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[Steven Wommack]

Generative Models
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Generative Models for Science
Protein Data Databank (PDB)
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Generative Models for Science
Protein Data Databank (PDB)

Protein structure prediction and design

2024 Chemistry Nobel Prize
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Generative Modeling Discovery?
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What is Discovery?

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

valid design space (e.g., drugs, materials)

black-box function (reward)

(or action space)
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What is Discovery?

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

valid design space (e.g., drugs, materials)

black-box function (reward)

(or action space)

[Zheng et al., 2025]
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What is Discovery?

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

valid design space (e.g., drugs, materials)

black-box function (reward)

(or action space)

[Zheng et al., 2025]

unknown or hard to represent and search

<latexit sha1_base64="ICDOobLrfriGvGjicEzL2LgGsFI=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7IrUj0WvXisYD+gXUs2zbah2U1IsmJd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8UHKmjed9Oyura+sbm4Wt4vbO7l7J3T9oapEqQhtEcKHaIdaUs4Q2DDOctqWiOA45bYWj66nfeqBKM5HcmbGkQYwHCYsYwcZKPbfUxVIq8Yh87z6repOeW/Yq3gxomfg5KUOOes/96vYFSWOaGMKx1h3fkybIsDKMcDopdlNNJSYjPKAdSxMcUx1ks8Mn6MQqfRQJZSsxaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roMshYIlNDEzJfFKUcGYGmKaA+U5QYPrYEE8XsrYgMscLE2KyKNgR/8eVl0jyr+NVK9fa8XLvK4yjAERzDKfhwATW4gTo0gEAKz/AKb86T8+K8Ox/z1hUnnzmEP3A+fwC5S5J/</latexit>

⇡ 1060
<latexit sha1_base64="fiYGnt4FcPJSWc8/3eIkq7xknP4=">AAAB+HicbVBNTwIxEJ3FL8QPVj16aSQmnsiuMciR6MUjJvKRwEq6pUBDt9u0XSNu+CVePGiMV3+KN/+NBfag4EsmeXlvJjPzQsmZNp737eTW1jc2t/LbhZ3dvf2ie3DY1HGiCG2QmMeqHWJNORO0YZjhtC0VxVHIaSscX8/81gNVmsXizkwkDSI8FGzACDZW6rnFLpZSxY/I9+7TqjftuSWv7M2BVomfkRJkqPfcr24/JklEhSEca93xPWmCFCvDCKfTQjfRVGIyxkPasVTgiOognR8+RadW6aNBrGwJg+bq74kUR1pPotB2RtiM9LI3E//zOokZVIOUCZkYKshi0SDhyMRolgLqM0WJ4RNLMFHM3orICCtMjM2qYEPwl19eJc3zsl8pV24vSrWrLI48HMMJnIEPl1CDG6hDAwgk8Ayv8OY8OS/Ou/OxaM052cwR/IHz+QO8V5KB</latexit>

⇡ 1080
drug discovery
material design
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What is Discovery?

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

valid design space (e.g., drugs, materials)

black-box function (reward)

(or action space)

[Zheng et al., 2025]

unknown or hard to represent and search

<latexit sha1_base64="ICDOobLrfriGvGjicEzL2LgGsFI=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7IrUj0WvXisYD+gXUs2zbah2U1IsmJd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8UHKmjed9Oyura+sbm4Wt4vbO7l7J3T9oapEqQhtEcKHaIdaUs4Q2DDOctqWiOA45bYWj66nfeqBKM5HcmbGkQYwHCYsYwcZKPbfUxVIq8Yh87z6repOeW/Yq3gxomfg5KUOOes/96vYFSWOaGMKx1h3fkybIsDKMcDopdlNNJSYjPKAdSxMcUx1ks8Mn6MQqfRQJZSsxaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roMshYIlNDEzJfFKUcGYGmKaA+U5QYPrYEE8XsrYgMscLE2KyKNgR/8eVl0jyr+NVK9fa8XLvK4yjAERzDKfhwATW4gTo0gEAKz/AKb86T8+K8Ox/z1hUnnzmEP3A+fwC5S5J/</latexit>

⇡ 1060
<latexit sha1_base64="fiYGnt4FcPJSWc8/3eIkq7xknP4=">AAAB+HicbVBNTwIxEJ3FL8QPVj16aSQmnsiuMciR6MUjJvKRwEq6pUBDt9u0XSNu+CVePGiMV3+KN/+NBfag4EsmeXlvJjPzQsmZNp737eTW1jc2t/LbhZ3dvf2ie3DY1HGiCG2QmMeqHWJNORO0YZjhtC0VxVHIaSscX8/81gNVmsXizkwkDSI8FGzACDZW6rnFLpZSxY/I9+7TqjftuSWv7M2BVomfkRJkqPfcr24/JklEhSEca93xPWmCFCvDCKfTQjfRVGIyxkPasVTgiOognR8+RadW6aNBrGwJg+bq74kUR1pPotB2RtiM9LI3E//zOokZVIOUCZkYKshi0SDhyMRolgLqM0WJ4RNLMFHM3orICCtMjM2qYEPwl19eJc3zsl8pV24vSrWrLI48HMMJnIEPl1CDG6hDAwgk8Ayv8OY8OS/Ou/OxaM052cwR/IHz+QO8V5KB</latexit>

⇡ 1080
drug discovery
material design

Generative Discovery
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<latexit sha1_base64="m7GhFQunGb26taq8WpcJSWZdDtA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1U2hqAuXFewDmhom02k7dDIJMxOxhuCvuHGhiFv/w51/4/Sx0NYDFw7n3Mu99wQxZ0o7zre1sLi0vLKaW8uvb2xubds7u3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPLkd+4p1KxSNzqYUzbIe4J1mUEayP59v4VKiMvffCZl/kpK7vZnUC+XXCKzhhonrhTUoApqr795XUikoRUaMKxUi3XiXU7xVIzwmmW9xJFY0wGuEdbhgocUtVOx9dn6MgoHdSNpCmh0Vj9PZHiUKlhGJjOEOu+mvVG4n9eK9Hd83bKRJxoKshkUTfhSEdoFAXqMEmJ5kNDMJHM3IpIH0tMtAksb0JwZ1+eJ/WTolsqlm5OC5WLaRw5OIBDOAYXzqAC11CFGhB4hGd4hTfryXqx3q2PSeuCNZ3Zgz+wPn8A9NCUSQ==</latexit>

D = {xi}ni=1

Generative Discovery Paradigm

Data
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<latexit sha1_base64="m7GhFQunGb26taq8WpcJSWZdDtA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1U2hqAuXFewDmhom02k7dDIJMxOxhuCvuHGhiFv/w51/4/Sx0NYDFw7n3Mu99wQxZ0o7zre1sLi0vLKaW8uvb2xubds7u3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPLkd+4p1KxSNzqYUzbIe4J1mUEayP59v4VKiMvffCZl/kpK7vZnUC+XXCKzhhonrhTUoApqr795XUikoRUaMKxUi3XiXU7xVIzwmmW9xJFY0wGuEdbhgocUtVOx9dn6MgoHdSNpCmh0Vj9PZHiUKlhGJjOEOu+mvVG4n9eK9Hd83bKRJxoKshkUTfhSEdoFAXqMEmJ5kNDMJHM3IpIH0tMtAksb0JwZ1+eJ/WTolsqlm5OC5WLaRw5OIBDOAYXzqAC11CFGhB4hGd4hTfryXqx3q2PSeuCNZ3Zgz+wPn8A9NCUSQ==</latexit>

D = {xi}ni=1

Generative Discovery Paradigm

Data
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valid design space        (e.g., protein structures)        

<latexit sha1_base64="m7GhFQunGb26taq8WpcJSWZdDtA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1U2hqAuXFewDmhom02k7dDIJMxOxhuCvuHGhiFv/w51/4/Sx0NYDFw7n3Mu99wQxZ0o7zre1sLi0vLKaW8uvb2xubds7u3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPLkd+4p1KxSNzqYUzbIe4J1mUEayP59v4VKiMvffCZl/kpK7vZnUC+XXCKzhhonrhTUoApqr795XUikoRUaMKxUi3XiXU7xVIzwmmW9xJFY0wGuEdbhgocUtVOx9dn6MgoHdSNpCmh0Vj9PZHiUKlhGJjOEOu+mvVG4n9eK9Hd83bKRJxoKshkUTfhSEdoFAXqMEmJ5kNDMJHM3IpIH0tMtAksb0JwZ1+eJ/WTolsqlm5OC5WLaRw5OIBDOAYXzqAC11CFGhB4hGd4hTfryXqx3q2PSeuCNZ3Zgz+wPn8A9NCUSQ==</latexit>

D = {xi}ni=1

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

Generative Discovery Paradigm

Data
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valid design space generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

<latexit sha1_base64="m7GhFQunGb26taq8WpcJSWZdDtA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1U2hqAuXFewDmhom02k7dDIJMxOxhuCvuHGhiFv/w51/4/Sx0NYDFw7n3Mu99wQxZ0o7zre1sLi0vLKaW8uvb2xubds7u3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPLkd+4p1KxSNzqYUzbIe4J1mUEayP59v4VKiMvffCZl/kpK7vZnUC+XXCKzhhonrhTUoApqr795XUikoRUaMKxUi3XiXU7xVIzwmmW9xJFY0wGuEdbhgocUtVOx9dn6MgoHdSNpCmh0Vj9PZHiUKlhGJjOEOu+mvVG4n9eK9Hd83bKRJxoKshkUTfhSEdoFAXqMEmJ5kNDMJHM3IpIH0tMtAksb0JwZ1+eJ/WTolsqlm5OC5WLaRw5OIBDOAYXzqAC11CFGhB4hGd4hTfryXqx3q2PSeuCNZ3Zgz+wPn8A9NCUSQ==</latexit>

D = {xi}ni=1

Pre-trained generative model<latexit sha1_base64="eMPldnrwE8YYe3v5da7DMHpwSXM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXisYD+wu5Rsmm1Dk+ySZMWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO49UaRbLezNJaCDwULKIEWys9PCEfM0E8hPWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr94is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjN3kcDpigxfGIJJorZWxEZYYWJsSGVbAje8surpH1R9WrV2t1lpXGdx1GEEziFc/CgDg24hSa0gICEZ3iFN0c7L86787FoLTj5zDH8gfP5A/mQkHs=</latexit>x ⇠ ⇡

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

<latexit sha1_base64="Lsjm5NnpPSmgNUc8qH1ApkTVwB4=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIVJdFN+6sYB/QGUomzbSheQxJRixDF278FTcuFHHrR7jzb0zbWWjrgcDhnHu4uSdKGNXG876dwsrq2vpGcbO0tb2zu+fuH7S0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0ehq6rfvidJUijszTkjI0UDQmGJkrNRzy8ENJwPUy2xqAgOUJEo+wFx0K17VmwEuEz8nFZCj0XO/gr7EKSfCYIa07vpeYsIMKUMxI5NSkGqSIDxCA9K1VCBOdJjNjpjAY6v0YSyVfcLAmfo7kSGu9ZhHdpIjM9SL3lT8z+umJr4IMyqS1BCB54vilEEj4bQR2KeKYMPGliCsqP0rxEOkEDa2t5ItwV88eZm0Tqt+rVq7PavUL/M6iqAMjsAJ8ME5qINr0ABNgMEjeAav4M15cl6cd+djPlpw8swh+APn8weuX5gi</latexit>

!pre → !

