG4C2/vEralzWvXqvfX1UbbhFHiZySM3JBPHJNGuSONEmLcJKSZ/JK3pzMeXHenY9F65pTzJyQP3A+fwB+8pHy</latexit>g✓x

<latexit sha1_base64="3IMojYL+x72k3lxxwyAmWeexPco=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGCaQttKJvtpl262YTdiVBDf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k98KIPPUrVbfmzkFWiVeQKhRo9itfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzsl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2xD8JZfXiWty5pXr9Xvr6oNt4ijBKdwBhfgwTU04A6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w9pxI5j</latexit>z

<latexit sha1_base64="Y2F2BIJTomOfWNk9RqJNxDkGqx0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BLx4jmIckS5idzCZD5rHMzApxyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/Vbj1QbpuS9HSc0FHggWcwItk56yLpRjJ4mvfNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUlqFaqd5flmp/HUYBjOIEzCOAKanALdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPUSCQDQ==</latexit>z+

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�

EMA

<latexit sha1_base64="0wp94Of4+Y9Rc1AF1H0XJuhHW7s=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQUUoiUl0W3LhwUcE+oA1hMp20QycPZiZCG/ILbvwVNy4UcevOnX/jtM1CqwcGzj3nXube48WcSWVZX0ZhaXllda24XtrY3NreMXf3WjJKBKFNEvFIdDwsKWchbSqmOO3EguLA47Ttja6mfvueCsmi8E6NY+oEeBAynxGstOSalV6A1ZBgnt5k7mReeX46yU5Rmhdokrknx65ZtqrWDOgvsXNShhwN1/zs9SOSBDRUhGMpu7YVKyfFQjHCaVbqJZLGmIzwgHY1DXFApZPOLsrQkVb6yI+EfqFCM/XnRIoDKceBpzunS8pFbyr+53UT5V86KQvjRNGQzD/yE45UhKbxoD4TlCg+1gQTwfSuiAyxwETpEEs6BHvx5L+kdVa1a9Xa7Xm5buVxFOEADqECNlxAHa6hAU0g8ABP8AKvxqPxbLwZ7/PWgpHP7MMvGB/fZPqdTg==</latexit>

Lz(z, z+)
<latexit sha1_base64="BgBu9MRz/IbQ9PNx6mnU+RlufdQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCURqS4Lbly4qGAf0IQwmU7aoZMHMxNpCfkIN/6KGxeKuHXhzr9xkgbU1gMDZ865l3vvcSNGhTSML620tLyyulZer2xsbm3v6Lt7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1x1eZ370nXNAwuJPTiNg+GgbUoxhJJTn6ieUjOcKIJTepM6nlP9dLJukptEZIJj9CeuzoVaNu5ICLxCxIFRRoOfqnNQhx7JNAYoaE6JtGJO0EcUkxI2nFigWJEB6jIekrGiCfCDvJj0rhkVIG0Au5eoGEufq7I0G+EFPfVZXZjmLey8T/vH4svUs7oUEUSxLg2SAvZlCGMEsIDignWLKpIghzqnaFeIQ4wlLlWFEhmPMnL5LOWd1s1Bu359WmUcRRBgfgENSACS5AE1yDFmgDDB7AE3gBr9qj9qy9ae+z0pJW9OyDP9A+vgHfeZ9N</latexit>

Lx(x, x̂)

<latexit sha1_base64="bOFborYOlz38GYMyg2kd+lnNr1Q=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqsuCG5cV7APaUCbTSTt0MgkzE6XGfIobF4q49Uvc+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//Arh52VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPr3O/e0+lYpG407OYeiEeCxYwgrWRhnZ1MME6RYMQ64kfpI9ZNrRrTt2ZA60StyA1KNAa2l+DUUSSkApNOFaq7zqx9lIsNSOcZpVBomiMyRSPad9QgUOqvHQePUOnRhmhIJLmCY3m6u+NFIdKzULfTOYR1bKXi/95/UQHV17KRJxoKsjiUJBwpCOU94BGTFKi+cwQTCQzWRGZYImJNm1VTAnu8pdXSee87jbqjduLWtMp6ijDMZzAGbhwCU24gRa0gcADPMMrvFlP1ov1bn0sRktWsXMEf2B9/gCwTpQ/</latexit>

ẑ

<latexit sha1_base64="+3yPfREfMlFgBj1hC3SE9jgh3Dw=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix48VjBfkAbymY7bZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWamd9LIuEpv2SmWv4s3hrhI/J2XIUe+Vvrr9mKcRKuKSGdPxvYSCjGkSXOK02E0NJoyP2RA7lioWoQmy+b1T99wqfXcQa1uK3Ln6eyJjkTGTKLSdEaORWfZm4n9eJ6XBTZAJlaSEii8WDVLpUuzOnnf7QiMnObGEcS3srS4fMc042YiKNgR/+eVV0rys+NVK9f6qXPPyOApwCmdwAT5cQw3uoA4N4CDhGV7hzXl0Xpx352PRuubkMyfwB87nD1XOkCA=</latexit>p⌘

<latexit sha1_base64="74Rjwg0qvMT0obvmMhdUuhViIZU=">AAACH3icbZDLSsNAFIYn9VbrrerSzWARKkhJRKrLghsXLirYWmhCmEwn7dDJhZkToQ15Eze+ihsXioi7vo3TNqC2/jDw851zmHN+LxZcgWlOjMLK6tr6RnGztLW9s7tX3j9oqyiRlLVoJCLZ8YhigoesBRwE68SSkcAT7MEbXk/rD49MKh6F9zCKmROQfsh9Tglo5JbrdkBgQIlIbzN3bAvmQ3WGPD8dZ2fYHhBIf0BmS94fwKlbrpg1cya8bKzcVFCuplv+snsRTQIWAhVEqa5lxuCkRAKngmUlO1EsJnRI+qyrbUgCppx0dl+GTzTpYT+S+oWAZ/T3REoCpUaBpzunm6rF2hT+V+sm4F85KQ/jBFhI5x/5icAQ4WlYuMcloyBG2hAqud4V0wGRhIKOtKRDsBZPXjbt85pVr9XvLioNM4+jiI7QMaoiC12iBrpBTdRCFD2hF/SG3o1n49X4MD7nrQUjnzlEf2RMvgEtTqRC</latexit>

Lz (z, ẑ)

<latexit sha1_base64="T2sgmFj3l+kd4XNb/8RyMYOMov4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqsuCG5cV7APaUCbTSTt0MgkzE7XEfIobF4q49Uvc+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//Arh52VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPr3O/e0+lYpG407OYeiEeCxYwgrWRhnYVDSZYp4MQ64kfpI9ZNrRrTt2ZA60StyA1KNAa2l+DUUSSkApNOFaq7zqx9lIsNSOcZpVBomiMyRSPad9QgUOqvHQePUOnRhmhIJLmCY3m6u+NFIdKzULfTOYR1bKXi/95/UQHV17KRJxoKsjiUJBwpCOU94BGTFKi+cwQTCQzWRGZYImJNm1VTAnu8pdXSee87jbqjduLWtMp6ijDMZzAGbhwCU24gRa0gcADPMMrvFlP1ov1bn0sRktWsXMEf2B9/gCrzpQ9</latexit>

x̂

Embedding-reconstruction (AE):
1. No mode collapse
2. High complexity
3. No good loss for pixel space

Joint embedding:
1. Possible mode collapse
2. Low complexity
3. Some potentially good 

losses for latent space

Joint embedding-prediction:
1. Possible mode collapse
2. Relatively low complexity
3. Some potentially good 

losses for latent space

Training variations:  scope (patches, aggregated patches, CLS); projectors; quantization

Denoising-AE, MAE SimCLR, BYOL, Swav, MSN, DINO
VicReg, BarlowTwins

I-JEPA, World Model
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<latexit sha1_base64="JjkulNcSuh9SZ8W4AeKQmVybPpg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmaXmVkhhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSgU31ve/vMLa+sbmVnG7tLO7t39QPjxqmSTTDJssEYnuRNSg4AqblluBnVQjlZHAdjS+mfvtR9SGJ+rBTlIMJR0qHnNGrZPuZZ/2yxW/6i9A/pIgJxXI0eiXP3uDhGUSlWWCGtMN/NSGU6otZwJnpV5mMKVsTIfYdVRRiSacLk6dkTOnDEicaFfKkoX6c2JKpTETGblOSe3IrHpz8T+vm9n4OpxylWYWFVsuijNBbELmf5MB18ismDhCmebuVsJGVFNmXTolF0Kw+vJf0rqoBrVq7e6yUvfzOIpwAqdwDgFcQR1uoQFNYDCEJ3iBV094z96b975sLXj5zDH8gvfxDUHWjb4=</latexit>ma



