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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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DISCRETE  (e.g.,                                )
<latexit sha1_base64="fUIwjkHxtV5fyLOKufR8l9t9cVI=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgopREpLoRim7cWcE+oAnhZjJth04mYWYilNCVG3/FjQtF3PoN7vwbp4+Fth64cDjnXu69J0g4U9q2v63c0vLK6lp+vbCxubW9U9zda6o4lYQ2SMxj2Q5AUc4EbWimOW0nkkIUcNoKBtdjv/VApWKxuNfDhHoR9ATrMgLaSH7x0L2NaA/wJXYz8J0ydnkYa1XG4At35BdLdsWeAC8SZ0ZKaIa6X/xyw5ikERWacFCq49iJ9jKQmhFORwU3VTQBMoAe7RgqIKLKyyZvjPCxUULcjaUpofFE/T2RQaTUMApMZwS6r+a9sfif10l198LLmEhSTQWZLuqmHOsYjzPBIZOUaD40BIhk5lZM+iCBaJNcwYTgzL+8SJqnFadaqd6dlWpXszjy6AAdoRPkoHNUQzeojhqIoEf0jF7Rm/VkvVjv1se0NWfNZvbRH1ifP+U+l4M=</latexit>

⌦ = {a1, . . . , an} CONTINUOUS  (e.g.,                     )
<latexit sha1_base64="gv629KJPolkuImHNOSnSSa2mr9g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiUt0IRTfurGAfkMYymUzaoTNJmJkUSuifuHGhiFv/xJ1/4/Sx0NYDFw7n3Mu99wQpZ0o7zrdVWFldW98obpa2tnd29+z9g6ZKMklogyQ8ke0AK8pZTBuaaU7bqaRYBJy2gsHtxG8NqVQsiR/1KKW+wL2YRYxgbaSubXfuBe1hdI0858z1n8KuXXYqzhRombhzUoY56l37qxMmJBM01oRjpTzXSbWfY6kZ4XRc6mSKppgMcI96hsZYUOXn08vH6MQoIYoSaSrWaKr+nsixUGokAtMpsO6rRW8i/ud5mY6u/JzFaaZpTGaLoowjnaBJDChkkhLNR4ZgIpm5FZE+lphoE1bJhOAuvrxMmucVt1qpPlyUazfzOIpwBMdwCi5cQg3uoA4NIDCEZ3iFNyu3Xqx362PWWrDmM4fwB9bnDzyukh8=</latexit>

⌦ = [0, 1]d

10

<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
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DISCRETE  (e.g.,                                )

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

<latexit sha1_base64="fUIwjkHxtV5fyLOKufR8l9t9cVI=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgopREpLoRim7cWcE+oAnhZjJth04mYWYilNCVG3/FjQtF3PoN7vwbp4+Fth64cDjnXu69J0g4U9q2v63c0vLK6lp+vbCxubW9U9zda6o4lYQ2SMxj2Q5AUc4EbWimOW0nkkIUcNoKBtdjv/VApWKxuNfDhHoR9ATrMgLaSH7x0L2NaA/wJXYz8J0ydnkYa1XG4At35BdLdsWeAC8SZ0ZKaIa6X/xyw5ikERWacFCq49iJ9jKQmhFORwU3VTQBMoAe7RgqIKLKyyZvjPCxUULcjaUpofFE/T2RQaTUMApMZwS6r+a9sfif10l198LLmEhSTQWZLuqmHOsYjzPBIZOUaD40BIhk5lZM+iCBaJNcwYTgzL+8SJqnFadaqd6dlWpXszjy6AAdoRPkoHNUQzeojhqIoEf0jF7Rm/VkvVjv1se0NWfNZvbRH1ifP+U+l4M=</latexit>

⌦ = {a1, . . . , an} CONTINUOUS  (e.g.,                     )
<latexit sha1_base64="gv629KJPolkuImHNOSnSSa2mr9g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiUt0IRTfurGAfkMYymUzaoTNJmJkUSuifuHGhiFv/xJ1/4/Sx0NYDFw7n3Mu99wQpZ0o7zrdVWFldW98obpa2tnd29+z9g6ZKMklogyQ8ke0AK8pZTBuaaU7bqaRYBJy2gsHtxG8NqVQsiR/1KKW+wL2YRYxgbaSubXfuBe1hdI0858z1n8KuXXYqzhRombhzUoY56l37qxMmJBM01oRjpTzXSbWfY6kZ4XRc6mSKppgMcI96hsZYUOXn08vH6MQoIYoSaSrWaKr+nsixUGokAtMpsO6rRW8i/ud5mY6u/JzFaaZpTGaLoowjnaBJDChkkhLNR4ZgIpm5FZE+lphoE1bJhOAuvrxMmucVt1qpPlyUazfzOIpwBMdwCi5cQg3uoA4NIDCEZ3iFNyu3Xqx362PWWrDmM4fwB9bnDzyukh8=</latexit>

⌦ = [0, 1]d

11

<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
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DISCRETE  (e.g.,                                )

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

<latexit sha1_base64="fUIwjkHxtV5fyLOKufR8l9t9cVI=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgopREpLoRim7cWcE+oAnhZjJth04mYWYilNCVG3/FjQtF3PoN7vwbp4+Fth64cDjnXu69J0g4U9q2v63c0vLK6lp+vbCxubW9U9zda6o4lYQ2SMxj2Q5AUc4EbWimOW0nkkIUcNoKBtdjv/VApWKxuNfDhHoR9ATrMgLaSH7x0L2NaA/wJXYz8J0ydnkYa1XG4At35BdLdsWeAC8SZ0ZKaIa6X/xyw5ikERWacFCq49iJ9jKQmhFORwU3VTQBMoAe7RgqIKLKyyZvjPCxUULcjaUpofFE/T2RQaTUMApMZwS6r+a9sfif10l198LLmEhSTQWZLuqmHOsYjzPBIZOUaD40BIhk5lZM+iCBaJNcwYTgzL+8SJqnFadaqd6dlWpXszjy6AAdoRPkoHNUQzeojhqIoEf0jF7Rm/VkvVjv1se0NWfNZvbRH1ifP+U+l4M=</latexit>

⌦ = {a1, . . . , an} CONTINUOUS  (e.g.,                     )
<latexit sha1_base64="gv629KJPolkuImHNOSnSSa2mr9g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiUt0IRTfurGAfkMYymUzaoTNJmJkUSuifuHGhiFv/xJ1/4/Sx0NYDFw7n3Mu99wQpZ0o7zrdVWFldW98obpa2tnd29+z9g6ZKMklogyQ8ke0AK8pZTBuaaU7bqaRYBJy2gsHtxG8NqVQsiR/1KKW+wL2YRYxgbaSubXfuBe1hdI0858z1n8KuXXYqzhRombhzUoY56l37qxMmJBM01oRjpTzXSbWfY6kZ4XRc6mSKppgMcI96hsZYUOXn08vH6MQoIYoSaSrWaKr+nsixUGokAtMpsO6rRW8i/ud5mY6u/JzFaaZpTGaLoowjnaBJDChkkhLNR4ZgIpm5FZE+lphoE1bJhOAuvrxMmucVt1qpPlyUazfzOIpwBMdwCi5cQg3uoA4NIDCEZ3iFNyu3Xqx362PWWrDmM4fwB9bnDzyukh8=</latexit>

⌦ = [0, 1]d

12

<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

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

13

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

14

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>

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

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

18

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

<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

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

Generative Modeling

Learn generative prior from data
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Generative model in-distribution reward-adaptation to improve average behavior

Current Status

Generative Modeling

Learn generative prior from data

From Generative Modeling to Generative Discovery
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Generative Discovery

Generation of rare events (structures) of exceptionally high-value and far beyond existing data

This talk

Current Status

Generative Modeling

Learn generative prior from data

From Generative Modeling to Generative Discovery

Generative model in-distribution reward-adaptation to improve average behavior
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Data Debiasing and 
Hidden Mode Discovery

Out-of-Distribution 
Flow Modeling

Part I Part II Part III

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

Tail-Aware Reward 
Adaptation
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<latexit sha1_base64="FCPXsNEUv8jepMnPxEfCQsefeL0="></latexit>

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]
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Tail-Aware Reward 
Adaptation
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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
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Diffusion and Flow Modeling

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)
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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
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Diffusion and Flow Modeling

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)
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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
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Diffusion and Flow Modeling

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)
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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
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Diffusion and Flow Modeling

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo 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
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Diffusion and Flow Modeling

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo 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
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<latexit sha1_base64="AdN3wzmCHOzVH3PcBpcYll71C7g=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scyIVBGEohuXFewD2jrcyaRtaGYmJBmxDPMVbvwVNy4UcSvu/BvTdhbaeiBwcs49JPd4gjOlbfvbyi0sLi2v5FcLa+sbm1vF7Z2GimJJaJ1EPJItDxTlLKR1zTSnLSEpBB6nTW94Nfab91QqFoW3eiRoN4B+yHqMgDaSWzwSd4kJpK6Dzy+wuXQEmypjqQNCyOgBCzfxQUPqFkt22Z4AzxMnIyWUoeYWvzp+ROKAhppwUKrt2EJ3E5CaEU7TQidWVAAZQp+2DQ0hoKqbTNZK8YFRfNyLpDmhxhP1dyKBQKlR4JnJAPRAzXpj8T+vHeveWTdhoYg1Dcn0oV7MsY7wuCPsM0mJ5iNDgEhm/orJACQQbZosmBKc2ZXnSeO47FTKlZuTUvUyqyOP9tA+OkQOOkVVdI1qqI4IekTP6BW9WU/Wi/VufUxHc1aW2UV/YH3+AGC+n4s=</latexit>

ppre1 := pω
pre

1 → pdata

Diffusion and Flow Modeling

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

Velocity field as a policy

<latexit sha1_base64="00TEkOm5ER4RcwyESInV6S2kY3A=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMSHVZdOOygn1AZxwyaaYNzWSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDJOfeQ3BOmnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEWFHOBG1qpjntpJLiOOS0HQ6vJ377gUrFEnGnRyn1Y9wXLGIEayMF9iEO9H1uImPkKRYjL2Wza2BXnKozBVokbkEqUKAR2F9eLyFZTIUmHCvVdZ1U+zmWmhFOx2UvUzTFZIj7tGuowDFVfj7dYIxOjNJDUSLNERpN1d+JHMdKjeLQTMZYD9S8NxH/87qZji79nIk001SQ2UNRxpFO0KQO1GOSEs1HhmAimfkrIgMsMdGmtLIpwZ1feZG0zqpurVq7Pa/Ur4o6SnAEx3AKLlxAHW6gAU0g8AjP8Apv1pP1Yr1bH7PRJavIHMAfWJ8/3sSXLg==</latexit>

apret → ωpre

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)

<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
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<latexit sha1_base64="AdN3wzmCHOzVH3PcBpcYll71C7g=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scyIVBGEohuXFewD2jrcyaRtaGYmJBmxDPMVbvwVNy4UcSvu/BvTdhbaeiBwcs49JPd4gjOlbfvbyi0sLi2v5FcLa+sbm1vF7Z2GimJJaJ1EPJItDxTlLKR1zTSnLSEpBB6nTW94Nfab91QqFoW3eiRoN4B+yHqMgDaSWzwSd4kJpK6Dzy+wuXQEmypjqQNCyOgBCzfxQUPqFkt22Z4AzxMnIyWUoeYWvzp+ROKAhppwUKrt2EJ3E5CaEU7TQidWVAAZQp+2DQ0hoKqbTNZK8YFRfNyLpDmhxhP1dyKBQKlR4JnJAPRAzXpj8T+vHeveWTdhoYg1Dcn0oV7MsY7wuCPsM0mJ5iNDgEhm/orJACQQbZosmBKc2ZXnSeO47FTKlZuTUvUyqyOP9tA+OkQOOkVVdI1qqI4IekTP6BW9WU/Wi/VufUxHc1aW2UV/YH3+AGC+n4s=</latexit>

ppre1 := pω
pre

1 → pdata

Reward-Guided Flow Adaptation



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

Velocity field as a policy Marginal density induced by         
<latexit sha1_base64="AdN3wzmCHOzVH3PcBpcYll71C7g=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scyIVBGEohuXFewD2jrcyaRtaGYmJBmxDPMVbvwVNy4UcSvu/BvTdhbaeiBwcs49JPd4gjOlbfvbyi0sLi2v5FcLa+sbm1vF7Z2GimJJaJ1EPJItDxTlLKR1zTSnLSEpBB6nTW94Nfab91QqFoW3eiRoN4B+yHqMgDaSWzwSd4kJpK6Dzy+wuXQEmypjqQNCyOgBCzfxQUPqFkt22Z4AzxMnIyWUoeYWvzp+ROKAhppwUKrt2EJ3E5CaEU7TQidWVAAZQp+2DQ0hoKqbTNZK8YFRfNyLpDmhxhP1dyKBQKlR4JnJAPRAzXpj8T+vHeveWTdhoYg1Dcn0oV7MsY7wuCPsM0mJ5iNDgEhm/orJACQQbZosmBKc2ZXnSeO47FTKlZuTUvUyqyOP9tA+OkQOOkVVdI1qqI4IekTP6BW9WU/Wi/VufUxHc1aW2UV/YH3+AGC+n4s=</latexit>

ppre1 := pω
pre

1 → pdata

<latexit sha1_base64="00TEkOm5ER4RcwyESInV6S2kY3A=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMSHVZdOOygn1AZxwyaaYNzWSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDJOfeQ3BOmnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEWFHOBG1qpjntpJLiOOS0HQ6vJ377gUrFEnGnRyn1Y9wXLGIEayMF9iEO9H1uImPkKRYjL2Wza2BXnKozBVokbkEqUKAR2F9eLyFZTIUmHCvVdZ1U+zmWmhFOx2UvUzTFZIj7tGuowDFVfj7dYIxOjNJDUSLNERpN1d+JHMdKjeLQTMZYD9S8NxH/87qZji79nIk001SQ2UNRxpFO0KQO1GOSEs1HhmAimfkrIgMsMdGmtLIpwZ1feZG0zqpurVq7Pa/Ur4o6SnAEx3AKLlxAHW6gAU0g8AjP8Apv1pP1Yr1bH7PRJavIHMAfWJ8/3sSXLg==</latexit>

apret → ωpre

<latexit sha1_base64="00TEkOm5ER4RcwyESInV6S2kY3A=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMSHVZdOOygn1AZxwyaaYNzWSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDJOfeQ3BOmnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEWFHOBG1qpjntpJLiOOS0HQ6vJ377gUrFEnGnRyn1Y9wXLGIEayMF9iEO9H1uImPkKRYjL2Wza2BXnKozBVokbkEqUKAR2F9eLyFZTIUmHCvVdZ1U+zmWmhFOx2UvUzTFZIj7tGuowDFVfj7dYIxOjNJDUSLNERpN1d+JHMdKjeLQTMZYD9S8NxH/87qZji79nIk001SQ2UNRxpFO0KQO1GOSEs1HhmAimfkrIgMsMdGmtLIpwZ1feZG0zqpurVq7Pa/Ur4o6SnAEx3AKLlxAHW6gAU0g8AjP8Apv1pP1Yr1bH7PRJavIHMAfWJ8/3sSXLg==</latexit>

apret → ωpre

<latexit sha1_base64="uGMiAjAr+pVPYRIHzOBDEuqmytI=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpIogFN24rGAf0I5DJs20oZkHyR2hDP0BN/6KGxeKuHXvzr8xbWdhqwcCh3Pu4eYeLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsd+84FJxaPwDoYxcwLSC7nPKQEtueZBJ+b3qY6MSi0XjjEc4YtLnMxKrlm0ytYE+C+xM1JEGWqu+dXpRjQJWAhUEKXathWDkxIJnAo2KnQSxWJCB6TH2pqGJGDKSSfXjPChVrrYj6R+IeCJ+juRkkCpYeDpyYBAX817Y/E/r52Af+6kPIwTYCGdLvITgSHC42pwl0tGQQw1IVRy/VdM+0QSCrrAgi7Bnj/5L2mclO1KuXJ7WqxeZXXk0R7aRyVkozNURTeohuqIokf0jF7Rm/FkvBjvxsd0NGdkmV00A+PzB+oVmjE=</latexit>