Generative Discovery Paradigm

Data

<latexit sha1_base64="eMPldnrwE8YYe3v5da7DMHpwSXM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXisYD+wu5Rsmm1Dk+ySZMWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO49UaRbLezNJaCDwULKIEWys9PCEfM0E8hPWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr94is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjN3kcDpigxfGIJJorZWxEZYYWJsSGVbAje8surpH1R9WrV2t1lpXGdx1GEEziFc/CgDg24hSa0gICEZ3iFN0c7L86787FoLTj5zDH8gfP5A/mQkHs=</latexit>x ⇠ ⇡noise 
distribution
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<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

<latexit sha1_base64="Lsjm5NnpPSmgNUc8qH1ApkTVwB4=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIVJdFN+6sYB/QGUomzbSheQxJRixDF278FTcuFHHrR7jzb0zbWWjrgcDhnHu4uSdKGNXG876dwsrq2vpGcbO0tb2zu+fuH7S0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0ehq6rfvidJUijszTkjI0UDQmGJkrNRzy8ENJwPUy2xqAgOUJEo+wFx0K17VmwEuEz8nFZCj0XO/gr7EKSfCYIa07vpeYsIMKUMxI5NSkGqSIDxCA9K1VCBOdJjNjpjAY6v0YSyVfcLAmfo7kSGu9ZhHdpIjM9SL3lT8z+umJr4IMyqS1BCB54vilEEj4bQR2KeKYMPGliCsqP0rxEOkEDa2t5ItwV88eZm0Tqt+rVq7PavUL/M6iqAMjsAJ8ME5qINr0ABNgMEjeAav4M15cl6cd+djPlpw8swh+APn8weuX5gi</latexit>

!pre → !

valid design space

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="m7GhFQunGb26taq8WpcJSWZdDtA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1U2hqAuXFewDmhom02k7dDIJMxOxhuCvuHGhiFv/w51/4/Sx0NYDFw7n3Mu99wQxZ0o7zre1sLi0vLKaW8uvb2xubds7u3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPLkd+4p1KxSNzqYUzbIe4J1mUEayP59v4VKiMvffCZl/kpK7vZnUC+XXCKzhhonrhTUoApqr795XUikoRUaMKxUi3XiXU7xVIzwmmW9xJFY0wGuEdbhgocUtVOx9dn6MgoHdSNpCmh0Vj9PZHiUKlhGJjOEOu+mvVG4n9eK9Hd83bKRJxoKshkUTfhSEdoFAXqMEmJ5kNDMJHM3IpIH0tMtAksb0JwZ1+eJ/WTolsqlm5OC5WLaRw5OIBDOAYXzqAC11CFGhB4hGd4hTfryXqx3q2PSeuCNZ3Zgz+wPn8A9NCUSQ==</latexit>

D = {xi}ni=1Data

Pre-trained generative model<latexit sha1_base64="eMPldnrwE8YYe3v5da7DMHpwSXM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXisYD+wu5Rsmm1Dk+ySZMWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO49UaRbLezNJaCDwULKIEWys9PCEfM0E8hPWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr94is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjN3kcDpigxfGIJJorZWxEZYYWJsSGVbAje8surpH1R9WrV2t1lpXGdx1GEEziFc/CgDg24hSa0gICEZ3iFN0c7L86787FoLTj5zDH8gfP5A/mQkHs=</latexit>x ⇠ ⇡

generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

The Dream: Discovery via Generative Optimization

Discovery problem

<latexit sha1_base64="eMPldnrwE8YYe3v5da7DMHpwSXM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXisYD+wu5Rsmm1Dk+ySZMWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO49UaRbLezNJaCDwULKIEWys9PCEfM0E8hPWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr94is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjN3kcDpigxfGIJJorZWxEZYYWJsSGVbAje8surpH1R9WrV2t1lpXGdx1GEEziFc/CgDg24hSa0gICEZ3iFN0c7L86787FoLTj5zDH8gfP5A/mQkHs=</latexit>x ⇠ ⇡

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦
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<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

<latexit sha1_base64="Lsjm5NnpPSmgNUc8qH1ApkTVwB4=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIVJdFN+6sYB/QGUomzbSheQxJRixDF278FTcuFHHrR7jzb0zbWWjrgcDhnHu4uSdKGNXG876dwsrq2vpGcbO0tb2zu+fuH7S0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0ehq6rfvidJUijszTkjI0UDQmGJkrNRzy8ENJwPUy2xqAgOUJEo+wFx0K17VmwEuEz8nFZCj0XO/gr7EKSfCYIa07vpeYsIMKUMxI5NSkGqSIDxCA9K1VCBOdJjNjpjAY6v0YSyVfcLAmfo7kSGu9ZhHdpIjM9SL3lT8z+umJr4IMyqS1BCB54vilEEj4bQR2KeKYMPGliCsqP0rxEOkEDa2t5ItwV88eZm0Tqt+rVq7PavUL/M6iqAMjsAJ8ME5qINr0ABNgMEjeAav4M15cl6cd+djPlpw8swh+APn8weuX5gi</latexit>

!pre → !

valid design space

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

Discovery! <latexit sha1_base64="m7GhFQunGb26taq8WpcJSWZdDtA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1U2hqAuXFewDmhom02k7dDIJMxOxhuCvuHGhiFv/w51/4/Sx0NYDFw7n3Mu99wQxZ0o7zre1sLi0vLKaW8uvb2xubds7u3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPLkd+4p1KxSNzqYUzbIe4J1mUEayP59v4VKiMvffCZl/kpK7vZnUC+XXCKzhhonrhTUoApqr795XUikoRUaMKxUi3XiXU7xVIzwmmW9xJFY0wGuEdbhgocUtVOx9dn6MgoHdSNpCmh0Vj9PZHiUKlhGJjOEOu+mvVG4n9eK9Hd83bKRJxoKshkUTfhSEdoFAXqMEmJ5kNDMJHM3IpIH0tMtAksb0JwZ1+eJ/WTolsqlm5OC5WLaRw5OIBDOAYXzqAC11CFGhB4hGd4hTfryXqx3q2PSeuCNZ3Zgz+wPn8A9NCUSQ==</latexit>

D = {xi}ni=1Data

Pre-trained generative model<latexit sha1_base64="eMPldnrwE8YYe3v5da7DMHpwSXM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXisYD+wu5Rsmm1Dk+ySZMWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO49UaRbLezNJaCDwULKIEWys9PCEfM0E8hPWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr94is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjN3kcDpigxfGIJJorZWxEZYYWJsSGVbAje8surpH1R9WrV2t1lpXGdx1GEEziFc/CgDg24hSa0gICEZ3iFN0c7L86787FoLTj5zDH8gfP5A/mQkHs=</latexit>x ⇠ ⇡

generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

The Dream: Discovery via Generative Optimization

Adapt       to optimize       
<latexit sha1_base64="eMPldnrwE8YYe3v5da7DMHpwSXM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXisYD+wu5Rsmm1Dk+ySZMWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO49UaRbLezNJaCDwULKIEWys9PCEfM0E8hPWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr94is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjN3kcDpigxfGIJJorZWxEZYYWJsSGVbAje8surpH1R9WrV2t1lpXGdx1GEEziFc/CgDg24hSa0gICEZ3iFN0c7L86787FoLTj5zDH8gfP5A/mQkHs=</latexit>x ⇠ ⇡

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

Discovery problem

<latexit sha1_base64="eMPldnrwE8YYe3v5da7DMHpwSXM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXisYD+wu5Rsmm1Dk+ySZMWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO49UaRbLezNJaCDwULKIEWys9PCEfM0E8hPWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr94is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjN3kcDpigxfGIJJorZWxEZYYWJsSGVbAje8surpH1R9WrV2t1lpXGdx1GEEziFc/CgDg24hSa0gICEZ3iFN0c7L86787FoLTj5zDH8gfP5A/mQkHs=</latexit>x ⇠ ⇡

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦
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<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦valid design space

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f
Generative models 

generalize locally over 
training data.

<latexit sha1_base64="Aa3wF9geT3lklnJhMZRSUhvSxrc=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclRmR6rLoxp0V7AM6Q8mkt21okhmSjFCGLtz4K25cKOLWj3Dn35i2s9DWA4HDOfdwc0+UcKaN5307K6tr6xubha3i9s7u3r57cNjUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQ99VsPoDSL5b0ZJxAKMpCszygxVuq6peBWwIB0M5ua4ECnkQaDc9EtexVvBrxM/JyUUY561/0KejFNBUhDOdG643uJCTOiDKMcJsUg1ZAQOiID6FgqiQAdZrMjJvjEKj3cj5V90uCZ+juREaH1WER2UhAz1IveVPzP66SmfxlmTCapAUnni/opxybG00Zwjymgho8tIVQx+1dMh0QRamxvRVuCv3jyMmmeVfxqpXp3Xq5d5XUUUAkdo1PkowtUQzeojhqIokf0jF7Rm/PkvDjvzsd8dMXJM0foD5zPH6hvmB4=</latexit>

!pre → !

generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

The Reality: Generative Optimization Limitation

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

Discovery problem
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<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦valid design space

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f
Generative models 

generalize locally over 
training data.

<latexit sha1_base64="Aa3wF9geT3lklnJhMZRSUhvSxrc=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclRmR6rLoxp0V7AM6Q8mkt21okhmSjFCGLtz4K25cKOLWj3Dn35i2s9DWA4HDOfdwc0+UcKaN5307K6tr6xubha3i9s7u3r57cNjUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQ99VsPoDSL5b0ZJxAKMpCszygxVuq6peBWwIB0M5ua4ECnkQaDc9EtexVvBrxM/JyUUY561/0KejFNBUhDOdG643uJCTOiDKMcJsUg1ZAQOiID6FgqiQAdZrMjJvjEKj3cj5V90uCZ+juREaH1WER2UhAz1IveVPzP66SmfxlmTCapAUnni/opxybG00Zwjymgho8tIVQx+1dMh0QRamxvRVuCv3jyMmmeVfxqpXp3Xq5d5XUUUAkdo1PkowtUQzeojhqIokf0jF7Rm/PkvDjvzsd8dMXJM0foD5zPH6hvmB4=</latexit>

!pre → !

generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

The Reality: Generative Optimization Limitation

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

Discovery problem
• Chemistry
• Biology
• Physics 

Especially in natural sciences:
E.g., 
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<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦valid design space

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f
<latexit sha1_base64="Aa3wF9geT3lklnJhMZRSUhvSxrc=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclRmR6rLoxp0V7AM6Q8mkt21okhmSjFCGLtz4K25cKOLWj3Dn35i2s9DWA4HDOfdwc0+UcKaN5307K6tr6xubha3i9s7u3r57cNjUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQ99VsPoDSL5b0ZJxAKMpCszygxVuq6peBWwIB0M5ua4ECnkQaDc9EtexVvBrxM/JyUUY561/0KejFNBUhDOdG643uJCTOiDKMcJsUg1ZAQOiID6FgqiQAdZrMjJvjEKj3cj5V90uCZ+juREaH1WER2UhAz1IveVPzP66SmfxlmTCapAUnni/opxybG00Zwjymgho8tIVQx+1dMh0QRamxvRVuCv3jyMmmeVfxqpXp3Xq5d5XUUUAkdo1PkowtUQzeojhqIokf0jF7Rm/PkvDjvzsd8dMXJM0foD5zPH6hvmB4=</latexit>

!pre → !

generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

Sub-optimality gap!

The Reality: Generative Optimization Limitation

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

Discovery problem
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Generative discovery entails a new exploration problem

<latexit sha1_base64="Aa3wF9geT3lklnJhMZRSUhvSxrc=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclRmR6rLoxp0V7AM6Q8mkt21okhmSjFCGLtz4K25cKOLWj3Dn35i2s9DWA4HDOfdwc0+UcKaN5307K6tr6xubha3i9s7u3r57cNjUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQ99VsPoDSL5b0ZJxAKMpCszygxVuq6peBWwIB0M5ua4ECnkQaDc9EtexVvBrxM/JyUUY561/0KejFNBUhDOdG643uJCTOiDKMcJsUg1ZAQOiID6FgqiQAdZrMjJvjEKj3cj5V90uCZ+juREaH1WER2UhAz1IveVPzP66SmfxlmTCapAUnni/opxybG00Zwjymgho8tIVQx+1dMh0QRamxvRVuCv3jyMmmeVfxqpXp3Xq5d5XUUUAkdo1PkowtUQzeojhqIokf0jF7Rm/PkvDjvzsd8dMXJM0foD5zPH6hvmB4=</latexit>

!pre → !