Advancement of foundation models

FM Losses
<latexit sha1_base64="0wp94Of4+Y9Rc1AF1H0XJuhHW7s=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQUUoiUl0W3LhwUcE+oA1hMp20QycPZiZCG/ILbvwVNy4UcevOnX/jtM1CqwcGzj3nXube48WcSWVZX0ZhaXllda24XtrY3NreMXf3WjJKBKFNEvFIdDwsKWchbSqmOO3EguLA47Ttja6mfvueCsmi8E6NY+oEeBAynxGstOSalV6A1ZBgnt5k7mReeX46yU5Rmhdokrknx65ZtqrWDOgvsXNShhwN1/zs9SOSBDRUhGMpu7YVKyfFQjHCaVbqJZLGmIzwgHY1DXFApZPOLsrQkVb6yI+EfqFCM/XnRIoDKceBpzunS8pFbyr+53UT5V86KQvjRNGQzD/yE45UhKbxoD4TlCg+1gQTwfSuiAyxwETpEEs6BHvx5L+kdVa1a9Xa7Xm5buVxFOEADqECNlxAHa6hAU0g8ABP8AKvxqPxbLwZ7/PWgpHP7MMvGB/fZPqdTg==</latexit>

Lz(z, z+)
<latexit sha1_base64="74Rjwg0qvMT0obvmMhdUuhViIZU=">AAACH3icbZDLSsNAFIYn9VbrrerSzWARKkhJRKrLghsXLirYWmhCmEwn7dDJhZkToQ15Eze+ihsXioi7vo3TNqC2/jDw851zmHN+LxZcgWlOjMLK6tr6RnGztLW9s7tX3j9oqyiRlLVoJCLZ8YhigoesBRwE68SSkcAT7MEbXk/rD49MKh6F9zCKmROQfsh9Tglo5JbrdkBgQIlIbzN3bAvmQ3WGPD8dZ2fYHhBIf0BmS94fwKlbrpg1cya8bKzcVFCuplv+snsRTQIWAhVEqa5lxuCkRAKngmUlO1EsJnRI+qyrbUgCppx0dl+GTzTpYT+S+oWAZ/T3REoCpUaBpzunm6rF2hT+V+sm4F85KQ/jBFhI5x/5icAQ4WlYuMcloyBG2hAqud4V0wGRhIKOtKRDsBZPXjbt85pVr9XvLioNM4+jiI7QMaoiC12iBrpBTdRCFD2hF/SG3o1n49X4MD7nrQUjnzlEf2RMvgEtTqRC</latexit>

Lz (z, ẑ)
<latexit sha1_base64="BgBu9MRz/IbQ9PNx6mnU+RlufdQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCURqS4Lbly4qGAf0IQwmU7aoZMHMxNpCfkIN/6KGxeKuHXhzr9xkgbU1gMDZ865l3vvcSNGhTSML620tLyyulZer2xsbm3v6Lt7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1x1eZ370nXNAwuJPTiNg+GgbUoxhJJTn6ieUjOcKIJTepM6nlP9dLJukptEZIJj9CeuzoVaNu5ICLxCxIFRRoOfqnNQhx7JNAYoaE6JtGJO0EcUkxI2nFigWJEB6jIekrGiCfCDvJj0rhkVIG0Au5eoGEufq7I0G+EFPfVZXZjmLey8T/vH4svUs7oUEUSxLg2SAvZlCGMEsIDignWLKpIghzqnaFeIQ4wlLlWFEhmPMnL5LOWd1s1Bu359WmUcRRBgfgENSACS5AE1yDFmgDDB7AE3gBr9qj9qy9ae+z0pJW9OyDP9A+vgHfeZ9N</latexit>

Lx(x, x̂)

20

<latexit sha1_base64="OnTIxUJ9YWHw76Xq/9Ue7I64ef8="></latexit>

max
 

I�, (Z;Z+) = H�(Z)�H�, (Z|Z+)



Advancement of foundation models

FM Losses
<latexit sha1_base64="0wp94Of4+Y9Rc1AF1H0XJuhHW7s=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQUUoiUl0W3LhwUcE+oA1hMp20QycPZiZCG/ILbvwVNy4UcevOnX/jtM1CqwcGzj3nXube48WcSWVZX0ZhaXllda24XtrY3NreMXf3WjJKBKFNEvFIdDwsKWchbSqmOO3EguLA47Ttja6mfvueCsmi8E6NY+oEeBAynxGstOSalV6A1ZBgnt5k7mReeX46yU5Rmhdokrknx65ZtqrWDOgvsXNShhwN1/zs9SOSBDRUhGMpu7YVKyfFQjHCaVbqJZLGmIzwgHY1DXFApZPOLsrQkVb6yI+EfqFCM/XnRIoDKceBpzunS8pFbyr+53UT5V86KQvjRNGQzD/yE45UhKbxoD4TlCg+1gQTwfSuiAyxwETpEEs6BHvx5L+kdVa1a9Xa7Xm5buVxFOEADqECNlxAHa6hAU0g8ABP8AKvxqPxbLwZ7/PWgpHP7MMvGB/fZPqdTg==</latexit>

Lz(z, z+)
<latexit sha1_base64="74Rjwg0qvMT0obvmMhdUuhViIZU=">AAACH3icbZDLSsNAFIYn9VbrrerSzWARKkhJRKrLghsXLirYWmhCmEwn7dDJhZkToQ15Eze+ihsXioi7vo3TNqC2/jDw851zmHN+LxZcgWlOjMLK6tr6RnGztLW9s7tX3j9oqyiRlLVoJCLZ8YhigoesBRwE68SSkcAT7MEbXk/rD49MKh6F9zCKmROQfsh9Tglo5JbrdkBgQIlIbzN3bAvmQ3WGPD8dZ2fYHhBIf0BmS94fwKlbrpg1cya8bKzcVFCuplv+snsRTQIWAhVEqa5lxuCkRAKngmUlO1EsJnRI+qyrbUgCppx0dl+GTzTpYT+S+oWAZ/T3REoCpUaBpzunm6rF2hT+V+sm4F85KQ/jBFhI5x/5icAQ4WlYuMcloyBG2hAqud4V0wGRhIKOtKRDsBZPXjbt85pVr9XvLioNM4+jiI7QMaoiC12iBrpBTdRCFD2hF/SG3o1n49X4MD7nrQUjnzlEf2RMvgEtTqRC</latexit>

Lz (z, ẑ)
<latexit sha1_base64="BgBu9MRz/IbQ9PNx6mnU+RlufdQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCURqS4Lbly4qGAf0IQwmU7aoZMHMxNpCfkIN/6KGxeKuHXhzr9xkgbU1gMDZ865l3vvcSNGhTSML620tLyyulZer2xsbm3v6Lt7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1x1eZ370nXNAwuJPTiNg+GgbUoxhJJTn6ieUjOcKIJTepM6nlP9dLJukptEZIJj9CeuzoVaNu5ICLxCxIFRRoOfqnNQhx7JNAYoaE6JtGJO0EcUkxI2nFigWJEB6jIekrGiCfCDvJj0rhkVIG0Au5eoGEufq7I0G+EFPfVZXZjmLey8T/vH4svUs7oUEUSxLg2SAvZlCGMEsIDignWLKpIghzqnaFeIQ4wlLlWFEhmPMnL5LOWd1s1Bu359WmUcRRBgfgENSACS5AE1yDFmgDDB7AE3gBr9qj9qy9ae+z0pJW9OyDP9A+vgHfeZ9N</latexit>

Lx(x, x̂)
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<latexit sha1_base64="OnTIxUJ9YWHw76Xq/9Ue7I64ef8="></latexit>

max
 

I�, (Z;Z+) = H�(Z)�H�, (Z|Z+)

<latexit sha1_base64="soE5GPPiyvZnPjo0/Dz7ggQD6dc="></latexit>

H�, (Z | Z+) = �Ep�, (z,z+) [log p�, (z|z+)]

= �Ep�, (z,z+)


log

1

C
e
�<z,z+>}

�

<latexit sha1_base64="sDA64lxJ6adcg9yxh2r3PGpY57A="></latexit>

p�, (z|z+) =
1

C
e�<z,z+>



Advancement of foundation models

FM Losses
<latexit sha1_base64="0wp94Of4+Y9Rc1AF1H0XJuhHW7s=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQUUoiUl0W3LhwUcE+oA1hMp20QycPZiZCG/ILbvwVNy4UcevOnX/jtM1CqwcGzj3nXube48WcSWVZX0ZhaXllda24XtrY3NreMXf3WjJKBKFNEvFIdDwsKWchbSqmOO3EguLA47Ttja6mfvueCsmi8E6NY+oEeBAynxGstOSalV6A1ZBgnt5k7mReeX46yU5Rmhdokrknx65ZtqrWDOgvsXNShhwN1/zs9SOSBDRUhGMpu7YVKyfFQjHCaVbqJZLGmIzwgHY1DXFApZPOLsrQkVb6yI+EfqFCM/XnRIoDKceBpzunS8pFbyr+53UT5V86KQvjRNGQzD/yE45UhKbxoD4TlCg+1gQTwfSuiAyxwETpEEs6BHvx5L+kdVa1a9Xa7Xm5buVxFOEADqECNlxAHa6hAU0g8ABP8AKvxqPxbLwZ7/PWgpHP7MMvGB/fZPqdTg==</latexit>