ωpre(Xt, t) := upre(Xt, t)

<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

31

<latexit sha1_base64="AdN3wzmCHOzVH3PcBpcYll71C7g=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scyIVBGEohuXFewD2jrcyaRtaGYmJBmxDPMVbvwVNy4UcSvu/BvTdhbaeiBwcs49JPd4gjOlbfvbyi0sLi2v5FcLa+sbm1vF7Z2GimJJaJ1EPJItDxTlLKR1zTSnLSEpBB6nTW94Nfab91QqFoW3eiRoN4B+yHqMgDaSWzwSd4kJpK6Dzy+wuXQEmypjqQNCyOgBCzfxQUPqFkt22Z4AzxMnIyWUoeYWvzp+ROKAhppwUKrt2EJ3E5CaEU7TQidWVAAZQp+2DQ0hoKqbTNZK8YFRfNyLpDmhxhP1dyKBQKlR4JnJAPRAzXpj8T+vHeveWTdhoYg1Dcn0oV7MsY7wuCPsM0mJ5iNDgEhm/orJACQQbZosmBKc2ZXnSeO47FTKlZuTUvUyqyOP9tA+OkQOOkVVdI1qqI4IekTP6BW9WU/Wi/VufUxHc1aW2UV/YH3+AGC+n4s=</latexit>

ppre1 := pω
pre

1 → pdata

Reward-Guided Flow Adaptation



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

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

f

<latexit sha1_base64="KVrXMftbyXHQpH/KDz7LZtnLXws="></latexit>

argmax Ex→pω
1
[f(x)]→ ωKL(pω1 ↑ p

pre
1 )

<latexit sha1_base64="sYKwHHgqBb9Ic06q14fr+SROvAs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AG4YjnQ=</latexit>

ω→

<latexit sha1_base64="fIXkcPABpqW0Ro58ZjwA7idQeeQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBPJRdkeqx6MVjBfsB3W3Jptk2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpJFaFNkvBEdUKsKWeCNg0znHakojgOOW2H47uZ336iSrNEPJqJpEGMh4JFjGBjJV/2Ml+y3sW076F+ueJW3TnQKvFyUoEcjX75yx8kJI2pMIRjrbueK02QYWUY4XRa8lNNJSZjPKRdSwWOqQ6y+c1TdGaVAYoSZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10E2RMyNRQQRaLopQjk6BZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVtC6rXq1ae7iq1G/zOIpwAqdwDh5cQx3uoQFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AUICkTA=</latexit>

pω
→

1

<latexit sha1_base64="00TEkOm5ER4RcwyESInV6S2kY3A=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMSHVZdOOygn1AZxwyaaYNzWSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDJOfeQ3BOmnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEWFHOBG1qpjntpJLiOOS0HQ6vJ377gUrFEnGnRyn1Y9wXLGIEayMF9iEO9H1uImPkKRYjL2Wza2BXnKozBVokbkEqUKAR2F9eLyFZTIUmHCvVdZ1U+zmWmhFOx2UvUzTFZIj7tGuowDFVfj7dYIxOjNJDUSLNERpN1d+JHMdKjeLQTMZYD9S8NxH/87qZji79nIk001SQ2UNRxpFO0KQO1GOSEs1HhmAimfkrIgMsMdGmtLIpwZ1feZG0zqpurVq7Pa/Ur4o6SnAEx3AKLlxAHW6gAU0g8AjP8Apv1pP1Yr1bH7PRJavIHMAfWJ8/3sSXLg==</latexit>

apret → ωpre

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Flow Reward-Guided Adaptation
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="KVrXMftbyXHQpH/KDz7LZtnLXws="></latexit>

argmax Ex→pω
1
[f(x)]→ ωKL(pω1 ↑ p

pre
1 )

<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="AdN3wzmCHOzVH3PcBpcYll71C7g=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scyIVBGEohuXFewD2jrcyaRtaGYmJBmxDPMVbvwVNy4UcSvu/BvTdhbaeiBwcs49JPd4gjOlbfvbyi0sLi2v5FcLa+sbm1vF7Z2GimJJaJ1EPJItDxTlLKR1zTSnLSEpBB6nTW94Nfab91QqFoW3eiRoN4B+yHqMgDaSWzwSd4kJpK6Dzy+wuXQEmypjqQNCyOgBCzfxQUPqFkt22Z4AzxMnIyWUoeYWvzp+ROKAhppwUKrt2EJ3E5CaEU7TQidWVAAZQp+2DQ0hoKqbTNZK8YFRfNyLpDmhxhP1dyKBQKlR4JnJAPRAzXpj8T+vHeveWTdhoYg1Dcn0oV7MsY7wuCPsM0mJ5iNDgEhm/orJACQQbZosmBKc2ZXnSeO47FTKlZuTUvUyqyOP9tA+OkQOOkVVdI1qqI4IekTP6BW9WU/Wi/VufUxHc1aW2UV/YH3+AGC+n4s=</latexit>

ppre1 := pω
pre

1 → pdata
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Generative Optimization via Flow Adaptation
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<latexit sha1_base64="sYKwHHgqBb9Ic06q14fr+SROvAs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AG4YjnQ=</latexit>

ω→

<latexit sha1_base64="fIXkcPABpqW0Ro58ZjwA7idQeeQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBPJRdkeqx6MVjBfsB3W3Jptk2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpJFaFNkvBEdUKsKWeCNg0znHakojgOOW2H47uZ336iSrNEPJqJpEGMh4JFjGBjJV/2Ml+y3sW076F+ueJW3TnQKvFyUoEcjX75yx8kJI2pMIRjrbueK02QYWUY4XRa8lNNJSZjPKRdSwWOqQ6y+c1TdGaVAYoSZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10E2RMyNRQQRaLopQjk6BZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVtC6rXq1ae7iq1G/zOIpwAqdwDh5cQx3uoQFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AUICkTA=</latexit>

pω
→

1

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Flow Reward-Guided Adaptation
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="KVrXMftbyXHQpH/KDz7LZtnLXws="></latexit>

argmax Ex→pω
1
[f(x)]→ ωKL(pω1 ↑ p

pre
1 )

noise 
distribution

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

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

f
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<latexit sha1_base64="g/TaNfxpI5qD/STMyBrs0+ZOWnk="></latexit>

pω
→

1 (x) → exp
(f(x)

ω

)
· ppre1 (x)

Closed form reward tilted distribution

in-distribution density reweighing
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<latexit sha1_base64="sYKwHHgqBb9Ic06q14fr+SROvAs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AG4YjnQ=</latexit>

ω→

<latexit sha1_base64="fIXkcPABpqW0Ro58ZjwA7idQeeQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBPJRdkeqx6MVjBfsB3W3Jptk2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpJFaFNkvBEdUKsKWeCNg0znHakojgOOW2H47uZ336iSrNEPJqJpEGMh4JFjGBjJV/2Ml+y3sW076F+ueJW3TnQKvFyUoEcjX75yx8kJI2pMIRjrbueK02QYWUY4XRa8lNNJSZjPKRdSwWOqQ6y+c1TdGaVAYoSZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10E2RMyNRQQRaLopQjk6BZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVtC6rXq1ae7iq1G/zOIpwAqdwDh5cQx3uoQFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AUICkTA=</latexit>

pω
→

1

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Flow Reward-Guided Adaptation
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="KVrXMftbyXHQpH/KDz7LZtnLXws="></latexit>

argmax Ex→pω
1
[f(x)]→ ωKL(pω1 ↑ p

pre
1 )

noise 
distribution

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

Example Methods.

FlowGRPO (RL, gradient-free)

Adjoint Matching (Control, gradient-based)
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Flow Reward-Guided Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
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1 )

Optimizes average sample quality
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Discovery Pipeline in Chemistry and Biology

[Anastasiia Gryniukova et al., 2023]
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Discovery Pipeline in Chemistry and Biology

Top                   molecules
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[Anastasiia Gryniukova et al., 2023]
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Takeaway

Average reward adaptation is often a 
bad objective for discovery.
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Discovery Pipeline in Chemistry and Biology

Top                   molecules
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ε
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40

Risk-sensitivity for Quantitative Finance



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

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

f<latexit sha1_base64="zT+jJNNou761lTzxN091cYx3LyA="></latexit>

CVaRf
ω(p

ε
1 ) := Ex→pω

1
[f(x) | f(x) → VaRf

ω(p
ε
1 )]

41

Risk-sensitivity for Quantitative Finance



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

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

f

Expected value of left (bottom)      quantile

<latexit sha1_base64="zT+jJNNou761lTzxN091cYx3LyA="></latexit>

CVaRf
ω(p

ε
1 ) := Ex→pω

1
[f(x) | f(x) → VaRf

ω(p
ε
1 )]

<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

ω

<latexit sha1_base64="zT+jJNNou761lTzxN091cYx3LyA="></latexit>

CVaRf
ω(p

ε
1 ) := Ex→pω

1
[f(x) | f(x) → VaRf

ω(p
ε
1 )]

<latexit sha1_base64="zT+jJNNou761lTzxN091cYx3LyA="></latexit>

CVaRf
ω(p

ε
1 ) := Ex→pω

1
[f(x) | f(x) → VaRf

ω(p
ε
1 )]

42

Risk-sensitivity for Quantitative Finance



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

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

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

43

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

Risk-Sensitive Flow Steering for Discovery
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<latexit sha1_base64="tJ7YqWOPco0YbV3NNvza+wCBxHc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFS27voBWhov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7ulJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUsiF4yy+vktZl1atVaw9XlfptHkcRTuAUzsGDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gCh0I8h</latexit>

1→ ω

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]
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Reward Tail-Aware Flow Steering for Discovery



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

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

f

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

Expected value of top              quantile
<latexit sha1_base64="tJ7YqWOPco0YbV3NNvza+wCBxHc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFS27voBWhov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7ulJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUsiF4yy+vktZl1atVaw9XlfptHkcRTuAUzsGDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gCh0I8h</latexit>

1→ ω

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]
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Reward Tail-Aware Flow Steering for Discovery

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

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

f

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

Expected value of top              quantile
<latexit sha1_base64="tJ7YqWOPco0YbV3NNvza+wCBxHc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFS27voBWhov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7ulJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUsiF4yy+vktZl1atVaw9XlfptHkcRTuAUzsGDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gCh0I8h</latexit>

1→ ω

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]
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Reward Tail-Aware Flow Steering for Discovery

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )

Sacrifices average sample reward for top samples
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<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )

Sacrifices average sample reward for top samples

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

Expected value of top              quantile
<latexit sha1_base64="tJ7YqWOPco0YbV3NNvza+wCBxHc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFS27voBWhov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7ulJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUsiF4yy+vktZl1atVaw9XlfptHkcRTuAUzsGDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gCh0I8h</latexit>

1→ ω

Higher chances to discover truly exceptional designs

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]
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Reward Tail-Aware Flow Steering for Discovery
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<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

Expected value of top              quantile
<latexit sha1_base64="tJ7YqWOPco0YbV3NNvza+wCBxHc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFS27voBWhov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7ulJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUsiF4yy+vktZl1atVaw9XlfptHkcRTuAUzsGDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gCh0I8h</latexit>

1→ ω

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]
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Reward Tail-Aware Flow Steering for Discovery

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )

Sacrifices average sample reward for top samples

Higher chances to discover truly exceptional designs

<latexit sha1_base64="KVrXMftbyXHQpH/KDz7LZtnLXws="></latexit>

argmax Ex→pω
1
[f(x)]→ ωKL(pω1 ↑ p

pre
1 )

Prior regularization to 
generate valid structures
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How to fine-tune a generative model to a nonlinear functional?