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

20
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Generative discovery entails a new exploration problem
<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦
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Generative discovery entails a new exploration problem

classic optimization
(e.g., convex optimization)

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

known

known

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦
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Generative discovery entails a new exploration problem

classic optimization
(e.g., convex optimization)

decision-making
(e.g., bandits, BO, RL)

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

known

known

learned

known

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦
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Generative discovery entails a new exploration problem

classic optimization
(e.g., convex optimization)

decision-making
(e.g., bandits, BO, RL)

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

known

known

learned

known

learned
<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦ learned

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

generative discovery
(e.g., drug design)



Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi 25

Generative discovery entails a new exploration problem

classic optimization
(e.g., convex optimization)

decision-making
(e.g., bandits, BO, RL)

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦

known

known

learned

known

learned
<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦ learned

<latexit sha1_base64="siwAIIsgI1WhcGhFUGoiC++vJIY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXpApeil48VrAf0NYym2bb0CS7JFltWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMPD/iTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK7DWBFaIyEPVdMHTTmTtGaY4bQZKQrC57ThD2+mfuORKs1CeW/GEe0I6EsWMALGSg+g+gJGuH2Fg+LotJsvuCV3BrxMvJQUUIpqN//V7oUkFlQawkHrludGppOAMoxwOsm1Y00jIEPo05alEgTVnWR29QSfWKWHg1DZkgbP1N8TCQitx8K3nQLMQC96U/E/rxWb4LKTMBnFhkoyXxTEHJsQTyPAPaYoMXxsCRDF7K2YDEABMTaonA3BW3x5mdTPSl65VL47L1Su0ziy6AgdoyLy0AWqoFtURTVEkELP6BW9OU/Oi/PufMxbM046c4j+wPn8ARCAkZc=</latexit>

argmax f(x)
<latexit sha1_base64="auczFGoJOyreFD9U0NB2BOo1NoE=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04s0K9gOaUDbbSbt0swm7G7GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HwZuq3HlFpnsgHM0oxiGlf8ogzaqzkPxGfS+Lfxdin3VLZrbgzkGXi5aQMOerd0pffS1gWozRMUK07npuaYEyV4UzgpOhnGlPKhrSPHUsljVEH49nNE3JqlR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r5OZ6CoYc5lmBiWbL4oyQUxCpgGQHlfIjBhZQpni9lbCBlRRZmxMRRuCt/jyMmmeV7xqpXp/Ua5d53EU4BhO4Aw8uIQa3EIdGsAghWd4hTcnc16cd+dj3rri5DNH8AfO5w85i5Et</latexit>

x 2 ⌦

generative discovery
(e.g., drug design)

Takeaway

Discovery requires the machine to expand its action space (i.e., learn what actions are possible)
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<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦valid design space generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

How? Out-of-Distribution Flow Modeling

Discovery requires the machine to expand its action space (i.e., learn what actions are possible)

<latexit sha1_base64="Aa3wF9geT3lklnJhMZRSUhvSxrc=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclRmR6rLoxp0V7AM6Q8mkt21okhmSjFCGLtz4K25cKOLWj3Dn35i2s9DWA4HDOfdwc0+UcKaN5307K6tr6xubha3i9s7u3r57cNjUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQ99VsPoDSL5b0ZJxAKMpCszygxVuq6peBWwIB0M5ua4ECnkQaDc9EtexVvBrxM/JyUUY561/0KejFNBUhDOdG643uJCTOiDKMcJsUg1ZAQOiID6FgqiQAdZrMjJvjEKj3cj5V90uCZ+juREaH1WER2UhAz1IveVPzP66SmfxlmTCapAUnni/opxybG00Zwjymgho8tIVQx+1dMh0QRamxvRVuCv3jyMmmeVfxqpXp3Xq5d5XUUUAkdo1PkowtUQzeojhqIokf0jF7Rm/PkvDjvzsd8dMXJM0foD5zPH6hvmB4=</latexit>

!pre → !
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<latexit sha1_base64="20cm8sqi7/WkkjsoQwEaalbjllk=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk+Z5JahWqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGLDjwY=</latexit>

⌦valid design space

<latexit sha1_base64="Aa3wF9geT3lklnJhMZRSUhvSxrc=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclRmR6rLoxp0V7AM6Q8mkt21okhmSjFCGLtz4K25cKOLWj3Dn35i2s9DWA4HDOfdwc0+UcKaN5307K6tr6xubha3i9s7u3r57cNjUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQ99VsPoDSL5b0ZJxAKMpCszygxVuq6peBWwIB0M5ua4ECnkQaDc9EtexVvBrxM/JyUUY561/0KejFNBUhDOdG643uJCTOiDKMcJsUg1ZAQOiID6FgqiQAdZrMjJvjEKj3cj5V90uCZ+juREaH1WER2UhAz1IveVPzP66SmfxlmTCapAUnni/opxybG00Zwjymgho8tIVQx+1dMh0QRamxvRVuCv3jyMmmeVfxqpXp3Xq5d5XUUUAkdo1PkowtUQzeojhqIokf0jF7Rm/PkvDjvzsd8dMXJM0foD5zPH6hvmB4=</latexit>

!pre → !

generable set of pre-trained gen. model
<latexit sha1_base64="QPM5UkqsZqjrxRwKqe4qmGoDegk=">AAAB83icbVDLSgMxFL1TX7W+qi7dDBbBVZkRqS6LbtxZwT6gM5RMetuGJpkhyQhl6G+4caGIW3/GnX9j2s5CWw8EDufcw705UcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8epotikMY9VJyIaOZPYNMxw7CQKiYg4tqPx7cxvP6HSLJaPZpJgKMhQsgGjxFgpCO4FDkkvs5lpr1zxqt4c7irxc1KBHI1e+SvoxzQVKA3lROuu7yUmzIgyjHKcloJUY0LomAyxa6kkAnWYzW+eumdW6buDWNknjTtXfycyIrSeiMhOCmJGetmbif953dQMrsOMySQ1KOli0SDlrondWQFunymkhk8sIVQxe6tLR0QRamxNJVuCv/zlVdK6qPq1au3hslK/yesowgmcwjn4cAV1uIMGNIFCAs/wCm9O6rw4787HYrTg5Jlj+APn8wdMNpHg</latexit>

!pre

How? Out-of-Distribution Flow Modeling

Discovery requires the machine to expand its action space (i.e., learn what actions are possible)

1. Formalize OOD generative modeling

2. How? Active Flow Expansion (ActFlow)

3. Guarantees for OOD generative modeling

4. Results on chemical and biological data
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Generation via learned vector field

Sample noise Follow learned vector field<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

noise 
distribution

Diffusion and Flow Modeling: Generation

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω
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Generation via learned vector field

Sample noise Follow learned vector field<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

noise 
distribution

Diffusion and Flow Modeling: Generation

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω
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Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

Generation via learned vector field

Sample noise Follow learned vector field<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

noise 
distribution

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω
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Generation via learned vector field

Sample noise Follow learned vector field<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

noise 
distribution <latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω
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Generation via learned vector field

Sample noise Follow learned vector field<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

noise 
distribution <latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω
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Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

Generation via learned vector field

Sample noise Follow learned vector field<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

noise 
distribution

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata

Diffusion and Flow Modeling: Generation
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<latexit sha1_base64="Gzt3tbF3qyDy1xDYHhM/4iOxzqE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gO6y5JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMxLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJss1oS2S8Ux3E2woZ5K2LLOcdpWmWCScdpLR3czvPFFtWCYf7VjRSOCBZCkj2Dop7MY+Cg0TSMV+XKn6NX8OtEqCglShQDOufIX9jOSCSks4NqYX+MpGE6wtI5xOy2FuqMJkhAe056jEgppoMr95is6d0kdppl1Ji+bq74kJFsaMReI6BbZDs+zNxP+8Xm7Tm2jCpMotlWSxKM05shmaBYD6TFNi+dgRTDRztyIyxBoT62IquxCC5ZdXSfuyFtRr9YerauO2iKMEp3AGFxDANTTgHprQAgIKnuEV3rzce/HevY9F65pXzJzAH3ifP57+kMg=</latexit>

X0 → p0

noise 
distribution

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata

Diffusion and Flow Modeling: Pre-Training

Implement via e.g., Flow/Score Matching

Distribution Matching: Standard Flow Pre-training

learn     s.t.             .

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω
<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata
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<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

noise 
distribution

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

Distribution Matching: Standard Flow Pre-training

learn     s.t.             .

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata

Flow Pre-training for Discovery: Key Limitation

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω
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Valid design space

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

noise 
distribution

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

<latexit sha1_base64="+b8IYKhpOHnmi3diANgSZIs5kGg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoXZREpEqhUHTjzgr2AU0sk+m0HTqZhJlJaQn9Bzf+ihsXirh1486/cdJ2oa0HLhzOuZd77/FCRqWyrG8jtbK6tr6R3sxsbe/s7pn7B3UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPrxG8MiZA04PdqHBLXRz1OuxQjpaW2mXdufdJDD3lYKkMnHkGHcuj4SPUxYnFzAktwmBudlm1n0jazVsGaAi4Te06yYI5q2/xyOgGOfMIVZkjKlm2Fyo2RUBQzMsk4kSQhwgPUIy1NOfKJdOPpTxN4opUO7AZCF1dwqv6eiJEv5dj3dGdyrVz0EvE/rxWp7qUbUx5GinA8W9SNGFQBTAKCHSoIVmysCcKC6lsh7iOBsNIxZnQI9uLLy6R+VrCLheLdebZyNY8jDY7AMcgBG1yACrgBVVADGDyCZ/AK3own48V4Nz5mrSljPnMI/sD4/AGkxZwm</latexit>

!→ := {x → X : v(x) = 1}

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

Distribution Matching: Standard Flow Pre-training

learn     s.t.             .

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata

Flow Pre-training for Discovery: Key Limitation

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω

Unknown laws of nature 
(e.g., chemistry, biology)
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Flow Pre-training for Discovery: Key Limitation
Valid design space

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

noise 
distribution

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

<latexit sha1_base64="+b8IYKhpOHnmi3diANgSZIs5kGg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoXZREpEqhUHTjzgr2AU0sk+m0HTqZhJlJaQn9Bzf+ihsXirh1486/cdJ2oa0HLhzOuZd77/FCRqWyrG8jtbK6tr6R3sxsbe/s7pn7B3UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPrxG8MiZA04PdqHBLXRz1OuxQjpaW2mXdufdJDD3lYKkMnHkGHcuj4SPUxYnFzAktwmBudlm1n0jazVsGaAi4Te06yYI5q2/xyOgGOfMIVZkjKlm2Fyo2RUBQzMsk4kSQhwgPUIy1NOfKJdOPpTxN4opUO7AZCF1dwqv6eiJEv5dj3dGdyrVz0EvE/rxWp7qUbUx5GinA8W9SNGFQBTAKCHSoIVmysCcKC6lsh7iOBsNIxZnQI9uLLy6R+VrCLheLdebZyNY8jDY7AMcgBG1yACrgBVVADGDyCZ/AK3own48V4Nz5mrSljPnMI/sD4/AGkxZwm</latexit>

!→ := {x → X : v(x) = 1}How to formalize limited coverage?

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

Distribution Matching: Standard Flow Pre-training

learn     s.t.             .

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata
<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω

Unknown laws of nature 
(e.g., chemistry, biology)
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Generable Set
Valid design space

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

noise 
distribution

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

<latexit sha1_base64="+b8IYKhpOHnmi3diANgSZIs5kGg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoXZREpEqhUHTjzgr2AU0sk+m0HTqZhJlJaQn9Bzf+ihsXirh1486/cdJ2oa0HLhzOuZd77/FCRqWyrG8jtbK6tr6R3sxsbe/s7pn7B3UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPrxG8MiZA04PdqHBLXRz1OuxQjpaW2mXdufdJDD3lYKkMnHkGHcuj4SPUxYnFzAktwmBudlm1n0jazVsGaAi4Te06yYI5q2/xyOgGOfMIVZkjKlm2Fyo2RUBQzMsk4kSQhwgPUIy1NOfKJdOPpTxN4opUO7AZCF1dwqv6eiJEv5dj3dGdyrVz0EvE/rxWp7qUbUx5GinA8W9SNGFQBTAKCHSoIVmysCcKC6lsh7iOBsNIxZnQI9uLLy6R+VrCLheLdebZyNY8jDY7AMcgBG1yACrgBVVADGDyCZ/AK3own48V4Nz5mrSljPnMI/sD4/AGkxZwm</latexit>

!→ := {x → X : v(x) = 1}

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="dZXzKxJHse5P/r4xpSCcRKjGSVs=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBDEQ9gViR6DXrypYFTIrqF30psMzj6Y6RVCyAd48Ve8eFDEqx/gzb9xkuzBV8FAUVVNT1eYKWnIdT+dqemZ2bn50kJ5cWl5ZbWytn5p0lwLbIpUpfo6BINKJtgkSQqvM40QhwqvwtvjkX91h9rINLmgfoZBDN1ERlIAWaldqfqnMXah7VMPCW58gpz7Jg8NEp9YN7s25dbcMfhf4hWkygqctSsfficVeYwJCQXGtDw3o2AAmqRQOCz7ucEMxC10sWVpAjGaYDA+Zsi3rdLhUartS4iP1e8TA4iN6cehTcZAPfPbG4n/ea2cosNgIJMsJ0zEZFGUK04pHzXDO1KjINW3BISW9q9c9ECDINtf2Zbg/T75L7ncq3n1Wv18v9o4KuoosU22xXaYxw5Yg52wM9Zkgt2zR/bMXpwH58l5dd4m0SmnmNlgP+C8fwFYYpst</latexit>

!ω
ε → !→

Definition (Generable Set). Let       inducing density     . For
          , we define its    -level generable set as:
        

<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata
<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

Unknown laws of nature 
(e.g., chemistry, biology)
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Generable Set
Valid design space

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

noise 
distribution

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

<latexit sha1_base64="+b8IYKhpOHnmi3diANgSZIs5kGg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoXZREpEqhUHTjzgr2AU0sk+m0HTqZhJlJaQn9Bzf+ihsXirh1486/cdJ2oa0HLhzOuZd77/FCRqWyrG8jtbK6tr6R3sxsbe/s7pn7B3UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPrxG8MiZA04PdqHBLXRz1OuxQjpaW2mXdufdJDD3lYKkMnHkGHcuj4SPUxYnFzAktwmBudlm1n0jazVsGaAi4Te06yYI5q2/xyOgGOfMIVZkjKlm2Fyo2RUBQzMsk4kSQhwgPUIy1NOfKJdOPpTxN4opUO7AZCF1dwqv6eiJEv5dj3dGdyrVz0EvE/rxWp7qUbUx5GinA8W9SNGFQBTAKCHSoIVmysCcKC6lsh7iOBsNIxZnQI9uLLy6R+VrCLheLdebZyNY8jDY7AMcgBG1yACrgBVVADGDyCZ/AK3own48V4Nz5mrSljPnMI/sD4/AGkxZwm</latexit>