Lz(z, z+)
<latexit sha1_base64="74Rjwg0qvMT0obvmMhdUuhViIZU=">AAACH3icbZDLSsNAFIYn9VbrrerSzWARKkhJRKrLghsXLirYWmhCmEwn7dDJhZkToQ15Eze+ihsXioi7vo3TNqC2/jDw851zmHN+LxZcgWlOjMLK6tr6RnGztLW9s7tX3j9oqyiRlLVoJCLZ8YhigoesBRwE68SSkcAT7MEbXk/rD49MKh6F9zCKmROQfsh9Tglo5JbrdkBgQIlIbzN3bAvmQ3WGPD8dZ2fYHhBIf0BmS94fwKlbrpg1cya8bKzcVFCuplv+snsRTQIWAhVEqa5lxuCkRAKngmUlO1EsJnRI+qyrbUgCppx0dl+GTzTpYT+S+oWAZ/T3REoCpUaBpzunm6rF2hT+V+sm4F85KQ/jBFhI5x/5icAQ4WlYuMcloyBG2hAqud4V0wGRhIKOtKRDsBZPXjbt85pVr9XvLioNM4+jiI7QMaoiC12iBrpBTdRCFD2hF/SG3o1n49X4MD7nrQUjnzlEf2RMvgEtTqRC</latexit>

Lz (z, ẑ)
<latexit sha1_base64="BgBu9MRz/IbQ9PNx6mnU+RlufdQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCURqS4Lbly4qGAf0IQwmU7aoZMHMxNpCfkIN/6KGxeKuHXhzr9xkgbU1gMDZ865l3vvcSNGhTSML620tLyyulZer2xsbm3v6Lt7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1x1eZ370nXNAwuJPTiNg+GgbUoxhJJTn6ieUjOcKIJTepM6nlP9dLJukptEZIJj9CeuzoVaNu5ICLxCxIFRRoOfqnNQhx7JNAYoaE6JtGJO0EcUkxI2nFigWJEB6jIekrGiCfCDvJj0rhkVIG0Au5eoGEufq7I0G+EFPfVZXZjmLey8T/vH4svUs7oUEUSxLg2SAvZlCGMEsIDignWLKpIghzqnaFeIQ4wlLlWFEhmPMnL5LOWd1s1Bu359WmUcRRBgfgENSACS5AE1yDFmgDDB7AE3gBr9qj9qy9ae+z0pJW9OyDP9A+vgHfeZ9N</latexit>

Lx(x, x̂)

Contrastive Non-Contrastive
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<latexit sha1_base64="OnTIxUJ9YWHw76Xq/9Ue7I64ef8="></latexit>

max
 

I�, (Z;Z+) = H�(Z)�H�, (Z|Z+)

<latexit sha1_base64="sOV0KRXKtOq7eB08J1WdK65TDH8=">AAACbHicbVFda9swFJW9ryzrlmzrQ0cYiIaNlI1gl5H1pRAohT1msHxAbIysyImIbAvpupBpfto/7Nt+wl72GyoneciSXBA6nHOudHUUS8E1eN4fx330+MnTZ7Xn9RcnL181mq/fjHReKMqGNBe5msREM8EzNgQOgk2kYiSNBRvHy5tKH98xpXme/YCVZGFK5hlPOCVgqaj5W0aBXPBOkBJYxIn5WV5cb3BsbsvIVLLmgWAJ7H gi86kMFJ8v4KJca1MZmcr4GVenlfv+X/ho72YLo2bb63rrwofA34I22tYgat4Hs5wWKcuACqL11PckhIYo4FSwsh4UmklCl2TOphZmJGU6NOuwSvzBMjOc5MquDPCa3e0wJNV6lcbWWc2s97WKPKZNC0iuQsMzWQDL6OaipBAYclwlj2dcMQpiZQGhittZMV0QRSjY/6nbEPz9Jx+C0WXX73V737+0+942jhpqoXPUQT76ivroGxqgIaLor9Nwzpx3zj/31G257zdW19n2vEX/lfvxASTuvm0=</latexit>

p�(z) = Ep (z+) [p ,� (z|z+)]
<latexit sha1_base64="HUvXnv0XXhuxo7QshkNKSAaLqmQ=">AAACQ3icbVDLSgMxFM34rPU16tJNsAi6sMyIqBtBEKHLCvZBO8OQSTNtaOZBckeow/ybG3/AnT/gxoUibgXTx8K2HgicnHMuuTl+IrgCy3o1FhaXlldWC2vF9Y3NrW1zZ7eu4lRSVqOxiGXTJ4oJHrEacBCsmUhGQl+wht+/GfqNByYVj6N7GCTMDUk34gGnBLTkma2K5yQ9fuSEBHp+kLXyY3yFT/D47me3uZcl05HH/Dh3BA ug7Yi4i+ddR/JuD1zPLFllawQ8T+wJKaEJqp754nRimoYsAiqIUm3bSsDNiAROBcuLTqpYQmifdFlb04iETLnZqIMcH2qlg4NY6hMBHql/JzISKjUIfZ0cbqpmvaH4n9dOIbh0Mx4lKbCIjh8KUoEhxsNCcYdLRkEMNCFUcr0rpj0iCQVde1GXYM9+eZ7UT8v2efn87qx0bU3qKKB9dICOkI0u0DWqoCqqIYqe0Bv6QJ/Gs/FufBnf4+iCMZnZQ1Mwfn4Bmv+x9g==</latexit>

H�(Z) = �Ep�(z) [log p�(z)]

Adversarial

Regularization /VicREG/

<latexit sha1_base64="soE5GPPiyvZnPjo0/Dz7ggQD6dc="></latexit>

H�, (Z | Z+) = �Ep�, (z,z+) [log p�, (z|z+)]

= �Ep�, (z,z+)


log

1

C
e
�<z,z+>}

�

InfoNCE

<latexit sha1_base64="nZ49EnZFt6O72sJ7QzmUckhYQuc="></latexit>

= �Ep�, (z,z+)

h
logEp (z0

+)[p ,�
�
z|z0+

�
]
i

= �Ep�, (z,z+)


logEp (z0

+)


1

C
e�<z,z0

+>}
��

<latexit sha1_base64="xnXtf/gGAdtxQeTqxf+Cl+QicZA="></latexit>

Ep (z0
+)

! 1

K

KX

k=1

<latexit sha1_base64="47FKZX1/ROdHrmTDgwPHvIeys6I="></latexit>

H�(Z) = �Ep�(z)


log p�(z)

p (z+)

p (z+)

�

<latexit sha1_base64="sDA64lxJ6adcg9yxh2r3PGpY57A="></latexit>

p�, (z|z+) =
1

C
e�<z,z+>

<latexit sha1_base64="XWDY2vLTaoSwWxkQEBbu+qu2JeI="></latexit>

= �DKL (p�(z)kp (z+)) +H (p�(z); p (z+))

<latexit sha1_base64="7p7nv0AWw+MR4efLLrKiTrm8KlY="></latexit>

max
�, ,

I�, (X;Z+) + I�, (X+;Z)
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Agenda

§ Problem formulation
§ A need of content protection
§ Advancement of Foundation Models (FM)
§ Advancement of Digital Watermarking Systems
§ Advancement of Content Tracking Systems

§ Security of Foundation models
§ Security of Digital Watermarking and Active Image Indexing
§ Variability of Security of Various Foundation Models
§ Conclusions 
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<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0 <latexit sha1_base64="I1CFljND73n+19KW96YPnieQiQM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAHVSqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaV/WvHqtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyoSkbo=</latexit>z0
WM
Enc

