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A Paradigm Shift from Closed-world to the Open-world
2

A Graph-Theoretic Framework for Understanding Open-world Semi-Supervised Learning [SSL, NeurIPS 23]

(Figures are powered by GPT-4V)

Open-world ML: 
Handle data with both  

novel and known classes 

Closed-world ML: 
Handle data with the  

known classes 



Labeled 
(Known)

Unlabeled 
(Known and Novel)

Goal: correctly classify known and cluster novel classes. 
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Open-world Semi-Supervised Learning 3
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An Open Research Question

“what is the role of the label information in shaping representations for both 
known and novel classes?”

Adding labels

Labeled 
(Known)

Unlabeled 
(Known and Novel)

Unlabeled 
(Novel)
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An Intuitive Example

Starting Point: All Unlabeled Samples
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An Intuitive Example

We label the first two images as "traffic lights”…
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An Intuitive Example

Question: Will other “traffic light” samples get closer to each other?
Known Class

?
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An Intuitive Example

Question: Will other “green” samples get closer to “red” samples?

Novel Class 
(Strong relationship)

?
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An Intuitive Example

Question: Will unrelated novel class be affected?

Novel Class 
(Weak relationship)

?
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An Intuitive Example

A formal understanding is needed!
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Methodology
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Augmentation Graph 

Node: Augmented Images.

Edge Weight: Probability of two images are considered as positive pair.
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Label Perturbation
Adding labels changes the graph structure.

Unlabeled Augmentation Graph
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Label Perturbation
Adding labels perturbs the graph structure.

Add labels

Unlabeled Augmentation Graph Augmentation Graph with labels
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Label Perturbation
Adding labels changes the graph structure.

Add labels

Unlabeled Augmentation Graph Augmentation Graph with labels

How do representations change? 
How do cluster results change?
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Contrastive Learning learns the augmentation graph.

Source  
Image

Augmented  
Image

Features
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Make Close Keep awayLearning Goal
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Spectral Open-world Representation Learning (SORL)
Contrastive loss derived from Matrix Factorization 
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See more details in paper!

Make Close
Positive Pairs

Keep away
Negative Pairs
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<latexit sha1_base64="xRFvcCAHe3sdZK6o49MLG0zyJbM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMLko2n</latexit>v1
<latexit sha1_base64="pd6CG+fgXjPa9TrI/+SvifD5VxY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemHC7OxmZpaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju7nfGqPSPJZPZpKgH9GB5CFn1Fjpcdyr9Iolt+wuQNaJl5ESZKj3il/dfszSCKVhgmrd8dzE+FOqDGcCZ4VuqjGhbEQH2LFU0gi1P12cOiMXVumTMFa2pCEL9ffElEZaT6LAdkbUDPWqNxf/8zqpCW/8KZdJalCy5aIwFcTEZP436XOFzIiJJZQpbm8lbEgVZcamU7AheKsvr5NmpexdlasP1VLtNosjD2dwDpfgwTXU4B7q0AAGA3iGV3hzhPPivDsfy9ack82cwh84nz8NFo2o</latexit>v2

<latexit sha1_base64="b2tEeKlWWv/DNO1wXN9nzf05O4M=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpedoslt+zOQVaJl5ESZKh1i1+dXszSCKVhgmrd9tzE+BOqDGcCp4VOqjGhbEj72LZU0gi1P5mfOiVnVumRMFa2pCFz9ffEhEZaj6PAdkbUDPSyNxP/89qpCW/8CZdJalCyxaIwFcTEZPY36XGFzIixJZQpbm8lbEAVZcamU7AheMsvr5LGRdm7KlceKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADpqNqQ==</latexit>v3… <latexit sha1_base64="u1SipMOAs8Yes7u4MPVCdmTpuzo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54konlAsoTZSW8yZHZ2mZkNhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3s785giV5rF8MuME/Yj2JQ85o8ZKj6PufbdYcsvuHGSVeBkpQYZat/jV6cUsjVAaJqjWbc9NjD+hynAmcFropBoTyoa0j21LJY1Q+5P5qVNyZpUeCWNlSxoyV39PTGik9TgKbGdEzUAvezPxP6+dmvDan3CZpAYlWywKU0FMTGZ/kx5XyIwYW0KZ4vZWwgZUUWZsOgUbgrf88ippXJS9y3LloVKq3mRx5OEETuEcPLiCKtxBDerAoA/P8ApvjnBenHfnY9Gac7KZY/gD5/MHN4aNxA==</latexit>vN
<latexit sha1_base64="RpYQ6Qa15XaP72mBBGi7i22dqXM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpbNdtMu3WTD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTaNSzXiDKal0O6CGSxHzBgqUvJ1oTqNA8lYwup36rSeujVDxA44T7kd0EItQMIpW6jQfsy6qZEKuSa9ccavuDGSZeDmpQI56r/zV7SuWRjxGJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LYxpx42ezkyfkxCp9EiptK0YyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mYiTFHnM5ovCVBJUZPo/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvMWXl0nzrOpdVM/vzyu1mzyOIhzBMZyCB5dQgzuoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+N75DJ</latexit>

V > =

SVD Decomposition Choose Top-k and Scaling

Optimal Solution (Eckart–Young–Mirsky Theorem)

SORL has the closed-form solution.