<latexit sha1_base64="KVrXMftbyXHQpH/KDz7LZtnLXws="></latexit>

argmax Ex→pω
1
[f(x)]→ ωKL(pω1 ↑ p

pre
1 )

Expect Reward Conditional Value at Risk

Linear functional Non-Linear functional

<latexit sha1_base64="DioHWrrU6HzGsB6SWhIpadP+Aa8=">AAACCXicbVA9SwNBEN3z2/h1ammzGAQtDHci0VJMYxnFRCGXHHubObNk74PdOTEc19r4V2wsFLH1H9j5b9zEFBp9MPB4b4aZeUEqhUbH+bSmpmdm5+YXFktLyyura/b6RlMnmeLQ4IlM1HXANEgRQwMFSrhOFbAokHAV9GtD/+oWlBZJfImDFNoRu4lFKDhDI/k29RDuMK812UXRCf3c3fcCQFbsph0vFb6759tlp+KMQP8Sd0zKZIy6b3943YRnEcTIJdO65ToptnOmUHAJRcnLNKSM99kNtAyNWQS6nY8+KeiOUbo0TJSpGOlI/TmRs0jrQRSYzohhT096Q/E/r5VheNzORZxmCDH/XhRmkmJCh7HQrlDAUQ4MYVwJcyvlPaYYRxNeyYTgTr78lzQPKm61Uj0/LJ+cjuNYIFtkm+wSlxyRE3JG6qRBOLknj+SZvFgP1pP1ar19t05Z45lN8gvW+xeubZmw</latexit>

CVaRf
1→ω(p

ε
1 )

51

Reward Tail-Aware Flow Steering as Distributional Fine-Tuning



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

<latexit sha1_base64="DioHWrrU6HzGsB6SWhIpadP+Aa8=">AAACCXicbVA9SwNBEN3z2/h1ammzGAQtDHci0VJMYxnFRCGXHHubObNk74PdOTEc19r4V2wsFLH1H9j5b9zEFBp9MPB4b4aZeUEqhUbH+bSmpmdm5+YXFktLyyura/b6RlMnmeLQ4IlM1HXANEgRQwMFSrhOFbAokHAV9GtD/+oWlBZJfImDFNoRu4lFKDhDI/k29RDuMK812UXRCf3c3fcCQFbsph0vFb6759tlp+KMQP8Sd0zKZIy6b3943YRnEcTIJdO65ToptnOmUHAJRcnLNKSM99kNtAyNWQS6nY8+KeiOUbo0TJSpGOlI/TmRs0jrQRSYzohhT096Q/E/r5VheNzORZxmCDH/XhRmkmJCh7HQrlDAUQ4MYVwJcyvlPaYYRxNeyYTgTr78lzQPKm61Uj0/LJ+cjuNYIFtkm+wSlxyRE3JG6qRBOLknj+SZvFgP1pP1ar19t05Z45lN8gvW+xeubZmw</latexit>

CVaRf
1→ω(p

ε
1 )

52

How to Maximize CVaR via RL 
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<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

<latexit sha1_base64="hsF+QSFJG4AG0bskreBx7se1iSs="></latexit>

r :=
ωCVaRf

1→ω(p
ε
1 )

ωpε1

<latexit sha1_base64="DioHWrrU6HzGsB6SWhIpadP+Aa8=">AAACCXicbVA9SwNBEN3z2/h1ammzGAQtDHci0VJMYxnFRCGXHHubObNk74PdOTEc19r4V2wsFLH1H9j5b9zEFBp9MPB4b4aZeUEqhUbH+bSmpmdm5+YXFktLyyura/b6RlMnmeLQ4IlM1HXANEgRQwMFSrhOFbAokHAV9GtD/+oWlBZJfImDFNoRu4lFKDhDI/k29RDuMK812UXRCf3c3fcCQFbsph0vFb6759tlp+KMQP8Sd0zKZIy6b3943YRnEcTIJdO65ToptnOmUHAJRcnLNKSM99kNtAyNWQS6nY8+KeiOUbo0TJSpGOlI/TmRs0jrQRSYzohhT096Q/E/r5VheNzORZxmCDH/XhRmkmJCh7HQrlDAUQ4MYVwJcyvlPaYYRxNeyYTgTr78lzQPKm61Uj0/LJ+cjuNYIFtkm+wSlxyRE3JG6qRBOLknj+SZvFgP1pP1ar19t05Z45lN8gvW+xeubZmw</latexit>

CVaRf
1→ω(p

ε
1 )
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CVaR First Variation

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

<latexit sha1_base64="hsF+QSFJG4AG0bskreBx7se1iSs="></latexit>

r :=
ωCVaRf

1→ω(p
ε
1 )

ωpε1

<latexit sha1_base64="DioHWrrU6HzGsB6SWhIpadP+Aa8=">AAACCXicbVA9SwNBEN3z2/h1ammzGAQtDHci0VJMYxnFRCGXHHubObNk74PdOTEc19r4V2wsFLH1H9j5b9zEFBp9MPB4b4aZeUEqhUbH+bSmpmdm5+YXFktLyyura/b6RlMnmeLQ4IlM1HXANEgRQwMFSrhOFbAokHAV9GtD/+oWlBZJfImDFNoRu4lFKDhDI/k29RDuMK812UXRCf3c3fcCQFbsph0vFb6759tlp+KMQP8Sd0zKZIy6b3943YRnEcTIJdO65ToptnOmUHAJRcnLNKSM99kNtAyNWQS6nY8+KeiOUbo0TJSpGOlI/TmRs0jrQRSYzohhT096Q/E/r5VheNzORZxmCDH/XhRmkmJCh7HQrlDAUQ4MYVwJcyvlPaYYRxNeyYTgTr78lzQPKm61Uj0/LJ+cjuNYIFtkm+wSlxyRE3JG6qRBOLknj+SZvFgP1pP1ar19t05Z45lN8gvW+xeubZmw</latexit>

CVaRf
1→ω(p

ε
1 )

<latexit sha1_base64="Ywqhxf03r72Z47Ewa4LJn4ex6OE="></latexit>

r :=
ωCVaRf

1→ω (p
ε
1 )

ωpε1
=

(f(x)→ V aRf
1→ω(p

ε
1 ))

ε
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Can use RL fine-tuning



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

CVaR First Variation

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

<latexit sha1_base64="hsF+QSFJG4AG0bskreBx7se1iSs="></latexit>

r :=
ωCVaRf

1→ω(p
ε
1 )

ωpε1

<latexit sha1_base64="DioHWrrU6HzGsB6SWhIpadP+Aa8=">AAACCXicbVA9SwNBEN3z2/h1ammzGAQtDHci0VJMYxnFRCGXHHubObNk74PdOTEc19r4V2wsFLH1H9j5b9zEFBp9MPB4b4aZeUEqhUbH+bSmpmdm5+YXFktLyyura/b6RlMnmeLQ4IlM1HXANEgRQwMFSrhOFbAokHAV9GtD/+oWlBZJfImDFNoRu4lFKDhDI/k29RDuMK812UXRCf3c3fcCQFbsph0vFb6759tlp+KMQP8Sd0zKZIy6b3943YRnEcTIJdO65ToptnOmUHAJRcnLNKSM99kNtAyNWQS6nY8+KeiOUbo0TJSpGOlI/TmRs0jrQRSYzohhT096Q/E/r5VheNzORZxmCDH/XhRmkmJCh7HQrlDAUQ4MYVwJcyvlPaYYRxNeyYTgTr78lzQPKm61Uj0/LJ+cjuNYIFtkm+wSlxyRE3JG6qRBOLknj+SZvFgP1pP1ar19t05Z45lN8gvW+xeubZmw</latexit>

CVaRf
1→ω(p

ε
1 )

Gradient of CVaR First Variation

Can use gradient-based fine-tuning

<latexit sha1_base64="Ywqhxf03r72Z47Ewa4LJn4ex6OE="></latexit>

r :=
ωCVaRf

1→ω (p
ε
1 )

ωpε1
=

(f(x)→ V aRf
1→ω(p

ε
1 ))

ε

<latexit sha1_base64="gq00opElbx3kZ9ZXrXPKlg+/dkU="></latexit>

→r =
1{f(x) > V aRf

1→ω(p
ε
1 )}

ω

Can use RL fine-tuning
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For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Y8iHfvR9TenTBj8F8DKZadfCDsQ="></latexit>

rk :=
ωG(pωk→1

1 )

ωp
ωk→1

1

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

<latexit sha1_base64="sYAd0gJ3kPQtcNWOuC7g+GhofEw=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBiyURqR6LXjxWsB/QxrDZbtqlm03Y3Qg15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1O49UKhaLez1JqBfhoWAhI1gbybcryUPWT5ifjc/cPPdd3646NWcGtEzcglShQNO3v/qDmKQRFZpwrFTPdRLtZVhqRjjNy/1U0QSTMR7SnqECR1R52ezwHJ0YZYDCWJoSGs3U3xMZjpSaRIHpjLAeqUVvKv7n9VIdXnkZE0mqqSDzRWHKkY7RNAU0YJISzSeGYCKZuRWREZaYaJNV2YTgLr68TNrnNbdeq99dVBvXRRwlOIJjOAUXLqEBt9CEFhBI4Rle4c16sl6sd+tj3rpiFTOH8AfW5w9ympL3</latexit>

p
ωk→1

1

<latexit sha1_base64="izAxP3XzDhOt+7bRUFWggEqmsQI="></latexit>

G = CVaRf
1→ω → ωKL
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For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

<latexit sha1_base64="sYAd0gJ3kPQtcNWOuC7g+GhofEw=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBiyURqR6LXjxWsB/QxrDZbtqlm03Y3Qg15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1O49UKhaLez1JqBfhoWAhI1gbybcryUPWT5ifjc/cPPdd3646NWcGtEzcglShQNO3v/qDmKQRFZpwrFTPdRLtZVhqRjjNy/1U0QSTMR7SnqECR1R52ezwHJ0YZYDCWJoSGs3U3xMZjpSaRIHpjLAeqUVvKv7n9VIdXnkZE0mqqSDzRWHKkY7RNAU0YJISzSeGYCKZuRWREZaYaJNV2YTgLr68TNrnNbdeq99dVBvXRRwlOIJjOAUXLqEBt9CEFhBI4Rle4c16sl6sd+tj3rpiFTOH8AfW5w9ympL3</latexit>

p
ωk→1

1

<latexit sha1_base64="izAxP3XzDhOt+7bRUFWggEqmsQI="></latexit>

G = CVaRf
1→ω → ωKL

<latexit sha1_base64="Y8iHfvR9TenTBj8F8DKZadfCDsQ="></latexit>

rk :=
ωG(pωk→1

1 )

ωp
ωk→1

1
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For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

<latexit sha1_base64="sYAd0gJ3kPQtcNWOuC7g+GhofEw=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBiyURqR6LXjxWsB/QxrDZbtqlm03Y3Qg15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1O49UKhaLez1JqBfhoWAhI1gbybcryUPWT5ifjc/cPPdd3646NWcGtEzcglShQNO3v/qDmKQRFZpwrFTPdRLtZVhqRjjNy/1U0QSTMR7SnqECR1R52ezwHJ0YZYDCWJoSGs3U3xMZjpSaRIHpjLAeqUVvKv7n9VIdXnkZE0mqqSDzRWHKkY7RNAU0YJISzSeGYCKZuRWREZaYaJNV2YTgLr68TNrnNbdeq99dVBvXRRwlOIJjOAUXLqEBt9CEFhBI4Rle4c16sl6sd+tj3rpiFTOH8AfW5w9ympL3</latexit>

p
ωk→1

1

Return <latexit sha1_base64="hxNeyQoxHavveNBJLX0tmpIXqDM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBGEohvBTQX7gM5QMmmmDc1kQpIRytDfcONCEbf+jDv/xrSdhbYeuNzDOfeSmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Pbqd9+okqzRDyasaRBjAeCRYxgYyXflwxdXSPbeve9csWtujOgZeLlpAI5Gr3yl99PSBpTYQjHWnc9V5ogw8owwumk5KeaSkxGeEC7lgocUx1ks5sn6MQqfRQlypYwaKb+3shwrPU4Du1kjM1QL3pT8T+vm5roMsiYkKmhgswfilKOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JhKNgRv8cvLpHVW9WrV2sN5pX6Tx1GEIziGU/DgAupwBw1oAgEJz/AKb07qvDjvzsd8tODkO4fwB87nD57UkMg=</latexit>ω := ωK

<latexit sha1_base64="izAxP3XzDhOt+7bRUFWggEqmsQI="></latexit>

G = CVaRf
1→ω → ωKL

<latexit sha1_base64="Y8iHfvR9TenTBj8F8DKZadfCDsQ="></latexit>

rk :=
ωG(pωk→1

1 )

ωp
ωk→1

1
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For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

Return <latexit sha1_base64="hxNeyQoxHavveNBJLX0tmpIXqDM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBGEohvBTQX7gM5QMmmmDc1kQpIRytDfcONCEbf+jDv/xrSdhbYeuNzDOfeSmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Pbqd9+okqzRDyasaRBjAeCRYxgYyXflwxdXSPbeve9csWtujOgZeLlpAI5Gr3yl99PSBpTYQjHWnc9V5ogw8owwumk5KeaSkxGeEC7lgocUx1ks5sn6MQqfRQlypYwaKb+3shwrPU4Du1kjM1QL3pT8T+vm5roMsiYkKmhgswfilKOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JhKNgRv8cvLpHVW9WrV2sN5pX6Tx1GEIziGU/DgAupwBw1oAgEJz/AKb07qvDjvzsd8tODkO4fwB87nD57UkMg=</latexit>ω := ωK

Fine-tune         via standard reward-guided fine-tuning:
<latexit sha1_base64="PNoNM/A8SeVdu0p+tY+2VcqjtBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSPOKMGiv5/ZQPJoNqza27C5C/xCtIDQq0BtXP/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkzCpDEiXKljRkof6cyGms9TQObWdMzVivenPxP6+Xmeg6yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9+S9pX9S9Rr1xf1lr3hRxlOEETuEcPLiCJtxBC3xgwOEJXuDVkc6z8+a8L1tLTjFzDL/gfHwD0iGOtg==</latexit>ωk

<latexit sha1_base64="hH1oGjbNdoVZVJoBBoghjUs26FI="></latexit>

argmax Ex→pω
1
[rk(x)]→ ωkKL(pω1 ↑ pk↑1

1 )
<latexit sha1_base64="PNoNM/A8SeVdu0p+tY+2VcqjtBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSPOKMGiv5/ZQPJoNqza27C5C/xCtIDQq0BtXP/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkzCpDEiXKljRkof6cyGms9TQObWdMzVivenPxP6+Xmeg6yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9+S9pX9S9Rr1xf1lr3hRxlOEETuEcPLiCJtxBC3xgwOEJXuDVkc6z8+a8L1tLTjFzDL/gfHwD0iGOtg==</latexit>ωk

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Set  
<latexit sha1_base64="VxzvrJJW39cdPMtX1hk7fTfFLJk="></latexit>

→rk := →ωG(pωk→1

1 )

ωp
ωk→1

1

=
1{f(x) > V aRf

1→ε(p
ω
k )}

ε
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For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