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>m

<latexit sha1_base64="HV7n34dxTKlb1IvQyNSLr0pkRSU=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiaWG/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OR+55FKxSJxr2cx9UI8EixgBGsjPfRDrMd+kD5lg3SaDeyqU3PmQKvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52nztCZUYYoiKR5QqO5+nsjxaFSs9A3k3lKtezl4n9eL9HBtZcyESeaCrI4FCQc6QjlFaAhk5RoPjMEE8lMVkTGWGKiTVEVU4K7/OVV0r6oufVa/e6y2nCKOspwAqdwDi5cQQNuoQktICDhGV7hzZpaL9a79bEYLVnFzjH8gfX5A2JNkw0=</latexit>zw
<latexit sha1_base64="JnHDJNVvMa4oh73op3zWlitmSpc=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiTWE/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOF3GmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUWEsCW2TkIey52FFORO0rZnmtBdJigOP0643vcn97iOVioXiXicRdQM8FsxnBGsjPQwCrCeenz5lw3SWDas1u27PgVaJU5AaFGgNq1+DUUjigApNOFaq79iRdlMsNSOcZpVBrGiEyRSPad9QgQOq3HSeOkNnRhkhP5TmCY3m6u+NFAdKJYFnJvOUatnLxf+8fqz9azdlIoo1FWRxyI850iHKK0AjJinRPDEEE8lMVkQmWGKiTVEVU4Kz/OVV0rmoO4164+6y1rSLOspwAqdwDg5cQRNuoQVtICDhGV7hzZpZL9a79bEYLVnFzjH8gfX5A187kws=</latexit>xw

Watermarking

Testing/deployment

<latexit sha1_base64="JnHDJNVvMa4oh73op3zWlitmSpc=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiTWE/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOF3GmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUWEsCW2TkIey52FFORO0rZnmtBdJigOP0643vcn97iOVioXiXicRdQM8FsxnBGsjPQwCrCeenz5lw3SWDas1u27PgVaJU5AaFGgNq1+DUUjigApNOFaq79iRdlMsNSOcZpVBrGiEyRSPad9QgQOq3HSeOkNnRhkhP5TmCY3m6u+NFAdKJYFnJvOUatnLxf+8fqz9azdlIoo1FWRxyI850iHKK0AjJinRPDEEE8lMVkQmWGKiTVEVU4Kz/OVV0rmoO4164+6y1rSLOspwAqdwDg5cQRNuoQVtICDhGV7hzZpZL9a79bEYLVnFzjH8gfX5A187kws=</latexit>xw
<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t

WM
Dec

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="qAwrqgFMQZFubQovXV6i1R6GOF0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSuzemmKlZv1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhbZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtK6qQa1ae7iu1P08jiKcwTlcQgA3UId7aEATGEzgGV7hzUu8F+/d+1i2Frx85hT+wPv8AZ2tj7c=</latexit>

m̂

<latexit sha1_base64="326PXXFEHn7x2pzFJpKOUiCgsGU=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWTStA3NZIbkjlKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmijRjDdYJCPdDqjhUijeQIGSt2PNaRhI3grG15nfeuTaiEjd4yTmfkiHSgwEo2ilh25IccSoTG9a057XK5XdijsDWSZeTsqQo94rfXX7EUtCrpBJakzHc2P0U6pRMMmnxW5ieEzZmA55x1JFQ278dJZ6Sk6t0ieDSNunkMzU3xspDY2ZhIGdzFKaRS8T//M6CQ6u/FSoOEGu2PzQIJEEI5JVQPpCc4ZyYgllWtishI2opgxtUUVbgrf45WXSPK941Ur17qJcc/M6CnAMJ3AGHlxCDW6hDg1goOEZXuHNeXJenHfnYz664uQ7R/AHzucPTmqSWA==</latexit>

DW1

<latexit sha1_base64="IPg4buauW3PO8u8P9Nlplwb7wTQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGFfkEbymY7adduNmF3I5TQX+DFgyJe/Une/Ddu2xy09cHA470ZZuYFieDauO63s7G5tb2zW9gr7h8cHh2XTk7bOk4VwxaLRay6AdUouMSW4UZgN1FIo0BgJ5jcz/3OEyrNY9k00wT9iI4kDzmjxkqN5qBUdivuAmSdeDkpQ476oPTVH8YsjVAaJqjWPc9NjJ9RZTgTOCv2U40JZRM6wp6lkkao/Wxx6IxcWmVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE975GZdJalCy5aIwFcTEZP41GXKFzIipJZQpbm8lbEwVZcZmU7QheKsvr5P2dcWrVqqNm3LNzeMowDlcwBV4cAs1eIA6tIABwjO8wpvz6Lw4787HsnXDyWfO4A+czx+t0YzR</latexit>

T
<latexit sha1_base64="UM81I1QtTClJZDPz6CPWujTi1RU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHosePFYoV/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjO/80SVZlI0zTSmfoRHgoWMYGOldvMhvfBmg3LFrbpzoFXi5aQCORqD8ld/KEkSUWEIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNU4IhqP51fO0NnVhmiUCpbwqC5+nsixZHW0yiwnRE2Y73sZeJ/Xi8x4Y2fMhEnhgqyWBQmHBmJstfRkClKDJ9agoli9lZExlhhYmxAJRuCt/zyKmlfVr1atXZ/Vam7eRxFOIFTOAcPrqEOd9CAFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMAfY63</latexit>

T�1

<latexit sha1_base64="IPg4buauW3PO8u8P9Nlplwb7wTQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGFfkEbymY7adduNmF3I5TQX+DFgyJe/Une/Ddu2xy09cHA470ZZuYFieDauO63s7G5tb2zW9gr7h8cHh2XTk7bOk4VwxaLRay6AdUouMSW4UZgN1FIo0BgJ5jcz/3OEyrNY9k00wT9iI4kDzmjxkqN5qBUdivuAmSdeDkpQ476oPTVH8YsjVAaJqjWPc9NjJ9RZTgTOCv2U40JZRM6wp6lkkao/Wxx6IxcWmVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE975GZdJalCy5aIwFcTEZP41GXKFzIipJZQpbm8lbEwVZcZmU7QheKsvr5P2dcWrVqqNm3LNzeMowDlcwBV4cAs1eIA6tIABwjO8wpvz6Lw4787HsnXDyWfO4A+czx+t0YzR</latexit>

T

<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)

<latexit sha1_base64="En1RYgIbAeVAZjkMWU1j4VojVrg=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUlEqsuCG5cV7AOaECbTSTt0ZhJmJtISunHjr7hxoYhb/8Gdf+OkzUJbD1w4nHMv994TJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHN7nfeSBS0Vjc60lCfI4GgkYUI22kwD7xONLDMMrG08CBnqIcJtXMCyM4np4HdsWpOTPAZeIWpAIKNAP7y+vHOOVEaMyQUj3XSbSfIakpZmRa9lJFEoRHaEB6hgrEifKz2RdTeGaUPoxiaUpoOFN/T2SIKzXhoenMb1aLXi7+5/VSHV37GRVJqonA80VRyqCOYR4J7FNJsGYTQxCW1NwK8RBJhLUJrmxCcBdfXibti5pbr9XvLisNp4ijBI7BKagCF1yBBrgFTdACGDyCZ/AK3qwn68V6tz7mrStWMXME/sD6/AGCV5fj</latexit>

x0 ⇠ p(x)
<latexit sha1_base64="eF8F3qgvbMGcZa2x/8fipdnLnc8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1WWhG5cV7AOaECbTSTt0MgkzE2kJ2bnxV9y4UMStv+DOv3GSZqGtBy4czrmXe+/xY0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0c9GSUCky6OWCQGPpKEUU66iipGBrEgKPQZ6fvTdu73H4iQNOL3ah4TN0RjTgOKkdKSZ546IVITP0hnmWdBh3JYCBixtJ15M8+sWw2rAFwldknqoETHM7+cUYSTkHCFGZJyaFuxclMkFMWMZDUnkSRGeIrGZKgpRyGRblr8kcFzrYxgEAldXMFC/T2RolDKeejrzvxIuezl4n/eMFHBjZtSHieKcLxYFCQMqgjmocARFQQrNtcEYUH1rRBPkEBY6ehqOgR7+eVV0rts2M1G8+6q3rLKOKrgBJyBC2CDa9ACt6ADugCDR/AMXsGb8WS8GO/Gx6K1YpQzx+APjM8f+taZWA==</latexit>

x0 2 Cx

<latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

WM Enc:
§ additive
§ multiplicative
§ quantization

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>m

Hand-crafted architectures

DCT, DWT, F-M iDCT, iDWT, iF-M

DCT, DWT, F-M

Message      :
§ zero-bit
§ multi-bit

<latexit sha1_base64="2WNJGYhEoJmZCZ9SHgzv264b9XE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AI4Ukfw=</latexit>xt
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Testing/deployment

<latexit sha1_base64="JnHDJNVvMa4oh73op3zWlitmSpc=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiTWE/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOF3GmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUWEsCW2TkIey52FFORO0rZnmtBdJigOP0643vcn97iOVioXiXicRdQM8FsxnBGsjPQwCrCeenz5lw3SWDas1u27PgVaJU5AaFGgNq1+DUUjigApNOFaq79iRdlMsNSOcZpVBrGiEyRSPad9QgQOq3HSeOkNnRhkhP5TmCY3m6u+NFAdKJYFnJvOUatnLxf+8fqz9azdlIoo1FWRxyI850iHKK0AjJinRPDEEE8lMVkQmWGKiTVEVU4Kz/OVV0rmoO4164+6y1rSLOspwAqdwDg5cQRNuoQVtICDhGV7hzZpZL9a79bEYLVnFzjH8gfX5A187kws=</latexit>xw
<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�
WM
Dec