!→ := {x → X : v(x) = 1}

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="dZXzKxJHse5P/r4xpSCcRKjGSVs=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBDEQ9gViR6DXrypYFTIrqF30psMzj6Y6RVCyAd48Ve8eFDEqx/gzb9xkuzBV8FAUVVNT1eYKWnIdT+dqemZ2bn50kJ5cWl5ZbWytn5p0lwLbIpUpfo6BINKJtgkSQqvM40QhwqvwtvjkX91h9rINLmgfoZBDN1ERlIAWaldqfqnMXah7VMPCW58gpz7Jg8NEp9YN7s25dbcMfhf4hWkygqctSsfficVeYwJCQXGtDw3o2AAmqRQOCz7ucEMxC10sWVpAjGaYDA+Zsi3rdLhUartS4iP1e8TA4iN6cehTcZAPfPbG4n/ea2cosNgIJMsJ0zEZFGUK04pHzXDO1KjINW3BISW9q9c9ECDINtf2Zbg/T75L7ncq3n1Wv18v9o4KuoosU22xXaYxw5Yg52wM9Zkgt2zR/bMXpwH58l5dd4m0SmnmNlgP+C8fwFYYpst</latexit>

!ω
ε → !→

<latexit sha1_base64="HnB++2r5CcfLw/QgYTRCbt+iN4A=">AAACNHicbVDJSgNBFOxxN25Rj14agyAewoyIiiCIXgQPKhgVMkl403lJGnsWut8IYchHefFDvIjgQRGvfoOd5aBJChqKqrf0qyBR0pDrvjkTk1PTM7Nz87mFxaXllfzq2q2JUy2wJGIV6/sADCoZYYkkKbxPNEIYKLwLHs66/t0jaiPj6IbaCVZCaEayIQWQlWr5Cz+2drc78y9DbEIt86mFBJ2qT5B2+NEx7xvVHe4HIB6MAtPi44pr+YJbdHvgo8QbkAIb4KqWf/HrsUhDjEjYqabsuQlVMtAkhcJOzk8NJnYlNLFsaQQhmkrWO7rDt6xS541Y2xcR76l/OzIIjWmHga0MgVpm2OuK47xySo3DSiajJCWMRH9RI1WcYt5NkNelRkGqbQkILe1fuWiBBkE255wNwRs+eZTc7ha9/eL+9V7h5HQQxxzbYJtsm3nsgJ2wc3bFSkywJ/bKPtin8+y8O1/Od790whn0rLN/cH5+AQ5qrEw=</latexit>

!ω
ε := !→\!ω

ε

Valid out-of-distribution region

Definition (Generable Set). Let       inducing density     . For
          , we define its    -level generable set as:
        

<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata
<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

Unknown laws of nature 
(e.g., chemistry, biology)
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Generable Set vs Support

support

<latexit sha1_base64="eyGqezcK9ZncWTepCW6oifM3AgY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/cA2ls120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKzucZxwP6IDJULBKFrpIel5j10ccqS9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZhdPyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6PukLzRnKsSWUaWFvJWxINWVoQyraELzFl5dJ87ziVSvVu4ty7TqPowDHcAJn4MEl1OAW6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWGWQuQ==</latexit>

pω1

<latexit sha1_base64="la0IISLN6BUJh/6+HLmetHIgYLY=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AI9VISkeqx6MVjRfsBTQyb7bZdukmW3YlQQvHiX/HiQRGv/gpv/hs3bQ7a+mDg8d4MM/MCwZkC2/42CkvLK6trxfXSxubW9o65u9dScSIJbZKYx7ITYEU5i2gTGHDaEZLiMOC0HYyuMr/9QKVicXQHY0G9EA8i1mcEg5Z888ANMQxlmN4mQkwqwnfuXRhSwCe+Wbar9hTWInFyUkY5Gr755fZikoQ0AsKxUl3HFuClWAIjnE5KbqKowGSEB7SraYRDqrx0+sLEOtZKz+rHUlcE1lT9PZHiUKlxGOjO7GA172Xif143gf6Fl7JIJEAjMlvUT7gFsZXlYfWYpAT4WBNMJNO3WmSIJSagUyvpEJz5lxdJ67Tq1Kq1m7Ny/TKPo4gO0RGqIAedozq6Rg3URAQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4APYeXVg==</latexit>

Supp(pω1)
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Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

Generable Set vs Support

support

Definition (Generable Set). Let       inducing density     . For
          , we define its    -level generable set as:
        

<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata
<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

generable set
<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

<latexit sha1_base64="eyGqezcK9ZncWTepCW6oifM3AgY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/cA2ls120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKzucZxwP6IDJULBKFrpIel5j10ccqS9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZhdPyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6PukLzRnKsSWUaWFvJWxINWVoQyraELzFl5dJ87ziVSvVu4ty7TqPowDHcAJn4MEl1OAW6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWGWQuQ==</latexit>

pω1

<latexit sha1_base64="la0IISLN6BUJh/6+HLmetHIgYLY=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AI9VISkeqx6MVjRfsBTQyb7bZdukmW3YlQQvHiX/HiQRGv/gpv/hs3bQ7a+mDg8d4MM/MCwZkC2/42CkvLK6trxfXSxubW9o65u9dScSIJbZKYx7ITYEU5i2gTGHDaEZLiMOC0HYyuMr/9QKVicXQHY0G9EA8i1mcEg5Z888ANMQxlmN4mQkwqwnfuXRhSwCe+Wbar9hTWInFyUkY5Gr755fZikoQ0AsKxUl3HFuClWAIjnE5KbqKowGSEB7SraYRDqrx0+sLEOtZKz+rHUlcE1lT9PZHiUKlxGOjO7GA172Xif143gf6Fl7JIJEAjMlvUT7gFsZXlYfWYpAT4WBNMJNO3WmSIJSagUyvpEJz5lxdJ67Tq1Kq1m7Ny/TKPo4gO0RGqIAedozq6Rg3URAQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4APYeXVg==</latexit>

Supp(pω1)
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Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

Generable Set vs Support

support

Definition (Generable Set). Let       inducing density     . For
          , we define its    -level generable set as:
        

<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata
<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

generable set
<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

<latexit sha1_base64="eyGqezcK9ZncWTepCW6oifM3AgY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/cA2ls120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKzucZxwP6IDJULBKFrpIel5j10ccqS9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZhdPyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6PukLzRnKsSWUaWFvJWxINWVoQyraELzFl5dJ87ziVSvVu4ty7TqPowDHcAJn4MEl1OAW6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWGWQuQ==</latexit>

pω1

<latexit sha1_base64="la0IISLN6BUJh/6+HLmetHIgYLY=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AI9VISkeqx6MVjRfsBTQyb7bZdukmW3YlQQvHiX/HiQRGv/gpv/hs3bQ7a+mDg8d4MM/MCwZkC2/42CkvLK6trxfXSxubW9o65u9dScSIJbZKYx7ITYEU5i2gTGHDaEZLiMOC0HYyuMr/9QKVicXQHY0G9EA8i1mcEg5Z888ANMQxlmN4mQkwqwnfuXRhSwCe+Wbar9hTWInFyUkY5Gr755fZikoQ0AsKxUl3HFuClWAIjnE5KbqKowGSEB7SraYRDqrx0+sLEOtZKz+rHUlcE1lT9PZHiUKlxGOjO7GA172Xif143gf6Fl7JIJEAjMlvUT7gFsZXlYfWYpAT4WBNMJNO3WmSIJSagUyvpEJz5lxdJ67Tq1Kq1m7Ny/TKPo4gO0RGqIAedozq6Rg3URAQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4APYeXVg==</latexit>

Supp(pω1)

<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

<latexit sha1_base64="R9oG5tPnyqrxDLQJ2bM5D2sEWeo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad2hpJJM21oJjMkd4RS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRx9pRnxMiNsrV9yqOwdZJV5OKpCj0St/+f2EZTFXyCQ1puu5KQYTqlEwyaclPzM8pWxEB7xrqaIxN8FkfvGUnFmlT6JE26eQzNXfGxMaGzOOQzsZUxyaZW8m/ud1M4yug4lQaYZcscVHUSaJjTiLT/pCc4ZybAllWthbCRtSTRnakkq2BG858ippXVS9WrV2f1mp3+R1FOEETuEcPLiCOtxBA5rAQMEzvMKbY5wX5935WIwWnHznGP7A+fwBnhCQPg==</latexit>

ω → 0 <latexit sha1_base64="la0IISLN6BUJh/6+HLmetHIgYLY=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AI9VISkeqx6MVjRfsBTQyb7bZdukmW3YlQQvHiX/HiQRGv/gpv/hs3bQ7a+mDg8d4MM/MCwZkC2/42CkvLK6trxfXSxubW9o65u9dScSIJbZKYx7ITYEU5i2gTGHDaEZLiMOC0HYyuMr/9QKVicXQHY0G9EA8i1mcEg5Z888ANMQxlmN4mQkwqwnfuXRhSwCe+Wbar9hTWInFyUkY5Gr755fZikoQ0AsKxUl3HFuClWAIjnE5KbqKowGSEB7SraYRDqrx0+sLEOtZKz+rHUlcE1lT9PZHiUKlxGOjO7GA172Xif143gf6Fl7JIJEAjMlvUT7gFsZXlYfWYpAT4WBNMJNO3WmSIJSagUyvpEJz5lxdJ67Tq1Kq1m7Ny/TKPo4gO0RGqIAedozq6Rg3URAQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4APYeXVg==</latexit>

Supp(pω1)
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Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

Generable Set vs Support

support

Definition (Generable Set). Let       inducing density     . For
          , we define its    -level generable set as:
        

<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="GJqmte1AI9GEboJFbjdrNcbS/54=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQJLskE6Es/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvzgQ34PtfXmltfWNzq7xd2dnd2z+oHh51TGo1ZW2ailT3YmKY4Iq1gYNgvUwzImPBuvHkdu53H5k2PFUPMM1YJMlI8YRTAk4KQ2kHeQhjBmQ2qNb8ur8A/kuCgtRQgdag+hkOU2olU0AFMaYf+BlEOdHAqWCzSmgNywidkBHrO6qIZCbKFzfP8JlThjhJtSsFeKH+nMiJNGYqY9cpCYzNqjcX//P6FpLrKOcqs8AUXS5KrMCQ4nkAeMg1oyCmjhCqubsV0zHRhIKLqeJCCFZf/ks6F/WgUW/cX9aaN0UcZXSCTtE5CtAVaqI71EJtRFGGntALevWs9+y9ee/L1pJXzByjX/A+vgGEdJIE</latexit>µω

<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata
<latexit sha1_base64="AEo/SY8FG1adaz2tWmAQBfzis9M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oQ9lsN+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuB9RwKWLeQIGStxPNaRRI3gpGt1O/9cS1ESp+wHHC/YgOYhEKRtFKzS7S9NrtlcpuxZ2BLBMvJ2XIUe+Vvrp9xdKIx8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y2lMI278bHbthJxapU9CpW3FSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDKz8TcZIij9l8UZhKgopMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XvGqlen9Rrt3kcRTgGE7gDDy4hBrcQR0awOARnuEV3hzlvDjvzse8dcXJZ47gD5zPHxjmjtU=</latexit>

ω > 0

<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}

generable set

generable set
region where the generative model is reliable (e.g., sufficient validity signal)

region likely to be covered by a finite draw 

<latexit sha1_base64="eyGqezcK9ZncWTepCW6oifM3AgY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/cA2ls120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKzucZxwP6IDJULBKFrpIel5j10ccqS9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZhdPyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6PukLzRnKsSWUaWFvJWxINWVoQyraELzFl5dJ87ziVSvVu4ty7TqPowDHcAJn4MEl1OAW6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWGWQuQ==</latexit>

pω1

<latexit sha1_base64="la0IISLN6BUJh/6+HLmetHIgYLY=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AI9VISkeqx6MVjRfsBTQyb7bZdukmW3YlQQvHiX/HiQRGv/gpv/hs3bQ7a+mDg8d4MM/MCwZkC2/42CkvLK6trxfXSxubW9o65u9dScSIJbZKYx7ITYEU5i2gTGHDaEZLiMOC0HYyuMr/9QKVicXQHY0G9EA8i1mcEg5Z888ANMQxlmN4mQkwqwnfuXRhSwCe+Wbar9hTWInFyUkY5Gr755fZikoQ0AsKxUl3HFuClWAIjnE5KbqKowGSEB7SraYRDqrx0+sLEOtZKz+rHUlcE1lT9PZHiUKlxGOjO7GA172Xif143gf6Fl7JIJEAjMlvUT7gFsZXlYfWYpAT4WBNMJNO3WmSIJSagUyvpEJz5lxdJ67Tq1Kq1m7Ny/TKPo4gO0RGqIAedozq6Rg3URAQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4APYeXVg==</latexit>

Supp(pω1)

<latexit sha1_base64="WXbBrHI/q7Ir8uaoYnMTzBqnoJk="></latexit>

!ω
ε := {x → X : pε1(x) ↑ ω}
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noise 
distribution

<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Generable Set Expansion: Out-of-Distribution Flow Modeling

learn     s.t.             .