Return <latexit sha1_base64="hxNeyQoxHavveNBJLX0tmpIXqDM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBGEohvBTQX7gM5QMmmmDc1kQpIRytDfcONCEbf+jDv/xrSdhbYeuNzDOfeSmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Pbqd9+okqzRDyasaRBjAeCRYxgYyXflwxdXSPbeve9csWtujOgZeLlpAI5Gr3yl99PSBpTYQjHWnc9V5ogw8owwumk5KeaSkxGeEC7lgocUx1ks5sn6MQqfRQlypYwaKb+3shwrPU4Du1kjM1QL3pT8T+vm5roMsiYkKmhgswfilKOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JhKNgRv8cvLpHVW9WrV2sN5pX6Tx1GEIziGU/DgAupwBw1oAgEJz/AKb07qvDjvzsd8tODkO4fwB87nD57UkMg=</latexit>ω := ωK

Fine-tune         via standard reward-guided fine-tuning:
<latexit sha1_base64="PNoNM/A8SeVdu0p+tY+2VcqjtBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSPOKMGiv5/ZQPJoNqza27C5C/xCtIDQq0BtXP/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkzCpDEiXKljRkof6cyGms9TQObWdMzVivenPxP6+Xmeg6yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9+S9pX9S9Rr1xf1lr3hRxlOEETuEcPLiCJtxBC3xgwOEJXuDVkc6z8+a8L1tLTjFzDL/gfHwD0iGOtg==</latexit>ωk

<latexit sha1_base64="PNoNM/A8SeVdu0p+tY+2VcqjtBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSPOKMGiv5/ZQPJoNqza27C5C/xCtIDQq0BtXP/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkzCpDEiXKljRkof6cyGms9TQObWdMzVivenPxP6+Xmeg6yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9+S9pX9S9Rr1xf1lr3hRxlOEETuEcPLiCJtxBC3xgwOEJXuDVkc6z8+a8L1tLTjFzDL/gfHwD0iGOtg==</latexit>ωk
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Set  
<latexit sha1_base64="VxzvrJJW39cdPMtX1hk7fTfFLJk="></latexit>

→rk := →ωG(pωk→1

1 )

ωp
ωk→1

1

=
1{f(x) > V aRf

1→ε(p
ω
k )}

ε

1. CVaR functional is a better objective for discovery
2. CVaR optimization can be reduced to standard RL

Takeaway

<latexit sha1_base64="hH1oGjbNdoVZVJoBBoghjUs26FI="></latexit>

argmax Ex→pω
1
[rk(x)]→ ωkKL(pω1 ↑ pk↑1

1 )

But FDC requires        iterations!
<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K
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<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )
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TFFT: dual CVaR Fine-Tuning in One Step
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<latexit sha1_base64="84MrXUit7OW25hHDLNl8bv5kZtM="></latexit>

CVaR1→ω(p
ε
1 ) = min

t↑R

{
t+

1

ω
Ex↓pω

1
[(f(x)→ t)+]

}
CVaR variational formulation 
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TFFT: dual CVaR Fine-Tuning in One Step

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )
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<latexit sha1_base64="2ZVLtwn4XoJjN1+AUSOhjTJgNJ8="></latexit>

t→ = argmin
t↑R

{
t+ ω logEx↓ppre

1

[
exp

( (f(x)→ t)+
ωε

)]}
First solve a scalar threshold problem:

<latexit sha1_base64="84MrXUit7OW25hHDLNl8bv5kZtM="></latexit>

CVaR1→ω(p
ε
1 ) = min

t↑R

{
t+

1

ω
Ex↓pω

1
[(f(x)→ t)+]

}
CVaR variational formulation 

1-dim opt. problem
(e.g., GD / line-search)
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TFFT: dual CVaR Fine-Tuning in One Step

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )
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<latexit sha1_base64="2ZVLtwn4XoJjN1+AUSOhjTJgNJ8="></latexit>

t→ = argmin
t↑R

{
t+ ω logEx↓ppre

1

[
exp

( (f(x)→ t)+
ωε

)]}
First solve a scalar threshold problem:

<latexit sha1_base64="84MrXUit7OW25hHDLNl8bv5kZtM="></latexit>

CVaR1→ω(p
ε
1 ) = min

t↑R

{
t+

1

ω
Ex↓pω

1
[(f(x)→ t)+]

}
CVaR variational formulation 

1-dim opt. problem
(e.g., GD / line-search)

Then fine-tune flow once:

<latexit sha1_base64="xJS7w4A03bewLClIl60pXJgJ6NU=">AAACDnicbVC7TgJBFJ3FF+ILtbSZSEgAI9k1Bm1MiDaWmMgjYYHMDrMwYfaRmbtGsuELbPwVGwuNsbW2828cYAtFT3KTM+fcm7n3OKHgCkzzy0gtLa+srqXXMxubW9s72d29hgoiSVmdBiKQLYcoJrjP6sBBsFYoGfEcwZrO6GrqN++YVDzwb2Ecso5HBj53OSWgpV42L7ulwn0RX2DblYTGBXf6OsbQLRV7R5PYdhiQSS+bM8vmDPgvsRKSQwlqveyn3Q9o5DEfqCBKtS0zhE5MJHAq2CRjR4qFhI7IgLU19YnHVCeenTPBea30sRtIXT7gmfpzIiaeUmPP0Z0egaFa9Kbif147Ave8E3M/jID5dP6RGwkMAZ5mg/tcMgpirAmhkutdMR0SHQvoBDM6BGvx5L+kcVK2KuXKzWmuepnEkUYH6BAVkIXOUBVdoxqqI4oe0BN6Qa/Go/FsvBnv89aUkczso18wPr4BMzmZuw==</latexit>

r→(x) =
(f(x)→ t→)+

ω

<latexit sha1_base64="mGFKb1KaZxX4TC716xLeL2LBlgI="></latexit>

argmax Ex→pω
1
[r↑(x)]→ ωKL(pω1 ↑ p

pre
1 )

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

~ 2 lines of code!
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TFFT: dual CVaR Fine-Tuning in One Step

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Tail-Aware Reward-Guided Flow Fine-Tuning
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="HNzVjQiQubzs8x03GVAWLXJ65ZI="></latexit>

argmax CVaR1→ω(p
ε
1 )→ ωKL(pε1 ↑ p

pre
1 )
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CVaR Flow Adaptation for De Novo Molecular Design

GEOM-Drugs

Flow over 3D molecular conformers

[Dunn and Koes, 2024]
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Reward = Negative energy computed via GFN1-xTB,

GEOM-Drugs

Validity = RDKit Sanitizer

66

CVaR Flow Adaptation for De Novo Molecular Design

Flow over 3D molecular conformers

FDC (K=3)
Adjoint M.
Pre-trained

TFFT

[Dunn and Koes, 2024]
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Pre-trained

67

Tail-Aware Fine-Tuning for Molecular Design: GEOM-Drugs

840 826 755
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Adjoint Matching

Pre-trained

68

Tail-Aware Fine-Tuning for Molecular Design: GEOM-Drugs

840 826 755

1069 891 852
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FDC

Adjoint Matching

Pre-trained

~2x
higher-rewards

69

Tail-Aware Fine-Tuning for Molecular Design: GEOM-Drugs

840 826 755

1069 891 852

2012 799 757
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TFFT

FDC

Adjoint Matching

Pre-trained

~5x
higher-rewards

70

Tail-Aware Fine-Tuning for Molecular Design: GEOM-Drugs

840 826 755

1069 891 852

2012 799 757

5059 3237 1032
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Data Debiasing and 
Hidden Mode Discovery

Out-of-Distribution 
Flow Modeling

Part I Part II Part III

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

This talk:
Foundations of Generative Discovery Beyond the Data

71

Tail-Aware Reward 
Adaptation
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The Importance of Non-Markovianity in 
Maximum State Entropy Exploration

72

Exploration via Flow Adaptation: Key References

[Mirco Mutti*, Riccardo De Santi*, and Marcello Restelli]

Outstanding Paper Award  at ICML 2022
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Provable Maximum Entropy Manifold Exploration 
via Diffusion Models

Flow Density Control: Generative Optimization 
Beyond Entropy-Regularized Fine-Tuning

[Riccardo De Santi*, Marin Vlastelica*, Ya-Ping Hsieh, Zebang Shen, Niao He, Andreas Krause]
ICML 2025

[Riccardo De Santi, Marin Vlastelica, Ya-Ping Hsieh, Zebang Shen, Niao He, Andreas Krause]

The Importance of Non-Markovianity in 
Maximum State Entropy Exploration
[Mirco Mutti*, Riccardo De Santi*, and Marcello Restelli]

73

Outstanding Paper Award  at ICML 2022

Exploration via Flow Adaptation: Key References

Spotlight  NeurIPS 2025 Oral  at ICML 2025 BioGen Workshop
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Generative modeling priors approximately match the frequency of available structures

74

noise 
distribution

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

structures 
common in 

nature

Generative Modeling vs Discovery
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apret → ωpre
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Generative Modeling vs Discovery

Models trained on PDB are collapsed to static structures.

PDB (Protein Data Bank) AlphaFoldProteins
Generative modelingX-ray Cryst.

noise 
distribution
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structures 
common in 
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apret → ωpre
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Discovery requires to generate rare, new structures

76

Generative Modeling vs Discovery

noise 
distribution
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apret → ωpre

structures we 
wish to 

discover

structures we 
wish to 

discover
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Data Debiasing leads to Hidden Mode Discovery
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Key Hypothesis: Foundation models learn rich 
representations, capturing valid low-probability modes.
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apret → ωpre
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Data Debiasing leads to Hidden Mode Discovery

[Shosuke Suzuki et al., 2026]
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Finite-budget sampling rarely leads to samples from 
low-probability modes!

hidden modes when generating samples
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apret → ωpre
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Data Debiasing leads to Hidden Mode Discovery

Key Hypothesis: Foundation models learn rich 
representations, capturing valid low-probability modes.

[Shosuke Suzuki et al., 2026]
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<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

KL-regularized Entropic Expansion
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="+TVhhqFhenax4sdZHrAkOOVygXY="></latexit>

argmax H(pω1 )→ ωKL(pω1 ↑ p
pre
1 )

Increases diversity

Avoid invalid regions
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ω→
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Flow Density Control for Entropic Expansion
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KL-regularized Entropic Expansion
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="+TVhhqFhenax4sdZHrAkOOVygXY="></latexit>

argmax H(pω1 )→ ωKL(pω1 ↑ p
pre
1 )

Increases diversity

Avoid invalid regions

Motivation:

access novel regions where the model places insufficient mass

• entropy allows to re-distribute density over the model’s hidden modes
• KL-regularization prevents transport to likely invalid regions
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Flow Density Control for Entropic Expansion
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pω1
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How to Increase Flow Entropy via RL 
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<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H

Entropy First Variation (Surprise)
<latexit sha1_base64="4/+Ps5A6czguFqM+2s3zUrCIx0E="></latexit>

f :=
ωH (pω1 )

ωpω1
= → log (pω1 )

surprise as intrinsic 
reward function

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

<latexit sha1_base64="f1oQHXbNT8ywXQfGblR4bAR7Qbc=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxKRVgSh6KbLCvYBTQyTyaQdOnkwMxFKyKe48VfcuFBEd/o1TtoI2nrgwuGce7n3HjdmVEjD+NSWlldW19ZLG+XNre2dXX1vvyuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vg693v3hAsahbdyEhM7QMOQ+hQjqSRHb/jw4hJaPkc4tTzCJIJWgOQII5a2smp8Z8XUMU+yH7MQMkevGDVjCrhIzIJUQIG2o39YXoSTgIQSMyTEwDRiaaeIS4oZycpWIkiM8BgNyUDREAVE2On0wQweK8WDfsRVhRJO1d8TKQqEmASu6syPF/NeLv7nDRLpn9spDeNEkhDPFvkJgzKCeVrQo5xgySaKIMypuhXiEVJhSZVpWYVgzr+8SLqnNbNeq9+cVZpXRRwlcAiOQBWYoAGaoAXaoAMweABP4AW8ao/as/amvc9al7Ri5gD8gfb1DeJroto=</latexit>

f :=
ωH(pω1 )

ωpω1
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<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H

Entropy First Variation (Surprise)
<latexit sha1_base64="4/+Ps5A6czguFqM+2s3zUrCIx0E="></latexit>

f :=
ωH (pω1 )

ωpω1
= → log (pω1 )

surprise as intrinsic 
reward function

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

<latexit sha1_base64="f1oQHXbNT8ywXQfGblR4bAR7Qbc=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxKRVgSh6KbLCvYBTQyTyaQdOnkwMxFKyKe48VfcuFBEd/o1TtoI2nrgwuGce7n3HjdmVEjD+NSWlldW19ZLG+XNre2dXX1vvyuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vg693v3hAsahbdyEhM7QMOQ+hQjqSRHb/jw4hJaPkc4tTzCJIJWgOQII5a2smp8Z8XUMU+yH7MQMkevGDVjCrhIzIJUQIG2o39YXoSTgIQSMyTEwDRiaaeIS4oZycpWIkiM8BgNyUDREAVE2On0wQweK8WDfsRVhRJO1d8TKQqEmASu6syPF/NeLv7nDRLpn9spDeNEkhDPFvkJgzKCeVrQo5xgySaKIMypuhXiEVJhSZVpWYVgzr+8SLqnNbNeq9+cVZpXRRwlcAiOQBWYoAGaoAXaoAMweABP4AW8ao/as/amvc9al7Ri5gD8gfb1DeJroto=</latexit>

f :=
ωH(pω1 )

ωpω1
Log likelihoods are hard to estimate!

(currently does not scale)

84

How to Increase Flow Entropy via RL 



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H

Entropy First Variation (Surprise)
<latexit sha1_base64="4/+Ps5A6czguFqM+2s3zUrCIx0E="></latexit>

f :=
ωH (pω1 )

ωpω1
= → log (pω1 )

surprise as intrinsic 
reward function

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

<latexit sha1_base64="f1oQHXbNT8ywXQfGblR4bAR7Qbc=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxKRVgSh6KbLCvYBTQyTyaQdOnkwMxFKyKe48VfcuFBEd/o1TtoI2nrgwuGce7n3HjdmVEjD+NSWlldW19ZLG+XNre2dXX1vvyuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vg693v3hAsahbdyEhM7QMOQ+hQjqSRHb/jw4hJaPkc4tTzCJIJWgOQII5a2smp8Z8XUMU+yH7MQMkevGDVjCrhIzIJUQIG2o39YXoSTgIQSMyTEwDRiaaeIS4oZycpWIkiM8BgNyUDREAVE2On0wQweK8WDfsRVhRJO1d8TKQqEmASu6syPF/NeLv7nDRLpn9spDeNEkhDPFvkJgzKCeVrQo5xgySaKIMypuhXiEVJhSZVpWYVgzr+8SLqnNbNeq9+cVZpXRRwlcAiOQBWYoAGaoAXaoAMweABP4AW8ao/as/amvc9al7Ri5gD8gfb1DeJroto=</latexit>

f :=
ωH(pω1 )

ωpω1
Log likelihoods are hard to estimate!