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]
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When and How Does Known Class Help Discover Unknown Ones? [SSLL, ICML 23]

The closed-form solution is known!

<latexit sha1_base64="tNrfN/4hRYYFaEbdUIyLjgCd45Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1ArLT33vvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0LiperVK9q5bq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlm2Ofg==</latexit>

f(x1)
<latexit sha1_base64="Lz8y6GShw3qOJasFIhcv3NAXQ1s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1ArLT/3qeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippVSveRaV2VyvVr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDl/KOfw==</latexit>

f(x2)
<latexit sha1_base64="5Irdt+4bFKSD8H68fFD4tfcnGN4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvVY9OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rUeqNJPi3oxj6kd4IFjICDZWaoblp975aa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpnlW8i0r1rlqqXWdx5OEIjqEMHlxCDW6hDg0g8ADP8ApvjnRenHfnY96ac7KZQ/gD5/MHmXeOgA==</latexit>

f(x3)...
<latexit sha1_base64="zaLmXy8SYcf5Bf2dhhpzLGTmlbw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OJJKtgPaJeSTbNtbDZZkqxYlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qkSjMp7s04pn6EB4KFjGBjpWZYfurdnvaKJbfizoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/ZSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+T5lnFO69U76ql2lUWRx6O4BjK4MEF1OAG6tAAAg/wDK/w5kjnxXl3PuatOSebOYQ/cD5/AMJ+jps=</latexit>

f(xN )

<latexit sha1_base64="++tRmQlrH5MyXcrXnEDbPLdo258=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUBCPUcwDkhBmJ7PJkNnZZaZXCEv+wIsHRbz6R978GyfJHjSxoKGo6qa7y4+lMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbvnUcCkUr6NAyVux5jT0JW/6o5up33zi2ohIPeI45t2QDpQIBKNopYfbq16x5JbdGcgy8TJSggy1XvGr049YEnKFTFJj2p4bYzelGgWTfFLoJIbHlI3ogLctVTTkppvOLp2QE6v0SRBpWwrJTP09kdLQmHHo286Q4tAselPxP6+dYHDZTYWKE+SKzRcFiSQYkenbpC80ZyjHllCmhb2VsCHVlKENp2BD8BZfXiaNs7J3Xq7cV0rV6yyOPBzBMZyCBxdQhTuoQR0YBPAMr/DmjJwX5935mLfmnGzmEP7A+fwBHwyNGg==</latexit>

F =
<latexit sha1_base64="EJ8j+WLiKBYhRHse7tmqUC7SKzc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C1IvHKOYBSQizk9lkyOzsMtMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90e3Ubz5xbUSkHnEc825IB0oEglG00sP1Va9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjspkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdk7L1fuK6XqTRZHHo7gGE7Bgwuowh3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AF3ONFQ==</latexit>

A = ...

…

…

<latexit sha1_base64="yIfA7oDVAI7qy3SCupDrGbaN8Tg=">AAAB8XicbVBNS8NAEJ2tX7V+VT16WSyCp5KIqMdSLx4r2A9sQtlsN+nSzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0UmmKGvTRCSqFxDNBJesbbgRrJcqRuJAsG4wvp353SemNE/kg5mkzI9JJHnIKTFWevSaPIoU9nI8qNacujMHXiVuQWpQoDWofnnDhGYxk4YKonXfdVLj50QZTgWbVrxMs5TQMYlY31JJYqb9fH7xFJ9ZZYjDRNmSBs/V3xM5ibWexIHtjIkZ6WVvJv7n9TMT3vg5l2lmmKSLRWEmsEnw7H085IpRIyaWEKq4vRXTEVGEGhtSxYbgLr+8SjoXdfeqfnl/WWs0izjKcAKncA4uXEMD7qAFbaAg4Rle4Q1p9ILe0ceitYSKmWP4A/T5A6pYkEU=</latexit> (

<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N

<latexit sha1_base64="yIfA7oDVAI7qy3SCupDrGbaN8Tg=">AAAB8XicbVBNS8NAEJ2tX7V+VT16WSyCp5KIqMdSLx4r2A9sQtlsN+nSzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0UmmKGvTRCSqFxDNBJesbbgRrJcqRuJAsG4wvp353SemNE/kg5mkzI9JJHnIKTFWevSaPIoU9nI8qNacujMHXiVuQWpQoDWofnnDhGYxk4YKonXfdVLj50QZTgWbVrxMs5TQMYlY31JJYqb9fH7xFJ9ZZYjDRNmSBs/V3xM5ibWexIHtjIkZ6WVvJv7n9TMT3vg5l2lmmKSLRWEmsEnw7H085IpRIyaWEKq4vRXTEVGEGhtSxYbgLr+8SjoXdfeqfnl/WWs0izjKcAKncA4uXEMD7qAFbaAg4Rle4Q1p9ILe0ceitYSKmWP4A/T5A6pYkEU=</latexit> (