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="qAwrqgFMQZFubQovXV6i1R6GOF0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSuzemmKlZv1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhbZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtK6qQa1ae7iu1P08jiKcwTlcQgA3UId7aEATGEzgGV7hzUu8F+/d+1i2Frx85hT+wPv8AZ2tj7c=</latexit>

m̂

Watermarking

<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0
<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f� <latexit sha1_base64="I1CFljND73n+19KW96YPnieQiQM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAHVSqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaV/WvHqtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyoSkbo=</latexit>z0
WM
Enc

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>m

<latexit sha1_base64="U+pAxtJVs7CI7dfwPr8dWr1gfE0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix48VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWelx2Mu6NEJi016p7FW8OdxV4uekDDnqvdJXtx/zNEJFXDJjOr6XUJAxTYJLnBa7qcGE8TEbYsdSxSI0QTa/eOqeW6XvDmJtS5E7V39PZCwyZhKFtjNiNDLL3kz8z+ukNLgJMqGSlFDxxaJBKl2K3dn7bl9o5CQnljCuhb3V5SOmGScbUtGG4C+/vEqalxW/WqneX5VrXh5HAU7hDC7Ah2uowR3UoQEcFDzDK7w5xnlx3p2PReuak8+cwB84nz/mbpEH</latexit>g✓<latexit sha1_base64="HV7n34dxTKlb1IvQyNSLr0pkRSU=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiaWG/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OR+55FKxSJxr2cx9UI8EixgBGsjPfRDrMd+kD5lg3SaDeyqU3PmQKvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52nztCZUYYoiKR5QqO5+nsjxaFSs9A3k3lKtezl4n9eL9HBtZcyESeaCrI4FCQc6QjlFaAhk5RoPjMEE8lMVkTGWGKiTVEVU4K7/OVV0r6oufVa/e6y2nCKOspwAqdwDi5cQQNuoQktICDhGV7hzZpaL9a79bEYLVnFzjH8gfX5A2JNkw0=</latexit>zw
<latexit sha1_base64="JnHDJNVvMa4oh73op3zWlitmSpc=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiTWE/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOF3GmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUWEsCW2TkIey52FFORO0rZnmtBdJigOP0643vcn97iOVioXiXicRdQM8FsxnBGsjPQwCrCeenz5lw3SWDas1u27PgVaJU5AaFGgNq1+DUUjigApNOFaq79iRdlMsNSOcZpVBrGiEyRSPad9QgQOq3HSeOkNnRhkhP5TmCY3m6u+NFAdKJYFnJvOUatnLxf+8fqz9azdlIoo1FWRxyI850iHKK0AjJinRPDEEE8lMVkQmWGKiTVEVU4Kz/OVV0rmoO4164+6y1rSLOspwAqdwDg5cQRNuoQVtICDhGV7hzZpZL9a79bEYLVnFzjH8gfX5A187kws=</latexit>xw

<latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

AE-based architectures<latexit sha1_base64="3t5lXo/bVN+VYxo/QCJS++tSCks=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUqS4LunBZwT6gHUsmzbShmWRIMkoZ+h9uXCji1n9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMrjO/80iVZlLcm2lM/QiPBAsZwcZKD/0ImzHBPL3pzAa1QbniVt050CrxclKBHM1B+as/lCSJqDCEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqcES1n85Tz9CZVYYolMo+YdBc/b2R4kjraRTYySylXvYy8T+vl5jwyk+ZiBNDBVkcChOOjERZBWjIFCWGTy3BRDGbFZExVpgYW1TJluAtf3mVtGtVr16t311UGm5eRxFO4BTOwYNLaMAtNKEFBBQ8wyu8OU/Oi/PufCxGC06+cwx/4Hz+AE/uklk=</latexit>

DW2

<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0
<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f� <latexit sha1_base64="I1CFljND73n+19KW96YPnieQiQM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAHVSqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaV/WvHqtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyoSkbo=</latexit>z0
WM
Enc

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>m

<latexit sha1_base64="U+pAxtJVs7CI7dfwPr8dWr1gfE0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix48VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWelx2Mu6NEJi016p7FW8OdxV4uekDDnqvdJXtx/zNEJFXDJjOr6XUJAxTYJLnBa7qcGE8TEbYsdSxSI0QTa/eOqeW6XvDmJtS5E7V39PZCwyZhKFtjNiNDLL3kz8z+ukNLgJMqGSlFDxxaJBKl2K3dn7bl9o5CQnljCuhb3V5SOmGScbUtGG4C+/vEqalxW/WqneX5VrXh5HAU7hDC7Ah2uowR3UoQEcFDzDK7w5xnlx3p2PReuak8+cwB84nz/mbpEH</latexit>g✓<latexit sha1_base64="HV7n34dxTKlb1IvQyNSLr0pkRSU=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiaWG/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OR+55FKxSJxr2cx9UI8EixgBGsjPfRDrMd+kD5lg3SaDeyqU3PmQKvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52nztCZUYYoiKR5QqO5+nsjxaFSs9A3k3lKtezl4n9eL9HBtZcyESeaCrI4FCQc6QjlFaAhk5RoPjMEE8lMVkTGWGKiTVEVU4K7/OVV0r6oufVa/e6y2nCKOspwAqdwDi5cQQNuoQktICDhGV7hzZpaL9a79bEYLVnFzjH8gfX5A2JNkw0=</latexit>zw
<latexit sha1_base64="JnHDJNVvMa4oh73op3zWlitmSpc=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiTWE/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOF3GmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUWEsCW2TkIey52FFORO0rZnmtBdJigOP0643vcn97iOVioXiXicRdQM8FsxnBGsjPQwCrCeenz5lw3SWDas1u27PgVaJU5AaFGgNq1+DUUjigApNOFaq79iRdlMsNSOcZpVBrGiEyRSPad9QgQOq3HSeOkNnRhkhP5TmCY3m6u+NFAdKJYFnJvOUatnLxf+8fqz9azdlIoo1FWRxyI850iHKK0AjJinRPDEEE8lMVkQmWGKiTVEVU4Kz/OVV0rmoO4164+6y1rSLOspwAqdwDg5cQRNuoQVtICDhGV7hzZpZL9a79bEYLVnFzjH8gfX5A187kws=</latexit>xw

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�
WM
Dec

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="qAwrqgFMQZFubQovXV6i1R6GOF0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSuzemmKlZv1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhbZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtK6qQa1ae7iu1P08jiKcwTlcQgA3UId7aEATGEzgGV7hzUu8F+/d+1i2Frx85hT+wPv8AZ2tj7c=</latexit>

m̂

<latexit sha1_base64="L1geh+ZFkRv+hQRwk97pGJwpeUs=">AAACHXicbVC7SgNBFJ31GeMramkzGIQIEnYlRMuAjYVFBPOA7LLMTmaTIbMPZu5qwpIfsfFXbCwUsbAR/8bZJEVMPDBw5px7ufceLxZcgWn+GCura+sbm7mt/PbO7t5+4eCwqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3uM781gOTikfhPYxi5gSkF3KfUwJacgsVOyDQp0Skt2N3aAvmQ2kieX46HLvmOZ77PdqS9/pw5haKZtmcAC8Ta0aKaIa6W/iyuxFNAhYCFUSpjmXG4KREAqeCjfN2olhM6ID0WEfTkARMOenkujE+1UoX+5HULwQ8Uec7UhIoNQo8XZmtqha9TPzP6yTgXzkpD+MEWEing/xEYIhwFhXucskoiJEmhEqud8W0TyShoAPN6xCsxZOXSfOibFXL1btKsWbO4sihY3SCSshCl6iGblAdNRBFT+gFvaF349l4NT6Mz2npijHrOUJ/YHz/AuMhovw=</latexit>

Lx (x0,xw)

<latexit sha1_base64="aMffjWQpmfs72x4rqecNva2T1dA=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkhJRKrLghsXLirYCzQhTKaTduhMEmZOhBL6Bm58FTcuFHHr1p1v4/Sy0OoPAx//OYc55w9TwTU4zpdVWFpeWV0rrpc2Nre2d+zdvZZOMkVZkyYiUZ2QaCZ4zJrAQbBOqhiRoWDtcHg1qbfvmdI8ie9glDJfkn7MI04JGCuwjz1JYECJyG/GgfQEi6CSy/Ep9gYEDHiK9wdwEthlp+pMhf+CO4cymqsR2J9eL6GZZDFQQbTuuk4Kfk4UcCrYuORlmqWEDkmfdQ3GRDLt59N7xvjIOD0cJcq8GPDU/TmRE6n1SIamc7K9XqxNzP9q3QyiSz/ncZoBi+nsoygTGBI8CQf3uGIUxMgAoYqbXTEdEEUomAhLJgR38eS/0DqrurVq7fa8XHfmcRTRATpEFeSiC1RH16iBmoiiB/SEXtCr9Wg9W2/W+6y1YM1n9tEvWR/ffvyc5w==</latexit>