(currently does not scale)

We can fully bypass log-likelihood estimation!
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<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H

Entropy First Variation (Surprise)
<latexit sha1_base64="4/+Ps5A6czguFqM+2s3zUrCIx0E="></latexit>

f :=
ωH (pω1 )

ωpω1
= → log (pω1 )

surprise as intrinsic 
reward function

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

Closed-form Gradient of Surprise

<latexit sha1_base64="WjKYfsUkdBh/hvZgg+BKBd+Ppjw="></latexit>

→f = ↑→ log (pω1 ) ↓ ↑sω(·, 1)

<latexit sha1_base64="f1oQHXbNT8ywXQfGblR4bAR7Qbc=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxKRVgSh6KbLCvYBTQyTyaQdOnkwMxFKyKe48VfcuFBEd/o1TtoI2nrgwuGce7n3HjdmVEjD+NSWlldW19ZLG+XNre2dXX1vvyuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vg693v3hAsahbdyEhM7QMOQ+hQjqSRHb/jw4hJaPkc4tTzCJIJWgOQII5a2smp8Z8XUMU+yH7MQMkevGDVjCrhIzIJUQIG2o39YXoSTgIQSMyTEwDRiaaeIS4oZycpWIkiM8BgNyUDREAVE2On0wQweK8WDfsRVhRJO1d8TKQqEmASu6syPF/NeLv7nDRLpn9spDeNEkhDPFvkJgzKCeVrQo5xgySaKIMypuhXiEVJhSZVpWYVgzr+8SLqnNbNeq9+cVZpXRRwlcAiOQBWYoAGaoAXaoAMweABP4AW8ao/as/amvc9al7Ri5gD8gfb1DeJroto=</latexit>

f :=
ωH(pω1 )

ωpω1
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<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H

Entropy First Variation (Surprise)
<latexit sha1_base64="4/+Ps5A6czguFqM+2s3zUrCIx0E="></latexit>

f :=
ωH (pω1 )

ωpω1
= → log (pω1 )

surprise as intrinsic 
reward function

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

Closed-form Gradient of Surprise

<latexit sha1_base64="WjKYfsUkdBh/hvZgg+BKBd+Ppjw="></latexit>

→f = ↑→ log (pω1 ) ↓ ↑sω(·, 1)

<latexit sha1_base64="f1oQHXbNT8ywXQfGblR4bAR7Qbc=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxKRVgSh6KbLCvYBTQyTyaQdOnkwMxFKyKe48VfcuFBEd/o1TtoI2nrgwuGce7n3HjdmVEjD+NSWlldW19ZLG+XNre2dXX1vvyuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vg693v3hAsahbdyEhM7QMOQ+hQjqSRHb/jw4hJaPkc4tTzCJIJWgOQII5a2smp8Z8XUMU+yH7MQMkevGDVjCrhIzIJUQIG2o39YXoSTgIQSMyTEwDRiaaeIS4oZycpWIkiM8BgNyUDREAVE2On0wQweK8WDfsRVhRJO1d8TKQqEmASu6syPF/NeLv7nDRLpn9spDeNEkhDPFvkJgzKCeVrQo5xgySaKIMypuhXiEVJhSZVpWYVgzr+8SLqnNbNeq9+cVZpXRRwlcAiOQBWYoAGaoAXaoAMweABP4AW8ao/as/amvc9al7Ri5gD8gfb1DeJroto=</latexit>

f :=
ωH(pω1 )

ωpω1

score neural 
approximator

(e.g., denoiser network)
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<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H

Entropy First Variation (Surprise)
<latexit sha1_base64="4/+Ps5A6czguFqM+2s3zUrCIx0E="></latexit>

f :=
ωH (pω1 )

ωpω1
= → log (pω1 )

surprise as intrinsic 
reward function

<latexit sha1_base64="c1so2MB6JwA0foEBjnvVP8DY6S4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3UVo89xfpBv1zxq/4caJUEOalAjka//NUbSJImVFjCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUcFTqgJs/m5U3TmlAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9jsaME2J5RNHMNHM3YrICGtMrEuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gAA349e</latexit>

pω1

Closed-form Gradient of Surprise

<latexit sha1_base64="WjKYfsUkdBh/hvZgg+BKBd+Ppjw="></latexit>

→f = ↑→ log (pω1 ) ↓ ↑sω(·, 1)

Can use any gradient-based reward-guided FT method.

Key: linearizing entropy leads to intrinsic reward    (i.e. surprise) for standard RL fine-tuning

score neural 
approximator

(e.g., denoiser network)

<latexit sha1_base64="f1oQHXbNT8ywXQfGblR4bAR7Qbc=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxKRVgSh6KbLCvYBTQyTyaQdOnkwMxFKyKe48VfcuFBEd/o1TtoI2nrgwuGce7n3HjdmVEjD+NSWlldW19ZLG+XNre2dXX1vvyuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vg693v3hAsahbdyEhM7QMOQ+hQjqSRHb/jw4hJaPkc4tTzCJIJWgOQII5a2smp8Z8XUMU+yH7MQMkevGDVjCrhIzIJUQIG2o39YXoSTgIQSMyTEwDRiaaeIS4oZycpWIkiM8BgNyUDREAVE2On0wQweK8WDfsRVhRJO1d8TKQqEmASu6syPF/NeLv7nDRLpn9spDeNEkhDPFvkJgzKCeVrQo5xgySaKIMypuhXiEVJhSZVpWYVgzr+8SLqnNbNeq9+cVZpXRRwlcAiOQBWYoAGaoAXaoAMweABP4AW8ao/as/amvc9al7Ri5gD8gfb1DeJroto=</latexit>

f :=
ωH(pω1 )

ωpω1

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

f
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How to Increase Flow Entropy via RL 
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Takeaway

For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

Return <latexit sha1_base64="hxNeyQoxHavveNBJLX0tmpIXqDM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBGEohvBTQX7gM5QMmmmDc1kQpIRytDfcONCEbf+jDv/xrSdhbYeuNzDOfeSmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Pbqd9+okqzRDyasaRBjAeCRYxgYyXflwxdXSPbeve9csWtujOgZeLlpAI5Gr3yl99PSBpTYQjHWnc9V5ogw8owwumk5KeaSkxGeEC7lgocUx1ks5sn6MQqfRQlypYwaKb+3shwrPU4Du1kjM1QL3pT8T+vm5roMsiYkKmhgswfilKOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JhKNgRv8cvLpHVW9WrV2sN5pX6Tx1GEIziGU/DgAupwBw1oAgEJz/AKb07qvDjvzsd8tODkO4fwB87nD57UkMg=</latexit>ω := ωK

Fine-tune         via standard reward-guided fine-tuning:
<latexit sha1_base64="PNoNM/A8SeVdu0p+tY+2VcqjtBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSPOKMGiv5/ZQPJoNqza27C5C/xCtIDQq0BtXP/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkzCpDEiXKljRkof6cyGms9TQObWdMzVivenPxP6+Xmeg6yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9+S9pX9S9Rr1xf1lr3hRxlOEETuEcPLiCJtxBC3xgwOEJXuDVkc6z8+a8L1tLTjFzDL/gfHwD0iGOtg==</latexit>ωk

<latexit sha1_base64="1PTo1PgE2vobr/SF0gcjmWSyYiU="></latexit>

argmax Ex→pω
1
[fk(x)]→ ωkKL(pω1 ↑ pk↑1

1 )
<latexit sha1_base64="PNoNM/A8SeVdu0p+tY+2VcqjtBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSPOKMGiv5/ZQPJoNqza27C5C/xCtIDQq0BtXP/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkzCpDEiXKljRkof6cyGms9TQObWdMzVivenPxP6+Xmeg6yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9+S9pX9S9Rr1xf1lr3hRxlOEETuEcPLiCJtxBC3xgwOEJXuDVkc6z8+a8L1tLTjFzDL/gfHwD0iGOtg==</latexit>ωk

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Set  
<latexit sha1_base64="raSuHlHGNjdXQjizoVsfZCG2cgA="></latexit>

→fk := →ωG(pωk→1

1 )

ωp
ωk→1

1

= ↑(1 + ε)s
ωk→1

1 ↑ s
ωpre

1

1. Data Debiasing | Mode Discovery | Exploration  can be tackled via KL-regularized entropic expansion
2. KL-regularized entropic expansion can be reduced to RL via negative score as reward gradient

89

Flow Density Control (FDC)
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Data De-Biasing or Mode Discovery via FDC

Pre-trained generative model

<latexit sha1_base64="CiOAoGaEqEJY+pAnHGhEDEP1M5I="></latexit>

P(sample x in main mode) → 1
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Pre-trained generative model Expanded generative model

<latexit sha1_base64="CiOAoGaEqEJY+pAnHGhEDEP1M5I="></latexit>

P(sample x in main mode) → 1
<latexit sha1_base64="jK6GLdIraqikihArq9foVZzemC8="></latexit>

P(sample x in main mode) → 0.5

FDC

91

Data De-Biasing or Mode Discovery via FDC



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

GEOM-Drugs

92

Mode Discovery via FDC: Molecule and Protein Design

FDC achieves higher conformer diversity 
of drug-like molecules 
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FDC: Theoretical Guarantees

93

Assumption (Informal, Exact estimation and optimization). 

1. Exact score estimation, i.e.,

2. Reward fine-tuning is solved exactly. 

<latexit sha1_base64="thRZ6ALGViRBequY5HMxCaWO094=">AAACFHicbVDLSgMxFM3UV62vqks3wSJUlDIjUt0IRTcuK9gHdMYhk8m0oZlkSDJiGfoRbvwVNy4UcevCnX9j+lho64HA4ZxzubknSBhV2ra/rdzC4tLySn61sLa+sblV3N5pKpFKTBpYMCHbAVKEUU4ammpG2okkKA4YaQX9q5HfuidSUcFv9SAhXoy6nEYUI20kv3ik7jIzMCy7OBT6GDqH8AK6HAUM+Q/QZaILE9+ZZPxiya7YY8B54kxJCUxR94tfbihwGhOuMUNKdRw70V6GpKaYkWHBTRVJEO6jLukYylFMlJeNjxrCA6OEMBLSPK7hWP09kaFYqUEcmGSMdE/NeiPxP6+T6ujcyyhPUk04niyKUga1gKOGYEglwZoNDEFYUvNXiHtIIqxNjwVTgjN78jxpnlScaqV6c1qqXU7ryIM9sA/KwAFnoAauQR00AAaP4Bm8gjfryXqx3q2PSTRnTWd2wR9Ynz/NOJ1x</latexit>

spre(·, 1) = →x log p
pre
1
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FDC: Theoretical Guarantees

94

Theorem (Informal, One-step convergence). Fine-tuning a pre-trained model           for entropy-maximization 
via FDC leads to a model     such that: 

where                    is the marginal distribution induced by the optimal exploratory policy                                       
with                                            . 

<latexit sha1_base64="aPz2rFF9mcxV61OHz6T7fd1S2Fw=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+5B2LJk004YmmZBkhDL0K9y4UMStn+POvzFtZ6GtBwKHc+4h955IcWas7397K6tr6xubha3i9s7u3n7p4LBpklQT2iAJT3Q7woZyJmnDMstpW2mKRcRpKxrdTP3WE9WGJfLejhUNBR5IFjOCrZMeuoo9Zi4w6ZXKfsWfAS2TICdlyFHvlb66/YSkgkpLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOoxIKaMJstPEGnTumjONHuSYtm6u9EhoUxYxG5SYHt0Cx6U/E/r5Pa+CrMmFSppZLMP4pTjmyCptejPtOUWD52BBPN3K6IDLHGxLqOiq6EYPHkZdI8rwTVSvXuoly7zusowDGcwBkEcAk1uIU6NICAgGd4hTdPey/eu/cxH13x8swR/IH3+QM0tZCx</latexit>

ωpre

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω
<latexit sha1_base64="qZhzVd4ECLLyJvuhub+vatotBGQ=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VohZZEpLoRim66rGAf0MQwmU7boZNkmJkIJfQr3Pgrblwo4lbc+TdO2iy09cCFwzn3cu89PmdUKsv6NnIrq2vrG/nNwtb2zu6euX/QllEsMGnhiEWi6yNJGA1JS1HFSJcLggKfkY4/vkn9zgMRkkbhnZpw4gZoGNIBxUhpyTMrToDUCCOWNKYl7tn3p2VYgYuiw2kZXkHLM4tW1ZoBLhM7I0WQoemZX04/wnFAQoUZkrJnW1y5CRKKYkamBSeWhCM8RkPS0zREAZFuMntrCk+00oeDSOgKFZypvycSFEg5CXzdmd4rF71U/M/rxWpw6SY05LEiIZ4vGsQMqgimGcE+FQQrNtEEYUH1rRCPkEBY6SQLOgR78eVl0j6r2rVq7fa8WL/O4siDI3AMSsAGF6AOGqAJWgCDR/AMXsGb8WS8GO/Gx7w1Z2Qzh+APjM8fx1WdOw==</latexit>

H(p→1)→H(pω1 ) = 0
<latexit sha1_base64="nLy4bGODvtvQEA/vhfXWhbkU4QM=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASLIF2UGZEqglB047KCvUA7HTJp2oZmMiHJCHUovoobF4q49T3c+TZm2llo6w+Bj/+cwzn5A8Go0o7zbeWWlldW1/LrhY3Nre0de3evoaJYYlLHEYtkK0CKMMpJXVPNSEtIgsKAkWYwuknrzQciFY34vR4L4oVowGmfYqSN5dsHwne7JXh5BVNIOoJ2SxPfLjplZyq4CG4GRZCp5ttfnV6E45BwjRlSqu06QnsJkppiRiaFTqyIQHiEBqRtkKOQKC+ZXj+Bx8bpwX4kzeMaTt3fEwkKlRqHgekMkR6q+Vpq/ldrx7p/4SWUi1gTjmeL+jGDOoJpFLBHJcGajQ0gLKm5FeIhkghrE1jBhODOf3kRGqdlt1Ku3J0Vq9dZHHlwCI7ACXDBOaiCW1ADdYDBI3gGr+DNerJerHfrY9aas7KZffBH1ucPN2uT0A==</latexit>

p→1 := pω
→

1

<latexit sha1_base64="iAtwcwPQPI9jgY8SbEsRwZucWI0="></latexit>

ω→
→ argmax

ω↑!
H(pω1 )

<latexit sha1_base64="aPvLjLylTJBKxSPkg4nuWtFB15s="></latexit>

! = {ω : pω1 → P(”pre)}

Assumption (Informal, Exact estimation and optimization). 