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω
<latexit sha1_base64="rkyuYem/TNmjNqRe/dOnsVdggUQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIpYhDuRaCna2KlgTCAXw9xmkizZ+2B3TgxH/oGNf8XGQhFbWzv/jZuPQqMPBh7vzTAzL0iUNOS6X87U9Mzs3PzCYm5peWV1Lb++cWPiVAssi1jFuhqAQSUjLJMkhdVEI4SBwkrQPRv4lTvURsbRNfUSrIfQjmRLCiArNfK7/kWIbWhkPnWQoH/rE6TchyTR8T0fmbf7vJEvuEV3CP6XeGNSYGNcNvKffjMWaYgRCQXG1Dw3oXoGmqRQ2M/5qcEERBfaWLM0ghBNPRv+0+c7VmnyVqxtRcSH6s+JDEJjemFgO0Ogjpn0BuJ/Xi2l1nE9k1GSEkZitKiVKk4xH4TDm1KjINWzBISW9lYuOqBBkI0wZ0PwJl/+S24Oil6pWLo6LJycjuNYYFtsm+0xjx2xE3bOLlmZCfbAntgLe3UenWfnzXkftU4545lN9gvOxzelL5xn</latexit>

!ω
ε → !→

<latexit sha1_base64="rkyuYem/TNmjNqRe/dOnsVdggUQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIpYhDuRaCna2KlgTCAXw9xmkizZ+2B3TgxH/oGNf8XGQhFbWzv/jZuPQqMPBh7vzTAzL0iUNOS6X87U9Mzs3PzCYm5peWV1Lb++cWPiVAssi1jFuhqAQSUjLJMkhdVEI4SBwkrQPRv4lTvURsbRNfUSrIfQjmRLCiArNfK7/kWIbWhkPnWQoH/rE6TchyTR8T0fmbf7vJEvuEV3CP6XeGNSYGNcNvKffjMWaYgRCQXG1Dw3oXoGmqRQ2M/5qcEERBfaWLM0ghBNPRv+0+c7VmnyVqxtRcSH6s+JDEJjemFgO0Ogjpn0BuJ/Xi2l1nE9k1GSEkZitKiVKk4xH4TDm1KjINWzBISW9lYuOqBBkI0wZ0PwJl/+S24Oil6pWLo6LJycjuNYYFtsm+0xjx2xE3bOLlmZCfbAntgLe3UenWfnzXkftU4545lN9gvOxzelL5xn</latexit>

!ω
ε → !→

Requires acquiring information 

about         beyond the data
<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt

47

Continual expansion via adaptation on valid frontier samples



Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

Generable Set Expansion for OOD Flow Modeling

<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt
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<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0

<latexit sha1_base64="70dZLoeBOcAxpyHpPAEWrE5i/Bo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhDEQ9gViR6DXrwZwTwgWcPspDcZMjO7zswKYclPePGgiFd/x5t/4+Rx0MSChqKqm+6uMOFMG8/7dpaWV1bX1nMb+c2t7Z3dwt5+XcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB9dhvPKHSLJb3ZphgIEhPsohRYqzUbN8K7JGH006h6JW8CdxF4s9IEWaodgpf7W5MU4HSUE60bvleYoKMKMMox1G+nWpMCB2QHrYslUSgDrLJvSP32CpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQZZEwmqUFJp4uilLsmdsfPu12mkBo+tIRQxeytLu0TRaixEeVtCP78y4ukflbyy6Xy3XmxcjWLIweHcAQn4MMFVOAGqlADChye4RXenEfnxXl3PqatS85s5gD+wPn8AX+4j6I=</latexit>

!→

Black-box noisy binary verifier feedback

<latexit sha1_base64="S2vO0FXFHaAQXhyPbaBKI1Sm58k="></latexit>

ωpre = ω0 → ω1 → · · · → ωT , !ω
ε0 ↑ !ω

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

<latexit sha1_base64="indq5Y8+FFGsiTvvygaeHlVg2TM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRG8GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5NnjM4=</latexit>

?

Agent Black-box verifier 

<latexit sha1_base64="BDsJ1FOxyItrFpRCXdkEqD2iuyc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkItVj0YvHCvYDmhA22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx7czv/tIpWKJeNCTlPoxHgoWMYK1kQK7Ogk08phAXu6cu940sGtO3ZkDrRK3IDUo0ArsL2+QkCymQhOOleq7Tqr9HEvNCKfTipcpmmIyxkPaN1TgmCo/nx8+RadGGaAokaaERnP190SOY6UmcWg6Y6xHatmbif95/UxH137ORJppKshiUZRxpBM0SwENmKRE84khmEhmbkVkhCUm2mRVMSG4yy+vks5F3W3UG/eXteZNEUcZjuEEzsCFK2jCHbSgDQQyeIZXeLOerBfr3fpYtJasYuYI/sD6/AFjv5JI</latexit>

yt → {0, 1}

<latexit sha1_base64="5OzEZvuyf6+KfWz89BxuZwqR+l8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9o1yWbZtvQJLsks2pZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5H11O//cC04bG6g3HCfEkGikecErDS/VMAuGe4xL2EBxCUK27VnQEvEy8nFZSjEZS/ev2YppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/Nrp7gE6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+53VTiC79jKskBabofFGUCgwxnkaA+1wzCmJsCaGa21sxHRJNKNigSjYEb/HlZdI6q3q1au32vFK/yuMooiN0jE6Rhy5QHd2gBmoiijR6Rq/ozXl0Xpx352PeWnDymUP0B87nDx8rkkk=</latexit>xt → ωt

Continual expansion via adaptation on valid frontier samples

54
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<latexit sha1_base64="kklq/nYuZy1Upu+A837GhrAnlHE="></latexit>

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)

next data point

inference-time distribution

How to self-generate frontier samples? Generative Uncertainty Sampling

55

generates data
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<latexit sha1_base64="kklq/nYuZy1Upu+A837GhrAnlHE="></latexit>

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)

next data point

inference-time distribution

noised flow representation
<latexit sha1_base64="o2x82OGZPlGio5eUj3Rw3dAhkrk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkItWNUHTjsoK9YBPDZDpph04mYWYilJBHcOOruHGhiFuX7nwbJ20RbT0w8PH/5zDn/H7MqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iZ++17IiSN+I0axcQNUZ/TgGKktOSZh06I1AAjlt5md8qT8Bw68YDmWPmxOtmRZ5atqjUuOA/2FMpgWg3P/HR6EU5CwhVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrkaOQiLddHxQBg+00oNBJPTjCo7V3xMpCqUchb7uzHeUs14u/ud1ExWcuSnlcaIIx5OPgoRBFcE8HdijgmDFRhoQFlTvCvEACYSVzrCkQ7BnT56H1nHVrlVr1yfl+sU0jiLYA/ugAmxwCurgCjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvhTxsc3p4ac/Q==</latexit>

Zt
s = ωt

s(X )

verifier uncertainty estimate on
<latexit sha1_base64="o2x82OGZPlGio5eUj3Rw3dAhkrk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkItWNUHTjsoK9YBPDZDpph04mYWYilJBHcOOruHGhiFuX7nwbJ20RbT0w8PH/5zDn/H7MqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iZ++17IiSN+I0axcQNUZ/TgGKktOSZh06I1AAjlt5md8qT8Bw68YDmWPmxOtmRZ5atqjUuOA/2FMpgWg3P/HR6EU5CwhVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrkaOQiLddHxQBg+00oNBJPTjCo7V3xMpCqUchb7uzHeUs14u/ud1ExWcuSnlcaIIx5OPgoRBFcE8HdijgmDFRhoQFlTvCvEACYSVzrCkQ7BnT56H1nHVrlVr1yfl+sU0jiLYA/ugAmxwCurgCjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvhTxsc3p4ac/Q==</latexit>

Zt
s = ωt

s(X )

How to self-generate frontier samples? Generative Uncertainty Sampling

56

generates data with high verifier (i.e., laws of nature) uncertainty
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<latexit sha1_base64="kklq/nYuZy1Upu+A837GhrAnlHE="></latexit>

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)

next data point

inference-time distribution

noised flow representation
<latexit sha1_base64="o2x82OGZPlGio5eUj3Rw3dAhkrk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkItWNUHTjsoK9YBPDZDpph04mYWYilJBHcOOruHGhiFuX7nwbJ20RbT0w8PH/5zDn/H7MqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iZ++17IiSN+I0axcQNUZ/TgGKktOSZh06I1AAjlt5md8qT8Bw68YDmWPmxOtmRZ5atqjUuOA/2FMpgWg3P/HR6EU5CwhVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrkaOQiLddHxQBg+00oNBJPTjCo7V3xMpCqUchb7uzHeUs14u/ud1ExWcuSnlcaIIx5OPgoRBFcE8HdijgmDFRhoQFlTvCvEACYSVzrCkQ7BnT56H1nHVrlVr1yfl+sU0jiLYA/ugAmxwCurgCjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvhTxsc3p4ac/Q==</latexit>

Zt
s = ωt

s(X )

verifier uncertainty estimate on
<latexit sha1_base64="o2x82OGZPlGio5eUj3Rw3dAhkrk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkItWNUHTjsoK9YBPDZDpph04mYWYilJBHcOOruHGhiFuX7nwbJ20RbT0w8PH/5zDn/H7MqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iZ++17IiSN+I0axcQNUZ/TgGKktOSZh06I1AAjlt5md8qT8Bw68YDmWPmxOtmRZ5atqjUuOA/2FMpgWg3P/HR6EU5CwhVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrkaOQiLddHxQBg+00oNBJPTjCo7V3xMpCqUchb7uzHeUs14u/ud1ExWcuSnlcaIIx5OPgoRBFcE8HdijgmDFRhoQFlTvCvEACYSVzrCkQ7BnT56H1nHVrlVr1yfl+sU0jiLYA/ugAmxwCurgCjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvhTxsc3p4ac/Q==</latexit>

Zt
s = ωt

s(X )

current-model (i.e., prior) 
regularization 

How to self-generate frontier samples? Generative Uncertainty Sampling

57

generates data with high verifier (i.e., laws of nature) uncertainty, yet with sufficient validity prior



Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

<latexit sha1_base64="kklq/nYuZy1Upu+A837GhrAnlHE="></latexit>

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)

next data point

inference-time distribution

noised flow representation
<latexit sha1_base64="o2x82OGZPlGio5eUj3Rw3dAhkrk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkItWNUHTjsoK9YBPDZDpph04mYWYilJBHcOOruHGhiFuX7nwbJ20RbT0w8PH/5zDn/H7MqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iZ++17IiSN+I0axcQNUZ/TgGKktOSZh06I1AAjlt5md8qT8Bw68YDmWPmxOtmRZ5atqjUuOA/2FMpgWg3P/HR6EU5CwhVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrkaOQiLddHxQBg+00oNBJPTjCo7V3xMpCqUchb7uzHeUs14u/ud1ExWcuSnlcaIIx5OPgoRBFcE8HdijgmDFRhoQFlTvCvEACYSVzrCkQ7BnT56H1nHVrlVr1yfl+sU0jiLYA/ugAmxwCurgCjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvhTxsc3p4ac/Q==</latexit>

Zt
s = ωt

s(X )

verifier uncertainty estimate on
<latexit sha1_base64="o2x82OGZPlGio5eUj3Rw3dAhkrk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkItWNUHTjsoK9YBPDZDpph04mYWYilJBHcOOruHGhiFuX7nwbJ20RbT0w8PH/5zDn/H7MqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iZ++17IiSN+I0axcQNUZ/TgGKktOSZh06I1AAjlt5md8qT8Bw68YDmWPmxOtmRZ5atqjUuOA/2FMpgWg3P/HR6EU5CwhVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrkaOQiLddHxQBg+00oNBJPTjCo7V3xMpCqUchb7uzHeUs14u/ud1ExWcuSnlcaIIx5OPgoRBFcE8HdijgmDFRhoQFlTvCvEACYSVzrCkQ7BnT56H1nHVrlVr1yfl+sU0jiLYA/ugAmxwCurgCjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvhTxsc3p4ac/Q==</latexit>