k

<latexit sha1_base64="xRFvcCAHe3sdZK6o49MLG0zyJbM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMLko2n</latexit>v1
<latexit sha1_base64="pd6CG+fgXjPa9TrI/+SvifD5VxY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemHC7OxmZpaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju7nfGqPSPJZPZpKgH9GB5CFn1Fjpcdyr9Iolt+wuQNaJl5ESZKj3il/dfszSCKVhgmrd8dzE+FOqDGcCZ4VuqjGhbEQH2LFU0gi1P12cOiMXVumTMFa2pCEL9ffElEZaT6LAdkbUDPWqNxf/8zqpCW/8KZdJalCy5aIwFcTEZP436XOFzIiJJZQpbm8lbEgVZcamU7AheKsvr5NmpexdlasP1VLtNosjD2dwDpfgwTXU4B7q0AAGA3iGV3hzhPPivDsfy9ack82cwh84nz8NFo2o</latexit>v2

<latexit sha1_base64="b2tEeKlWWv/DNO1wXN9nzf05O4M=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpedoslt+zOQVaJl5ESZKh1i1+dXszSCKVhgmrd9tzE+BOqDGcCp4VOqjGhbEj72LZU0gi1P5mfOiVnVumRMFa2pCFz9ffEhEZaj6PAdkbUDPSyNxP/89qpCW/8CZdJalCyxaIwFcTEZPY36XGFzIixJZQpbm8lbEAVZcamU7AheMsvr5LGRdm7KlceKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADpqNqQ==</latexit>v3… <latexit sha1_base64="u1SipMOAs8Yes7u4MPVCdmTpuzo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54konlAsoTZSW8yZHZ2mZkNhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3s785giV5rF8MuME/Yj2JQ85o8ZKj6PufbdYcsvuHGSVeBkpQYZat/jV6cUsjVAaJqjWbc9NjD+hynAmcFropBoTyoa0j21LJY1Q+5P5qVNyZpUeCWNlSxoyV39PTGik9TgKbGdEzUAvezPxP6+dmvDan3CZpAYlWywKU0FMTGZ/kx5XyIwYW0KZ4vZWwgZUUWZsOgUbgrf88ippXJS9y3LloVKq3mRx5OEETuEcPLiCKtxBDerAoA/P8ApvjnBenHfnY9Gac7KZY/gD5/MHN4aNxA==</latexit>vN
<latexit sha1_base64="RpYQ6Qa15XaP72mBBGi7i22dqXM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpbNdtMu3WTD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTaNSzXiDKal0O6CGSxHzBgqUvJ1oTqNA8lYwup36rSeujVDxA44T7kd0EItQMIpW6jQfsy6qZEKuSa9ccavuDGSZeDmpQI56r/zV7SuWRjxGJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LYxpx42ezkyfkxCp9EiptK0YyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mYiTFHnM5ovCVBJUZPo/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvMWXl0nzrOpdVM/vzyu1mzyOIhzBMZyCB5dQgzuoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+N75DJ</latexit>

V > =

SVD Decomposition Choose Top-k and Scaling

Optimal Solution (Eckart–Young–Mirsky Theorem)

Good! We can analyze the feature space with spectral
analysis of the adjacency matrix!



Theory

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]21
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 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]

Main Intuition of the Theorem

Cluster Performance Gain by adding labels for Class c.

22

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)] Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]A Graph-Theoretic Framework for Understanding Open-world Semi-Supervised Learning [SSL, NeurIPS 23]



Main Theorem (Case Study)

Case Study 1 (unlabeled data from known class):

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]

connection >> (intra-sim - inter-sim)

Conclusion: Unlabeled traffic lights  
will be better clustered!

(very large) (…) (…)
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Main Theorem (Case Study)

Case Study 2 (novel class with strong connection):

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]

connection > (intra-sim - inter-sim)
(large) (Low) (…)

Conclusion: Green and red apple will be 
close to each other!
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Main Theorem (Case Study)

Case Study 3 (novel class with weak connection):

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]

connection < (intra-sim - inter-sim)
(Low) (High) (…)

Conclusion: Add labels may not be  
beneficial to flower class.
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A Toy Example
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See more details in paper!



Experiment

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]27

27

 Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)] Chapter 5: A Graph-Theoretic Framework for Understanding ORL [SSL, NeurIPS 23 (in submission)]A Graph-Theoretic Framework for Understanding Open-world Semi-Supervised Learning [SSL, NeurIPS 23]



Model

ResNet

CIFAR-10 (Labeled Data)

Set Up

Dataset (CIFAR-10/100)

CIFAR-10 (Unlabeled Data)

1. Separate all classes into 50% known and 50% novel. 
2. Divide known-class samples into 50% labeled and 
50% unlabeled.
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SORL is also appealing for practical usage!
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Thank you! 

Our code is available at 
https://github.com/deeplearning-wisc/SORL. 

https://github.com/deeplearning-wisc/SORL