1. Exact score estimation, i.e.,

2. Reward fine-tuning is solved exactly. 

<latexit sha1_base64="thRZ6ALGViRBequY5HMxCaWO094=">AAACFHicbVDLSgMxFM3UV62vqks3wSJUlDIjUt0IRTcuK9gHdMYhk8m0oZlkSDJiGfoRbvwVNy4UcevCnX9j+lho64HA4ZxzubknSBhV2ra/rdzC4tLySn61sLa+sblV3N5pKpFKTBpYMCHbAVKEUU4ammpG2okkKA4YaQX9q5HfuidSUcFv9SAhXoy6nEYUI20kv3ik7jIzMCy7OBT6GDqH8AK6HAUM+Q/QZaILE9+ZZPxiya7YY8B54kxJCUxR94tfbihwGhOuMUNKdRw70V6GpKaYkWHBTRVJEO6jLukYylFMlJeNjxrCA6OEMBLSPK7hWP09kaFYqUEcmGSMdE/NeiPxP6+T6ujcyyhPUk04niyKUga1gKOGYEglwZoNDEFYUvNXiHtIIqxNjwVTgjN78jxpnlScaqV6c1qqXU7ryIM9sA/KwAFnoAauQR00AAaP4Bm8gjfryXqx3q2PSTRnTWd2wR9Ynz/NOJ1x</latexit>

spre(·, 1) = →x log p
pre
1
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Data Debiasing and 
Hidden Mode Discovery

Out-of-Distribution 
Flow Modeling

Part I Part II Part III

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

Distributional Generative Optimization

This talk:
Foundations of Generative Discovery Beyond the Data

95

Tail-Aware Reward 
Adaptation
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<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Distributional Generative Optimization
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="ACm79Q3FlfsSeDxzAuo+IToKTMY="></latexit>

argmax F (pω1 )→ ωD(pω1 ↑ p
pre
1 )

Control of tail behavior is essential for discovery (e.g., diversity, tail-aware optimization)

<latexit sha1_base64="ACm79Q3FlfsSeDxzAuo+IToKTMY="></latexit>

argmax F (pω1 )→ ωD(pω1 ↑ p
pre
1 )

<latexit sha1_base64="ACm79Q3FlfsSeDxzAuo+IToKTMY="></latexit>

argmax F (pω1 )→ ωD(pω1 ↑ p
pre
1 )

<latexit sha1_base64="J186KKFX+eTVRzJsHImp+A2xcKg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WVRFy4r2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJbe53n5g2XMlHmCYsiMlI8ohTAlby+zGBMSUiu5sNqjW37s6BV4lXkBoq0BpUv/pDRdOYSaCCGON7bgJBRjRwKtis0k8NSwidkBHzLZUkZibI5pFn+MwqQxwpbZ8EPFd/b2QkNmYah3Yyj2iWvVz8z/NTiK6DjMskBSbp4qMoFRgUzu/HQ64ZBTG1hFDNbVZMx0QTCralii3BWz55lXQu6l6j3ni4rDVvijrK6ASdonPkoSvURPeohdqIIoWe0St6c8B5cd6dj8VoySl2jtEfOJ8/eG+RZQ==</latexit>D<latexit sha1_base64="UcyT0g+RKkxVm3193ppbzFwwDEg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WVREJcV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLa+sbmVnm7srO7t39QPTzqGJVqytpUCaV7ITFMcMnawEGwXqIZiUPBuuHkNve7T0wbruQjTBMWxGQkecQpASv5/ZjAmBKR3c0G1Zpbd+fAq8QrSA0VaA2qX/2homnMJFBBjPE9N4EgIxo4FWxW6aeGJYROyIj5lkoSMxNk88gzfGaVIY6Utk8Cnqu/NzISGzONQzuZRzTLXi7+5/kpRNdBxmWSApN08VGUCgwK5/fjIdeMgphaQqjmNiumY6IJBdtSxZbgLZ+8SjoXda9Rbzxc1po3RR1ldIJO0Tny0BVqonvUQm1EkULP6BW9OeC8OO/Ox2K05BQ7x+gPnM8fe3mRZw==</latexit>FHow to represent new task? How to preserve prior information?

<latexit sha1_base64="sYKwHHgqBb9Ic06q14fr+SROvAs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AG4YjnQ=</latexit>

ω→

<latexit sha1_base64="fIXkcPABpqW0Ro58ZjwA7idQeeQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBPJRdkeqx6MVjBfsB3W3Jptk2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpJFaFNkvBEdUKsKWeCNg0znHakojgOOW2H47uZ336iSrNEPJqJpEGMh4JFjGBjJV/2Ml+y3sW076F+ueJW3TnQKvFyUoEcjX75yx8kJI2pMIRjrbueK02QYWUY4XRa8lNNJSZjPKRdSwWOqQ6y+c1TdGaVAYoSZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10E2RMyNRQQRaLopQjk6BZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVtC6rXq1ae7iq1G/zOIpwAqdwDh5cQx3uoQFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AUICkTA=</latexit>

pω
→

1

<latexit sha1_base64="00TEkOm5ER4RcwyESInV6S2kY3A=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMSHVZdOOygn1AZxwyaaYNzWSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDJOfeQ3BOmnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEWFHOBG1qpjntpJLiOOS0HQ6vJ377gUrFEnGnRyn1Y9wXLGIEayMF9iEO9H1uImPkKRYjL2Wza2BXnKozBVokbkEqUKAR2F9eLyFZTIUmHCvVdZ1U+zmWmhFOx2UvUzTFZIj7tGuowDFVfj7dYIxOjNJDUSLNERpN1d+JHMdKjeLQTMZYD9S8NxH/87qZji79nIk001SQ2UNRxpFO0KQO1GOSEs1HhmAimfkrIgMsMdGmtLIpwZ1feZG0zqpurVq7Pa/Ur4o6SnAEx3AKLlxAHW6gAU0g8AjP8Apv1pP1Yr1bH7PRJavIHMAfWJ8/3sSXLg==</latexit>

apret → ωpre

noise 
distribution

<latexit sha1_base64="cSU2llf/xiVszkwTFEwPiIGB9kI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gABjo2i</latexit>p0
<latexit sha1_base64="AdN3wzmCHOzVH3PcBpcYll71C7g=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scyIVBGEohuXFewD2jrcyaRtaGYmJBmxDPMVbvwVNy4UcSvu/BvTdhbaeiBwcs49JPd4gjOlbfvbyi0sLi2v5FcLa+sbm1vF7Z2GimJJaJ1EPJItDxTlLKR1zTSnLSEpBB6nTW94Nfab91QqFoW3eiRoN4B+yHqMgDaSWzwSd4kJpK6Dzy+wuXQEmypjqQNCyOgBCzfxQUPqFkt22Z4AzxMnIyWUoeYWvzp+ROKAhppwUKrt2EJ3E5CaEU7TQidWVAAZQp+2DQ0hoKqbTNZK8YFRfNyLpDmhxhP1dyKBQKlR4JnJAPRAzXpj8T+vHeveWTdhoYg1Dcn0oV7MsY7wuCPsM0mJ5iNDgEhm/orJACQQbZosmBKc2ZXnSeO47FTKlZuTUvUyqyOP9tA+OkQOOkVVdI1qqI4IekTP6BW9WU/Wi/VufUxHc1aW2UV/YH3+AGC+n4s=</latexit>

ppre1 := pω
pre

1 → pdata

96

Flow Density Control for Distributional Fine-Tuning



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

<latexit sha1_base64="UcyT0g+RKkxVm3193ppbzFwwDEg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WVREJcV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLa+sbmVnm7srO7t39QPTzqGJVqytpUCaV7ITFMcMnawEGwXqIZiUPBuuHkNve7T0wbruQjTBMWxGQkecQpASv5/ZjAmBKR3c0G1Zpbd+fAq8QrSA0VaA2qX/2homnMJFBBjPE9N4EgIxo4FWxW6aeGJYROyIj5lkoSMxNk88gzfGaVIY6Utk8Cnqu/NzISGzONQzuZRzTLXi7+5/kpRNdBxmWSApN08VGUCgwK5/fjIdeMgphaQqjmNiumY6IJBdtSxZbgLZ+8SjoXda9Rbzxc1po3RR1ldIJO0Tny0BVqonvUQm1EkULP6BW9OeC8OO/Ox2K05BQ7x+gPnM8fe3mRZw==</latexit>F

How to represent new task?

<latexit sha1_base64="J186KKFX+eTVRzJsHImp+A2xcKg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WVRFy4r2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJbe53n5g2XMlHmCYsiMlI8ohTAlby+zGBMSUiu5sNqjW37s6BV4lXkBoq0BpUv/pDRdOYSaCCGON7bgJBRjRwKtis0k8NSwidkBHzLZUkZibI5pFn+MwqQxwpbZ8EPFd/b2QkNmYah3Yyj2iWvVz8z/NTiK6DjMskBSbp4qMoFRgUzu/HQ64ZBTG1hFDNbVZMx0QTCralii3BWz55lXQu6l6j3ni4rDVvijrK6ASdonPkoSvURPeohdqIIoWe0St6c8B5cd6dj8VoySl2jtEfOJ8/eG+RZQ==</latexit>D

How to preserve prior 
information?
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Flow Density Control: Theoretical Guarantees

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Distributional Generative Optimization
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="ACm79Q3FlfsSeDxzAuo+IToKTMY="></latexit>

argmax F (pω1 )→ ωD(pω1 ↑ p
pre
1 )
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Flow Density Control: Theoretical Guarantees

<latexit sha1_base64="BkoD3iB4mDAki/tei1lFSZUMYlw="></latexit>

G(pω1 ) := F (pω1 )→ ωD(pω1 ↑ p
pre
1 )

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Distributional Generative Optimization
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="ACm79Q3FlfsSeDxzAuo+IToKTMY="></latexit>

argmax F (pω1 )→ ωD(pω1 ↑ p
pre
1 )
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Flow Density Control: Theoretical Guarantees

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Distributional Generative Optimization
<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

<latexit sha1_base64="ACm79Q3FlfsSeDxzAuo+IToKTMY="></latexit>

argmax F (pω1 )→ ωD(pω1 ↑ p
pre
1 )

<latexit sha1_base64="BkoD3iB4mDAki/tei1lFSZUMYlw="></latexit>

G(pω1 ) := F (pω1 )→ ωD(pω1 ↑ p
pre
1 )

-relative smoothness,

concave, idealized assumptions,     iterations:
<latexit sha1_base64="fE5qhUZ2OdUQEEbON1WQlCLjeg0="></latexit>

G(p→1)→ G(pω1 ) ↑
L→ l

K
DKL(p

→
1↓p

pre
1 )

<latexit sha1_base64="Lut/u1kPd63Jrj3uBu/XxwHGaFE=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGwiGA+MDnC3maSLNnbO3b3hHDkX9hYKGLrv7Hz37hJrtDEBwOP92aYmRfEgmvjut9ObmV1bX0jv1nY2t7Z3SvuHzR0lCiGdRaJSLUCqlFwiXXDjcBWrJCGgcBmMLqZ+s0nVJpH8sGMY/RDOpC8zxk1VnrsoKHdEbkid91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZxRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6ln3IZJwYlmy/qJ4KYiEzfJz2ukBkxtoQyxe2thA2poszYkAo2BG/x5WXSOCt7lXLl/rxUvc7iyMMRHMMpeHABVbiFGtSBgYRneIU3RzsvzrvzMW/NOdnMIfyB8/kDWwyQEg==</latexit>

ωk = L
<latexit sha1_base64="86+SY2XxY1REIli2Kf3txxlQQXk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqiH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A15uM+w==</latexit>

l -relative strong convexity

<latexit sha1_base64="q4RidoqvkogkYoAGcK/q8ElKAPQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6WXjNo=</latexit>

K

stationary point of     . 

<latexit sha1_base64="uMWiYIt3g2SRc8dfCjt2D8Hc3XU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokItVl0Y3LCvYBbQyTyW07dDIJMxOhhGz8FTcuFHHrZ7jzb5y2WWjrgQuHc+5l5pwg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfhm6nceQSoWi3s9ScCLyFCwAaNEG8m3jxLffcjGOe7r2AzjIWRGyn276tScGfAycQtSRQWavv3VD2OaRiA05USpnusk2suI1IxyyCv9VEFC6JgMoWeoIBEoL5sFyPGpUUI8iKUZofFM/X2RkUipSRSYzYjokVr0puJ/Xi/VgysvYyJJNQg6f2iQcmzCTtvAIZNANZ8YQqhk5q+YjogkVJvOKqYEdzHyMmmf19x6rX53UW1cF3WU0TE6QWfIRZeogW5RE7UQRTl6Rq/ozXqyXqx362O+WrKKm0P0B9bnD1QjlkI=</latexit>

pk1 → p̃1

general (e.g., non-concave) assumptions:

<latexit sha1_base64="uMWiYIt3g2SRc8dfCjt2D8Hc3XU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokItVl0Y3LCvYBbQyTyW07dDIJMxOhhGz8FTcuFHHrZ7jzb5y2WWjrgQuHc+5l5pwg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfhm6nceQSoWi3s9ScCLyFCwAaNEG8m3jxLffcjGOe7r2AzjIWRGyn276tScGfAycQtSRQWavv3VD2OaRiA05USpnusk2suI1IxyyCv9VEFC6JgMoWeoIBEoL5sFyPGpUUI8iKUZofFM/X2RkUipSRSYzYjokVr0puJ/Xi/VgysvYyJJNQg6f2iQcmzCTtvAIZNANZ8YQqhk5q+YjogkVJvOKqYEdzHyMmmf19x6rX53UW1cF3WU0TE6QWfIRZeogW5RE7UQRTl6Rq/ozXqyXqx362O+WrKKm0P0B9bnD1QjlkI=</latexit>

pk1 → p̃1
<latexit sha1_base64="BkoD3iB4mDAki/tei1lFSZUMYlw="></latexit>

G(pω1 ) := F (pω1 )→ ωD(pω1 ↑ p
pre
1 )

(Finite-time convergence via Nesterov relative 
smoothness and strong convexity framework)

(Asymptotic convergence via mirror flows)
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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!