Zt
s = ωt

s(X )

current-model (i.e., prior) 
regularization 

How to self-generate frontier samples? Generative Uncertainty Sampling

58

generates data with high verifier (i.e., laws of nature) uncertainty, yet with sufficient validity prior

highly informative frontier samples 
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<latexit sha1_base64="kklq/nYuZy1Upu+A837GhrAnlHE="></latexit>

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)

59

ActFlow: Active Flow Expansion
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<latexit sha1_base64="kklq/nYuZy1Upu+A837GhrAnlHE="></latexit>

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)

60

ActFlow: Active Flow Expansion
Initial flow model      , black-box verifier   , iterations   ,  

For                                     :

Init:      <latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0
<latexit sha1_base64="NdqDNxaHmwHEj8xltkCTl4yZtZ0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbK20oWw203bpbhJ2N4US+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgkfYNNwIbCcKqQwEPgaj25n/OEaleRw9mEmCvqSDiPc5o8ZKT13DRYjZeNorV9yqOwdZJV5OKpCj0St/dcOYpRIjwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixNKIStZ/ND56SM6uEpB8rW5Ehc/X3REal1hMZ2E5JzVAvezPxP6+Tmv61n/EoSQ1GbLGonwpiYjL7noRcITNiYgllittbCRtSRZmxGZVsCN7yy6ukdVH1atXa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnJenHfnY9FacPKZY/gD5/MHQ+WQuw==</latexit>

ṽ
<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T
<latexit sha1_base64="//JcbDQbejtCh4s+mllseGnVivM=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgTBKtyJRMugFpYRzAfkQtjbzCVL9j7YnVPCkd7Gv2JjoYitf8DOf+NekkITHww83pthZp4XS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2jqKFEcGjySkWp7TIMUITRQoIR2rIAFnoSWN7rK/NY9KC2i8A7HMXQDNgiFLzhDI/WKJTdgOORMpteTnk1dCT4ypaIH6kIQ41gD9oplu2JPQZeJMydlMke9V/xy+xFPAgiRS6Z1x7Fj7KZMoeASJgU30RAzPmID6BgasgB0N53+MqHHRulTP1KmQqRT9fdEygKtx4FnOrPL9aKXif95nQT9i24qwjhBCPlskZ9IihHNgqF9oYCjHBvCuBLmVsqHTDGOJr6CCcFZfHmZNE8rTrVSvT0r1y7nceTJESmRE+KQc1IjN6ROGoSTR/JMXsmb9WS9WO/Wx6w1Z81nDskfWJ8/cCibVA==</latexit>

D0 → ↑
<latexit sha1_base64="HlAr8YpsF6ufa5b8F8ez1/doeLQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCh1oSkepFKHrxWKFf0Iay2WzapZts2J2IpfSvePGgiFf/iDf/jds2B219MPB4b4aZeX4iuAbH+bZya+sbm1v57cLO7t7+gX1YbGmZKsqaVAqpOj7RTPCYNYGDYJ1EMRL5grX90d3Mbz8ypbmMGzBOmBeRQcxDTgkYqW8X4cYpu2XcE4EEXcaNc7dvl5yKMwdeJW5GSihDvW9/9QJJ04jFQAXRuus6CXgTooBTwaaFXqpZQuiIDFjX0JhETHuT+e1TfGqUAIdSmYoBz9XfExMSaT2OfNMZERjqZW8m/ud1UwivvQmPkxRYTBeLwlRgkHgWBA64YhTE2BBCFTe3YjokilAwcRVMCO7yy6ukdVFxq5Xqw2WpdpvFkUfH6ASdIRddoRq6R3XURBQ9oWf0it6sqfVivVsfi9aclc0coT+wPn8A7wGSdA==</latexit>

t = 0, 1, . . . , T → 1

Update surrogate uncertainty     from<latexit sha1_base64="3TouhcGIvhxRgy+tqugKICagv1U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTs+IYUT72C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wcu8pAV</latexit>ωt
<latexit sha1_base64="ZLn7wrTR/0YEh2eg7tgiqAoV4Ek=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BPXiMYB6QLGF2MpsMmX040xsIS77DiwdFvPox3vwbZ5M9aGLBQFHVTdeUF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2NbzO/PeFKiyh8xGnM3YAOQ+ELRtFIbi+gOGJUpnezPvbLFbtqz0FWiZOTCuRo9MtfvUHEkoCHyCTVuuvYMbopVSiY5LNSL9E8pmxMh7xraEgDrt10HnpGzowyIH6kzAuRzNXfGykNtJ4GnpnMQuplLxP/87oJ+tduKsI4QR6yxSE/kQQjkjVABkJxhnJqCGVKmKyEjaiiDE1PJVOCs/zlVdK6qDq1au3hslK/yesowgmcwjk4cAV1uIcGNIHBEzzDK7xZE+vFerc+FqMFK985hj+wPn8AC46STA==</latexit>Dt

Self-generate: 
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<latexit sha1_base64="kklq/nYuZy1Upu+A837GhrAnlHE="></latexit>

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)
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ActFlow: Active Flow Expansion
Initial flow model      , black-box verifier   , iterations   ,  

For                                     :

Init:      

Return

<latexit sha1_base64="GvaGFq3Jj+zPYrEbRibcmgn3Aqg=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YAmhs120y7d3YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpYIbcN1vZ2V1bX1js7RV3t7Z3duvHBy2TZJpylo0EYnuRsQwwRVrAQfBuqlmREaCdaLRzdTvPDJteKLuYZyyQJKB4jGnBKz04MsszH0YMiChOwkrVbfmzoCXiVeQKirQDCtffj+hmWQKqCDG9Dw3hSAnGjgVbFL2M8NSQkdkwHqWKiKZCfLZ1RN8apU+jhNtSwGeqb8nciKNGcvIdkoCQ7PoTcX/vF4G8VWQc5VmwBSdL4ozgSHB0whwn2tGQYwtIVRzeyumQ6IJBRtU2YbgLb68TNrnNa9eq99dVBvXRRwldIxO0Bny0CVqoFvURC1EkUbP6BW9OU/Oi/PufMxbV5xi5gj9gfP5A7E3kqc=</latexit>µω0
<latexit sha1_base64="NdqDNxaHmwHEj8xltkCTl4yZtZ0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbK20oWw203bpbhJ2N4US+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgkfYNNwIbCcKqQwEPgaj25n/OEaleRw9mEmCvqSDiPc5o8ZKT13DRYjZeNorV9yqOwdZJV5OKpCj0St/dcOYpRIjwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixNKIStZ/ND56SM6uEpB8rW5Ehc/X3REal1hMZ2E5JzVAvezPxP6+Tmv61n/EoSQ1GbLGonwpiYjL7noRcITNiYgllittbCRtSRZmxGZVsCN7yy6ukdVH1atXa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnJenHfnY9FacPKZY/gD5/MHQ+WQuw==</latexit>

ṽ
<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T
<latexit sha1_base64="//JcbDQbejtCh4s+mllseGnVivM=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgTBKtyJRMugFpYRzAfkQtjbzCVL9j7YnVPCkd7Gv2JjoYitf8DOf+NekkITHww83pthZp4XS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2jqKFEcGjySkWp7TIMUITRQoIR2rIAFnoSWN7rK/NY9KC2i8A7HMXQDNgiFLzhDI/WKJTdgOORMpteTnk1dCT4ypaIH6kIQ41gD9oplu2JPQZeJMydlMke9V/xy+xFPAgiRS6Z1x7Fj7KZMoeASJgU30RAzPmID6BgasgB0N53+MqHHRulTP1KmQqRT9fdEygKtx4FnOrPL9aKXif95nQT9i24qwjhBCPlskZ9IihHNgqF9oYCjHBvCuBLmVsqHTDGOJr6CCcFZfHmZNE8rTrVSvT0r1y7nceTJESmRE+KQc1IjN6ROGoSTR/JMXsmb9WS9WO/Wx6w1Z81nDskfWJ8/cCibVA==</latexit>

D0 → ↑
<latexit sha1_base64="HlAr8YpsF6ufa5b8F8ez1/doeLQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCh1oSkepFKHrxWKFf0Iay2WzapZts2J2IpfSvePGgiFf/iDf/jds2B219MPB4b4aZeX4iuAbH+bZya+sbm1v57cLO7t7+gX1YbGmZKsqaVAqpOj7RTPCYNYGDYJ1EMRL5grX90d3Mbz8ypbmMGzBOmBeRQcxDTgkYqW8X4cYpu2XcE4EEXcaNc7dvl5yKMwdeJW5GSihDvW9/9QJJ04jFQAXRuus6CXgTooBTwaaFXqpZQuiIDFjX0JhETHuT+e1TfGqUAIdSmYoBz9XfExMSaT2OfNMZERjqZW8m/ud1UwivvQmPkxRYTBeLwlRgkHgWBA64YhTE2BBCFTe3YjokilAwcRVMCO7yy6ukdVFxq5Xqw2WpdpvFkUfH6ASdIRddoRq6R3XURBQ9oWf0it6sqfVivVsfi9aclc0coT+wPn8A7wGSdA==</latexit>

t = 0, 1, . . . , T → 1

Update surrogate uncertainty     from<latexit sha1_base64="3TouhcGIvhxRgy+tqugKICagv1U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTs+IYUT72C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wcu8pAV</latexit>ωt
<latexit sha1_base64="ZLn7wrTR/0YEh2eg7tgiqAoV4Ek=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BPXiMYB6QLGF2MpsMmX040xsIS77DiwdFvPox3vwbZ5M9aGLBQFHVTdeUF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2NbzO/PeFKiyh8xGnM3YAOQ+ELRtFIbi+gOGJUpnezPvbLFbtqz0FWiZOTCuRo9MtfvUHEkoCHyCTVuuvYMbopVSiY5LNSL9E8pmxMh7xraEgDrt10HnpGzowyIH6kzAuRzNXfGykNtJ4GnpnMQuplLxP/87oJ+tduKsI4QR6yxSE/kQQjkjVABkJxhnJqCGVKmKyEjaiiDE1PJVOCs/zlVdK6qDq1au3hslK/yesowgmcwjk4cAV1uIcGNIHBEzzDK7xZE+vFerc+FqMFK985hj+wPn8AC46STA==</latexit>Dt

Self-generate: 

Query verifier
<latexit sha1_base64="nD1JfzqEI2KXuvTYMpeuNOEPF6M=">AAACB3icbVDJSgNBEO2JW4xb1KMgjUGICGFGJHoMevEYwSyQCaGnU0ma9Cx01wSHITcv/ooXD4p49Re8+Td2loNGHxQ83quiqp4XSaHRtr+szNLyyupadj23sbm1vZPf3avrMFYcajyUoWp6TIMUAdRQoIRmpID5noSGN7ye+I0RKC3C4A6TCNo+6weiJzhDI3Xyh0knxVNn7PYBNXVRyC7QUfF+pp508gW7ZE9B/xJnTgpkjmon/+l2Qx77ECCXTOuWY0fYTplCwSWMc26sIWJ8yPrQMjRgPuh2Ov1jTI+N0qW9UJkKkE7VnxMp87VOfM90+gwHetGbiP95rRh7l+1UBFGMEPDZol4sKYZ0EgrtCgUcZWII40qYWykfMMU4muhyJgRn8eW/pH5Wcsql8u15oXI1jyNLDsgRKRKHXJAKuSFVUiOcPJAn8kJerUfr2Xqz3metGWs+s09+wfr4BtG1mKU=</latexit>

yt+1 → ṽ(xt+1)
<latexit sha1_base64="RYMB8U3Ohaw7CxEKnIUyPyWomoI=">AAACJ3icbVDLSgMxFM3UV62vUZdugkWoKGVGpLqSoi5cVrAP6JSSSdM2NPMguSMOQ//Gjb/iRlARXfonZjpd1OqBwOGcc8m9xw0FV2BZX0ZuYXFpeSW/Wlhb39jcMrd3GiqIJGV1GohAtlyimOA+qwMHwVqhZMRzBWu6o6vUb94zqXjg30Ecso5HBj7vc0pAS13zwvEIDCkR+LqbwJE9xs6AgcIzMjg0CrGTlB6yxDGOM3LojLtm0SpbE+C/xJ6SIpqi1jVfnV5AI4/5QAVRqm1bIXQSIoFTwcYFJ1IsJHREBqytqU88pjrJ5M4xPtBKD/cDqZ8PeKLOTiTEUyr2XJ1M11fzXir+57Uj6J93Eu6HETCfZh/1I4EhwGlpuMcloyBiTQiVXO+K6ZBIQkFXW9Al2PMn/yWNk7JdKVduT4vVy2kdebSH9lEJ2egMVdENqqE6ougRPaM39G48GS/Gh/GZRXPGdGYX/YLx/QM5eKTv</latexit>