Lm (m, m̂)
Training

<latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

https://arxiv.org/pdf/1807.09937



26Advancement of digital watermarking systems

<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0
<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f� <latexit sha1_base64="I1CFljND73n+19KW96YPnieQiQM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAHVSqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaV/WvHqtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyoSkbo=</latexit>z0
WM
Enc

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>m

<latexit sha1_base64="HV7n34dxTKlb1IvQyNSLr0pkRSU=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiaWG/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OR+55FKxSJxr2cx9UI8EixgBGsjPfRDrMd+kD5lg3SaDeyqU3PmQKvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52nztCZUYYoiKR5QqO5+nsjxaFSs9A3k3lKtezl4n9eL9HBtZcyESeaCrI4FCQc6QjlFaAhk5RoPjMEE8lMVkTGWGKiTVEVU4K7/OVV0r6oufVa/e6y2nCKOspwAqdwDi5cQQNuoQktICDhGV7hzZpaL9a79bEYLVnFzjH8gfX5A2JNkw0=</latexit>zw
<latexit sha1_base64="JnHDJNVvMa4oh73op3zWlitmSpc=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiTWE/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOF3GmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUWEsCW2TkIey52FFORO0rZnmtBdJigOP0643vcn97iOVioXiXicRdQM8FsxnBGsjPQwCrCeenz5lw3SWDas1u27PgVaJU5AaFGgNq1+DUUjigApNOFaq79iRdlMsNSOcZpVBrGiEyRSPad9QgQOq3HSeOkNnRhkhP5TmCY3m6u+NFAdKJYFnJvOUatnLxf+8fqz9azdlIoo1FWRxyI850iHKK0AjJinRPDEEE8lMVkQmWGKiTVEVU4Kz/OVV0rmoO4164+6y1rSLOspwAqdwDg5cQRNuoQVtICDhGV7hzZpZL9a79bEYLVnFzjH8gfX5A187kws=</latexit>xw

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�
WM
Dec

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="qAwrqgFMQZFubQovXV6i1R6GOF0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSuzemmKlZv1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhbZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtK6qQa1ae7iu1P08jiKcwTlcQgA3UId7aEATGEzgGV7hzUu8F+/d+1i2Frx85hT+wPv8AZ2tj7c=</latexit>

m̂

<latexit sha1_base64="L1geh+ZFkRv+hQRwk97pGJwpeUs=">AAACHXicbVC7SgNBFJ31GeMramkzGIQIEnYlRMuAjYVFBPOA7LLMTmaTIbMPZu5qwpIfsfFXbCwUsbAR/8bZJEVMPDBw5px7ufceLxZcgWn+GCura+sbm7mt/PbO7t5+4eCwqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3uM781gOTikfhPYxi5gSkF3KfUwJacgsVOyDQp0Skt2N3aAvmQ2kieX46HLvmOZ77PdqS9/pw5haKZtmcAC8Ta0aKaIa6W/iyuxFNAhYCFUSpjmXG4KREAqeCjfN2olhM6ID0WEfTkARMOenkujE+1UoX+5HULwQ8Uec7UhIoNQo8XZmtqha9TPzP6yTgXzkpD+MEWEing/xEYIhwFhXucskoiJEmhEqud8W0TyShoAPN6xCsxZOXSfOibFXL1btKsWbO4sihY3SCSshCl6iGblAdNRBFT+gFvaF349l4NT6Mz2npijHrOUJ/YHz/AuMhovw=</latexit>

Lx (x0,xw)

<latexit sha1_base64="aMffjWQpmfs72x4rqecNva2T1dA=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkhJRKrLghsXLirYCzQhTKaTduhMEmZOhBL6Bm58FTcuFHHr1p1v4/Sy0OoPAx//OYc55w9TwTU4zpdVWFpeWV0rrpc2Nre2d+zdvZZOMkVZkyYiUZ2QaCZ4zJrAQbBOqhiRoWDtcHg1qbfvmdI8ie9glDJfkn7MI04JGCuwjz1JYECJyG/GgfQEi6CSy/Ep9gYEDHiK9wdwEthlp+pMhf+CO4cymqsR2J9eL6GZZDFQQbTuuk4Kfk4UcCrYuORlmqWEDkmfdQ3GRDLt59N7xvjIOD0cJcq8GPDU/TmRE6n1SIamc7K9XqxNzP9q3QyiSz/ncZoBi+nsoygTGBI8CQf3uGIUxMgAoYqbXTEdEEUomAhLJgR38eS/0DqrurVq7fa8XHfmcRTRATpEFeSiC1RH16iBmoiiB/SEXtCr9Wg9W2/W+6y1YM1n9tEvWR/ffvyc5w==</latexit>

Lm (m, m̂)

Watermarking

Testing/deployment

<latexit sha1_base64="JnHDJNVvMa4oh73op3zWlitmSpc=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXBjcsK9gFtLJPppB06mYSZiTWE/IcbF4q49V/c+TdO2iy09cDA4Zx7uWeOF3GmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUWEsCW2TkIey52FFORO0rZnmtBdJigOP0643vcn97iOVioXiXicRdQM8FsxnBGsjPQwCrCeenz5lw3SWDas1u27PgVaJU5AaFGgNq1+DUUjigApNOFaq79iRdlMsNSOcZpVBrGiEyRSPad9QgQOq3HSeOkNnRhkhP5TmCY3m6u+NFAdKJYFnJvOUatnLxf+8fqz9azdlIoo1FWRxyI850iHKK0AjJinRPDEEE8lMVkQmWGKiTVEVU4Kz/OVV0rmoO4164+6y1rSLOspwAqdwDg5cQRNuoQVtICDhGV7hzZpZL9a79bEYLVnFzjH8gfX5A187kws=</latexit>xw
<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�
WM
Dec

<latexit sha1_base64="8HmJEe6+ZgyS+Gm7uucWSXy/Fb4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0K2M6A==</latexit>

k

<latexit sha1_base64="qAwrqgFMQZFubQovXV6i1R6GOF0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSuzemmKlZv1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhbZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtK6qQa1ae7iu1P08jiKcwTlcQgA3UId7aEATGEzgGV7hzUu8F+/d+1i2Frx85hT+wPv8AZ2tj7c=</latexit>

m̂

Solver <latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

<latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

Algorithm: solver
<latexit sha1_base64="4iJgVKt/oYL4+lB4RyyfgT2qfek="></latexit>

LE (x0,xa) = Lx (x0,xw) + �Lm(m, m̂)
<latexit sha1_base64="VSQkxLhT19/PdxcNT4bMHZpALsY="></latexit>

x̃ = x0

x̃ x̃+ �Optimizer (LE)

xw  Constraints (x0, x̃)

Adversarial embedding architectures based on foundation models<latexit sha1_base64="eokNyB8icQd0dlxdnFmLBl9zXyU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyoVJcFXbisYB/QjiWTZtrQJDMkGaUM/Q83LhRx67+482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2d++5EqzSJ5byYx9QUeShYygo2VHnoCmxHBPL1pT/vn/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVUYkG1n85ST9GJVQYojJR90qCZ+nsjxULriQjsZJZSL3qZ+J/XTUx45adMxomhkswPhQlHJkJZBWjAFCWGTyzBRDGbFZERVpgYW1TJluAtfnmZtM6qXq1au7uo1N28jiIcwTGcggeXUIdbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AVFyklo=</latexit>

DW3

<latexit sha1_base64="2WNJGYhEoJmZCZ9SHgzv264b9XE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AI4Ukfw=</latexit>xt

<latexit sha1_base64="2WNJGYhEoJmZCZ9SHgzv264b9XE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AI4Ukfw=</latexit>xt

https://arxiv.org/pdf/2112.09581
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<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0 <latexit sha1_base64="I1CFljND73n+19KW96YPnieQiQM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAHVSqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaV/WvHqtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyoSkbo=</latexit>z0

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>mEnrollment

Testing/deployment
<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t
<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)