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

!pre

101

The Dream: Discovery via Generative Optimization

<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 ⇠ ⇡

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

<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
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<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
<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!
Generative models 

generalize locally over 
training data.
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<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 ⌦
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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)



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi 109

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

<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

110

Next: Out-of-Distribution Flow Modeling

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

Out-of-Distribution 
Flow Modeling

Part I Part II Part III

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

This talk:
Foundations of Generative Discovery Beyond the Data

111

Tail-Aware Reward 
Adaptation
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Verifier-Constrained Flow Expansion for Discovery Beyond the Data
[Riccardo De Santi*, Kimon Protopapas*, Ya-Ping Hsieh, and Andreas Krause]

ICLR 2026

112

Constrained Entropic Flow Expansion: Key Reference
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Pre-trained generative model

113

Mode Discovery via Regularized Entropic Expansion
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Pre-trained generative model Expanded generative model

FDC

114

Mode Discovery via Regularized Entropic Expansion
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Pre-trained generative model Expanded generative model

FDC

Extends on invalid region

invalid

115

Stretching the models “creative power” via entropic expansion might increase density in invalid regions

Mode Discovery via Regularized Entropic Expansion
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Fragmented molecules 
(hallucinations)

Key idea:  use verifiers to constraint 
expansion over valid regions

<latexit sha1_base64="sYKwHHgqBb9Ic06q14fr+SROvAs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n443m3VHYr7gxkmXg5KUOOerf01enFLI1QGiao1m3PTUyQUWU4EzgpdlKNCWUjOsC2pZJGqINsduyEnFqlR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+iDcFbfHmZNC4qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatK04+cwR/4Hz+AG4YjnQ=</latexit>

ω→

116

Low-probability modes can be 
due to generalization errors

Verifier-Constrained Flow Expansion

Verifier
<latexit sha1_base64="2M+3wEJKoqwZSz+GqpIuJ2WsAWg=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4kJKIVHFVdOOygn1AE8pkOmmHTh7MTAolZOHGX3HjQhG3foQ7/8ZJm4W2Hhg4nHMvc8/xYs6ksqxvY2V1bX1js7RV3t7Z3ds3Dw7bMkoEoS0S8Uh0PSwpZyFtKaY47caC4sDjtOONb3O/M6FCsih8UNOYugEehsxnBCst9c3K5Bo5AVYjgnnazZCjIuSk1pntZKhvVq2aNQNaJnZBqlCg2Te/nEFEkoCGinAsZc+2YuWmWChGOM3KTiJpjMkYD2lP0xAHVLrpLESGTrQyQH4k9AsVmqm/N1IcSDkNPD2Z3ysXvVz8z+slyr9yUxbGiaIhmX/kJxzppHkjaMAEJYpPNcFEMH0rIiMsMFG6t7IuwV6MvEza5zW7XqvfX1QbN0UdJajAMZyCDZfQgDtoQgsIPMIzvMKb8WS8GO/Gx3x0xSh2juAPjM8f3NeW9g==</latexit>

v : X → {0, 1}
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<latexit sha1_base64="+TVhhqFhenax4sdZHrAkOOVygXY="></latexit>

argmax H(pω1 )→ ωKL(pω1 ↑ p
pre
1 )

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

<latexit sha1_base64="DsNLgCWlglKRNPAtoQW0wFXd/us="></latexit>

ω→
→ argmax H (pωT )

Verifier-Constrained Entropic Expansion
<latexit sha1_base64="TDISxi5liNdsGRZuAvlHkzEmxKs="></latexit>

s.t. Ex→pω
1
[v(x)] = 1

verifier constraintKL-reg. entropic expansion

Verifier-Constrained Flow Expansion
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For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

Return <latexit sha1_base64="hxNeyQoxHavveNBJLX0tmpIXqDM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBGEohvBTQX7gM5QMmmmDc1kQpIRytDfcONCEbf+jDv/xrSdhbYeuNzDOfeSmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Pbqd9+okqzRDyasaRBjAeCRYxgYyXflwxdXSPbeve9csWtujOgZeLlpAI5Gr3yl99PSBpTYQjHWnc9V5ogw8owwumk5KeaSkxGeEC7lgocUx1ks5sn6MQqfRQlypYwaKb+3shwrPU4Du1kjM1QL3pT8T+vm5roMsiYkKmhgswfilKOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JhKNgRv8cvLpHVW9WrV2sN5pX6Tx1GEIziGU/DgAupwBw1oAgEJz/AKb07qvDjvzsd8tODkO4fwB87nD57UkMg=</latexit>ω := ωK

Fine-tune           via standard reward-guided fine-tuning:
<latexit sha1_base64="1PTo1PgE2vobr/SF0gcjmWSyYiU="></latexit>

argmax Ex→pω
1
[fk(x)]→ ωkKL(pω1 ↑ pk↑1

1 )
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Set  
<latexit sha1_base64="aWaxD2EbuVXFy5oOG17XOnbaaY4="></latexit>

→fk := →ωG(pωk→1

1 )

ωp
ωk→1

1

= ↑(1 + ε)s
ωk→1

1 + s
ωpre

1

continued pre-training to obtain a better generative prior for downstream discovery tasks

Expansion Step
<latexit sha1_base64="pBC6RwUxE8osBaTylyQeEpGYTqI=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBG8WHZFqseiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHt1O/9cS04bF6sOOEBZIMFI84JdZJj92E97LRuT/plcpexZsBLxM/J2XIUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ86pY+jWLtSFs/U3xMZkcaMZeg6JbFDs+hNxf+8Tmqj6yDjKkktU3S+KEoFtjGefo/7XDNqxdgRQjV3t2I6JJpQ6zIquhD8xZeXSfOi4lcr1fvLcu0mj6MAx3ACZ+DDFdTgDurQAAoSnuEV3pBGL+gdfcxbV1A+cwR/gD5/AHZqkDQ=</latexit>ωk→1

<latexit sha1_base64="lHi5s7BLz053P1zjJ/lu8t13paY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK/YImlM1m2i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFjc2t7p7hb2ts/ODwqH5+0VZxKii0a81h2A6KQM4EtzTTHbiKRRAHHTjC+n/udCUrFYtHU0wT9iAwFGzBKtJF8r8l4iJmXsFl/3C9XnKqzgL1O3JxUIEejX/7ywpimEQpNOVGq5zqJ9jMiNaMcZyUvVZgQOiZD7BkqSITKzxZHz+wLo4T2IJamhLYX6u+JjERKTaPAdEZEj9SqNxf/83qpHtz6GRNJqlHQ5aJBym0d2/ME7JBJpJpPDSFUMnOrTUdEEqpNTiUTgrv68jppX1XdWrX2eF2p3+VxFOEMzuESXLiBOjxAA1pA4Qme4RXerIn1Yr1bH8vWgpXPnMIfWJ8/CwCSTA==</latexit>

ω̃k
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For                              :

<latexit sha1_base64="enby0yAD+Fu2RmrrRc4/yHevYHg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqghC0Y3LCvYBbQyT6aQdOpmEmYlYQn7FjQtF3Poj7vwbp4+Fth4YOJxzD/fOCRLOlHacb6uwsrq2vlHcLG1t7+zu2fvllopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0c3Ebz9SqVgs7vU4oV6EB4KFjGBtJN8u9xLmO+jyChnykJls7tsVp+pMgZaJOycVmKPh21+9fkzSiApNOFaq6zqJ9jIsNSOc5qVeqmiCyQgPaNdQgSOqvGx6e46OjdJHYSzNExpN1d+JDEdKjaPATEZYD9WiNxH/87qpDi+8jIkk1VSQ2aIw5UjHaFIE6jNJieZjQzCRzNyKyBBLTLSpq2RKcBe/vExap1W3Vq3dnVXq1/M6inAIR3ACLpxDHW6hAU0g8ATP8ApvVm69WO/Wx2y0YM0zB/AH1ucP3r+Ttw==</latexit>

ω0 := ωpre

<latexit sha1_base64="Z7Mq5+tJg1wPvaRuSaRy+8bEKew=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGVXpHoRil4ELxXsB7RryWbTNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY229omShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid98pEozKe7NKKZ+hPuC9RjBxkoPw0uvhDo8lEaX0G23UHTL7hRokXgZKUKGWrfw1QklSSIqDOFY67bnxsZPsTKMcDrOdxJNY0yGuE/blgocUe2n06vH6NgqIepJZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkzvwk+ZiBNDBZkt6iUcGYkmEaCQKUoMH1mCiWL2VkQGWGFibFB5G4I3//IiaZyWvUq5cndWrF5lceTgEI7gBDw4hyrcQA3qQEDBM7zCm/PkvDjvzsesdcnJZg7gD5zPH53BkU8=</latexit>

k = 1, . . . ,K

Init:      

Return <latexit sha1_base64="hxNeyQoxHavveNBJLX0tmpIXqDM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBGEohvBTQX7gM5QMmmmDc1kQpIRytDfcONCEbf+jDv/xrSdhbYeuNzDOfeSmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Pbqd9+okqzRDyasaRBjAeCRYxgYyXflwxdXSPbeve9csWtujOgZeLlpAI5Gr3yl99PSBpTYQjHWnc9V5ogw8owwumk5KeaSkxGeEC7lgocUx1ks5sn6MQqfRQlypYwaKb+3shwrPU4Du1kjM1QL3pT8T+vm5roMsiYkKmhgswfilKOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JhKNgRv8cvLpHVW9WrV2sN5pX6Tx1GEIziGU/DgAupwBw1oAgEJz/AKb07qvDjvzsd8tODkO4fwB87nD57UkMg=</latexit>ω := ωK

Fine-tune           via standard reward-guided fine-tuning:
<latexit sha1_base64="1PTo1PgE2vobr/SF0gcjmWSyYiU="></latexit>

argmax Ex→pω
1
[fk(x)]→ ωkKL(pω1 ↑ pk↑1

1 )
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Set  
<latexit sha1_base64="aWaxD2EbuVXFy5oOG17XOnbaaY4="></latexit>

→fk := →ωG(pωk→1

1 )

ωp
ωk→1

1

= ↑(1 + ε)s
ωk→1

1 + s
ωpre

1

continued pre-training to obtain a better generative prior for downstream discovery tasks

Expansion Step

Projection Step
Fine-tune        to enforce verifier constraints:

<latexit sha1_base64="pBC6RwUxE8osBaTylyQeEpGYTqI=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBG8WHZFqseiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHt1O/9cS04bF6sOOEBZIMFI84JdZJj92E97LRuT/plcpexZsBLxM/J2XIUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ86pY+jWLtSFs/U3xMZkcaMZeg6JbFDs+hNxf+8Tmqj6yDjKkktU3S+KEoFtjGefo/7XDNqxdgRQjV3t2I6JJpQ6zIquhD8xZeXSfOi4lcr1fvLcu0mj6MAx3ACZ+DDFdTgDurQAAoSnuEV3pBGL+gdfcxbV1A+cwR/gD5/AHZqkDQ=</latexit>ωk→1
<latexit sha1_base64="lHi5s7BLz053P1zjJ/lu8t13paY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK/YImlM1m2i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFjc2t7p7hb2ts/ODwqH5+0VZxKii0a81h2A6KQM4EtzTTHbiKRRAHHTjC+n/udCUrFYtHU0wT9iAwFGzBKtJF8r8l4iJmXsFl/3C9XnKqzgL1O3JxUIEejX/7ywpimEQpNOVGq5zqJ9jMiNaMcZyUvVZgQOiZD7BkqSITKzxZHz+wLo4T2IJamhLYX6u+JjERKTaPAdEZEj9SqNxf/83qpHtz6GRNJqlHQ5aJBym0d2/ME7JBJpJpPDSFUMnOrTUdEEqpNTiUTgrv68jppX1XdWrX2eF2p3+VxFOEMzuESXLiBOjxAA1pA4Qme4RXerIn1Yr1bH8vWgpXPnMIfWJ8/CwCSTA==</latexit>

ω̃k

<latexit sha1_base64="lHi5s7BLz053P1zjJ/lu8t13paY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK/YImlM1m2i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFjc2t7p7hb2ts/ODwqH5+0VZxKii0a81h2A6KQM4EtzTTHbiKRRAHHTjC+n/udCUrFYtHU0wT9iAwFGzBKtJF8r8l4iJmXsFl/3C9XnKqzgL1O3JxUIEejX/7ywpimEQpNOVGq5zqJ9jMiNaMcZyUvVZgQOiZD7BkqSITKzxZHz+wLo4T2IJamhLYX6u+JjERKTaPAdEZEj9SqNxf/83qpHtz6GRNJqlHQ5aJBym0d2/ME7JBJpJpPDSFUMnOrTUdEEqpNTiUTgrv68jppX1XdWrX2eF2p3+VxFOEMzuESXLiBOjxAA1pA4Qme4RXerIn1Yr1bH8vWgpXPnMIfWJ8/CwCSTA==</latexit>

ω̃k
<latexit sha1_base64="J22Xqt6HOlZEsqOA/wQDFF1vKac="></latexit>

argmax Ex→pω
1
[log v(x)]→ ωkKL(pω1 ↑ pk↑1

1 )
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

<latexit sha1_base64="lHi5s7BLz053P1zjJ/lu8t13paY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK/YImlM1m2i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFjc2t7p7hb2ts/ODwqH5+0VZxKii0a81h2A6KQM4EtzTTHbiKRRAHHTjC+n/udCUrFYtHU0wT9iAwFGzBKtJF8r8l4iJmXsFl/3C9XnKqzgL1O3JxUIEejX/7ywpimEQpNOVGq5zqJ9jMiNaMcZyUvVZgQOiZD7BkqSITKzxZHz+wLo4T2IJamhLYX6u+JjERKTaPAdEZEj9SqNxf/83qpHtz6GRNJqlHQ5aJBym0d2/ME7JBJpJpPDSFUMnOrTUdEEqpNTiUTgrv68jppX1XdWrX2eF2p3+VxFOEMzuESXLiBOjxAA1pA4Qme4RXerIn1Yr1bH8vWgpXPnMIfWJ8/CwCSTA==</latexit>

ω̃k
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Pre-trained generative model Verifier-Constrained Expansion

L-FE

L-FE prevents expansion on
invalid region

120

invalid

Mode Discovery via Constrained Entropic Expansion
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(weak) verifier = interatomic distance bound
validity metric = RDKit Sanitize + interatomic distance bound