Dt+1 → Dt ↑ {(xt+1, yt+1)}
<latexit sha1_base64="GwzWIscOAuaQrtDIpJ1rJEpH32Y=">AAACK3icbVDJSgNBFOxxN25Rj14ag6AoYUZEPYqKeFQwKmRCeNN5SRp7FrrfqGGY//Hir3jQgwte/Q87C+JW0FBU1aPfqyBR0pDrvjpDwyOjY+MTk4Wp6ZnZueL8wrmJUy2wImIV68sADCoZYYUkKbxMNEIYKLwIrg66/sU1aiPj6Iw6CdZCaEWyKQWQlerFfZ/aSFDPaN3L/RaS4T7hLRmRVZIGEB6p+CZf/UrlG34I1Bag+GF/aK1eLLlltwf+l3gDUmIDnNSLj34jFmmIEQkFxlQ9N6FaBpqkUJgX/NRgAuIKWli1NIIQTS3r3ZrzFas0eDPW9kXEe+r3iQxCYzphYJPdRc1vryv+51VTau7WMhklKWEk+h81U8Up5t3ieENqFKQ6loDQ0u7KRRs0CLL1FmwJ3u+T/5LzzbK3Xd4+3Srt7Q/qmGBLbJmtMo/tsD12zE5YhQl2xx7YM3tx7p0n581570eHnMHMIvsB5+MTkc+odw==</latexit>

ωt+1 → UpdateFlow(ωt,Dt+1)

<latexit sha1_base64="i8XcHU5ppzejjth6DB0X6AMMu7k=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r9Avadcmm2TY0yS7JrFKW/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMvTAQ34LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqylo0FrHuhsQwwRVrAQfBuolmRIaCdcLx7czvPDJteKyaMEmYL8lQ8YhTAlZ66Ms0yPowYkCC5jQoV9yqOwdeJV5OKihHIyh/9QcxTSVTQAUxpue5CfgZ0cCpYNNSPzUsIXRMhqxnqSKSGT+bXz3FZ1YZ4CjWthTgufp7IiPSmIkMbackMDLL3kz8z+ulEF37GVdJCkzRxaIoFRhiPIsAD7hmFMTEEkI1t7diOiKaULBBlWwI3vLLq6R9UfVq1dr9ZaV+k8dRRCfoFJ0jD12hOrpDDdRCFGn0jF7Rm/PkvDjvzseiteDkM8foD5zPH+frkss=</latexit>µωT
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Theoretical Guarantees for Out-of-Distribution Flow Modeling

<latexit sha1_base64="rkyuYem/TNmjNqRe/dOnsVdggUQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIpYhDuRaCna2KlgTCAXw9xmkizZ+2B3TgxH/oGNf8XGQhFbWzv/jZuPQqMPBh7vzTAzL0iUNOS6X87U9Mzs3PzCYm5peWV1Lb++cWPiVAssi1jFuhqAQSUjLJMkhdVEI4SBwkrQPRv4lTvURsbRNfUSrIfQjmRLCiArNfK7/kWIbWhkPnWQoH/rE6TchyTR8T0fmbf7vJEvuEV3CP6XeGNSYGNcNvKffjMWaYgRCQXG1Dw3oXoGmqRQ2M/5qcEERBfaWLM0ghBNPRv+0+c7VmnyVqxtRcSH6s+JDEJjemFgO0Ogjpn0BuJ/Xi2l1nE9k1GSEkZitKiVKk4xH4TDm1KjINWzBISW9lYuOqBBkI0wZ0PwJl/+S24Oil6pWLo6LJycjuNYYFtsm+0xjx2xE3bOLlmZCfbAntgLe3UenWfnzXkftU4545lN9gvOxzelL5xn</latexit>

!ω
ε → !→<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata

Distribution matching Design space coverage

62

Generative modeling beyond data distribution matching
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Theoretical Guarantees for Out-of-Distribution Flow Modeling

Theorem (Informal, generable representation set covers reachable set). 
Fix              and an integer               . Then, with

By running ActFlow, it holds with probability at least             that after                 
       verified samples:    
        

<latexit sha1_base64="ThML0DhYAKahnqW/ChySMVIb57M=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqZ6k6MVjBfsB3aVk02wbmk1CkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hME9okkkvdibGhnAnatMxy2lGa4jTmtB2P7mZ++4lqw6R4tGNFoxQPBEsYwdZJYUiVYVwKdIP8XrniV/050CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp+jMKX2USO1KWDRXf09McGrMOI1dZ4rt0Cx7M/E/r5vZ5DqaMKEySwVZLEoyjqxEswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmldVINatfZwWanf5nEU4QRO4RwCuII63EMDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QP6UpEB</latexit>

ω > 0
<latexit sha1_base64="zHadvURH1phmYx557UFP+ZcnXaE=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwxkUcCGzI7NDBhdnaZmTUhG37CiweN8ervePNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+7nfekKleSQfzTRGP6RDyQecUWOldo10hzghXq9YcsvuAmSdeBkpQYZ6r/jV7UcsCVEaJqjWHc+NjZ9SZTgTOCt0E40xZWM6xI6lkoao/XRx74xcWKVPBpGyJQ1ZqL8nUhpqPQ0D2xlSM9Kr3lz8z+skZnDrp1zGiUHJlosGiSAmIvPnSZ8rZEZMLaFMcXsrYSOqKDM2ooINwVt9eZ00r8pepVx5uC5V77I48nAG53AJHtxAFWpQhwYwEPAMr/DmTJwX5935WLbmnGzmFP7A+fwBwyaPJw==</latexit>

H → 1
<latexit sha1_base64="BxzLY5iu4vi7fe0/3F35gw33GhU="></latexit>

T ω ↭
(
ωε!ω

HT→

ϑ

)2

<latexit sha1_base64="+glJMgFIJO1/22bGFl47Xgw5R1k=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2iltnfeDblE2iuV3Yo7A1kmXk7KkKPeK311w4RlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs3gk5tUpIokTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZRtf+WKg0Q67YfFGUSYIJmT5PQqE5QzmyhDIt7K2EDaimDG1ERRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx9v6I+Z</latexit>

1→ ω
<latexit sha1_base64="zA7sAfxUVxXNfECBcCAD6kUVy8o=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGzAuSNcxOZpMhs7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZm4rv72zu7dfODhsmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGt1O/+cS1EbGq4SjhfkT7SoSCUbTSQ+3xvFsouiV3BrJMvIwUIUO1W/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz2x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5PGRckrl8r3l8XKTRZHDo7hBM7AgyuowB1UoQ4M+vAMr/DmSOfFeXc+5q0rTjZzBH/gfP4AzDqNfw==</latexit>

T →

<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω
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Theoretical Guarantees for Out-of-Distribution Flow Modeling

Theorem (Informal, generable representation set covers reachable set). 
Fix              and an integer               . Then, with

By running ActFlow, it holds with probability at least             that after                 
       verified samples:    
        

<latexit sha1_base64="ThML0DhYAKahnqW/ChySMVIb57M=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqZ6k6MVjBfsB3aVk02wbmk1CkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hME9okkkvdibGhnAnatMxy2lGa4jTmtB2P7mZ++4lqw6R4tGNFoxQPBEsYwdZJYUiVYVwKdIP8XrniV/050CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp+jMKX2USO1KWDRXf09McGrMOI1dZ4rt0Cx7M/E/r5vZ5DqaMKEySwVZLEoyjqxEswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmldVINatfZwWanf5nEU4QRO4RwCuII63EMDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QP6UpEB</latexit>

ω > 0
<latexit sha1_base64="zHadvURH1phmYx557UFP+ZcnXaE=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwxkUcCGzI7NDBhdnaZmTUhG37CiweN8ervePNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+7nfekKleSQfzTRGP6RDyQecUWOldo10hzghXq9YcsvuAmSdeBkpQYZ6r/jV7UcsCVEaJqjWHc+NjZ9SZTgTOCt0E40xZWM6xI6lkoao/XRx74xcWKVPBpGyJQ1ZqL8nUhpqPQ0D2xlSM9Kr3lz8z+skZnDrp1zGiUHJlosGiSAmIvPnSZ8rZEZMLaFMcXsrYSOqKDM2ooINwVt9eZ00r8pepVx5uC5V77I48nAG53AJHtxAFWpQhwYwEPAMr/DmTJwX5935WLbmnGzmFP7A+fwBwyaPJw==</latexit>

H → 1
<latexit sha1_base64="BxzLY5iu4vi7fe0/3F35gw33GhU="></latexit>

T ω ↭
(
ωε!ω

HT→

ϑ

)2

<latexit sha1_base64="+glJMgFIJO1/22bGFl47Xgw5R1k=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2iltnfeDblE2iuV3Yo7A1kmXk7KkKPeK311w4RlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs3gk5tUpIokTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZRtf+WKg0Q67YfFGUSYIJmT5PQqE5QzmyhDIt7K2EDaimDG1ERRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx9v6I+Z</latexit>

1→ ω
<latexit sha1_base64="zA7sAfxUVxXNfECBcCAD6kUVy8o=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGzAuSNcxOZpMhs7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZm4rv72zu7dfODhsmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGt1O/+cS1EbGq4SjhfkT7SoSCUbTSQ+3xvFsouiV3BrJMvIwUIUO1W/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz2x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5PGRckrl8r3l8XKTRZHDo7hBM7AgyuowB1UoQ4M+vAMr/DmSOfFeXc+5q0rTjZzBH/gfP4AzDqNfw==</latexit>

T →

<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω
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generable representation set
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Theoretical Guarantees for Out-of-Distribution Flow Modeling

Theorem (Informal, generable representation set covers reachable set). 
Fix              and an integer               . Then, with

By running ActFlow, it holds with probability at least             that after                 
       verified samples:    
        

<latexit sha1_base64="ThML0DhYAKahnqW/ChySMVIb57M=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqZ6k6MVjBfsB3aVk02wbmk1CkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hME9okkkvdibGhnAnatMxy2lGa4jTmtB2P7mZ++4lqw6R4tGNFoxQPBEsYwdZJYUiVYVwKdIP8XrniV/050CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp+jMKX2USO1KWDRXf09McGrMOI1dZ4rt0Cx7M/E/r5vZ5DqaMKEySwVZLEoyjqxEswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmldVINatfZwWanf5nEU4QRO4RwCuII63EMDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QP6UpEB</latexit>

ω > 0
<latexit sha1_base64="zHadvURH1phmYx557UFP+ZcnXaE=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwxkUcCGzI7NDBhdnaZmTUhG37CiweN8ervePNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+7nfekKleSQfzTRGP6RDyQecUWOldo10hzghXq9YcsvuAmSdeBkpQYZ6r/jV7UcsCVEaJqjWHc+NjZ9SZTgTOCt0E40xZWM6xI6lkoao/XRx74xcWKVPBpGyJQ1ZqL8nUhpqPQ0D2xlSM9Kr3lz8z+skZnDrp1zGiUHJlosGiSAmIvPnSZ8rZEZMLaFMcXsrYSOqKDM2ooINwVt9eZ00r8pepVx5uC5V77I48nAG53AJHtxAFWpQhwYwEPAMr/DmTJwX5935WLbmnGzmFP7A+fwBwyaPJw==</latexit>

H → 1
<latexit sha1_base64="BxzLY5iu4vi7fe0/3F35gw33GhU="></latexit>

T ω ↭
(
ωε!ω

HT→

ϑ

)2

<latexit sha1_base64="+glJMgFIJO1/22bGFl47Xgw5R1k=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2iltnfeDblE2iuV3Yo7A1kmXk7KkKPeK311w4RlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs3gk5tUpIokTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZRtf+WKg0Q67YfFGUSYIJmT5PQqE5QzmyhDIt7K2EDaimDG1ERRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx9v6I+Z</latexit>

1→ ω
<latexit sha1_base64="zA7sAfxUVxXNfECBcCAD6kUVy8o=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGzAuSNcxOZpMhs7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZm4rv72zu7dfODhsmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGt1O/+cS1EbGq4SjhfkT7SoSCUbTSQ+3xvFsouiV3BrJMvIwUIUO1W/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz2x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5PGRckrl8r3l8XKTRZHDo7hBM7AgyuowB1UoQ4M+vAMr/DmSOfFeXc+5q0rTjZzBH/gfP4AzDqNfw==</latexit>

T →

<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω

65

generable representation set

<latexit sha1_base64="20ZJ5SsCtQeOxjxd/6mdLjvV6cA="></latexit>

Rω(S) := {z → Z : ↑z→ → S s.t. s(g(z→))↓ LsLgd(z, z
→)↓ ω ↔ h}

reachable set given H-fold recursive application of one-step reachability operator over flow representation:
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Theoretical Guarantees for Out-of-Distribution Flow Modeling

Theorem (Informal, generable representation set covers reachable set). 
Fix              and an integer               . Then, with

By running ActFlow, it holds with probability at least             that after                 
       verified samples:    
        