<latexit sha1_base64="COFY8SKDFYs0gFw0tPEsI4I0Pbo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJeFblxW6AvasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vp7CxubW9U9wt7e0fHB6Vj086OkoUoW0S8Uj1AqwpZ5K2DTOc9mJFsQg47QbTRuZ3H6nSLJItM4upL/BYspARbKz0MBDYTAjmaaM1H3rDcsWtugugdeLlpAI5msPy12AUkURQaQjHWvc9NzZ+ipVhhNN5aZBoGmMyxWPat1RiQbWfLlLP0YVVRiiMlH3SoIX6eyPFQuuZCOxkllKvepn4n9dPTHjrp0zGiaGSLA+FCUcmQlkFaMQUJYbPLMFEMZsVkQlWmBhbVMmW4K1+eZ10rqperVq7v67U3byOIpzBOVyCBzdQhztoQhsIKHiGV3hznpwX5935WI4WnHznFP7A+fwBSE2SVA==</latexit>

CT 1

Feature 
extraction Aggregation Encoding DB

<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0
Feature 

extraction Aggregation ANN
Search <latexit sha1_base64="NCEmguBIPT/VZRjsZj2o4fJAhF0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOKJO6Vyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5WgWqneX5Vrfh5HAU7hDC4ggGuowR3UoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBLnSO1Q==</latexit>

m̂

NN list

<latexit sha1_base64="KfT5jhzHAyxl5Gz1Zbn2s6p5RUY=">AAACAnicbZDLSsNAFIZPvNZ6i7oSN4NFqJuSiFSXBTcuW7AXaEOYTCft0MmFmYlQQ3Hjq7hxoYhbn8Kdb+MkzUJbfxj4+M85zDm/F3MmlWV9Gyura+sbm6Wt8vbO7t6+eXDYkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpPVu/dUSBaFd2oaUyfAo5D5jGClLdc8HgRYjQnmaWtWzdnz04eZa527ZsWqWbnQMtgFVKBQ0zW/BsOIJAENFeFYyr5txcpJsVCMcDorDxJJY0wmeET7GkMcUOmk+QkzdKadIfIjoV+oUO7+nkhxIOU08HRntqRcrGXmf7V+ovxrJ2VhnCgakvlHfsKRilCWBxoyQYniUw2YCKZ3RWSMBSZKp1bWIdiLJy9D56Jm12v11mWlYRVxlOAETqEKNlxBA26hCW0g8AjP8ApvxpPxYrwbH/PWFaOYOYI/Mj5/ACv5lz0=</latexit>

Q(z0)

<latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

Hand-crafted architectures

SIFT, ORB, MKD    BOW, VLAD, FisherVec.       PQ     

SIFT, ORB, MKD    BOWS, VLAD, FisherVec.         

<latexit sha1_base64="2WNJGYhEoJmZCZ9SHgzv264b9XE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AI4Ukfw=</latexit>xt
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<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>mEnrollment

Encoding DB
<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f� <latexit sha1_base64="I1CFljND73n+19KW96YPnieQiQM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAHVSqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaV/WvHqtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyoSkbo=</latexit>z0
<latexit sha1_base64="KfT5jhzHAyxl5Gz1Zbn2s6p5RUY=">AAACAnicbZDLSsNAFIZPvNZ6i7oSN4NFqJuSiFSXBTcuW7AXaEOYTCft0MmFmYlQQ3Hjq7hxoYhbn8Kdb+MkzUJbfxj4+M85zDm/F3MmlWV9Gyura+sbm6Wt8vbO7t6+eXDYkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpPVu/dUSBaFd2oaUyfAo5D5jGClLdc8HgRYjQnmaWtWzdnz04eZa527ZsWqWbnQMtgFVKBQ0zW/BsOIJAENFeFYyr5txcpJsVCMcDorDxJJY0wmeET7GkMcUOmk+QkzdKadIfIjoV+oUO7+nkhxIOU08HRntqRcrGXmf7V+ovxrJ2VhnCgakvlHfsKRilCWBxoyQYniUw2YCKZ3RWSMBSZKp1bWIdiLJy9D56Jm12v11mWlYRVxlOAETqEKNlxBA26hCW0g8AjP8ApvxpPxYrwbH/PWFaOYOYI/Mj5/ACv5lz0=</latexit>

Q(z0)

Foundation model-based architectures<latexit sha1_base64="yQewPUmX1CGClthyRuSSaJ8tBoc=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWaKVJeFblxW6ENox5JJM21oJjMkGaUM/Q83LhRx67+482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj7p6ihRlHVoJCJ17xPNBJesY7gR7D5WjIS+YD1/2sz83iNTmkeybWYx80IyljzglBgrPQxCYiaUiLTZng9rw3LFqToL4HXi5qQCOVrD8tdgFNEkZNJQQbTuu05svJQow6lg89Ig0SwmdErGrG+pJCHTXrpIPccXVhnhIFL2SYMX6u+NlIRaz0LfTmYp9aqXif95/cQEN17KZZwYJunyUJAIbCKcVYBHXDFqxMwSQhW3WTGdEEWosUWVbAnu6pfXSbdWdevV+t1VpeHkdRThDM7hEly4hgbcQgs6QEHBM7zCG3pCL+gdfSxHCyjfOYU/QJ8/SdGSVQ==</latexit>

CT 2

Testing/deployment
<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t
<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)

<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0
ANN

Search <latexit sha1_base64="NCEmguBIPT/VZRjsZj2o4fJAhF0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOKJO6Vyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5WgWqneX5Vrfh5HAU7hDC4ggGuowR3UoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBLnSO1Q==</latexit>

m̂

NN list
<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f� <latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

Any FM: DINO, CLIP                        PQ

<latexit sha1_base64="2WNJGYhEoJmZCZ9SHgzv264b9XE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AI4Ukfw=</latexit>xt



30Advancement of content tracking systems

<latexit sha1_base64="tmhG5lEVNXXDt2reSSsyX/46Rbw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVnBPqAdSibNtKGZzJjcKZah3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwNvebI66NiNUDjhPuR7SvRCgYRSv5nYjiIAizp0nXLXZLZbfiTkGWiTcnZZij1i19dXoxSyOukElqTNtzE/QzqlEwySfFTmp4QtmQ9nnbUkUjbvxsGnpCTq3SI2Gs7VNIpurvjYxGxoyjwE7mIc2il4v/ee0Uwxs/EypJkSs2OxSmkmBM8gZIT2jOUI4toUwLm5WwAdWUoe0pL8Fb/PIyaZxXvKvK5f1FuerO6yjAMZzAGXhwDVW4gxrUgcEjPMMrvDkj58V5dz5moyvOfOcI/sD5/AFfoZHL</latexit>x0
<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f� <latexit sha1_base64="I1CFljND73n+19KW96YPnieQiQM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAHVSqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaV/WvHqtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyoSkbo=</latexit>z0

<latexit sha1_base64="AXft+g18w9Yn8FsVj+ST63yOEVg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A07WM6g==</latexit>m

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t

<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�

Testing/deployment

SolverEncoding <latexit sha1_base64="waZXyA/lkO0LMQcKCySBbl+HdrQ=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyItC4LblxWsA/oDCWTZtrQJDMkGbEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3uZ+75EqzWL5YGYJDQQeSxYxgo2VfF9gMwmj7Gk+FMNqza27C6B14hWkBgXaw+qXP4pJKqg0hGOtB56bmCDDyjDC6bzip5ommEzxmA4slVhQHWSLzHN0YZURimJlnzRoof7eyLDQeiZCO5ln1KteLv7nDVIT3QQZk0lqqCTLQ1HKkYlRXgAaMUWJ4TNLMFHMZkVkghUmxtZUsSV4q19eJ92ruteoN+6vay23qKMMZ3AOl+BBE1pwB23oAIEEnuEV3pzUeXHenY/laMkpdk7hD5zPH4N4kfU=</latexit>xm

<latexit sha1_base64="FtfTpXP++hq47tHlff0XdG8mucc=">AAACHXicbVC7SgNBFJ2NrxhfUUubwSBEkLArIVoGbCwsIpgHZJdldjKbDJl9MHNXEpb9ERt/xcZCEQsb8W+cPIqYeGDgzDn3cu89Xiy4AtP8MXJr6xubW/ntws7u3v5B8fCopaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3vJn47UcmFY/CBxjHzAlIP+Q+pwS05BardkBgQIlI7zJ3ZAvmQ3kqeX46ylzzAi/8Alvy/gDO3WLJrJhT4FVizUkJzdFwi192L6JJwEKggijVtcwYnJRI4FSwrGAnisWEDkmfdTUNScCUk06vy/CZVnrYj6R+IeCputiRkkCpceDpysmqatmbiP953QT8ayflYZwAC+lskJ8IDBGeRIV7XDIKYqwJoZLrXTEdEEko6EALOgRr+eRV0rqsWLVK7b5aqpvzOPLoBJ2iMrLQFaqjW9RATUTRE3pBb+jdeDZejQ/jc1aaM+Y9x+gPjO9f07Oi8g==</latexit>

Lx (x0,xm)