PRE

FDC

L-FE

Diversity Validity (   )

<latexit sha1_base64="hb/hKpBH7qW/GH+MgkTE8QlLVv0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEoseiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Pu9csWtunOQVeLlpAI56r3yV7efsCxGaZigWnc8NzXBhCrDmcBpqZtpTCkb0QF2LJU0Rh1M5pdOyZlV+iRKlC1pyFz9PTGhsdbjOLSdMTVDvezNxP+8Tmai62DCZZoZlGyxKMoEMQmZvU36XCEzYmwJZYrbWwkbUkWZseGUbAje8surpHlR9fyqf39Zqd3kcRThBE7hHDy4ghrcQR0awCCCZ3iFN2fkvDjvzseiteDkM8fwB87nD/y1jQU=</latexit>

66

<latexit sha1_base64="kRjrQzRkYuCbHzxIGzjuqRstIc8=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJAY9ELx7RyCMBQmaHWZgwO7uZ6TUhG/7AiweN8eofefNvHGAPClbSSaWqO91dfiyFQdf9dnIbm1vbO/ndwt7+weFR8fikZaJEM95kkYx0x6eGS6F4EwVK3ok1p6Eveduf3M799hPXRkTqEacx74d0pEQgGEUrPdQqg2LJLbsLkHXiZaQEGRqD4ldvGLEk5AqZpMZ0PTfGfko1Cib5rNBLDI8pm9AR71qqaMhNP11cOiMXVhmSINK2FJKF+nsipaEx09C3nSHFsVn15uJ/XjfB4LqfChUnyBVbLgoSSTAi87fJUGjOUE4toUwLeythY6opQxtOwYbgrb68TlqVslctV++vSvWbLI48nME5XIIHNajDHTSgCQwCeIZXeHMmzovz7nwsW3NONnMKf+B8/gD4Ko0C</latexit>

72
<latexit sha1_base64="q0ykHCVnGarfwQtdser+V1CHons=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNAY9ELx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlh0qt2i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGV77KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietq7JXLVfvK6X6TRZHHs7gHC7BgxrU4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz9yZ41E</latexit>

476

<latexit sha1_base64="jBSj55g9puqpDhxZk6u1Egww7Rg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNIkeiF48Y5ZHAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjp4cqt9oolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCav+hMskNSjZYlGYCmJiMvub9LlCZsTYEsoUt7cSNqSKMmPTKdgQvOWXV0nzouxVypX7y1LtJosjDydwCufgwTXU4A7q0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz9sUo1A</latexit>

508

121

<latexit sha1_base64="BsGKp+DcPkRULpNfFbWtMJPL3CQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxVLwVBKR6rHoxWMV+wFtKJvtpF262YTdjVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ66FX6pbJbdecgq8TLSRlyNPqlr94gZmmE0jBBte56bmL8jCrDmcBpsZdqTCgb0yF2LZU0Qu1n80unpGKVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ22TAFTIjJpZQpri9lbARVZQZG07RhuAtv7xKWhdVr1at3V+W6zd5HAU4hTM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzBxy+jRo=</latexit>

%

Flow Expansion for De Novo Molecular Design

GEOM-Drugs

529 82
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(weak) verifier = interatomic distance bound
validity metric = RDKit Sanitize + interatomic distance bound

PRE

FDC

L-FE

Diversity Validity (   )

<latexit sha1_base64="hb/hKpBH7qW/GH+MgkTE8QlLVv0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEoseiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Pu9csWtunOQVeLlpAI56r3yV7efsCxGaZigWnc8NzXBhCrDmcBpqZtpTCkb0QF2LJU0Rh1M5pdOyZlV+iRKlC1pyFz9PTGhsdbjOLSdMTVDvezNxP+8Tmai62DCZZoZlGyxKMoEMQmZvU36XCEzYmwJZYrbWwkbUkWZseGUbAje8surpHlR9fyqf39Zqd3kcRThBE7hHDy4ghrcQR0awCCCZ3iFN2fkvDjvzseiteDkM8fwB87nD/y1jQU=</latexit>

66

<latexit sha1_base64="kRjrQzRkYuCbHzxIGzjuqRstIc8=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJAY9ELx7RyCMBQmaHWZgwO7uZ6TUhG/7AiweN8eofefNvHGAPClbSSaWqO91dfiyFQdf9dnIbm1vbO/ndwt7+weFR8fikZaJEM95kkYx0x6eGS6F4EwVK3ok1p6Eveduf3M799hPXRkTqEacx74d0pEQgGEUrPdQqg2LJLbsLkHXiZaQEGRqD4ldvGLEk5AqZpMZ0PTfGfko1Cib5rNBLDI8pm9AR71qqaMhNP11cOiMXVhmSINK2FJKF+nsipaEx09C3nSHFsVn15uJ/XjfB4LqfChUnyBVbLgoSSTAi87fJUGjOUE4toUwLeythY6opQxtOwYbgrb68TlqVslctV++vSvWbLI48nME5XIIHNajDHTSgCQwCeIZXeHMmzovz7nwsW3NONnMKf+B8/gD4Ko0C</latexit>

72
<latexit sha1_base64="q0ykHCVnGarfwQtdser+V1CHons=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNAY9ELx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlh0qt2i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGV77KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietq7JXLVfvK6X6TRZHHs7gHC7BgxrU4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz9yZ41E</latexit>

476

<latexit sha1_base64="jBSj55g9puqpDhxZk6u1Egww7Rg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNIkeiF48Y5ZHAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjp4cqt9oolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCav+hMskNSjZYlGYCmJiMvub9LlCZsTYEsoUt7cSNqSKMmPTKdgQvOWXV0nzouxVypX7y1LtJosjDydwCufgwTXU4A7q0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz9sUo1A</latexit>
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<latexit sha1_base64="BsGKp+DcPkRULpNfFbWtMJPL3CQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxVLwVBKR6rHoxWMV+wFtKJvtpF262YTdjVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ66FX6pbJbdecgq8TLSRlyNPqlr94gZmmE0jBBte56bmL8jCrDmcBpsZdqTCgb0yF2LZU0Qu1n80unpGKVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ22TAFTIjJpZQpri9lbARVZQZG07RhuAtv7xKWhdVr1at3V+W6zd5HAU4hTM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzBxy+jRo=</latexit>

%

Flow Expansion for De Novo Molecular Design

GEOM-Drugs

Takeaway

Flow Expansion can increases diversity and validity of pre-trained generative models 

529 82
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Active Flow Expansion for Out-of-Distribution Discovery: 
from Theory to Molecules
[Riccardo De Santi, Bruce Lee, Cristian Perez Jensen, Kimon Protopapas, Sophia Tang, Cheng-Hao Liu, 
Pranam Chatterjee, Yisong Yue, Andreas Krause]

Preprint.
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Out-of-Distribution Flow Modeling: Key Reference
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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

Diffusion and Flow Modeling: Standard 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

<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
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Limitation of Standard Pre-training for Discovery

<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="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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Limitation of Standard Pre-training for Discovery
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="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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Limitation of Standard Pre-training for Discovery
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 poor coverage of generative prior?

<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="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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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}
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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}
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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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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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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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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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Generable Set Expansion for OOD Flow Modeling

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 → !→
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Agent Black-box verifier 

<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

Generable Set Expansion for OOD Flow Modeling

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

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

ε1 ↑ · · · ↑ !ω
εT ↓ !ϑ

<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
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Agent Black-box verifier 

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

<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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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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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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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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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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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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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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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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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="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
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<latexit sha1_base64="00TEkOm5ER4RcwyESInV6S2kY3A=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMSHVZdOOygn1AZxwyaaYNzWSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDJOfeQ3BOmnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEWFHOBG1qpjntpJLiOOS0HQ6vJ377gUrFEnGnRyn1Y9wXLGIEayMF9iEO9H1uImPkKRYjL2Wza2BXnKozBVokbkEqUKAR2F9eLyFZTIUmHCvVdZ1U+zmWmhFOx2UvUzTFZIj7tGuowDFVfj7dYIxOjNJDUSLNERpN1d+JHMdKjeLQTMZYD9S8NxH/87qZji79nIk001SQ2UNRxpFO0KQO1GOSEs1HhmAimfkrIgMsMdGmtLIpwZ1feZG0zqpurVq7Pa/Ur4o6SnAEx3AKLlxAHW6gAU0g8AjP8Apv1pP1Yr1bH7PRJavIHMAfWJ8/3sSXLg==</latexit>

apret → ωpre

How to self-generate data for expansion? Key Challenge

145
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How to self-generate data for expansion? Key Challenge

New data points are sampled from main modes

Model collapse
<latexit sha1_base64="00TEkOm5ER4RcwyESInV6S2kY3A=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIrsqMSHVZdOOygn1AZxwyaaYNzWSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDJOfeQ3BOmnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEWFHOBG1qpjntpJLiOOS0HQ6vJ377gUrFEnGnRyn1Y9wXLGIEayMF9iEO9H1uImPkKRYjL2Wza2BXnKozBVokbkEqUKAR2F9eLyFZTIUmHCvVdZ1U+zmWmhFOx2UvUzTFZIj7tGuowDFVfj7dYIxOjNJDUSLNERpN1d+JHMdKjeLQTMZYD9S8NxH/87qZji79nIk001SQ2UNRxpFO0KQO1GOSEs1HhmAimfkrIgMsMdGmtLIpwZ1feZG0zqpurVq7Pa/Ur4o6SnAEx3AKLlxAHW6gAU0g8AjP8Apv1pP1Yr1bH7PRJavIHMAfWJ8/3sSXLg==</latexit>

apret → ωpre

146
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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 data for expansion? Generative Uncertainty Sampling
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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 data for expansion? Generative Uncertainty Sampling
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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

)

How to self-generate data for expansion? Generative Uncertainty Sampling

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 
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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

)

• Leverages flow-learned representation for efficient active learning
• Trades-off high uncertainty and prior signal

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 data for expansion? Generative Uncertainty Sampling
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Initial flow model      , black-box verifier   , iterations   ,  

151

Active Flow Expansion (ActFlow)

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 → ↑



Foundations of Discovery Beyond the Data via Flow and Diffusion ModelsRiccardo De Santi

Initial flow model      , black-box verifier   , iterations   ,  

152

Active Flow Expansion (ActFlow)

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: 

<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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Active Flow Expansion (ActFlow)

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: 

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

xt+1 → p̃t ↑ argmax
q

Ex→q

[
ωt

(
εt
s(x)

)]
↓ ϑKL

(
q ↔ pωt1

)

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

Assumption (Generative uncertainty sampling oracle). At round    
generative uncertainty sampling returns      such that                       :
        

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t
<latexit sha1_base64="nV8S5fEOaXU+/an5suun/YIlMhE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qmHvVLZrbgzkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2anTsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2hC8xZeXSfO84lUr1buLcu06j6MAx3ACZ+DBJdTgFurQAAYDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwB0zo3u</latexit>xt

<latexit sha1_base64="nYzXES6CVTo2m/wHkf/x7yEmrGY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISkepFKHrxWMF+QBvCZrtpl242YXcitqW/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSwTU4zreVW1vf2NzKbxd2dvf2i/bBYVPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLyd+a1HpjSP5QOMEuZFpC95yCkBI/l2cewDvsbdZMDLTz6c+XbJqThz4FXiZqSEMtR9+6vbi2kaMQlUEK07rpOANyEKOBVsWuimmiWEDkmfdQyVJGLam8wPn+JTo/RwGCtTEvBc/T0xIZHWoygwnRGBgV72ZuJ/XieF8MqbcJmkwCRdLApTgSHGsxRwjytGQYwMIVRxcyumA6IIBZNVwYTgLr+8SprnFbdaqd5flGo3WRx5dIxOUBm56BLV0B2qowaiKEXP6BW9WWPrxXq3PhatOSubOUJ/YH3+AG1okk8=</latexit>

zt = ω(xt)
<latexit sha1_base64="TksSAQgNQbH/e/2/aW0LECClRm8="></latexit>

ωt(zt) → 1

ε
max
z→!ω

t

ωt(z), ε → 1.

approximate and local acquisition function maximization
        

Key (Informal) Assumptions.
        

• Calibrated verifier uncertainty model

• Generative uncertainty sampling oracle

• EBM update abstraction

current latent generable 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
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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

)
maximum information gain
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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

)
maximum information gain

generable representation (i.e., latent) 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="20ZJ5SsCtQeOxjxd/6mdLjvV6cA="></latexit>

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

one-step reachability operator over learned flow representation

<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

)

H-fold recursive application of 
<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω

maximum information gain

generable representation (i.e., latent) 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="39Y9/uYeHB7mhm0aB1oHP2HDflA=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gViR6DXrwZ0TwgG5fZSW8yZPbBTK8QQvDir3jxoIhXv8Kbf+Mk2YMmFjQUVd10d/mJFBpt+9taWFxaXlnNreXXNza3tgs7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9Dw+5djv/EASos4usNBAu2QdSMRCM7QSF5h/9azqatTXwNS9zqELvPsexdZ6hWKdsmegM4TJyNFkqHqFb7cTszTECLkkmndcuwE20OmUHAJo7ybakgY77MutAyNWAi6PZy8MKJHRunQIFamIqQT9ffEkIVaD0LfdIYMe3rWG4v/ea0Ug/P2UERJihDx6aIglRRjOs6DdoQCjnJgCONKmFsp7zHFOJrU8iYEZ/bleVI/KTnlUvnmtFi5yOLIkQNySI6JQ85IhVyRKqkRTh7JM3klb9aT9WK9Wx/T1gUrm9kjf2B9/gASF5ac</latexit>

S0 → !ω
0 subset of pre-trained model generable set containing valid designs

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

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

one-step reachability operator over learned flow representation

<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

)

H-fold recursive application of 
<latexit sha1_base64="mYZCpuDEuTmdlvfciYfG0WqBRQg="></latexit>

RH

ω
(S0) → !ε

Tω

maximum information gain

generable representation (i.e., latent) 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

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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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

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
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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.
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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.
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Data Debiasing and 
Hidden Mode Discovery

Out-of-Distribution 
Flow Modeling

Part I Part II Part III

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

CVaRf
1→ω(p

ε
1 ) := Ex↑pω

1
[f(x) | f(x) → VaRf

1→ω(p
ε
1 )]

This talk:
Foundations of Generative Discovery Beyond the Data

166

Tail-Aware Reward 
Adaptation
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