<latexit sha1_base64="ThML0DhYAKahnqW/ChySMVIb57M=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqZ6k6MVjBfsB3aVk02wbmk1CkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hME9okkkvdibGhnAnatMxy2lGa4jTmtB2P7mZ++4lqw6R4tGNFoxQPBEsYwdZJYUiVYVwKdIP8XrniV/050CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp+jMKX2USO1KWDRXf09McGrMOI1dZ4rt0Cx7M/E/r5vZ5DqaMKEySwVZLEoyjqxEswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmldVINatfZwWanf5nEU4QRO4RwCuII63EMDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QP6UpEB</latexit>

ω > 0
<latexit sha1_base64="zHadvURH1phmYx557UFP+ZcnXaE=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwxkUcCGzI7NDBhdnaZmTUhG37CiweN8ervePNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+7nfekKleSQfzTRGP6RDyQecUWOldo10hzghXq9YcsvuAmSdeBkpQYZ6r/jV7UcsCVEaJqjWHc+NjZ9SZTgTOCt0E40xZWM6xI6lkoao/XRx74xcWKVPBpGyJQ1ZqL8nUhpqPQ0D2xlSM9Kr3lz8z+skZnDrp1zGiUHJlosGiSAmIvPnSZ8rZEZMLaFMcXsrYSOqKDM2ooINwVt9eZ00r8pepVx5uC5V77I48nAG53AJHtxAFWpQhwYwEPAMr/DmTJwX5935WLbmnGzmFP7A+fwBwyaPJw==</latexit>

H → 1
<latexit sha1_base64="BxzLY5iu4vi7fe0/3F35gw33GhU="></latexit>

T ω ↭
(
ωε!ω

HT→

ϑ

)2

<latexit sha1_base64="+glJMgFIJO1/22bGFl47Xgw5R1k=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2iltnfeDblE2iuV3Yo7A1kmXk7KkKPeK311w4RlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs3gk5tUpIokTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZRtf+WKg0Q67YfFGUSYIJmT5PQqE5QzmyhDIt7K2EDaimDG1ERRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx9v6I+Z</latexit>

1→ ω
<latexit sha1_base64="zA7sAfxUVxXNfECBcCAD6kUVy8o=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGzAuSNcxOZpMhs7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZm4rv72zu7dfODhsmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGt1O/+cS1EbGq4SjhfkT7SoSCUbTSQ+3xvFsouiV3BrJMvIwUIUO1W/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz2x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5PGRckrl8r3l8XKTRZHDo7hBM7AgyuowB1UoQ4M+vAMr/DmSOfFeXc+5q0rTjZzBH/gfP4AzDqNfw==</latexit>

T →

<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω

<latexit sha1_base64="ogBgfg9an+A5jX+2ijaR3NX/DTU="></latexit>

ωA
t ↭ max

z1,...,zt→A

1

2
log det

(
It + (εϑ)↑1Kt

)
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maximum information gain

captures laws of nature complexity

generable representation set

<latexit sha1_base64="20ZJ5SsCtQeOxjxd/6mdLjvV6cA="></latexit>

Rω(S) := {z → Z : ↑z→ → S s.t. s(g(z→))↓ LsLgd(z, z
→)↓ ω ↔ h}

reachable set given H-fold recursive application of one-step reachability operator over flow representation:
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Theoretical Guarantees for Out-of-Distribution Flow Modeling

Allows to identify structural conditions and statistical complexity for:

valid design space generable set on 
<latexit sha1_base64="fDOLwOcAA+yedyTcERK5GoVcJuo=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBPqANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE24H9GREqFgFK3U60cUx4zKrDsbVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQn6GdUomOSzcj81PKFsQke8Z6miETd+No88I+dWGZIw1vYpJHP190ZGI2OmUWAn84hm2cvF/7xeiuGNnwmVpMgVW3wUppJgTPL7yVBozlBOLaFMC5uVsDHVlKFtqWxL8JZPXiXty5pXr9UfrqqN26KOEpzCGVyAB9fQgHtoQgsYxPAMr/DmoPPivDsfi9E1p9g5gT9wPn8AltOReQ==</latexit>X
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Theorem (Informal, generable representation set covers reachable set). 
Fix              and an integer               . Then, with

By running ActFlow, it holds with probability at least             that after                 
       verified samples:    
        

<latexit sha1_base64="ThML0DhYAKahnqW/ChySMVIb57M=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqZ6k6MVjBfsB3aVk02wbmk1CkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hME9okkkvdibGhnAnatMxy2lGa4jTmtB2P7mZ++4lqw6R4tGNFoxQPBEsYwdZJYUiVYVwKdIP8XrniV/050CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp+jMKX2USO1KWDRXf09McGrMOI1dZ4rt0Cx7M/E/r5vZ5DqaMKEySwVZLEoyjqxEswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmldVINatfZwWanf5nEU4QRO4RwCuII63EMDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QP6UpEB</latexit>

ω > 0
<latexit sha1_base64="zHadvURH1phmYx557UFP+ZcnXaE=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwxkUcCGzI7NDBhdnaZmTUhG37CiweN8ervePNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+7nfekKleSQfzTRGP6RDyQecUWOldo10hzghXq9YcsvuAmSdeBkpQYZ6r/jV7UcsCVEaJqjWHc+NjZ9SZTgTOCt0E40xZWM6xI6lkoao/XRx74xcWKVPBpGyJQ1ZqL8nUhpqPQ0D2xlSM9Kr3lz8z+skZnDrp1zGiUHJlosGiSAmIvPnSZ8rZEZMLaFMcXsrYSOqKDM2ooINwVt9eZ00r8pepVx5uC5V77I48nAG53AJHtxAFWpQhwYwEPAMr/DmTJwX5935WLbmnGzmFP7A+fwBwyaPJw==</latexit>

H → 1
<latexit sha1_base64="BxzLY5iu4vi7fe0/3F35gw33GhU="></latexit>

T ω ↭
(
ωε!ω

HT→

ϑ

)2

<latexit sha1_base64="+glJMgFIJO1/22bGFl47Xgw5R1k=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2iltnfeDblE2iuV3Yo7A1kmXk7KkKPeK311w4RlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs3gk5tUpIokTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZRtf+WKg0Q67YfFGUSYIJmT5PQqE5QzmyhDIt7K2EDaimDG1ERRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx9v6I+Z</latexit>

1→ ω
<latexit sha1_base64="zA7sAfxUVxXNfECBcCAD6kUVy8o=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGzAuSNcxOZpMhs7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZm4rv72zu7dfODhsmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGt1O/+cS1EbGq4SjhfkT7SoSCUbTSQ+3xvFsouiV3BrJMvIwUIUO1W/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz2x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5PGRckrl8r3l8XKTRZHDo7hBM7AgyuowB1UoQ4M+vAMr/DmSOfFeXc+5q0rTjZzBH/gfP4AzDqNfw==</latexit>

T →

<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω
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Theoretical Guarantees for Out-of-Distribution Flow Modeling

Takeaway

ActFlow allows to build (generable) 
set-theoretic guarantees for out-of-
distribution flow modeling.

<latexit sha1_base64="rkyuYem/TNmjNqRe/dOnsVdggUQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIpYhDuRaCna2KlgTCAXw9xmkizZ+2B3TgxH/oGNf8XGQhFbWzv/jZuPQqMPBh7vzTAzL0iUNOS6X87U9Mzs3PzCYm5peWV1Lb++cWPiVAssi1jFuhqAQSUjLJMkhdVEI4SBwkrQPRv4lTvURsbRNfUSrIfQjmRLCiArNfK7/kWIbWhkPnWQoH/rE6TchyTR8T0fmbf7vJEvuEV3CP6XeGNSYGNcNvKffjMWaYgRCQXG1Dw3oXoGmqRQ2M/5qcEERBfaWLM0ghBNPRv+0+c7VmnyVqxtRcSH6s+JDEJjemFgO0Ogjpn0BuJ/Xi2l1nE9k1GSEkZitKiVKk4xH4TDm1KjINWzBISW9lYuOqBBkI0wZ0PwJl/+S24Oil6pWLo6LJycjuNYYFtsm+0xjx2xE3bOLlmZCfbAntgLe3UenWfnzXkftU4545lN9gvOxzelL5xn</latexit>

!ω
ε → !→<latexit sha1_base64="lGT2BsdycxnUQchDvRedTPxawX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugjWUE8wFJPOY2m2TJ3t2yOyeGI4WNf8XGQhFbf4Sd/8bNR6GJDwYe780wMy9QUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omTjTjNRbLWDcDMFyKiNdQoORNpTmEgeSNYHg18Rv3XBsRR7c4UrwTQj8SPcEAreTnC8r37to44Ai0DUrp+IEqP+0CwtjPF92SOwVdJt6cFMkcVT//1e7GLAl5hEyCMS3PVdhJQaNgko9z7cRwBWwIfd6yNIKQm046fWJMj63Spb1Y24qQTtXfEymExozCwHaGgAOz6E3E/7xWgr2LTioilSCP2GxRL5EUYzpJhHaF5gzlyBJgWthbKRuABoY2t5wNwVt8eZnUT0teuVS+OStWLudxZEmBHJET4pFzUiHXpEpqhJFH8kxeyZvz5Lw4787HrDXjzGcOyR84nz+3Jpgr</latexit>

pω1 → pdata

Distribution matching Design space coverage

68

Theorem (Informal, generable representation set covers reachable set). 
Fix              and an integer               . Then, with

By running ActFlow, it holds with probability at least             that after                 
       verified samples:    
        

<latexit sha1_base64="ThML0DhYAKahnqW/ChySMVIb57M=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqZ6k6MVjBfsB3aVk02wbmk1CkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hME9okkkvdibGhnAnatMxy2lGa4jTmtB2P7mZ++4lqw6R4tGNFoxQPBEsYwdZJYUiVYVwKdIP8XrniV/050CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp+jMKX2USO1KWDRXf09McGrMOI1dZ4rt0Cx7M/E/r5vZ5DqaMKEySwVZLEoyjqxEswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmldVINatfZwWanf5nEU4QRO4RwCuII63EMDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QP6UpEB</latexit>

ω > 0
<latexit sha1_base64="zHadvURH1phmYx557UFP+ZcnXaE=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwxkUcCGzI7NDBhdnaZmTUhG37CiweN8ervePNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+7nfekKleSQfzTRGP6RDyQecUWOldo10hzghXq9YcsvuAmSdeBkpQYZ6r/jV7UcsCVEaJqjWHc+NjZ9SZTgTOCt0E40xZWM6xI6lkoao/XRx74xcWKVPBpGyJQ1ZqL8nUhpqPQ0D2xlSM9Kr3lz8z+skZnDrp1zGiUHJlosGiSAmIvPnSZ8rZEZMLaFMcXsrYSOqKDM2ooINwVt9eZ00r8pepVx5uC5V77I48nAG53AJHtxAFWpQhwYwEPAMr/DmTJwX5935WLbmnGzmFP7A+fwBwyaPJw==</latexit>

H → 1
<latexit sha1_base64="BxzLY5iu4vi7fe0/3F35gw33GhU="></latexit>

T ω ↭
(
ωε!ω

HT→

ϑ

)2

<latexit sha1_base64="+glJMgFIJO1/22bGFl47Xgw5R1k=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2iltnfeDblE2iuV3Yo7A1kmXk7KkKPeK311w4RlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs3gk5tUpIokTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZRtf+WKg0Q67YfFGUSYIJmT5PQqE5QzmyhDIt7K2EDaimDG1ERRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx9v6I+Z</latexit>

1→ ω
<latexit sha1_base64="zA7sAfxUVxXNfECBcCAD6kUVy8o=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGzAuSNcxOZpMhs7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZm4rv72zu7dfODhsmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGt1O/+cS1EbGq4SjhfkT7SoSCUbTSQ+3xvFsouiV3BrJMvIwUIUO1W/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz2x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5PGRckrl8r3l8XKTRZHDo7hBM7AgyuowB1UoQ4M+vAMr/DmSOfFeXc+5q0rTjZzBH/gfP4AzDqNfw==</latexit>

T →

<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω

Toward a (learning) theory of (generative) discovery
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ActFlow for Chemical and Biological Generative Discovery
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ActFlow for Small Organic and Drug-like Molecules
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ActFlow for Therapeutic Peptides and Protein Design

Takeaway

ActFlow allows to actively expand 
pre-trained biochemical flow and 
diffusion models over OOD regions.

71



Active Generative Models for Out-of-Distribution Discovery: from Theory to MoleculesRiccardo De Santi

Out-of-Distribution 
Flow Modeling

Research Program
Foundations of Generative Discovery Beyond the Data
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Out-of-Distribution 
Flow Modeling

Data Debiasing and 
Hidden Mode Discovery

Research Program
Foundations of Generative Discovery Beyond the Data

<latexit sha1_base64="FCPXsNEUv8jepMnPxEfCQsefeL0="></latexit>

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

High-value rare structure 
generation 
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