<latexit sha1_base64="rBo+g0xIpZxsHybeLAInK09DYpA=">AAACNXicbZDLSsNAFIYnXmu9VV26GSyCgpRERF0W3LjoogV7gSaEyXTSDk4uzJwINeSl3PgernThQhG3voKTNki1/jDw851zmHN+LxZcgWm+GAuLS8srq6W18vrG5tZ2ZWe3o6JEUtamkYhkzyOKCR6yNnAQrBdLRgJPsK53e5XXu3dMKh6FNzCOmROQYch9Tglo5FYadkBgRIlIG5l7bwvmw9EPamUzwPPT+8w1bcmHIzg+wTMQCuhWqmbNnAjPG6swVVSo6Vae7EFEk4CFQAVRqm+ZMTgpkcCpYFnZThSLCb0lQ9bXNiQBU046uTrDh5oMsB9J/ULAEzo7kZJAqXHg6c58VfW3lsP/av0E/Esn5WGcAAvp9CM/ERginEeIB1wyCmKsDaGS610xHRFJKOigyzoE6+/J86ZzWrPOa+ets2rdLOIooX10gI6QhS5QHV2jJmojih7QM3pD78aj8Wp8GJ/T1gWjmNlDv2R8fQPj9a1A</latexit>

Lz (Q (z0) , zt)

<latexit sha1_base64="x7Yfc13wZj8sboSgBjtkUxaoVWA=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0lEqseCF48V2lpoQ9lsN+3SzW7YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMBHcoOd9O6WNza3tnfJuZW//4PCoenzSNSrVlHWoEkr3QmKY4JJ1kKNgvUQzEoeCPYbTu9x/fGLacCXbOEtYEJOx5BGnBK3UH8QEJ5SIrD0fVmte3VvAXSd+QWpQoDWsfg1GiqYxk0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kkMTNBtog8dy+sMnIjpe2T6C7U3xsZiY2ZxaGdzCOaVS8X//P6KUa3QcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyeuke1X3G/XGw3Wt6RV1lOEMzuESfLiBJtxDCzpAQcEzvMKbg86L8+58LEdLTrFzCn/gfP4Ai1WRYw==</latexit>

T

<latexit sha1_base64="/bNRc/wNfALy4EF4Opn7/14SySg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGtnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01ryt1N4+jCGdwDpfgwQ3U4R4a0AIGHJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A3lGM8Q==</latexit>

t
<latexit sha1_base64="YHU5/Clwa00hNc4V11hQMUzThLY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMePEYwTwgWcLsZDYZMo9lplcISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSgS34PvfXmFjc2t7p7hb2ts/ODwqH5+0rU4NZS2qhTbdiFgmuGIt4CBYNzGMyEiwTjS5m/udJ2Ys1+oRpgkLJRkpHnNKwEk9wH3LJU6qcDkoV/yavwBeJ0FOKihHc1D+6g81TSVTQAWxthf4CYQZMcCpYLNSP7UsIXRCRqznqCKS2TBbnDzDF04Z4lgbVwrwQv09kRFp7VRGrlMSGNtVby7+5/VSiG/DjKskBaboclGcCgwaz//HQ24YBTF1hFDD3a2YjokhFFxKJRdCsPryOmlf1YJ6rf5wXWn4eRxFdIbOURUF6AY10D1qohaiSKNn9IrePPBevHfvY9la8PKZU/QH3ucPFjyQbw==</latexit>

t ⇠ p(t)

ANN
Search <latexit sha1_base64="NCEmguBIPT/VZRjsZj2o4fJAhF0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uyOKJO6Vyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5WgWqneX5Vrfh5HAU7hDC4ggGuowR3UoQEMHuEZXuHN096L9+59LFrXvHzmBP7A+/wBLnSO1Q==</latexit>

m̂

NN list
<latexit sha1_base64="8xgPYJjsva7wvXpsMxkWmtIaH2k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnbCf9ZKRmPXLFbfqLkDWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8lmplxqeUDamQ961VNGIGz9b3DsjF1YZkDDWthSShfp7IqORMdMosJ0RxZFZ9ebif143xfDWz4RKUuSKLReFqSQYk/nzZCA0ZyinllCmhb2VsBHVlKGNqGRD8FZfXietq6pXq9Yerit1N4+jCGdwDpfgwQ3U4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz9RDZAd</latexit>

f�

Enrollment

DB

<latexit sha1_base64="KfT5jhzHAyxl5Gz1Zbn2s6p5RUY=">AAACAnicbZDLSsNAFIZPvNZ6i7oSN4NFqJuSiFSXBTcuW7AXaEOYTCft0MmFmYlQQ3Hjq7hxoYhbn8Kdb+MkzUJbfxj4+M85zDm/F3MmlWV9Gyura+sbm6Wt8vbO7t6+eXDYkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpPVu/dUSBaFd2oaUyfAo5D5jGClLdc8HgRYjQnmaWtWzdnz04eZa527ZsWqWbnQMtgFVKBQ0zW/BsOIJAENFeFYyr5txcpJsVCMcDorDxJJY0wmeET7GkMcUOmk+QkzdKadIfIjoV+oUO7+nkhxIOU08HRntqRcrGXmf7V+ovxrJ2VhnCgakvlHfsKRilCWBxoyQYniUw2YCKZ3RWSMBSZKp1bWIdiLJy9D56Jm12v11mWlYRVxlOAETqEKNlxBA26hCW0g8AjP8ApvxpPxYrwbH/PWFaOYOYI/Mj5/ACv5lz0=</latexit>

Q(z0)

<latexit sha1_base64="waZXyA/lkO0LMQcKCySBbl+HdrQ=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyItC4LblxWsA/oDCWTZtrQJDMkGbEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3uZ+75EqzWL5YGYJDQQeSxYxgo2VfF9gMwmj7Gk+FMNqza27C6B14hWkBgXaw+qXP4pJKqg0hGOtB5 6bmCDDyjDC6bzip5ommEzxmA4slVhQHWSLzHN0YZURimJlnzRoof7eyLDQeiZCO5ln1KteLv7nDVIT3QQZk0lqqCTLQ1HKkYlRXgAaMUWJ4TNLMFHMZkVkghUmxtZUsSV4q19eJ92ruteoN+6vay23qKMMZ3AOl+BBE1pwB23oAIEEnuEV3pzUeXHenY/laMkpdk7hD5zPH4N4kfU=</latexit>xm

<latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

<latexit sha1_base64="4apHW16SHxDNns3WSe5ZrgHtI5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI9TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AJEikf4=</latexit>zt

Active image indexing/active fingerprinting<latexit sha1_base64="+hbGlNsIciU/cjAxVXoqaA0uM3Q=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyoxKdVnoxmWFvqAdSybNtKGZzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2jvON1tY3Nre2CzvF3b39g8PS0XFbR4mirEUjEamuTzQTXLKW4UawbqwYCX3BOv6knvmdR6Y0j2TTTGPmhWQkecApMVZ66IfEjCkRab05G1wNSmWn4syBV4mbkzLkaAxKX/1hRJOQSUMF0brnOrHxUqIMp4LNiv1Es5jQCRmxnqWShEx76Tz1DJ9bZYiDSNknDZ6rvzdSEmo9DX07maXUy14m/uf1EhPceimXcWKYpItDQSKwiXBWAR5yxagRU0sIVdxmxXRMFKHGFlW0JbjLX14l7cuKW61U76/LNSevowCncAYX4MIN1OAOGtACCgqe4RXe0BN6Qe/oYzG6hvKdE/gD9PkDS1WSVg==</latexit>

CT 3

Any FM: DINO, CLIP      PQ

<latexit sha1_base64="2WNJGYhEoJmZCZ9SHgzv264b9XE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AI4Ukfw=</latexit>xt

<latexit sha1_base64="2WNJGYhEoJmZCZ9SHgzv264b9XE=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmYDHFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2pc1r16r319VG25RRwlO4QwuwINraMAdNKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AI4Ukfw=</latexit>xt

https://arxiv.org/pdf/2210.10620
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Concluding remark

§ ML/AI Downstream Tasks
§ Classification
§ Segmentation
§ Retrieval
§ Object detection
§ Conditioning for GenAI
§ …

Foundation models

§ Content protection
§ Backbone models

§ Embedder

§ Content tracking
§ Backbone models

§ Feature extraction

What about the security of the foundation model?
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Agenda

§ Problem formulation
§ A need of content protection
§ Advancement of Foundation Models (FM)
§ Advancement of Digital Watermarking Systems
§ Advancement of Content Tracking Systems

§ Security of Foundation models
§ Security of Digital Watermarking Systems
§ Variability of Security of Various Foundation Models
§ Conclusions 



33Security of Foundation Models (task agnostic)

The rest of the slides will come 
soon…
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Thank you!


